


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

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

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

• Two dot matrix printers with 80 and 132 line capacity 

• A Selectric typewriter interface and a daisy wheel printer 

Match these to your exact need, add one or more of our intelligent terminals and put together 

a system from one source with guaranteed compatibility in both software and hardware. 

Southwest Technical Products systems give you unmatched power, speed and versatility. They 

are packaged in custom designed woodgrain finished cabinets. Factory service and support on 

the entire system and local service is available in many cities. 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 (512) 344-0241 
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when you have 64 kilobytes of fast RAM 

4 MHz FAST-AND EXPANDABLE 
Here's 64 kilobytes of memory on 

one RAM card. Yes, we mean 512K 
bits of read/write memory on this 
single card. 

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

EXPANDABLE ON TWO LEVELS 
Not only does the new Model 

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

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

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

This expandability we call your 
obsolescence insurance. 

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

on one card 
BENCHMARK IT 

Obviously, the speed and memory 
capacity of this new card give you a 
lot of power. 

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

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

SEE IT NOW 
See the new Model 64KZ at your 

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

For high reliability all Cromemco memory 
cards are burned In at the factory in these 

temperature-controlled ovens. 

Cromemco Multi-User System 
shown with 7 stations [3 Cronaemeo 

i n c o r p o r a t e d  

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

Tomorrow's computers now 
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Here's how you can be fully computerized 
for so much less than you thought 

BUSINESS- EDUCATION- ENGINEERING- MANUFACTURING 

We are pleased to announce the first 
professional time-sharing system in the 
microcomputer field. 

Naturally, it's from Cromemco. 
This new mu:ti-user system will d0 

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

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

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

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

• Each user has an independent bank 
of RAM 

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

• You have confidentiality between 
most stations 

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

2 BYTE July 1979 

PROGRAMMERS lOVE OUR BASIC 
This new system is based on Cro­

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

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

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

• You get many unusual and helpful 
commands that simplify programs 
and execution - commands such as 
PROTECT, LIST VARIABLES, 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 interrupt­
driven- no additional overhead 
until key is pressed . 

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

• A line editor simplifies changes. 

BENCHMARK IT- NOW 
In the final analysis, the thing to do 

is see this beautiful new system at your 
dealer. See its rugged professional qual­
ity. Evaluate it. Benchmark it for speed 
with your own routine (you'll be agree­
ably surprised, we guarantee you). 

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

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

r3 f:�!.����.� L::l 280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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Robert Tin ney's cover painting, 

"Automating E c lipses", sym bolizes 

this month's theme of com puters 

and weather. See this m onth's 

theme articles by Stephen P Smith 

and N eil  Dvorak, a n d  the ed itorial 

by Carl H e l m e rs. 

lil T�is �YTE 
When entering l a rge amou nts of 

graph associated d ata into a com­
pute r, a g ra phic ta b l et that a l l ows 
you to digitize the d ata is a g reat 
help. Stephen P Sm ith uses such a 
device, the Summagraphics Bit Pad 
digitizer, to perform the Graphic 
Input of Weather Data. page 18 

This month "Ciarcia's Circuit 
Cellar" exp lores the use and inter­
facing of Texas Instruments and 
G eneral Instru ment sou nd genera­
tors. Find out how you can l et you r  
computer Sound Off. page34 

In part 1 of A Model of the Brai n  
for Robot Control, James A l b u s  
defined t h e  notation we used for 
his b rain mode l .  This month he 
desc ribes a neurologica l  model 
that can store and rec a l l  a b road 
c l ass of m athem atica l  f u nctions. 

page 54 

Much com puter a rt employs the 
c a l culating ability of the m a c hine 
to m a k e  d rawings exp ressi n g  
m athematica l  rel ationships. K u rt 

Sc h m ucker  defines two c l asses of 
su c h  d ra w i ngs a n d  desc ribes 
methods for prod u cing them in The 
Mathematics of Computer Art. 

page 105 

To forecast weather, you need 
to k now wind speed and direction. 
By using modern technology, we 
can do without whirling mechani­
cal  assem b l ies. Neil Dvorak shows 
us how to use electronic com po­
ne nts and computer programs to 
m e a s u r e  the w i n d  in Son i c  
Anemometry for the Hobbyist. 

page 120 

I n  part 2 of The Nature of 
Robots, Wil liam T Powers presents 
a BAS I C  sim u l ation of a control 
syste m .  By experimenti ng with this 
sim u l ator, the reader is able to 
work with the concepts of a c losed 
l oop control system .  page 134 

Creativity in Computer Music by 
H u bert S Howe Jr is a su rvey of 
some recent work i n  m u sic theory, 
ana lysis, sou nd generation, and 
com position done with com puters. 
Microcom puters can now be used 
for m u c h  of the work formerly 
done by large sca le com puters a 
decade ago. page 158 

After you have successfu l ly 
h u nted the Wumpus, and des­
troyed a l l  the K lingons, w hat is 
you r next step? Roger Chaffee sug­
gests you try you r  hand in som e  
caves, searc hing for hidden trea­
sure. E nter the worl d  of suspense 
and d a nger on you r  Quest for 
riches. page 176 

B u i l d i n g  a c;:o m p u te r  f ro m  
sc ratc h a s  a n  a m ateu r  is the 
historical  root of the personal  com­
p uter fie l d .  I n  this issu e, Carl  
H e l mers begins a n  inform al  series 
of a rtic les on a new homebrew pro­
j ect: a general  p u r pose 6809 sys­
tem .  The com p uter itse l f  has an in­
tended a p p l ic ation to music, but 
the desig n a n d  constru ction of this 
h o m e b r e w  p r o j e c t  a r e  q u i te 
genera l .  See Photo Essay: Physical 
Hardware of a New Computer 
Backplane. page 194 

Mouse is a p rogramming lan­
guage that contains m any features 
usu a l l y  associated with high level 
progra m m ing langu ages and can 
be impleme nted with m i n i m a l  re­
sou rces. It is of i nterest to peop le 
who enjoy obtaining dramatic 
resu Its with I itt l e  effort a n d  to 
those who have a system w hich is 
too sm a l l  to support a conven­
tional  high l evel l a n gu age. Peter 
G rogono desc ribes the implemen­
tation of Mouse by means of a 
Pasca l  p rogram which can be used 
to w rite an assem b ly l anguage ver­
sion. I ndic ations of how this m ight 
be done a re provided in Mouse: A 
Language for Microcomputers. 

page 198 

When working with subroutines, 
the con cept of passing parameters 
can be confusing.  W D Maurer 
desc r i bes th ree m ethods of passing 
parameters (ca l l  by va l ue and 
resu lt, c a l l  by reference, and c a l l  
by na me) i n  his a rtic le  Subroutine 
Parameters. page 226 
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Good Ne for Sma t People 

TD -IB isk S stem 

HITACHI BASIC MASTER Compatible 

Coming Soon: 
e TDS-IA 

Apple II 
Compatible 

e TDS-IT 
TRS-80 
Compatible 

Circle 370 on inquiry card. 

• 35 Tracks with ten 256 byte sectors 

per Track. 
• 87.5K bytes per disk. 

e Interface, power-unit included. 
• Controls up to four drives. 
• Software included. TDOS (TIP Disk 

Operating System). 
• OPTION: Business utility programs. 

TRADE OF INDUSTRIAL PRODUCTS INC. 

2-1-19-815 Kanda-Surugadai 

Chiyoda-ku, Tokyo 101, Japan 

(03) 295-7055 

TELEX 02226152 TIPINC J 
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S E R IOUS COM M ENTS ON 
AMEN D E D  BASIC 

I enjoyed the humor that Robert Bass 
used in his Languages Forum on "A­
mended BASIC" (April 1979 BYTE,  
page 238). Most of  h is  suggested addi­
tions to the BASIC l anguage were of the 
April Fool 's D ay variety ; however, his 
FO RGET statement, though included in 
jest, does have some merit. 

Frequently ,  the programs I write 
have hard-to-find bugs in  them. These 
programs may have long printouts of 
instructions on how to use the m.  How­
ever, when debugging programs, i t  is 
irritating to have to wait for al l of these 
printouts before the program really 
starts. I usually change al l  of those 
P RINT statements i n to com ments by 
i nserting a REM before them.  A FO R G ET 
statement, however, would be fa� m ore 
convenient. The program mer could in ­
clude a statement l i ke FO RG ET 100-210, 
320, 400-460 at the begi nn ing, and then 
run the program. The BASIC will treat 
the statements listed i n  the FO R G ET 
statement as remarks. When you are 
fin ished debugging the program , remove 
the FORG ET state ment, or change it 
i n to a remark. In this way, you need to 
change on ly  one statement in your pro­
gram, i nstead of numerous state ments 
as in our current  BAS IC. 

Another suggestion I would l ike to 
see i mplemented in BAS IC is a variation 
of the RESTO RE statement. Present ly 
the RESTO R E statement sets the OAT A 
poi n ter to the start of the list of DATA. 
However, sometimes it is conven ient  to 
have the poin ter set at a differen t  poi n t. I 
suggest that a 'statement of the form 
" R ESTO RE 300" be i mplemented. This 
would set the DATA pointer to the first 
set of OAT A at or following l ine 300. 
A vari ation of this might be "O N K 
R ESTO R E  300, 310,320." This state­
ment  would be anal ogous to the "O N K 
GOTO 300, 400, 500" state ment. 
Both versions would allow i m m ediate 
access to DATA. At present  you must 
R E STO R E  the poi n ter to the beginn ing 
of the DATA, and then use dum m y  
variables t o  R E A D  t o  the DATA you 
actual ly want. 

james L Boettler 
Director of the Computer Laboratory 

Claflin College 
Orangeburg SC 29115 

SQUISH BUGS 

Regarding the April 1979 editorial 
about operating systems with bom bed 
fi le systems: 

First, we note that the UCSD file sys­
tem , RT-1 1 for the PDP-1 1 ,  and many 

other disk operating systems  require 
periodic squishes to manage a disk. This 
is a foolhardy stun t as, in your case, one 
bad disk sector can preven t  the e n tire 
squish from worki ng. I feel that people 
who build and propagate file systems  
l i ke this (without even any  attempt to 
skip bad sectors!) are irresponsible.  

It shows the need for better error 
recovery or a scheme which preven ts the 
need for squish al together, such as 
dynamic file space a l locations (eg: 
CP/M ) .  

Secondly ,  your need t o  write your 
own recovery program i ndicated a need 
for such a recovery program to come as 
a standard operating  system uti l i ty .  
Disasters happen; the need is real. 

To my knowledge, Motorola MOOS 
and Software D y n am ic's SDOS (for the 
6800) are the on ly  microcomputer 
operating systems that provide both 
dynamic fi l e  al location and disaster 
recovery programs. 

The industry needs m ore systems l i ke 
these. 

Ira Baxter 
Software Dynamics 

2111 W Crescen t  Suite G 
Anaheim CA 92801 

A FAST E R  MAILING L I ST 

In reference to Thomas E Doyle 's 
article,  "A Computerized Mail ing  List," 
(January 1979 BYTE, page 84) a few 
m odifications m ight be helpful, particu­
l ar ly,  as he expresses some concern on 
saving tim e  in the discussion of Pro­
gram 6. 

Program 7 is the main concern of 
this letter. After the program locates 
the desired record to eli m i n ate, i t  
performs ,  i n  closing u p  the gap, what 
is  com monly  called garbage collection. 
It would appear to be m ore desirable 
to flag that record as an unused record 
and not perform garbage collection 
every t ime: Two possible ways to do 
this are: a special ( in Mr. Doyle's appli­
cati o n )  call sign which is recognized as 
a null record; or add an additional 
variable to the l ist for each record. 
This addit ional variable could be easi ly 
used to i ndicate a variety of meanings 
for the remai n i ng data on the record 
besides a nul l  record. Then Programs 2 
and 3 could be selective. 

W i th the addition of this variable, all 
the other programs would have to be 
modified to take i n to account the 
change in the structure of the fi le. The 
disk file could be viewed as a collection 
of one or m ore sets of records, each set 
being zero or m ore consecutive records 
of good data, and ending with one null  
record. Program 1, having i n i ti al ized the 
fi le,  would then write one null  record 
before ending. Program 6 would only 
search up to the firs t null record after 
the poi n t  of insertion (a null  record 
must still exist at the end of the fi le, for 
Program 4 as wel l). Program 8 (to be 

Tex t  continued on page 98 



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

"Why? Shugart invented the minifloppy. The 
guys who designed our system at work tell me that 
Shugart is the leader in floppy design and has 
more drives in use than any other manufacturer. If 
Shugart drives are reliable enough for hard-working 
business computers, they've got to be a good 
value for my home system. 

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

transfer. The little minidiskettes ™ store plenty of 
data and file easily too . 

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

If it isn't Shugart, it isdt minifloppy. 
�®Shugart 
435 Oakmead Parkway. Sunnyvale, California 94086 

See opposite page for list of manufacturers featuring Shugart's minifloppy in their systems. 
TM minifloppy Is a registered trademark of Shugart Associates 
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Computers a nd Eclipses 
by Carl Helmers 

The idea occurred last fall. An innocuous advertisement appeared in 
Smithsonian Magazine, trumpeting an exciting adventure called "Eclipse Over 
Big Sky" which would take place in February 1 979 at the Big Sky ski resort 
in the southwestern part of Montana, near Yellowstone Park in Wyoming. 
Naturally, I sent away for the information advertised. 

After receiving the literature, I made up my mind that a total solar eclipse 
was worth seeing, especially if it was to be the last one on continental North 
America for some forty years. So, I sent in my deposit and made plans to 
attend. It turned out {as I found when I arrived} that this expedition was one 
pf a series of such expeditions organized by sociologist and eclipse buff 
Dr Phil Sigler of New York City. These expeditions had attended every total 
solar eclipse for the past eight or ten years. Using the latest in modern tech­
niques, including reference to weather satellite data, they had found a neces­
sary hole in the clouds at the right time in eight out of nine cases prior to 
this eclipse. 

Previous expeditions had used cruise ships on the open ocean in order to 
implement the concept of "mobility" pioneered by Dr Ed Brooks of Boston 
University, the weather adviser for the operation. In order to utilize the same 
concept for the 1 979 eclipse, some form of land mobility was required. An 
initial attempt to take advantage of an Amtrak route which paralleled the 
eclipse path was apparently squelched by the usual bureaucratic catch-22: 
"Sure you can rent the track, but we can't supply you with a train." Thus, 
mobility was achieved through the services of the Yellowstone Bus Company 
and a procession of 15 large buses. At 2 AM on eclipse day, this procession 
left the hotel for a six hour trip to central Montana, just west of a town called 
Roundup. 

Taking pictures of a transient, two minute phenomenon is one of the goals 
of an eclipse expedition; the other goal being to simply watch this phenom­
enon with the naked eye or through a suitable telescope. When I say "naked 
eye," I mean it, despite all normal reactions which say "you can't look at an 
eclipse without protection." In actuality, there is absolutely no way to look 
at an un-eclipsed or partially eclipsed sun without using filters to avoid 
damaging your eyeballs or camera equipment. 

However, this is the key difference with regard to a totally eclipsed sun: 
you can look at it directly. That last . 1  percent that separates 99.9 from 100 
percent makes all the difference in the world between the dull, filtered 
crescent sun of a partial eclipse and the incredibly beautiful natural phenom­
enon of a totally eclipsed sun. You can take excellent pictures, without 
filters, using 400 speed film and exposures of 1/30 to 1/2000 of a second {see 
photos 1 and 2}. But, photographing the phenomenon is definitely a bit of a 
problem. 

During this past eclipse, I had only enough time to take about 15 expo­
sures, with one lens change. This was done in -3 to 0 degree Celsius prevail­
ing temperatures on an isolated road west of Roundup, Montana. My hands 
froze, and I probably did not get the optimal personal viewing, although the 
1000 mm reflex telephoto lens of my camera acted as an excellent spotting 
scope through which to watch the sun for most of the eclipse. 
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If the truth is that you want a 
computer ... then we want to be your 
computer store. 

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

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

CIIPmRS 
FOR BUSINESS 

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

You'll find a fully equipped service 
department to provide whatever assistance 
is required to keep your computer running 
in top-notch condition. You'll find computer 
user's clubs to join, where you can share 
ideos with people as enthusiastic as 
yourself. And, with each new visit, you'll 
find excitement-from the people you deal 
with, the equipment 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 imagination. So 
instead, we'll briefly list some of the many 
things for which small computers are 
already being used. 

In business, the advent of the 
versatile and compact microcomputer has 
put the benefits of computing with in reach 
of small companies. With systems starting 
at less than $6000, the businessman can 

COMPUTERS 
FIR TIE HIIE 

... 1, VISD1 
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computerize things like accounting, 
inventory control, record keeping, word 
processing and more. The net result is the 
reduction of administrative overhead and 
the improvement of efficiency which allows 
the business to be managed more 
effectively. 

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

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

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

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

Computerland Corp. 
14400 Catalina St. 
San Leandro, CA 94577 
(415) 895-9363 

ComputerLand® Computerland Europe 
Europa Terrassen 
8 Rue Jean Engling 
Dommeldange, Luxembourg 
Phone 43 29 05 Telex 2423 Franchise Opportunities Worldwide. WE KNOW SMALL COMPUTERS 

© Computerland Corp., 1978 
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Photo 7: A shot of the 7979 North Ameri­
can total solar eclipse taken with a relatively 
quick shutter speed. Note the prominences 
showing around the extremely dark disk of 
the sun as obscured by the moon. This pic­
ture was exposed shortly after totality 
began. 

Photo 2: With a much slower shutter speed, 
elements of the solar corona begin to show. 
This picture was taken with about a 7 /30th 
second exposure at f/7 7 using 400 ASA 
Ektachrome slide film. (I was too busy 
during the eclipse to take detailed notes for 
each exposure, so I can only observe that 
this was one of the longer exposures, proba­
bly at 7 /30th second.) 
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The problem is that if you spend your al lotted t ime budget fool i n g  
around with the camera, you can m i ss a good portion of the event and  i ts 
natural beauty. Th is  is where the computer experimenter's i nventiveness 
can come into p lay.  Why not automate the exposure and pictu re tak ing 
sequences of the camera and telescope comb ination, so that once the first 
d iamond r ings of total ity occur, a m icrocomputer  can run through an open 
loop exposure sequence adapted to the camera equ ipment and the particular 
ecl ipse being viewed? 

What are the functional requ i rements of such a device? Based on the 
recommendations of the exped ition 's photography advisers, George Keene of 
Eastman Kodak and Robert Little of Criterion Manufactu ring (and confirmed 
by my own successfu l experience) , the main requ i rement for achieving 
excel lent photos with a 35 mm camera during an ecl ipse i s  to use a non­
automatic exposure techn ique wh ich s imply covers a range of shutter speed 
settings with in  a fixed aperture setting. 

At each exposure of the fi lm ,  d ifferent phenomena domi nate the image. 
During short exposures, the extremely bright solar promi nences are h igh­
l ighted , with almost no corona visi b le (see photo 1 ) . In longer exposures, one 
begins to see detai ls of the fainter solar corona, wh i l e  the i nner promi nence 
detai l washes out due to overexposu re. 

During the transient events at the beginn ing  ("second contact") and end 
("third contact" ) of total i ty, a fixed apertu re and shutter speed setting are 
appropriate, with a rather fast frame-to-frame t im ing. Duri ng total ity, the 
fi lm load of the camera shou ld  be spaced out over the balance of the 36 
exposure magazine. 

So, what we want the camera to do with i ts "n" exposures during the 
ecl ipse is to use a programmed sequence. The d iagram of figu re 1 shows a 
sequence that might  have been ideal for me dur ing the 1 979 ecl ipse 's 1 38 
seconds of total ity. I n  this figure, the events start at the last s l iver of crescent 
su n when the fi l ter is removed and a manual i nput starts the hypothetical 
computer sequence. Six shots are budgeted at 1/2 second i n tervals for the 
in i tial transient phenomenon cal led " Ba i ly 's beads"  or "the d iamond r ing," 
depending upon the detai l s  of the su n sh in ing  through the l u nar mountains. 

The ideal case wou ld  then expose 24 frames at a u n iform rate, covering an 
up and down sequence of exposu re speeds. F i na l ly, as the first bit of the 
departing transient starts to happen, the remain ing six exposu res wou ld  be 
used to capture the th ird contact "Bai ly 's beads" or "d iamond r ing" effects 
as they occur. This would completely fi l l  a s ingle 36 exposure magazine of 
Kodak 's excel lent ASA 400 Ektach rome s l ide fi lm .  I t  sounds l i ke a job for a 
microcomputer system as tim ing  and control e lement, with su itable photo­
graphic peripherals. 

How wou ld this programmed sequence be poss ible? We want to use as 
much standard equipment as possible, for the pu rpose of rel iabi l ity and to 
avoid total reinvention of the wheel . Fortunately, i n  contemporary photog­
raphy, the motor drive is becoming an inexpensive and common accessory 
for the 35 mm SLR (s ingle lens reflex ) camera. This solves the problem of 
moving the film between frames. We need on ly set the motor d rive on auto­
matic and then the camera wi l l  take a pictu re and move the fi lm to the 
next frame every time the exposure bu tton i s  pushed. We must merely get the 
computer to push the shutter release button accord ing to the t iming d iagram . 

A relatively simp le adaptation of a cable release to a solenoid actuator wi l l  
serve to l i nk  the exposure button to the m ic rocomputer sequencer. A su itable 
sol id state relay power driver output from the computer wil l then press the 
button to take each picture. This, however, does not so lve the problem of 
adjusting the shutter speed .  Based on the current marketing l i terature of 
N i kon, I can get automated aperture control from an external source, bu t  not 
control of the exposure time. Thus, the adaptation of my F2A camera wi l l  
requ i re carefu l thought and craftsmansh ip, of the same sort requ ired for any 
other 35 mm camera body. 

We wi l l  need a more elaborate combination of mechan ical and e lectronic 
sk i l l s  for this part of the operation .  The adaptation of the camera shutter 
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Photo 3: A wide angle photograph showing 
the partially eclipsed sun in the southeastern 
sky, with one of several hot air balloons 
nearby. In order to get both the sun and the 
balloon , the sun is necessarily overexposed, 
and the balloon is underexposed. 

Figure 7 :  A timing diagram of an "ideal" 
36 exposure sequence for a 7 38 second 
eclipse event, allowing two seconds before 
and after totality for transient phenomena. 
The horizontal axis of this figure is time in 
seconds, and the vertical axis is shutter 
speed of the camera, a discrete phenomenon 
with the steps shown. During an eclipse, 
aperture setting of the camera cannot be 
controlled if long focus telephoto or astro­
nomical telescope lens equipment is used. 

speed control to computer control requ i res mach in ing  sk i l l s  with an amateur's 
l athe and m i l l i ng  setup. 

The adapter is based upon a metal bracket which screws onto the camera 
at the tripod mounting socket which is standard on all 35 mm cameras. Th is 
bracket i s  set up with suitable spacers so that it w i l l  mount to the camera in  a 
rel iably repeatable fashion. The bracket can be mounted in the tripod socket 
si nce the tel ephoto lens or telescope used duri ng an ecl ipse has its own mount 
on either a tripod or a true equatorial telescope base. 

The adapter plate i s  then used to mount the smal l  DC i nstrumentation 
motor and gearbox, which creates a reasonably high torque from the l ight 
d uty motor. With my N ikon F2A, I need to turn the shutter speed control 
through an angle of approximately 1 0  degrees in about 1 /4 to 1 /2 of a second 
in order to accommodate the tim ing  d iagram of figure 1 .  

The output of the gearbox is a shaft which l i nes up with the axis of 
rotation of the shutter speed contro l .  To th is  shaft is attached an optical 
position sensor created by passing the edge of a th in brass d i sk through an 
optoelectronic interrupter arrangement of the sort one can purchase from any 
optoelectronic company catalog. I n  the final stage of the custom fitting of 
this mechanism to the camera, each shutter posit ion i s  marked on the disk 
and a smal l hole is punched in  the d isk.  Thus, whi le the motor i s  turn ing the 
computer can tel l when a given position has been reached, and the motor can 
be turned off. 

The DC motor itself is contro l l ed by a b id i rectional e l ectron ic  in terface 
s im i lar to the one shown in the artic le on the Terrapin Turtle by J ames A 
Gupton J r  ("Tal k to a Turtl e," J une 1 979 BYTE, page 74). This b id i ­
rectional interface al lows us to turn the sh utter speed knob to any setting, 
with the sensing of the sh utter position returned by the optical i nterrupter. 
Use of a second interrupter for encoding of the first and last shutter speed 
settings wi l l  guarantee proper in itial ization and referencing of the speeds. Th is 
provides d i rect feedback of the l im it stops i n  addit ion to the intermed iate 
position information .  

The one critical, unsolved problem in projecting th i s  setup for my camera 
is the detai l of driving the sh utter speed contro l from the output of the 
gearbox. I wi l l  probably have to consider some potential l y  d i sastrous mod ifi­
cations to the camera. One poss ib le method cou ld be a tight fitting, carefu l ly 
mi l led cyl inder with ridges on its  i nner surface th at would mate with the 
ridges on the shutter speed contro l .  Another poss ib i l ity wou ld be to dr i l l  one 
or more off-center drive holes that wou ld receive a dr iv ing pin mounted 
off-center on the drive shaft 's end. The latter might be imposs ib le, d ue to the 
compl icated nature of the shutter speed control and its interaction with the 
fi lm speed setting mechan isms. 
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The computer system which d rives the camera during an ecl ipse is qu ite 
simple. The computer itself should be a ded icated 8 bit device with a suitab le 
h igh level language program loaded into its  local read on ly memory. Several 
2708 or 271 6 read on ly  memory parts should suffice to store the systems 
software and the appl ication program needed to control the telescope camera 
during a specific ecl ipse and to space out the 24 intermed iate pictures during 
the est imated length of total ity. Power requ irements can be adequately 
handled by  a s ingle 6 or 1 2  V battery which also suppl ies power to the 
shutter speed control motor and the shutter tripping solenoid. The camera 
motor drive has its own dedicated NiCad battery pack wh ich is total ly inde­
pendent of the· computer. I n  a fie ld  s ituation it is assumed that batteries can 
be recharged through 1 1 0 V AC mains on the cruise ship or in land based 
hotels. If North American standard voltages are not avai lable, the chargers 
can certain ly  be run through one of a number of standard converters avai lable 
for world travelers. 
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Photo 4: One of the most unusual occur­
rences was the appearance of several hot air 
balloons in the sky at the time of the eclipse. 
While the balloonists must certainly have 
been having fun, some of the people watching 
from the ground were, no doubt, perturbed. 
Here is a kind of man made "cloud" pheno­
menon totally unpredictable by any meteoro­
logist. 

Figure 2: A conceptual sketch of possible 
homebrew machinery adapted to a 35 mm 
camera with motor drive, to allow automa­
tion of eclipse photography according to the 
timing diagram in figure 7. This fantasy was 
created by artist Ken Lodding. 
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Articles Policy 

BYTE Is cont/nuoily seeking quality 
manuscripts written by Individuals who 
ore applying personal computer systems, 
designing such systems, or who have 
knowledge which will prove useful to 
our readers. For a more formal de­
scription of procedures and require­
ments, potential authors should send a 
Iorge (9 by 12 Inch, 30. 5 by 22.8 em), 
self-addressed envelope, with 28 cents 
US postage off/xed, to B YTE A uthor's 
Guide, 70 Main St, Peterborough NH 
03458. 

Articles which ore accepted ore 
purchased with o rote of up to $50 per 
magazine page, based on technical 
quality and suitability for B YTE's 
readership. Each month, the authors 
of the two leading articles in the reader 
poll (B YTE's Ongoing Monitor Box or 
"BOMB") ore presented with bonus 
checks of $ 100 and $50. Unsolicited 
moterlo/s should be accompanied by full 
nome and address, as well as return 
postage.• 
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Wi l l  I ever bu i ld  this? At th is t ime I can 't pred ict if and when I w i l l  get 
around to bu i ld ing this sort of system.  If I do, readers can be certain that 
there wi l l  be photograph ic documentation of the system.  My immed iate 
dead l ine might be to get the system working for the 1 980 ecl i pse wh ich 
occurs over the equatorial Atlantic Ocean, Africa, I n dian Ocean, I n dia and 
China on February 1 6 . However, as this i s  written, I don 't even know if I wi l l  
go to  see that event. 

This camera automation computer is one of those appl ications of a smal l  
computer system which is most appropriate. I t  has elements of the mechani­
cal interfaces to electron ics wh ich are a necessary part of any practical 
robotic system, as well as elements of real t ime contro l akin to those needed 
for other practical uses of the smal l computer in home, laboratory and 
ind ustry. It is the k ind of system many of our  readers are conceiving and 
bu i ld ing, whether it be for fun or for profess ional purposes. As time goes on, 
we can expect to see this k ind of appl ication documented in  the form of 
articles with much greater detail than this ed itorial sketch . Conce iving, and 
then bu i ld ing this kind of appl ication is when the fun of contemporary smal l 
computing reaches its h ighest level . • 

The M ore Th ings Change, The More They Stay The Same . . . . 

On Apri l 20, 1 979, BYTE Publ ications Inc  and onComputing I nc  became a part of 
McGraw-Hi l l  Publ ications Co. Thus, as we neared completion of our fourth year as an 
enterprise, BYTE, and onComputing magazines joined Electronics, A viation Week and 
Space Technology, and Data Communications to become key parts i n  a group of h igh 
technology magazines publ ished by McGraw-Hi l l .  

BYTE w i l l  continue to be  publ ished from offices in  Peterborough NH ,  with the same 
staff and the same ded ication to qual i ty .  Aside from such deta i l  changes as the notation 
"A McGraw-Hi l l  Publ ication " on ou r cover, readers can expect th e ed itorial and adver­
tisi ng content of BYTE to continue under the same ph i losophy which has establ ished 
our reputation in the past. I ndeed, a major factor in our decis ion to affi l iate wi th Mc­
Graw-Hi l l  i s  their commitment to the independence of i ndividual magazi nes. 

An i n teresting statistic is that at this excit ing t ime, BYTE 's paid c i rcu lation of about 
1 56,000 readers (May 1 979 issue) makes i t  second only to Business Week i n  paid c i rcula­
tion among the more than th i rty magazines pub l ished by McGraw-H i l l .  

We  look  forward a t  th is point to a long and flour ish ing relationsh i p  with the peopl e  
who form the McGraw-Hi l l  enterprise. 

. . . .  Carl Helmers 

A Note About the Cover . . .  

One of the i n teresting social phenomena of th i s  ecl ipse was the appearance of a number of 
artificial cl ouds over the observation site: five or s ix different  hot air bal l oons appeared over 
our s i te just at the time of total i ty. Photo 3 shows a wide angle shot that was i n tentional l y  over­
exposed dur ing the partial phase of the ecl ipse just prior to total i ty .  One of these artificial 
c louds is a dark object below and to the left of the sun in th is  picture. The telephoto shot 
shown in  photo 4 captured one of these bal loons in the s ky to the west of the expedi tion s i te as 
they were d rifting  towards us, about 10 m inutes before total i ty .  

At the time of total i ty ,  I d istinctly remem ber looking up and see ing two b right objects in  
the sky .  One object was the ecl ipsed sun ,  and the  second object, at about the same position 
as the dark bal loon in  photo 3, was one of the bal l oons with i ts propane flame sh in ing a bri l ­
l iant orange color. A man-made fire was complementing the ecl ipsed embers of the sun . 

Combin ing the ecl ipse automation theme of th is month 's ed i torial with the hot air balloons 
actual ly observed, and the weather analysis and measurement themes of two of this month 's 
articl es, artist Robert Tin ney has created a fantasy on ecl i pses, hot air bal l oons and weather 
for this month 's cover. The dramatic effect of cumulon imbus thunderstorm clouds was used 
in place of the rather dul l , h igh, th in  cirrus cloud layer which partial l y  obscured the 1 979 
ecl ipse as viewed from central Montana. And perhaps the hot a i r  bal l oon ists shou ld have their 
heads exam ined for departing i n to th is imagined thunderstorm, inexorable tim i ng of an ecl ipse 
or not. But the resu l ting oil painting is an incomparable work of beau ty, celebrating an un­
common event u nique to our spaceship earth , i ts s ister p lanet the M oon and a technological 
civi l ization. 
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Now you can put your S-100 system sol idly i nto 
a fu l l-size, s ing le/double density, 600K bytes/side 
d isk memory for j ust $1149 complete. 

DISCUS/2D™ s i ngle/double density d i sk 
memory from Thinker Toys™ is ful ly equipped; ful ly 
assembled; and ful ly guaranteed to perform,perfectly. 

DISCUS/2D™ is a second generation disk 
memory system that's compatible with the new I B M  
System 34 format. The d i sk d rive i s  a ful l -size Shugart · 

800R, the standard of rel iabi l i ty and performance i n  
d isk d rives. It's del ivered i n  a handsome cabinet with 
bui lt- in  power supply. 

The S-100 contro l ler uti I izes the amazing Western 
Dig ital 1791 dual-density control ler c h i p  . . .  p lus 
power-on j ump circuitry, 1 K  of RAM, 1K of ROM with 
bu i lt-in monitor, and a hardware UART to make 1/0 
i nterfacing a snap. 

· 

The DISCUS/2D™ system is fu l ly i ntegrated with 
i nnovations by designer/inventor George Morrow. 
Software includes BASIC-V™ virtual d isk BASIC, 

DOS, and DISK-ATE™ assembler/ed itor. Patches for 
CP/M* are also i nc luded. CP/M� M icroSoft Disk 
BASIC and FORTRAN are also avai lable at extra cost. 

D ISCUS/2D™ is the real ly sol id  s ingle/double 
density d isk system you've been wait i ng for. We can 
del iver i·t  now for just $1149. And for just $795 apiece, 
you can add up to 3 addit ional Shugart drives to your 
system .  Both the hardware and software are ready 
when vou are. 

Ask your local computer store to order the 
DISCUS/2D™ for you .  Or, if unavailable locally, write 
Thinker Toys,™ 5221 Central Ave. ,  Richmond, CA 
94804. Or call (41 5) 524-21 0 1  weekdays, 1 0-5 Pacific 
Time. (FOB Berkeley. Cal. res. add tax.) 

*CP/M i s  a trademark of Dig ital Research. 

nJ�ok;;"ibYs'" 



Graphic Input of Weather Data 
Stephen P Smith 

106 E Clearview Av 

State Col lege PA 1 6801 

Photo 7: Infrared and visible light photographs like this one are the primary 
tool of the satellite meteorologist. Cloud formations help locate rain. Tem­
perature data from the infrared images indicates intensity. Photograph 
courtesy NOAA National Weather Service. 
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The fact that everyone complains abou t 
the weather, but nobody does anyth ing 
about i t, i s  wel l - known .  Weather forecasting  
is sti l l  more art  than science. 

Manual techn iques sti l l  y ie ld the best 
quantitative weather pred ictions when com­
pared with the largest computer systems 
process ing a wealth of sate l l i te, radar, and 
groun d  station data. However even modest 
data processing equipment can be an impor­
tant tool for the meteorologist. I ' I I  show 
how the com bination of a smal l personal 
computer and a Summagraph ics Bit Pad 
graph ics tablet s impl ifies the processing of 
rainfal l estimates for a regional data base. 
The appl ication i s  an i n teresting  one, and 
the BAS IC language software deve loped wi l l  
be usefu l in any system employing a Bit Pad 
for data entry . 

Local ly, rai nfal l can be measu red with 
s imple gauges. The heavy showers common 
during the prime growing and flood seasons 
have irregu lar d istr ibut ion s, so l ocal measure­
ments may be inadequate for regional use. 
Agricu l tu ral p lanners need to know how 
much rain h as fal len over a specific growing 
area. Hydrologists working on fl ood warn ing 
and control need to know how much has 
fal l en with i n  a given watershed. Both groups 
need th is  information broken down i nto 
relatively smal l  e lements of time  and area, 
perhaps for each 24 hour period and for 
each 1 0  ki lometer square. To ach ieve this 
detai l ,  tool s in addi tion to rain  gauges m ust 
be used. 

The first of these tools i s  ground  based 
radar. Most of us h ave seen weather radars 
operating  on televis ion news broadcasts. 
Rainfal l reflects the radar signal and provi des 
a visual di spl ay for the operator, s imi lar to 
figure 1 .  Showers can be located accurately, 
and relative intens ity can be determ ined.  
Unfortunately, even h igh ly  cal i brated radars 
have difficu l ty measuring actual amounts of 
rai n, and most weather radars are not wel l 
cal i brated for th i s  appl ication.  Radar 
coverage i s  also not complete over al l areas 
of the country. 

A secon d  tool, sate l l i te imagery, has 
extended that coverage significantl y (see 
figure 2). Geostationary sate l l i tes, which 
remai n  fixed over one poin t  on the earth, 
prov ide pictures every half hour. Polar 
orbit ing satel l i tes, fly ing much c loser to the 
earth, prov ide more detai led images several 
times a day. A trained meteoro logist can 
identify c loud formations in pictu res l i ke 
photo 1 .  Several investigators primari ly at 
the National Ocean ic and Atmospheric 
Administration (NOAA, pronou nced l i ke 
Noah) have developed schemes to estimate 
the rainfal l beneath these clouds. (see 
references 1 and 2) .  

Text continued o n  page 20 

Figure 7: Meteorologists can locate rainstorms using ground based radar. 
Images like this are familiar from television news. Unfortunately, they are 
not sufficient to gauge intensity, and radar coverage is not complete through­
out the country. 

Figure 2: Meteorologists can obtain imagery from two types of satellites. 
Geosynchronous satellites orbit at the same speed that the earth turns. 
They appear to be stationary, giving continuous coverage of one area of 
the Earth. Polar orbiting satellites fly a North to South pattern while the 
earth turns west to east below them. They provide frequent coverage of 
every point on the globe. 
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Figure 3: The result of the 
meteorologist 's art is a 
map like this one. The 
curves are called isohyets. 
They define bands of 
equal rainfall in the same 
way that a contour map 
shows the height of the 
land. 
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Tex t  continued from page 7 7: 
The job of tying together the sate l l ite 

information with ground  station and radar 
data quick ly fal l s  to computers. The manual 
work shou l d  be made as s imple as possi ble, 
with data provided to the computer in a 
format designed for the conven ience of the 
meteorologist. The computer shou l d  accept 
this dafa, d igi tize i t, manipu late i t, store i t, 
and produce reports in a format designed for 
agricultu ral planners, hydrol ogists, and other 
users. Programs of th i s  type have typical ly 
been run on medium sized mainframe 
computers. For data entry and conversion, 
and l im ited report generation, however, 
there are a lot of good microcomputer 
appl ications. 

Let's examine a specific example. We wi l l  
accept rainfal l estimates and process them to 
produce reports of accumulation in each 
1 0  km square over a region of abou t 
1 50,000 km2 ( ie :  30 by 50 squares} .  I t  
wou l d  be nice if a digitized sate l l i te photo­
graph cou l d  be input to a computer to gen­
erate rainfall estimates d i rectly, but that i s  
well beyond the current  state of the art. 
Attempts have been made to input manual 
i nterpretations of cloud formations seen 
in the photos and have the computer eval­
uate their rai n  potential (see reference 3} .  
Th is, too, lacks the necessary precis.ion .  
The best estimates come from the evalu­
ations of an experienced meteorologist 
working with sate l l ite photos, and using 

ground station reports and radar data as 
a supplement. 

I n  ou r system, the rainfal l  estimates are 
su bm itted as maps on wh ich bands of equal 
rainfall wi l l  be d rawn. Figu re 3 shows a 
sample. The bands are cal led isohyets and 
are s im i lar to the isobars, or l ines of equal 
barometeric pressure, also u sed by weather 
people .  

A more fami l iar analogy m ight be a 
contour map. If locations on the ground are 
identified by XY coordi nates, the rainfall 
rate can be thought of as a Z coordinate 
analogous to height at that point. Con­
verting  the i sohyets to XYZ coordinates 
compati ble with a grid of ten ki lometer 
squares is the p rime function of our pro­
cess ing system.  

For a few locations, th i s  cou l d  be done 
manual ly .  The XY point cou l d  be located 
on the map and entered at a terminal along 
with the val ue  of the i sohyet i n  which it 
fel l .  When the n umber of poin ts runs into 
the hundreds, however, and the data must be 
entered at half  hour intervals, the manual 
approach becomes u nworkable. A technique 
for rapid ly enteri ng the isohyets, auto­
matical l y  converting  to XYZ format, and 
summing  the entries over time  must be 
devised .  

l sohyets can be entered d i rectly from the 
maps us ing a device cal l ed a graphic tablet. 
The map is p laced on the tablet and a stylus 
is used to trace the outl ine of each isohyet. 
The tablet senses the position of the sty l us, 
and the signals are e lectronical l y  transmitted 
to a control ler  and converted to XY data. 
Th is type of equ ipment can resolve positions 

Circle 285 on inquiry card. ___.. 



North Sta r Announces 
Double Density x 2 Sides = Quad Capacity! 

The North Star Horizon now delivers quad capacity by using two-sided 
recording on our new mini drives! That's 360,000 bytes per diskette! A four 
drive North Star system accesses over 1 .4 megabytes of Information on-line! 
Think of the application flexibi lity that so much information storage can 
give you ! 
North Star has quadrupled the disk capacity of the Horizon computer but 
prices have increased a modest 15 percent. On a dollar per byte basis, 
that's a bargain that Is hard to beat! 
The proven North Star disk controller was originally designed to 
accommodate the two-sided drives. North Star DOS and BASIC are 
upgraded to handle the new capacity, yet stil l  run existing programs with 
little or no change. Of course, single sided diskettes are compatible with the 
new disk system. 

• 

NorthSioff 

North Sta r Horizon Computer 
Prices (with 32K RAM): 

Horizon-1-32K-Q 
Horizon-2-32K-Q 
Horizon-1-32K-D 
Horizon-2-32K-D 

$2349 
$2999 
$2099 
$2549 

Get both sides now! Quad capacity 
is available from your North Star 
dealer. 

North Star Computers 
2547 Ninth Street 
Berkeley, CA 94710 
(415) 549-0858 TWX/Telex 910-366-7001 



Next 
Byte 

Byte 
Received 

Mode 
2 • 

Mode 
1 

R ate 
4 

Rate 
2 

Rate 
1 

Status 1 Valid 

Figure 4: The computer usually talks to the Bit Pad in parallel mode. One 8 
bit word is used to control the Bit Pad. The two most significant bits are 
part of the communications handshake. The next five provide software 
control, duplicating switches on the controller. · The last bit, status val id ,  
should be set when transmitting a command. 

to 0.1 m i l l imeter and can enter data as fast 
as the operator can trace the l i nes. Unti l  
recently, graph ics tablets were expensive, 
typical ly $ 5000. With the introduction of 
the Bit Pad from Summagraphics, however, 
the price is now with in the range of the 
personal computer experimenter for scien­
tific and business appl ications. As of this 
writi ng, a complete un i t  with a tablet, 
sty lus  and control ler can be purchased for 
$ 555. 

Using the B it  Pad for ou r rainfall appl i­
cation i nvolves a l i ttl e hardware and some 
software to i nterface the graph ics tablet 
to my Ohio Scientific computer. The hard­
ware i nterface has l argely been taken care 
of by Summagraph ics. The software problem 
is  a matter of scal i ng and accounting for 
m isal ignment of the maps during the d igi-

t izing process. The same techn i ques wi l l  
apply to any B i t  Pad appl ication o n  an 
8 bit m icrocompu ter. Al though BAS IC  
may b e  too s low for some app l ications, I ' I I 
use i t  to i l l u strate th i s  appl ication, so the 
concepts will be avai lab le to the widest 
variety of users. 

Before dea l ing with code, let's look at 
the hardware interface. The B it  Pad uses 
8 b it  paral lel i nput  and outpu t as i ts stan­
dard. Serial communication at TTL (tran­
sistor-transi stor l ogic ) or RS-232 vol tages 
is avai lable as an option. With the option, 
it may be poss ib le  to p lace the Bit Pad 
between your serial termi nal and computer 
in  much the same way that a SwTPC cassette 
interface is i nstal l ed .  I have a paral lel port 
based on a 6 520 P IA  (peripheral in terface 
adaptor) on my central processor board, so 
I elected to use the paral le l  format. The 
physical connection consists of a cable 
wi th a D B-25P p lug  on each end .  One end 
plugs i n to the Bit Pad 's controller. The 
other connects to the P IA  l i nes brought 
out to my computer 's back panel . The 
insta l lation cou l d  hard ly  be s impler. 

The 8 i nput  and 8 output signals flow 
along the cable. The B it  Pad receives com­
mands from the computer in the format 
shown in figu re 4. Each XY poi n t  is trans-

�UGART SERENADE 
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If yo_u wnnt y�ur m�chinc ro play, give it quality 
mm1 magnetic mcr.ha. Ami ttl Verbatim Corporation 
the whole message is quality. 
Would Victor Rorgc kid your 
For the name of your nearest Verbatim distributor, 
call toll free: I l l  800-538-1793. 
In California call: (4081 737-7771.  Call collect. 

':�R����!�M���:!�si�� 323 Soquel Way. Sunnyvale. CA 94086. !408) 245-4400 TWX: (910) 3]9-9]81 
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WE'RE ALTOS COMPUTER SYSTEMS. Our SUN-SERIES ACSSOOO business/scientific 
computer creates a new standard in quality and reliability in high technology computers. 

HIGH TECHNOLOGY The ACS8000 is a single board, BUILT-IN RELIABILITY The ACS8000 is a true single 
Z80® * disk-based computer. It utilizes the ultra-reliable board computer. This makes it inherently reliable and main-
Shugart family of 8 inch, IBM compatible, disk drives. A tainable. The board and the two Shugart drives are easily ac-
choice of drives is available: single or double density, single or cessible and can be removed in less than five minutes. All eleG-
double sided. Select the disk capacity you need, when you tronics are socketed for quick replacement. Altos pruvides 
need it:  V2M,  1M,  2M, or ' 4M bytes. The ACS8 000 features complete diagnostic utility software for drives and memory. 
the ultimate in. high technology hardware: a fast 4 MHz Z80 
CPU, 64 kilobytes of 1 6K dynamic RAM, 1 kilobyte of 2708 
EPROM, an AMD 9 5 1 1  floating point processor, a Western 
Digital floppy disk controller, a Z 8 0  direct memory access, 
Z80 Parallel and Serial 1/0 (two serial RS232 p orts, 1 parallel 
port), and a Z 8 0  CTC Programmable Counter/Timer (real time 

QUALITY SOFTWARE Unlimited versatility. The ACS 
8 000 supports the widely accepted CP/M® * *  disk operating 
system and FOUR high level languages : BASIC, COBOL, 
PASCAL and FORTRAN IV. All available NOW. 

clock). In essence, the best in integrated circuit technology. PRICE ACS 8000- 1 ,  single density, single-sided [ '/, Mb] $3,840 
ACS 8000-2, double density, single-sided [ 1  Mb] $4,500 
ACS 8000-3, single density, double-sided [ 1 Mb] $4,800 
ACS 8000-4, double density, double-sided [2 Mb] $5,300 (ALi:O)] 

COMPUTER SYSTEMS 

Brackets show disk capacity per standard two drive system. All 
models come standard with 32 Kb RAM and two 8" disk drives as 
shown above. Expansion to 64 Kb is $363 per 1 6  Kb. FPP, DMA, 
software optional. Dealer /OEM discounts available. Delivery: 30 
days ARO, all models. 
•zso is a trademark of Zilog. Inc. 
.. CP/ M is a trademark. of Digital Research. Inc. Circle 6 on inqu iry card . 

2338A WALSH AV ENUE • SANTA CLARA • CA 95050 • (408) 244-5766 



Status 
( 1 ) 

Data 
(0) 

Data 
(0) 

Data 
(0) 

Data 
(0) 

Byte 
Avai lable 

Byte 
Avai lable 

Byte 
Ava i lable 

Byte 
Available 

Byte 
Available 

F3 F 2  

X5 X4 

X 1 1 X 1 0 

Y5 Y4 

Y 1 1 Y 1 0  

F 1  FO 0 0 

X3 X2 X 1  xo 

X9 X8 X7 X6 

Y3 Y2 Y 1  YO 

yg Y8 Y7 Y6 

Figure 5: The Bit Pad communicates with the computer in parallel mode. 
Five bytes are used to transmit data to the computer. The first two bits of 
each are handshaking signals. The first byte contains status information. 
The bit labeled FO is set whenever the stylus is in contact with the tablet. 
Fl, F2 and F3 are used only with an optional cursor. The remaining four 
bytes hold data. The second and third provide a 72 bit X coordinate and 
the fourth and fifth provide a 72 bit Y coordinate. Both are measured in 
absolute units (0. 7 mm or 0. 005 inches) from the lower left corner of the 
tablet. 

CO M PU T ER SETS '' NEXT BYTE " 

CO M P U T E R  

. r - - - - - - - - - ..,  

I H AS I 
- - -1 B IT PAD SET 1 I " BYTE AVA I L A B L E " 

I 
L _ _ _ _ _ _ _ _ _  J 

I I  R E S ETS " N E XT B YTE " 
2 )  READ S D ATA 
3 )  SETS " BYTE RE C E I VED " 

� - - - - - - - -l 
I H A S  I --1 B IT PAD R E S ET I 
I 

" BYTE AVA I L A B LE " I 
L _ _ _ _ _ _ _ _  _j 
, - - - - - - - -� 
I WAS TH I S  I --j THE F I F T H  BYTE I 
I I 
L _ _ _ _ _ _ _  _j 

Figure 6: A handshaking arrangement insures proper data transfer between 
the Bit Pad and your computer. The Bit Pad performs its part of the proce­
dure automatically. A simple BASIC or machine language routine will handle 
the computer's end. 
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mitted as a sequence of five bytes, as shown 
in figure 5.  A n in th output bit i s  generated 
as a data strobe and can be u sed for i n ter­
rupt driven software. Us ing th is  strobe, 
i n teraction between the B i t  Pad and the 
computer cou l d  become largely a hardware 
fu nction. I n  order to present that interface, 
however, a lengthy d iscussion of the P IA 
i n terrupt hand l i ng  and control l i ne  features 
wou l d  be needed. That wou l d  be beyond 
the scope of th is  artic le and i s  of l i ttl e 
practical u se to experimenters with 8080 
and Z-80 systems. The more general i n ter­
face I 'l l  devel op here uses a software hand­
shake i l l ustrated in figure 6 .  I t  can be 
handled with a BAS IC  program and can be 
im plemented as easi ly on the Motorola type 
6820 and 6520 P IAs or the 8080/Z-80 
compati ble 8255 programmable peripheral 
in terface or 821 2 1 /0 ( input/outpu t} port. 

The computer begins the h andshake by 
settin g  the next byte b i t  of the command 
word. In BAS IC, this i s  accompl ished by 
using the POKE command to put the value 
1 28 (b inary 1 000000} i n  the P IA output 
register. This i s  memory location 63488 
in my system. When the B i t  Pad sees the 
next byte command, it p laces .a data word 
on the ou tpu t l i nes, setting the byte avail­
able bit. The computer has been looking 
for th is  by executing an appropriate wait 
command. 

Now i t  reads the data, sets byte received 
and resets next byte. The B i t  Pad acknow­
ledges by resetting  byte available. The 
computer is now certain that a val i d  byte 
was read and that the B it  Pad is ready for a 
new sequence. If th is  was the fifth byte of 
a sequence, processi ng can continue. If not, 

. next byte is set and the enti re process is 
repeated. Shou l d  the computer somehow 
m iss a byte or lose trac k of the count, it 
can recover by mon i tor ing the first byte bit 
of each data word. I t  wi l l  be set ( ie : have 
value 1 )  on the first of the five bytes and be 
reset ( ie :  value 0) on each of the others. 
The Bit Pad hol ds up i ts end of the hand­
shaking au tomatical ly. The computer's end 
can be handled by the BASIC su brou tine 
beginn ing  at l i ne 1 1 00 i n  l isti ng 1 .  

Using th is  su broutine, we end u p  with 
five values between 0 and 255 in array D. 
The status i nformation in the first byte may 
be ignored for now. D (1 } and D(2) contain 
the X l ocation of the data point, but they 
also contain the byte available and first byte 
handshake signals (always set and reset 
respectively for data bytes} . We m ust mask  
them ou t us ing a l ogical AND operation, or, 
in BAS IC, by subtracting  64 (binary 
01 000000} .  The h igh order portion of X i n  
0 (2) i s  now mu l tipl ied by  64  (26 ) and added 
to D(1 }. The resu l t  i s  X, the absol ute dis-





1 0  R EM DATA E NTRY R OUTI N E  U S I N G  SUMMAG RAPH I CS B I T  PAD 
20 R EM W R ITT E N  I N  M I CROSO FT 6502 BAS IC 
30 R EM STE P H E N  P. SMITH , STATE COLLEGE,  PA 
40 D I M  D (4) ,EW(20,20) ,NS(20,20} .M ( 1 0) 
50 P 1 =63844: R EM ADDR ESS OF PARALLE L PORT 
60 R EM 
1 000 R EM G ET A PO I NT FROM TH E B IT PAD 
1 0 1 0 GOSUB 1 1 00 :  R EM F ETCH A B YT E  
1 020 I F  D 1 < 1 28 GOTO 1 0 1 0 :  R EM I S  IT T H E  F I R ST O F  5 
1 030 F O R  1=1 TO 4 :  R EM I F  YES, R EAD N EXT 4 
1 040 G OS U B  1 1 00: R EM F ETCH A B YT E  
1 050 D ( I )=D 1 -64: R EM STR I P  THE HANDSHAKE B IT 
1 060 N EXT I 
1 070 X=D (2) *64+D ( 1 ) :  R EM F I N D  TH E ABSO LUTE X POSIT I O N  
1 080 Y =D (4) *64+D (3) : R EM F I N D  ABSO LUTE Y POSITION 
1 090 R ETUR N 
1 1 00 R EM H AN DSHA KE ROUT I N E  
1 1 1 0 POKE P1 , 1 28 :  R EM SET "N EXT BYTE" 
1 1 20 WAIT P 1 +2,64,0: R EM LOOK FOR '"BYTE AVA I L" S ET 
1 1 30 D 1 =P E E K( P 1 +2) : R EM R EAD DATA 
1 1 40 P O K E  P 1 ,64:  R EM R ESET "N EXT BYTE", SET "BYTE R CVD" 
1 1 50 WAIT P1 +2,64,64 : R E M  LOOK FOR "BYTE AVA I L" R ESET 
1 1 60 R ET U R N  
3000 R EM S ET UP AUTOSCALING 
301 0  GOSUB 1 000: REM G ET X,Y, P O I N T  A 
3020 AX=X: AY=Y 
3030 G OS U B 1 000: R EM G ET X,Y, P O I NT B 
3040 BX=X: BY=Y 
3050 R EM 
3060 DATA 0,0,30,50: R E M  A & B I N G R I D  COO R D I NATES 
3070 R EAD AG,AH,BG,BH 
3080 S 1 =SQR ( ( B G-AG ) t 2+(BH-A H ) t 2) : R EM D ISTANCE AB I N  G R I D  SYST E M  
3090 S2=SQR ( ( BX-AX) t 2+(BY-AY ) t 2 ) :  R E M  D I STAN C E  AB I N  B I T  P A D  SYST E M  
3 1 00 S=S 1 /S 2 :  R EM S ET SCA LE FACTOR 
31 1 0  T 1 =ATN ( ( BY-AY) /( BX-AX ) ) :  R EM ANG LE I N  B I T  PAD SYST E M  
3 1 20 T2=AT N ( ( BH-AH )/(BG-AG ) ) :  R EM ANG LE I N  G R I D  SYST E M  
31 30 DT=T2-T1 : R E M  R OTAT I O N  A N G L E  
3 1 40 DX=AX-(AG*COS(DT)-AH *SI N (DT) ) /S :  R EM X TRANSLAT I O N  
31 50 D Y=AY- (AH *COS(DT)+AG *S I N ( DT) )/S :  R E M  Y TRANSLAT I O N  
31 60 R ETU R N  
3 1 90 R EM 
3200 R E M  C O N V E RT ABSO LUTE X,Y T O  G R I D  COOR D I NATES 
321 0 R E M  J I S  N U M B E R  O F  ISOHYET 
3230 R EM K I S  N UM B E R  O F  T H I S  P O I N T  
3240 R EM 
3250 X=X-DX : R EM TRANSLATE X 
3260 Y =Y-DY : R EM TRANS LATE Y 
3270 X 1 =X*COS( DT)-Y * S I N (DT) :  R EM R OTATE X 
3280 Y 1 = Y*COS(DT)+X * S I N (DT) : R E M  R OTATE Y 
3290 EW(J, K ) =X 1 * S :  R EM SCALE X A S  EAST-W E ST COO R D I NATE 
3300 NS(J,K)=Y 1 *S :  R E M  SCALE Y A S  N ORTH -SOUTH COO R D I N AT E  
33 1 0  R ET U R N  
4000 R E M  M EN U  BOAR D R OUTI N E  
401 0  R E M  
4020 DATA 0.,.01 ,.02,.03,.04,.05,.06,.07 ,.08,.09,.1 0 
4030 F O R  1=1  TO 1 0 :  R E M  I N IT IALIZE 1 0  
4040 R EAD M ( l ) :  R EM VALUES F O R  M E N U  
4050 N EXT I 
4060 G OS U B  1 000: R EM F ETCH AN X,Y P O I N T  
4070 I F  X >2794/20 GOTO 4060: R EM USE LE FTMOST 5% OF TAB LET 
4080 N=Y/2794* 1 0 :  R EM M EN U  H AD 1 0  E LEM ENTS 
4090 R=M ( N ) :  R EM Y POSIT I O N  S E LECTS O N E  
41 00 . R ET U R N  

Listing 7 :  BASIC program 
to use the Bit Pad for 
entering data. This pro­
gram inputs a point using 
the discussed handshaking 
method, automatically 
scales and rotates the 
point, and then allows you 
to perform operations 
using that point. 
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tance from the left side of the tablet. 0 (3)  
and 0 (4) are processed i n  the same way to 
calculate Y, the absolu te distance from the 
lower edge of the tablet. The necessary 
su brouti ne begins at l i ne 1 000 of l isting 1 .  

The abso lute coordi nates in the Bit  Pad 
system run from 0 to 2794 for 0. 1 mil l i­
meter resol ution (0 to 2000 for .005 i nch 
resolu tion ) . Given the scale of our map and 
assuming i t  is wel l al igned on the tablet, 
it shou l d  be a trivial matter to convert X and 
Y to our 1 0  kilometer grid coordinate 
system.  Actual ly, a l i ttle software can be 
added to take care of the scale and map 
al ignment, too. We begin each session by 
digitizing two known points on the map. 

The distance between them gives us the 
scale factor. Their relative orientation tel ls 
the system how the map i s  positioned on 
the tablet. Figure 7 and caption give a gen­
eral presentation of coordi nate transfor­
mations. The subroutine  which sets up this 
transformation begins at l ine  3000 of l isting 
1 .  At l i ne  3200 absol ute X and Y val ues are 
converted into gri d  coordinates and stored 
in a pai r of arrays. 

Using BAS IC, the data is entered by 
touching the sty lus  to a number of points 
around  each isohyet. The smooth curves · 
on the map are approximated in the com­
puter by polygons as in figure 8. A larger 
number of points produces a better approxi-



"Our inventory is our existence. Think we'd trust it to anV!hing less than Scotdi. Brand Diskettes?" 
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Don Stone, Vice-President, 
Mass. Auto Supply Company, 
Inc. ,  Boston, Mass. 

Scotch Diskettes are the 
diskettes you can depend upon 
with the information your 
business depends upon. 

Each one is tested and 
certified error-free before it 
leaves our factory. Because we 
know nothing less than 
perfection is acceptable for 
your vital business data. 

Scotch Diskettes are 
available in regular or mini 
sizes, compatible with almost 
any system. 

To find out where you can 
find Scotch Diskettes, call 
toll free: 800-328- 1300. 
(In Minnesota, call collect: 
612-736-9625 . )  Ask for the Data 
Recording Products Division. 

If it's worth remembering, 
it's worth Scotch 
Data Recording Products. 
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Figure 7: In the general coordinate transform there are two problems. The 
first is translation. Each point must be moved by the distance between the 
origins of the two coordinate systems. Because the distance is the same for 
every point, you need only know the coordinates of one point in both sys­
tems to compute the translation vector dX, dY. The second problem is rota­
tion. The line between A and B makes a different angle with the X axis than 
with the X' axis. Each point must be rotated by the difference. To compute 
the transformation, each point is multiplied by a rotation matrix, then 
added to the translation vector. The equation looks like this: 
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Woul d  You L ike to Participate i n  a 
Weather Reporting System? 

A system is being installed in the state 
of Virginia that typifies what can be done 
with microprocessors. A t  each of seven 
remote stations, sensors collect data on 
wind, rainfall, temperature, etc; and store 
it in the memory of a dedicated micro­
computer. A bout once a day the data is 
transmitted to a central minicomputer 
for processing and integration with other 
data sources. The microcomputers are 
nicknamed the Seven Dwarfs. The mini­
computer, not surprisingly, is called 
Snow White. It should also be no surprise 
to those who work with small computers 

:0' 2 

3 
4 

4 
5 

I I  

that the first station to be installed was 
called Grumpy. 

Now suppose that instead of just 
seven stations, a large number of personal 
computer owners attached some simple 
sensors to their systems, and were linked 
in a personal computer network (see 
February 7978 B YTE}. Such a network 
is being tried, also in Virginia. Sensors 
are manually read; touch tone pads are 
used for communication. The interest 
of involved citizens is producing a valu­
able new resource for meteorologists, 
hydrologists and agricultural planners; 
and an interesting new application for 
readers of BYTE. • 

x ' 

8 

mation but takes longer to enter. If a faster, 
mach ine language rou tine is u sed, we can 
take advantage of the B i t  Pad's stream mode 
of operation to enter a l arge number of 
poin ts rap id ly .  As long as the stylus is 
touching the tablet, the Bit Pad transmits 
points continuous ly at a rate of between 
1 and 64 points per second .  The rate is set 
by the operator us ing switches on the 
control box, or by the computer  setting 
the mode and rate bits of the command 
word. 

Figure 8: After digitizing with the Bit Pad, simple closed curves are approxi­
mated by polygons. More corners in the polygon produce a better approxi­
mation. Unused areas of the tablet can be used for a menu board. Touching 
the stylus in the appropriate area enters the indicated value. A software 
handler is required. 

Using e ither approach,  the computer must 
be able to recogniZe when the entry of an 
isohyet is complete. In our system thi s  
occurs when the m ost recent point  closely 
matches the first one. The computer now 
queries the operator for the rainfal l  rate 
corresponding to the isohyet j ust entered. 
The rate may be entered at a terminal, or by 
using a portion of the tablet itself as a menu 
board. In the latter approach, the computer 
associates a touch of the sty lus  in  one of 
several smal l boxes with a preset rainfal l 
rate. F igure 8 shows the menu board ready 
for operation. The su broutine which inter­
prets the inpu t begi ns at l ine 4000 of l isting 
1 . 

When a l l  the isohyets have been entered, 
the compu ter can begin to assign a rainfal l 
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The Honor Graduate 
There's been a lot of ta l k  lately 

a b o u t  inte l l i gent term i n a ls w i t h  
sma l l  systems ca pa b i l ity. And,  it's 
a lways the sa me. The s y s t e m s  
which make the grade i n  perfor­
mance usua l ly  f l u n k  the test i n  
price. At l east that was the  case 
unt i l  the SuperBra i n  g rad uated with 
the h i g h e s t PPR (Price/ Perfor­
mance Ratio) in the h istory of the 
industry. 

For less than $3,000*, S u perBra i n  
users get exceptioria I performa nee 
for just a fraction of what they'd 
expect to pay. Standard features in ­
c l ude:  two dua l-dens ity m i n i-f lop­
pies with 320K bytes of d isk  storage, 
64K of RAM to hand le  even the most 
sophisticated progra ms, a C P I  M 
D isk Operat ing  System with a h igh­
powered text ed itor, assemb ler  and 

*Quantity one. Dea ler i nq u i ries i nvited. 

debugger. And, with S u perBra i n 's 
S-100 bus ada pter, you ca n even add 
a 10 megabyte d isk!  

More than an inte l l igent term i n a l ,  
t h e  SuperBra i n  outperforms many 
other syste ms cost ing three to five 
t imes as much .  Endowed with a 
hefty amount of ava i la b le softwa re 
( BAS I C, F O R T R A N ,  CO BOL) ,  the 
S u perBra i n  is ready to ta ke on your 
toug hest assi gn ment. You name it! 
Gen era I Ledger, Accounts Rece iv­
ab le,  Payro l l ,  I nventory or Word Pro­
cess ing  . . .  the SuperBra i n  hand les 
a I I  of them with ease. 

Your operators wi l l  p ra i s e  the 
S u perBra i n 's  g o o d  l ooks. A fu l l  
ASC I I  keyboa rd with a n u meric key­
pad and function keys. A non-g la re, 
dyna m ica l ly focused, twelve i n c h  
screen.  A l l  i n  a n  attractive desktop 
u n it we i g h i n g  less than a standard 

office typewriter. S o p h i s t i c a t e d  
users wi l l  acc l a i m  S u perBra i n 's twi n  
Z-80 processors wh ich  transfer data 
to the screen at 38 k i l oba u d !  I n ter­
fac i n g  a pri nter or modem is n o  
pro b l em u s i n g  S u perBra in 's  RS-
232C com m u n icat ions port. But best 
of a l l , you won't  need a P h D  in com­
puter repa i r  to m a inta i n  the S u per­
Bra i n .  I ts s i ng le  board des i g n  makes 
serv ic i n g  a snap!  

So don't be foo led by a l l  the fresh­
man students in the sma l l  systems 
bus iness. I ns ist on th is  yea r's honor 
g rad uate . . .  the S u perBra i n .  

2300 Broad R iver Road, Columbia,  S C  29210 
(803) 798-9100 TWX: 810-666-2115 
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EPROMs out at 
the touch of a finger. 

After program ming a 2708 or 2716 EPROM you won't 
need a screwdriver to pry it out of SSM's new PBl board 
equipped with Textool  sockets. Just flip the lever and l ift it 
out. And on the same board there are 4 sockets waiting for 
2708 or 2716 EPROMs that can be independently addressed 
to any 4k or 8k boundary above 8000 hex. Two boards in one. 

PB1 has two separate programming circuits so 2708 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 external 
power supply. Programming sockets are Dip Switch 
addressable to any 4k boundary. And complete software is 
provided for programming and verifying EPROMs. 

With our Magic Mapping™ feature, u nused EPROM sockets 
don't take memory space, so you a re never committed to the 
ful l  4k ur 8k of memory. The board can be configured for 0 to 
4 wait states. Use fast or slow EPROMs. Al l  l ines are buffered. 

The PBl kit is available at over 150 retai l  locations or 
directly from SSM for $ 1 45 .00 (with Textool sockets) or 
$ 1 25 . 00 (without Textool sockets). All SSM kits are backed 
by a 90 day warranty. Assembled, one year warranty. 

SSM manufactures a full l ine of S-100 boards, including 
CPU, Video, 1/0, RAM, EPROM, Music, Prototyping, 
Terminator, Extender and Mother boards. For complete 
details just send for our new, free brochure. 

PB1 2708/2716 Programmer & 4k/8k EPROM Board 

21 16 Walsh Ave. ,  Santa Clara, CA 95050 

(408) 246-2707 

We used to be Solid State Music. We still make the blue boards. 
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rate to each square in the grid. It begins 
with the area of heaviest rain, and deter­
m ines which grid squares are surrounded by 
that isohyet (eg: does the center of a square 
fall with i n  the approx imating polygon? ) . 
The heaviest rate is ass igned to each of these 
squares. Beyond this area are bands of 
successively l ighter rain .  The gri d  squares 
su rrounded by these i sohyets, which have 
not al ready been inc luded in another 
isohyet, are assigned the corresponding 
l igh ter rates. The process continues until an 
area of zero rainfal l i s  encountered. The 
i nverse situation, an area of l ight rain sur­
rounded by heavier precip itation, does not 
occu r in the sudden, convective storms th is 
program was designed to mon itor. 

When all the grid squares have been 
assigned, the computer then holds a record 
of the rainfal l during  a one half  hour period. 
When the next map is processed, the storm 
wil l  have moved, and the distribution of 
rain wi l l  be different. These half  hour re­
cords can be totaled over periods of any 
length to prov ide accu rate accumulation 
data. The meteorol ogist need only be con­
cerned with instantaneous rates, however. 
The computer, with the aid of the Bit  Pad, 
handles the motion of the storm and the 
su btle effects of its changing shape and 
intensity. 

As you may wel l imagine, u pdating 
1 500 gr id squares 48 t imes a day cou l d  
eas i ly  overwhe lm many smal l systems with 
data. Access to rap id, random storage such 
as fl oppy d isks i s  mandatory. The work is 
sti l l  with in  the capabi l ities of personal 
sized computers, but it begins  to involve 
specific operating  systems and algorithms 
which wou l d  be u seful to only a few readers. 
The BASIC routines developed here, how­
ever, apply to any B i t  Pad appl i cation. They 
demonstrate how easy it is to u se the 
Summagraphics graph ics tablet for data 
entry. In doing so, I hope th is artic le has also 
shown that a m icrocomputer, when teamed 
with some novel peripherals, can be used to 
process data for a chal l enging meteorological 
appl ication .•  
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If you've written software 
in Altair Basic, you've written 

"spells" for the E:x:idy Sorcerer. 

Now, make it pay offl 

There's never enough software. 
Particularly good software. 

That's why Exidy is sponsor­
ing a software contest where 
nobody loses. 

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

Altair programs run on Sorcerer. 
The Sorcerer computer's 
Standard Basic is compatible with 
Altair 4K and 8K Basic. So our 
contest is open to programs 
- we like to think of them as 
"spells" or "Sorcery"- written 
in all three of those Basic versions. 
Trade one of yours for one of 
ours. Just for entering a program 

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

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

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

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

And collect your poster and new program on 
the spot. 

you get the book free. 
· 

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

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

RULES: 
1) Entries, including documentation, must 
be printed by computer or typed double 
spaced on 81/z by 11 paper, with your name 
on every page. 
2) Enter as many times as you like. This cou­
pon, or a copy of it, must be completed and 
attached to all entries. 
3) Enter at any participating Exidy Sorcerer 
dealer, or mail entries postpaid to the ad­
dress on this coupon. 
4) Entries must be received by midnight, 
Aug. 31, 1979. Winners will be notified by 
Nov. 30, 1979. For a list of winners, send a 
self-addressed, stamped envelope marked 
"Winners List" to the coupon address. 
5) You warrant, by your signature on this 
coupon, that all program and documen­
tation material included in your entry is 
entirely your own original creation, and that 
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no rights to it have been given or sold to any 
other party, and you agree to allow Exidy to 
use, publish, distribute, modify, and edit it 
as it sees fit. 
6) All entries become the property of Exidy, 
Inc. No entries will be returned, nor any ques­
tions answered regarding individual entries. 
No royalties, payments or consideration 
beyond the items set forth in this advertise­
ment will be given to any entrant. 
7) Judging will be by a panel of experts cho­
sen by, and including representatives of, 
Exidy, Inc. Judges may assign programs to 
whichever entry category they consider ap­
propriate. Decision of the Judges is final. 
8) Employees of Exidy, Inc. ,  its dealers, dis­
tributors, advertising agencies and media 
not eligible. Void where prohibited, taxed or 
restricted by law. 

NAME __________________________________ __ 

ADDRESS ________________________________ __ 

CITY __________ STATE ---- ZIP __ 

DAYTIME PHON"-----------------------------

TITLE OF PROGRAM----------------------------: 

CATEGORY 0 Business 0 Fun & Games 
0 Education 0 Home/Personal Management 

SIGNATURE------------------- DATE ____ .,..:.-__..; 

Copyright 1979, Exidy, Inc. 
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Copyright © 1979 by Steven 
A Ciarcia. All rights reserved. 

Steve Ciarcia 
POB 582 

Glastonbury CT 06033 

Creati ng music and sound effects with a 
microcomputer is an arduous task when the 
processor must d i rectly synthesize each wave 
form. The u sual technique employed is for 
the computer to calculate a mathematical 
model of a desired sound and outpu t it 
through a d igital to analog converter. I n  
theory this is fine, b u t  in practice i t  requi res 
an extremely fast computer to forin com­
plex waves. For example, to synthesize a 
s imple 8 kHz tone, the computer must 
generate an aud io wave coord inate every 
62 f.l.S. Use of memory tables to replace 
some calculations can speed up the process, 
but the production of complex waveforms 
or h igher frequencies wou ld  monopolize all 
of the processor 's avai lable time. 

A second technique for sound synthesis is 
to u se an analog approach .  The computer 

· Photo 7: Sound effects for a Lionel Southern Crescent model steam engine 
is one use of a programmable sound generator device. 
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can s imulate an electronic o rgan by attaching 
separate tone generators to the computer 
which are turned on and off d igi tal ly .  I n  The 
Toy Store Begins at Home ("Cjarc ia 's Circui t  
Cel lar", Apri l 1 979 BYTE, page 1 0)  four 
osc i l l ators were attached and could be 
ind ividual ly control led th rough an output 
port. Although a tu ne with four notes isn't 
very appeal ing, it served a purpose, and 
easi ly demonstrated this al ternative synthesis 
technique. Complex sounds, such as a musi­
cal chord, were created by s imply tu rn ing 
three of the tone generators on s imu ltane­
ously. Unfortunately, the preset frequencies 
al lowed only one chord, and in order to 
change i t  the c i rcu it  wou ld  have to be 
physical l y  al tered. 

The concept of the external osc i l lator i s  
the i mportant fact to point out because the 
production of the sound no longer presents 
cri tical real time operation to the computer. 
To further s imp l ify th is  approach and reduce 
the necessity for N number of osci l lators to 
produce N conceivab le  tones, we can design 
th is  external generator to be frequency 
programmable by control l ing the timebase 
components. More on this later. 

More often than not, the sounds we hear 
are not pure tones, but rather are complex 
combinations of frequencies that are some­
times mixed with noise. I n  many instances it 
is the characteristic presentation or ampl i­
tude variations rather than the frequency 
content which we recognize as the relevant 
quan ti ty.  

Photo 1 shows a steam engine. For the 
model rai l road ing  buffs out there, it i s  a 
Lionel Southern Crescen t  steam engine. The 
chug-chug sound  we al l associate with trains 
is noth i ng more than wh i te noise which i s  
modu lated .  The amp l i tude, or envelope, i s  
pu l sed on and off to produce the character­
istic sounds of a steam l ocomotive. Wh i le, 
i n  theory, the computer  can d i rectly synthe­
size al l of these sounds, the personal com­
puting enthus iast m ight  find  i t  more reward­
i ng to consider a hardware alternative. 

Fortunate ly,  Texas I nstruments and Gen­
eral I nstrument have come to the rescue 
with LS I {large scale i n tegration) sound  
generator integrated c i rcu its. These i n tegrated 
circu its contain the basic elements of sound 
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synthesi s :  VCO (voltage control led osc i l ­
lators ), m ixers, envelope generators, noise 
generators, etc. The Texas I nstruments un i t  
i s  specifica l ly  designed to  be  used i ndepend­
ently with soun d  defined through compon­
ent selection. The General I n strument un i t  
i s  bus  oriented and attaches to a micropro­
cessor. Both produce sound, but their i n ter­
faces are qu i te different. 

E N V E LO P E  
S E L E C T  

A U D I O  
O U T P U T  

ENV ELOPE S E LECT 2 ::� ::::: ::�::: : 26
/ M I X ER SE L E CT B 

25 

......- O N E  SHOT CO NT. R ES I STOR 
24 

23 - ONE S H OT CONT. CAPACITO R 

2 2 - VCO SE LECT 

2 1- SLF OSC. CONT. CAPAC ITOR 

20- S L F  OSC.  CONT. R E S I STOR 

1 9 - P ITCH CONTR O L  
1 8  ....._ V CO CONTRO L R ES I STOR 1 7 
16 ........_ VCO CONT R O L  CAPAC ITOR 

15 """ EXT E R N A L  VCO CO N T R O L  

""' v reg 

The SN76477 Complex Sound  Generator 

The SN764 77 comp lex sound generator 
produces sounds by the val ue  selection of 
external ly  attached resistors and capacitors. 
I n ternal ly, as shown in figure 1 ,  the generator 
contains two vol tage control led osc i l l ators, 
a noise generator, envelope generator and 
modulator, and mixers. 

Figure 7 :  Functional block 
diagram and pin descrip­
tion of Texas Instruments 
SN76477  complex sound 
generator. 
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SUPER LOW FREQUENC Y OSCIL L A TOR Figure 3: The noise gener­
ator and filter section is 
composed of an external 
clock, two. resistors, and (1 
capacitor. The nominal 
value of RN is 47  k ohms 
and the minimum value 
for RNFis 7. 5 k ohms. 

R s LF 
M I N I M U M  

S���rLt��O�R�8�f�8� t-'2:.:0c__�7v... 5rvK----, 
R E SI S T O R  

2A ) 

Figure 2: The SLF (super 
low frequency) and VCO 
(voltage controlled oscil­
lator) sections of the 
Texas Instruments SN-
76477 complex sound gen­
erator. The desired fre-. 
quency is selected by 
adjusting the resistor and 
capacitor circuits. The fre­
quency is determined by 
the following formulas: 
super low frequency = 
0.64/Rs L F  x CsL F and 
voltage controlled oscil-
lator=0.64/R vco x C vco· 

Figure 4: Outputs of the 
super low frequency oscil­
lator, voltage controlled 
oscillator, and noise gener­
ator are digitally selected. 
The control table indi­
cates the output produced 
for any particular input. 

SUPER LOW 
F R EQ U E NC Y ---� 
O S C I LLATOR 

VOLTAGE 
CONTROLLED ---1 
O S C I LLATOR 

N O I S E -----I>! 
I N H I B IT -----+1 

M I X E R  
SELECT 
c 

3 6 July 1 9 7 9 © BYTE Publications Inc 

n 

VOL TAGE CONTROLLED OSCIL L A TOR 

Cvco VOLTAGE CONTROLLED 17 
OSCILLATOR CONTROL 1-'-'-----l l----t 

CAPA C ITOR 

E X TERNAL VO L T A G E  1 .6 CONTROLLED OSC!LLA TOR I---< 
CONTROL 

1 9  PITCH C O N T R O L  1---< 
28) 

Osci l lators 

EXTERNAL 
INPUT 

PI T C H  
CON T R O L  

Figure 2 i l l u strates the two osc i l lator 
sections and equations for frequency selec­
tion. Figu re 2a is an SLF  (super l ow fre­
quency generator) with a normal range of 
0.1 Hz to 30 Hz. This super low frequency 
output is  most often used to provide the 
input to the vol tage control led osc i l l ator 
which runs at a h igher frequency. Such a 
combination resu l ts in frequency modulated 
sound  syn thesis. A fami l iar example is a 
siren. 

The vol tage contro l l ed osci l lator can be 
external ly contro l led by grounding pin 22. 
The frequency is then governed by a 0 to 
2.35 V signal app l ied to pin 1 6. Signals 
above 2.35 V will saturate osc i l lator output. 
As a further enhancement, the voltage con­
trol led osc i l l ator al lows pitch control th rough 
a s imi larly ranged signal applied to pin 1 9. 

M I X E R  
S E LECT 
B 

M I X E R  

2 6  

M I X E R  
SELECT 
A 

OUT TO MODULATOR 
A N D  A M PLI F I E R  

EXTERNAL NOI S E  3 E X T ERN A 
CLOCK N OI SE 

C L O C K  

N O I SE C L O C K  4 R N  
RESISTOR 

NOI S E  FILT E R  5 R N F  
CON TROL RE S I S TOR 

N O I SE F I LT E R  6 ��F 
CONTROL CAPA C I T O R  1 \  

r; 

The output of the voltage control led 
osci l l ator and the super low frequency 
osc i l lator i s  a square wave which is suppl ied 
to the mix.er and th rough the envelope 
selection logic to the envelope generator 
and modu lator. 

Noise Generator and Fi l ter 

Since so many sounds  incorporate noise 
as an integral component, the 764 77 in­
c ludes a noise generator which can be set to 
produce p ink  or white noise by selection of 
the proper components. (Pin k noise has a 
spectral intensity inversely proportional to 
frequency over a specified range. Wh ite noise 
is random and has constant energy for a unit 
bandwidth.) Further refinement of the 
desired noise range is accommodated through 
an external clock input app l ied to pin 3. 
Figu re 3 i l l u strates this hookup. 

The noise generator output is sent to 
the mixer. 

The M ixer and E nvelope Selection 

F igure 4 shows how the mixer section of 
a sound generator works and specifical ly 
detai ls  the logic codes for the SN76477. The 
mixer is essential l y  a gating network wh ich 
digital l y  combines the outputs from the 
super low frequency osc i l l ator, vol tage 

M ixer Select I nputs 

c B A M ixer 
(Pin 27 ) (Pin 25) (P in  26) Output 

L L L vco 
L L H S L F  
L H L N O I S E  
L H H VCO/N O I S E  
H L L SLF/N O I S E  
H L H SLF/VCO/NOISE 
H H L SLF/V CO 
H H H I N H I B IT 

H = h igh level 
L = low level or open 

L 
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Figure S: By carefully 
choosing what signals are 
combined, a variety of 
different types of sounds 
can be produced. Figure 
Sa shows a combination 
of the super low frequency 
generator and the voltage 
contra/led osci/lator pro­
ducing a sound such as a 
siren. Figure Sb combines 
the super low frequency 
oscillator and the noise 
generator to generate a 
sound such as a steam 
engine. In figure Sc, the 
voltage contra/led oscilla­
tor and noise generator 
are mixed together to 
form a faster on and off 
pulsing than produced 
using the super low fre­
quency generator. When 
the inhibit one shot is 
mixed with noise (figure 
Sd} the resulting sound 
would sound like a gun 
being fired. 
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control led osc i l l ator, and noise generator 
through a 3 bit code applied to pins 25, 26, 
and 27. An add i tional inh ib it  state is added 
to shu t  off operation of the mixer when 
desired. 

The i ndividual outputs of the vol tage 
control led osc i l l ator, super low frequency 
osc i l l ator and noise generator are selected 
with codes ofOOO, 001 , and 01 0 respectively, 
as shown in  the chart accompanying figure 4. 
The true val ue  of this device is demonstrated 
when complex sounds are produced by 
combin ing these three sources and uti l izing 
the inh ib it for emphasis. 

Figure Sa shows how the vol tage con­
trol led osc i l lator can be modulated by the 
super low frequency osci l l ator. As men­
tioned, an example of th is  i s  a siren. I f, on 
the other hand, the super low frequency 
osc i l l ator were programmed as in figu re Sb, 
and mixed with the noise generator, the 
mixer output wou ld  sound l i ke the steam 
engine we previously d i scussed. For faster 
on/off puls ing of the noise generator, 
the vol tage control led osc i l l ator cou ld  be 
selected, and wou l d  appear as in figu re Sc. 

The i nh i bi t  l i ne, rather than being an 
actual sound  source, controls the duration of 
the other three sections. The internal one 
shot, tri ggering  a 1 00 ms burst of noise to a 
loud ampl ifier, wi l l  sound  l i ke a gun shot. 
This is detai led in figure Sd.  

The combined m ixer output then goes to 
the envelope generator and modulator where 

Sa� 
SUPER LOW VOLTAGE 
F R E Q U E N C Y  CONTROLLED 
O S C I LLATOR OSCI LLATOR 

s� 
SUPER LOW 

the amp l i tude (vol ume) of the output signal 
is tai lored through proper attack and decay 
timing so that it wi l l  synthesize actual sounds 
accurately. A piano is  most eas i ly  character­
ized by i ts sharp attack and very long decay. 
Figure 6 outl i nes the component calcu la­
tions for these t imed functions. 

Manual Sound Synthesizer 

The SN764 77 is essential ly  an independ­
ent soun d  generator. This means that with a 
few discrete components it can independently 
synthesize the soun d  of s irens, phasers, guns, 
etc. A com pu ter i s  not required to program 
this device and, in fact, with the exception 
of the envelope, mixer and inh ib i t  selection 
inputs, it is not d i rectly contro l lable with a 
microprocessor. An example of a typical 
hardwired c ircu it  us ing the SN764 77 is 
shown in figure 7. This ci rcu i t  s imu lates the 
sound of a steam engine and a whistle. The 
timing components were selected by using 
the equations outl i ned i n  figures 2 thru 6. 
Th is  c i rcu it produces two sounds by mu l ti­
plexing the m ixer between the vol tage 
control l ed osc i l lator frequency and the super 
low noise outputs. Normal ly ,  with the push 
button open the super low frequency 
osc i l l ator pu l ses the noise generator on and 
off, producing a chug-chug sound.  When 
the button i s  pushed, osc i l lator IC2 mu lti ­
p lexes the i n tegrated circu it  to the voltage 
Text continued on page 42 
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� Jllli1JillMilll M I X E R  OUTPUT 
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M I X E R  
O U T P U T  

Figure 6: The envelope 
selection (table) is deter­
mined by envelope select 1 
and envelope select 2 (pins 
1 and 28) as shown in the 
table. The attack and 
decay timing is determined 
by R05, c05, R0, c, and 
RA '  

E nvelope Select 

1 2 
(Pin 1 )  (Pin 28) 

L L 
L H 
H L 

Function Selected 

vco 
Mixer on ly  
One shot 

ATTA C K  
A N D  
D E C AY 

A T T A C K  T I M E "' ( R A) ( C )  [ : 1 0  

D E C AY T I M E "' ( A D ) ( t ) 

rh 

H H VCO with al ternating cycles 

+ 5V 

4 
4 7 K R E S E T  

H = h igh l eve l 
L = low level or open 

P U S H 
B U T T O N  
N O R M A L L Y  
O P E N  

+ 5 V  

1 9  
E N VE L OP E  SE L E C T 2 P I TC H  CON T R O L  

O U T P U T � __L_o---.------____::2c.:...j7 '-I I X E R  SE LE C T C 
I C I 

S N 7 6 4 7 7  

E N�fC�[f ��------------� .------7'-i DISCHARGE 

lOOK 
I C 2 
N E  5 5 5  

.------6'1 TH R E S H OL D 

.------i TRIG G E R  

I 2 2 0 p F  

+ 5 V 

4 .7 K  .----------'2::.:6'-1 M I X E R  S E L E C T  A 

25 
M I X E R  S E L E C T 8 

� i 2 1  S U P E R  LOW F R E Q U E N C Y 
/ I  O S C I L L AT O R  C ONTROL 

C A PA C I TO R  

l O O K I M
)I' 20 S U P E R  LOW F R E Q U E N C Y  

" OS C I L L A TO R  CON T RO L  
R E S I S T OR 

N OI S E C L O C K 4 
R E S I S T O R  

N O I SE F I L T E A  5 CO N T R O L 
R E S I S TO R  

N OI S E [ci�T
T

R
E
O� 6 

C APA C I T O R 

3 9 K  

4
7 K  

3�I
O p F  

; r 

0 0 1  
\ 1 1 7 VOLTA G E  CO N T R OLLE D 

.__ _
___ Ji ll------� OSC I L L ATOR C O N T R O L  C�� i �5� ���0 __ �10�0�K--_. 

6 8 K  r;7 

27 K 

Number Type !-+....:5:.......:.V-4__:G_N..:..D_� 
I C 1  SN76477 1 5  2 

IC2 N E555 8 1 J._�.J._ _ _i 

. ' CA P A C I TO R R E S I ST O R  

F E E D B AC K  A U D I O  + 5 V 
R E S I S T O R  O U T P U T {0 

1 2 

•

1

_

3 

______ � � �3 70 4 

4 7 K 

3. 9 K  

Figure 7: The Texas Instruments SN76477 is often used in a hardwired, 
dedicated device. One such use is simulated steam engine and whistle sound 
as shown here. 
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Find out for yollrsel f  why The 
Computer Cookbook has become the 
standard reference book of those who 
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systems-and make them work. 
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1/0 Port Bit Assignment 

Bit 0 2 

Port 8 Envelope Select 1 Inhibit Envelope Select 2 

Port 9 

Port 1 0  

Noise Filter Capacitor 
I 
0.001 J.lF 

SLF Capacitor 
I 

0.47 J,lF 

0.01 J.lF I 

VCO Resistor 
I 

3 4 5 6 7 

Mixer C Mixer A Mixer B VCO Select External VCO Select 

Attack/Decay Capacitor 
I 

u nused 1
0.1 J.lF 1 .0 J.lF 4.7 J.lF I 

1 Mn
1 

VCO Capacitor 
I 

I 0.005 J.lF 0.05 J.lF 

SLF Capacitor 

�-------0.1  J.lF 

0.47 J.lF I 

Table 7: Designation of I /0 (input/output) port assignments and associated component choices in the interface for the Texas 
instruments SN76477 sound generator. 

Hexadecimal 
Sound Effect Value Sent to 

Desired Output Port 

Port 8 Port 9 Port 1 0  

Train 32 80 80 

Phaser 66 1 0  54 

Siren 82 00 62 

Table 2: Values which are sent to the output ports connected to the SN-
76477 interface to produce the indicated sound effects. 

Photo 2: A typical video 
based space exploration 
game could be enhanced 
by sound effects. 

Photo 3: A look at the 
prototype circuit of figure 
7 attached to the back of 
an I /0 (input/output) 
board. 

42 July 1 979 © BYTE Publications Inc 

Text continued from page 38: 
control led osc i l lator on ly pos1t 1on approxi­
mately half the time. The vol tage control led 
osci l lator is programmed to produce a 
whistle. Sufficient power to drive a speaker 
is fac i l i tated by a two transistor complemen­
tary ampl ifier attached to p ins 1 2  and 1 3 . 

Bu i ld  a Computer Programmable 
Sound Generator I nterface 

Wh i l e  the SN76477 is not d i rectly con­
trol lab le by a computer as i t  exists, .an 
interface between i t  and a computer can 
be designed which wi l l  give it some semblance 
of programmabi l i ty .  Figu re 8 i l l u strates such 
an i nterface. Sound generation is programmed 
th rough three output  ports, two of which 
control CMOS analog switches. These 
switches al low a variety of resistor and 
capac itor comb inations to be selected. Total 
control requ i res three output  commands 
from a BAS IC or mach ine language program, 
and it is very easy to switch from a si ren to a 
phaser gun sound when implemented as 
game sound effects. Photo 2 shows the video 
d i sp lay of a typ ical spacewar game. Consider 
the soph istication that sound effects wou ld  
add. 

in the prototype, shown i n  photo 3, ports 
8, 9, and 1 0  were chosen to d rive the i nter­
face. Port 8 handles m ixer and envelope 
selection;  port 9 contro ls  selection of com­
ponents for the attack, decay and noise 
sections; and port 1 0  contro ls  the SLF and 
VCO programm ing. The values chosen are 
nominal and wi l l  not al low un l im i ted sound 
synthesi s. Potentiometers are added to 
fac i l i tate fine tuning. 

A More Soph isticated Programmable 
Sound  Generator 

The SN76477 is attached to a micro­
computer largely through brute force. 
A far more sophisticated device has beer, 

Text continued on page 45 
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Figure 9a: Functional 
block diagram of the 
General Instrument A Y-
3-8970 programmable 
sound generator. The de­
vice is made by General 
Instrument Corp, Micro­
electronics Division, 600 
W john St, Hicksville NY 
7 7 802. 

Figure 9b: Map of the con­
trol registers of the A Y-3-
8970. 
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A B , A 9  
B DIR ,  

BC2 , B C I  DA0 - DA 7  CLOCK 

,- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  1 AY - 3 - B 9 1 0  I : I 
I I 
I I 

: I N P U T  LOG I C  A N D  BUS CONTROL l 
I I 

R E G I S T E R  
DECODE 

---

I / 0 
P O R T  A 

16 R E A D/WRITE 
C O N T ROL 
R E G I S T E R S  
( S E E  TABL E )  

J 
P O R T  B 

� I 
� l 

J I 
r--

� I 

N O I S E  
G E N E R ATOR 

TO N E  
G E N E R A  TOR 
( 3 )  

A M P  
C O N T R O L  

l 
E N V E LO P E  
G E N E R A TOR 

I I 
M I X E -R S  ( 3 ) 

l I 

I 4 B I T  
D I G I T A L  TO 
ANALOG 
C O N V E RT E R S  ( 3 )  

I 
I 
I 
I 
I 
I 
I 

I 
I I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I I 

l l / 0 

L _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _  _j 

IOA0 - l0A7 IOB0-IOB7 A B c 
A N A LOG O U T P U T S  

P A R A L L E L  I / 0  

' :::-------__:T 

B7 B6 B5 B 4  B 3  B 2  B l  BO 

R 

RO 8 BIT FINE TUNE A 
CHANNEL A TONE PERIOD ///////////////1 R l  4 BIT COARSE TUNE A 

R 2  B B I T  F I N E  TUNE B 
CHA N N E L  B TONE PER IOD 'l////////////� R 3  4 B I T  COARSE T U N E  B 

R 4  8 BIT F I N E  TUNE C 
C H AN N E L  C TONE PERIOD 

R 5  //////////////� 4 B IT C O A R S E  TUNE C 

R6 N O I S E  PERIOD ////////////1 5 B I T  P E R IOD CONTROL 

I"N"ABLE IN /OUT NOISE TOHE 
R7 

l O B  lOA c B A c B A 

R IO C H A N N E L  A A M PLITUDE 'l////////// M L 3  L 2  L l  LO 

R l l  C H A N N E L  B A M P L I T U DE 'l////////// M L 3  L 2  L l  L O  

R l 2 C H A N N E L  C A M PLI TUDE //////////� M L 3  L 2  L l  LO 

R l 3  8 B I T  F I N E  TUNE E 
ENVELOPE PERIOD 

Rl4 8 BIT C O A R S E  TUNE E 

R l 5  ENVE LOPE S H A PE / CYCLE //////////////� CONT ATT ALT HOLD 

R l 6 I /0 PORT A DATA STO R E  8 B IT PA RALLE L l /0 ON P O R T  A 

R l 7  I / 0  PORT B DATA STORE 8 B IT PA R A L L E L  l / 0  PORT B 



Figure 9c: Pin designations 
of the A Y-3-89 7 0 device. 

Tex t continued from page 42: 
recently introduced and � �  is designed 
specifical l y  as a bus control led device. 
Thi s  new device is the A Y-3-891 0 from 
General I nstrument .  I t  uses no external 
components and synthesizes sounds total ly 
by d igital means. A functional block diagram 
is shown in figure 9a. 

You ' l l  notice a s imi larity between this 
programmable sound generator and the 
Texas I nstruments device in that they both 
contain the same elemental sound synthesis 
components such as noise and tone gener­
ators. The real difference is that the General 
I nstrument. programmable sound  generator 
is programmed th rough 1 6  read/write 
con trol registers rather than resistors and 
capacitor's. These registers appear as 1 6  
sequential memory mapped 1 /0 ( i nput/ 
output) locations to the contro l l ing 
processor. 

The AY-3-891 0 i ncorporates a noise gen­
erator, three tone generators, three mixers, 
an e nvelope generator and three digital to 
analog converters for ampl i tude control. An 
added benefit is the inc lusion of two decoded 
1 /0 ports which are avai lab le for other 
external app l ications. All su bsystems are 
control l ed through the control register array. 

The device is specifical l y  designed to 
interface with the General I nstrument 
CP1 600 series of m icroprocessors but i t  can 
be easi l y  accommodated by others. Figu re 1 0  
i l l u strates this s imple attachment. A b id irec­
tional address/data bus , DAO th ru DA7, 
provides the necessary communication path . 
Since there are 1 6  registers, only fou r  b its of 
address are actual ly used, and A8 and A9 
serve more as device select l i nes by defi ni­
t ion. BC1 , BC2, and BD I R are the bus con­
trol l i nes and define bus d i rection, read ing, 
and writing of register data. Wh i le  an i nex­
pensive c i rcu it  such as that shown in fig­
u re 1 1  can be u sed as the c lock for both the 
processor and the programmable sound 
generator, they are basical l y  i ndependent and 
can be different rates. The programmable 
sound generator clock is primari ly used 
for the sound synthesis. The reset l i ne  clears 
all registers. 

For al l practical pu rposes, signal. l i ne  BC2 
i s  unnecessary and can be tied to +5 V. The 
read/write control l ogic is shown in table 4. 

The tim ing of BC1 and B D I R  control 
l ines are shown in figure 1 2. Data transfer is 
carried out by strobing these l i nes, whi le the 

Tex t  con tinued
.
on page 48 

TOP V I E W  

V S S ( G N O ) • I VCC ( +OV )  

N C  2 TEST I 

A N ALOG C H A N N E L  B 3 3 8 A N A L O G  C H A N N E L C 

A N A LOG C H A N N E L  A 4 3 7  OAO 

N C  !I 36 O A I  

1 0 8 7  6 3 5 DA2 

1 0 8 6  7 ll4 O A 3  

1 0 8 5  8 33 D A 4  

I084 9 3 2  O A 5  

IDB'3  3 1 DAG 

1062 I I  30 OA7 

1 0 13 1  1 2 2 9  B C I 

l O B O  13 28  B C Z  
10A7 14 2 7  B O I R  
IOA6 1 5 2 6  HS'f 2 

IOA5 1 6 2 5  A B  

.L O A4 1 7  2 4  ii 
lOAJ IB 2 3  nm 

l0A2 19 22 Cl.O.CK 
L O A  I 2 0  2 1 l OAO 

Whistling Bomb Sound Effect 

Register Number 

Any not specified 
R 7  
R 1 0  

R O  
RO 

R6 
R7 
R 1 0  
R 1 1 
R 1 2  
R 1 4  
R 1 5  

Phaser Sound Effect 

Register N umber 

Any not specified 
R7 
R 1 0  

RO 
RO 

R 1 0  

Hexadecimal 
Load Value 

00 
3E 
OF 

30 (start) 
CO (end) 

OF 
07 
1 0 } 
1 0  
1 0  
1 0  
00 

Hexadecimal 

Explanation 

Enable tone only on channel A only.  
Select maximum ampl itude on channel A.  {Sweep effect for  channel A tone period via 
a processor loop with approximately 25 ms 
wait time between each step from 30 to CO 
(0 .429 ms/2330 Hz to 1 .72 msl582 Hz) .  

Set  noise period to m idva l ue. 
Enable noise only on channels A,B,C. 

Select full ampl itude range under direct 
control of envelope generator. 

Set envelope period to 0.586 seconds. 
Select envelope decay, one cycle only . 

Load Value Explanation 

00 
3E Enable tone only on channel A only.  
O F  Select maximum ampl itude on channel A .  {Sweep effect for channel A tone period 

30 (start) via a processor loop with approximately 
70 (end) 3 ms wait time between each step from 30 

to 70 (0.429 msl2330 Hz to 1 .0 msl1 000 Hz) .  
00 Turn off channel  A to end sound effect. 

Table 3: Values which are loaded into the control registers of the General 
Instrument A Y-3-8970 sound generator in order to produce the indicated 
sound effects. 
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M I C ROPROCESSOR AY - 3 - S 9 1 0  

CLOCK � CLOCK 

I R ES E T  2 3  -- ANALOG 
R E SET CHANNEL A 

B C I  2 9  A NALOG 

B U S  B C I  CHAN N E L  B 

C O N T R OL 
B C 2  2 S  A N A LOG 

BC2 CHANNEL C 

4 A NALOG A 

3 A N A LOG B 

3S A N ALOG C I O K  
10 o,... F 
....':! ) 

+ A U D I O  
A M P  

B DIR 2 7  
I K  BDIR Figure 7 0: Typical micro-

SP EA K E R  

processor to programmable 
sound generator interface. 

I. 7S97 7 2 5  M H z  

CLOCK TO 
E I T H E R  { 
M I CRO 
C O M P U T E R  

0 . 8 9 4 8 8 6 3  M H z  

3 . 5 7 9 5 4 5  M H z  
C R Y S TA L 

P R O G R A M M A B L E  
SO U N D  
G E N E R A TOR 

A N A LO G  
C H A N N E L  
O U T PU TS 

A 

B 

c 
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I K  

{ DAD- DA7 

A D D R E S S  
A N D  DATA A S 
B U S  -

A9 

30 

\ I DAD - DA7 

3 7  

25 

24 

A S  

-
A9 

1 4  6 
2 1  1 3  

PORT A PORT B 

S B I TS S B IT S  

� 
PA R A L L E L  I /0 

C L O C K  G E N E R A T I O N  

0 2  DATA 2 

8 

l d  

9 

I I  
Q l l----<._----'-'-l 

A U D I O  O U T PU T  I N T E R FACE 

1 0  

P R O G RA M M A B L E  
S O U  N O  
G E N E R A TOR 

C L  

1 . 7 8 9 7 7 2 5  M H z  
C L O C K  TO P S G  

r;7 

2 2  

+ 5 V  Number "�� IC 1  

IC2 

IC3 

5 K  

5 0 0  30 0 p F  

1 0  

Figure 7 7a: A simple clock 
generator which can be 
used as a clock for the 
processor and the pro­
grammable sound gener­
ator. 

Type +5 v G N D  

CD4069 1 4  7 

4013 14 7 

LM386 6 4 

Figure 7 7  b: A typical 
audio output interface for 
driving a speaker from 
the programmable sound 
generator. 

Ci rcle 1 51 on inq uiry card . -





CP1 600 
Function 

B D I R  BC2 BC1 Function Abbreviation 

0 1 0 Inactive NACT 
0 1 1 Read from PSG DTB 
1 1 0 Write to PSG DWS 
1 1 1 Latch Address I NTAK 

Table 4: Summary of the read/write control logic needed to control the A Y-
3-89 7 0 sound generator. 

SET PROG R A M MA B LE SOUND GENERATOR REG ISTER ADDRESS 

B DIR 

B C I  

B U S  ----------,�T�--------,77�------------­CONTROL __ __::N�A.:.CT.:...._ __ .r.V::L/;..L%j:...d._ __ _::I N..:.:T..:.:A�K---1t/;:LL/2LL __ :.:.N A..:.:C:..:T�--

DA 7 .. DAO 
----F-Lo_

A
_

T_-�X�... ___ �u_D1_�_�_I_s __ .....�X�... ____ 

F
_

L
_
o

_
AT 

__ _ 

WR ITE DATA TO PRO G R A M M ABLE SOUND G E N E R ATOR OR 1 /0 PORT 

BDIR 

BC I 

B US N ACT W/1 DWS V//1 N A CT CONTROL 

X DA7 .. DAO F LOAT X OUTPUT DATA FLOAT ( T O  P S G )  

R E A D  D ATA FROM PRO G R A M M A B LE SOUND GENERATOR OR l/0 PORT 

B DIR 

B C I  

B U S  N AC T  � //1 DTB V/ / J NACT C ONTROL ---���//�_//�_�a_ ____ �V�//_L.//_il _______ _ 

DA7 .. DAO 
----FL_

O
_
A
_

T __ �)(\.. ___ l_�p-R�_1_D
_:_;G_� ___ )(L_F_L_o_

AT--

Figure 7 2: Programmable sound generator bus timing logic. 
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Tex t  con tinued from page 45: 
address/data bus contains the pertinent 
contents. These pu lses shou ld  be short and 
one processor c lock cycl e  shoul d  suffice. 

Tone Select 

The registers are d ivided i n to six cate­
gories, and numbered i n  base eight: 

Tone generators 
Noise generator 
M ixer control 
Ampl itude control 
Enve lope control 
1 /0 ports 

Tones are square waves produced by 
div id ing the input c lock by 1 6, then 
counting that resu l t  down by a programmed 
1 2  bit tone-period value. The 1 2  bit value, 
defined by the coarse and fine tune registers, 
is a combination of the two control reg­
isters. The 1 2  bits represent period and 
T = 1 /frequency. The h igher  the register 
value, the lower the tone. Register contents 
range from 000000000001 (d iv ide by 1 )  to 
1 1 1 1 1 1 1 1 1 1 1 1  (d iv ide by 4095). With a 
2 M Hz clock the frequencies wou l d  be 1 25 
kHz and 30.5 Hz respectively. 

The other parameters, such as noise, 
m ixers, ampl itude, and envelope controls, 
are chosen in a s im i l ar manner. The actual 
programming techn ique is beyond the scope 
of th i s  introduction to the AY-3-891 0, and 
I suggest that interested readers send in­
qu i ri es to General Instrument . 

Connecting the AY-3-891 0 to the S-1 00 Bus 

F igu re 1 3  shows how an A Y-3-891 0 
programmable sound generator can be 
connected as an 1 /0 device on the S-1 00 
8080 compatib le  bus. Switches SW1 through 
SW6 define the starting 1 /0 address of the 
1 6  programmable sound generator registers. 

Tex t continued on page 5 7  

N umber Type +5 V GND 

IC1 7485 1 6  8 

IC2 7485 1 6  8 

IC3 7404 1 4  7 

IC4 7402 1 4  7 

I C5 7400 14 7 

I C6 7400 1 4  7 

I C7 74148 1 6  8 

IC8 74LS367 1 6  8 

I C9 74LS367 1 6  8 

IC1 0 74 LS367 1 6  8 

IC 1 1 74LS367 1 6  8 

IC 12  A Y .J-891 0 40 1 
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LATCH ADDR ESS ROUTINE 

PORT AD DR EQU SOH ; ADDRESS TRANSFER PORT ADDR ESS 
PORTDATA EQU 81 H ;  DATA TRANSFER PORT ADDRESS 

; TH IS  R OUTI N E  W I L L  TRANSFER THE CONTENTS OF 
; 8080 REG ISTER C TO THE PSG ADDRESS REG ISTER 
PSGBAR MOV A,C ; G ET C IN A FOR OUT 

OUT PORTBAR ; SEND TO A DDRESS PORT 
R ET 

WRITE DATA ROUTINE 

; ROUT I N E  TO WR ITE THE CONTENTS OF 8080 R EG ISTER 8 
; TO THE PSG R EG ISTER SPEC I F I ED BY 8080 REG ISTER C 

PSGWRITE CALL 
MOV 
OUT 
RET 

PSG BAR ; GET ADDRESS LATCHED 
A,B ; G ET VALUE I N  A FOR TRANSFER 
PORTDATA ; PUT TO PSG REG ISTER 

R EAD DATA ROUTINE 

; R OUTI N E  TO READ THE PSG REG ISTER SPECI F I E D  
; B Y  T H E  8080 REG ISTER C A N D  R ETURN T H E  DATA 
; IN 8080 REG ISTER B 

PSG R EAD CALL PSG BAR 
IN  PORTDATA ; GET R EG ISTER DATA 
MOV B ,A G ET IN TRANSF ER R EG I STER 
R ET 

Listing 7 :  Routines written for the 8080 microprocessor to operate the A Y-
3-89 7 0 programmable sound generator. 

PAD 2 

PAl 3 

PA2 4 

PA 3 5 
6 P I A /  PA4 

M 6 8 D D  M C6821  
PA5 7 

\ B 

-J PA6 
PA7 9 

P B D  I D  

P B I  I I  

P B 2  1 2 

Figure 74: Connecting the A Y-3-8970 to a 6800 system through a 6820 
programmable interface adapter is easier than interfacing the S-700 bus. 
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LATCH ADDRESS ROUTINE 

; AT ENTRY , B HAS ADDRESS VALUE 

LATCH CLRA 
STAA 8005 ; GET D D IR A 
LDAA # F F  
ST AA 8004 ; OUTPUTS 
LDAA #4 
STAA 8005 ; GET PER IP H ERAL A 
STAB 8004 ; FORM ADDR 
STAA 8006 
CLRA 
STAA 8006 ; LATCH ADDR ESS 
RTS ; R ETURN 

WR ITE DATA ROUTINE 

; AT ENTRY,  B HAD DATA VALUE 

WR ITE STAB 8004 ; FORM DATA 
LDAA #6 ; DWS 
STAA 8006 
CLRA 
STAA 8006 ; WR ITE DATA 
RTS ; R ETURN 

READ DATA R OUTINE 

; AFTER R EAD,  B HAS R EAD DATA 

R EAD STA A 8005 ; G ET D D I R  
STA A 8004 ; I N PUTS 
LDAA #4 
STA A 8005 ; G E T  P E R IPHERAL 
DECA 
STA A 8006 ; R EAD MODE 
LOA B 8004 ; R EAD DATA 
CLRA 
STA A 8006 ; R EMOVE R EA D  MODE 
RTS ; R ETURN 

Listing 2: Routines coded for the 6800 
microprocessor to operate the A Y-3-8970. 

+ 5 V  

3 7  DAD R E S E T  � 
36 D A I  A S  � 
35 DA2 
34 � DA3 A S  
33 DA4 PSG / 
32 AY - 3 - 8 9 1 D  

D A 5  
3 1  DA6 

3D DA7 

29 B C I  
2 8  B C 2  
2 7  

38 3 4 
A N A LDG A 

A N A LDG B 

A N A LDG C 



Text continued from page 48: 
Reading and writ ing from it i s  as 
i l l ustrated .  

A less comp l icated hardware 
i nterface is attained by us ing a 
peripheral i nterface adapter such as 
the 6820. Figu re 1 4  demonstrates 
a techn ique which can be used for 
6800 systems. The considerable 
d ifference in  hardware complexity 
shou l d  i n  no way imply lack of 
abi l i ty using the 8080. I f  the 
5-1 00 bus is ignored and a 8255 
programmable peripheral i n terface 
is used instead, it wou l d  resu l t  i n  a 
circui t  s imi lar to figure 1 4. 

I n Conc lus ion 

I have briefly presen ted two 
methods of sound  synthesis . Whi l e  
both are s imp le  to implement, i t  
is easy to recogn ize that the  Texas 
I n struments part is more appl icable 
in dedicated designs wh i l e  the 
General I nstrument device is for 
general synthesizer appl ications. I t  
i s  not  i nconceivable that the AY-3-
891 0 cou l d  produce almost any 
sound, and it i s  a natural for use 
with a mus ic i n terpreter runn ing  on 
a m icrocomputer. Perhaps the next  
famous composer wi l l  not d i rect 
a 1 50 piece orchestra but, rather, 
a trio of microcomputers control ­
l i ng  a bank of AY-3-891 Os.• 

Circuit diagrams and draw­
ings pertaining to the 
A Y-3-8970 were provided 
courtesy of General Instru­
ment Corp. 

Come Help Us 
Celebrate The Chi ld 
St. Jude Chi ldren's Research 

Hospital continues its search 
for life-saving l�now\edge 
about childhood diseases. And 
this search continues because 
people care. Help us celebrate 
the child by sending your tax­
deductible checl� or request for 
further information to St. Jude 
Children's Research Hospital, :- • 5J9 Lane Ave., � Memphis, TN J8l 05. 

ST. JUDE CHILDREN"S RESEARCH HOSPITAL 
Danny ThOllllJS. found••• 

ATTENTION CREA JIVE 
ELECTRONIC ENGINEERS, 

MICROCOMPUTER 
PROGRAMMERS 

AND 
TECHNICIANS 

SIMON SAYS: 
Travel to the Northeast to Western New England to scenic East 
Longmeadow, MA. nestled in the foot h i l ls of the Berksh ires a nd 
a whole new world of e lectronic opportun ity awaits you.  

The Milton Bradley Company has prope l led itself into the e l ec­
tronic game and toy arena in a most d ramatic and successfu l fash­
ion in the last two years. This momentum is continuing i n  a most 
encouraging way. Consequently, we are see king talented 
e lectronic personnel with both hardware and/or software exper­
ience and knowledge to expand our inhouse electron ic prod uct 
development capabi l ity. We have i m med iate openi ngs for the fol­
lowing types of person n e l :  

Senior Electronic Product Engineers 
Qual ified candidates wi l l  have a m i n i m u m  of ten years e lectronic 
consumer prod u ct experience with a B S E E  degree or the equ i va­
lent thereof. 

Electronic Product Engineers 
This position req u ires a m i n i m u m  of 5 years e lectronic co nsu mer 
goods experience and a B S E E  or equ iva lency .  

Software Engineers/ 
Microcomputer Programmers 

3 to 5 years experience in microcomputer programming and know­
ledge of microcomputer assembly languages is req u ired . 

Electronic Technicians 
1 to 3 years experience as a technician i n  an e lectron i c  consumer 
goods environment is preferred. An AS d egree in e lectro n ics wou ld 
be an asset. 

In add ition to scenic beauty in the i m mediate locale we offer 
proximity to ski ing, sai l i ng,  surfi ng a nd several other q u a l ity fac­
tors of l ife. 

The successful  ca ndidates wi l l  enjoy a n  attractive compensation 
package which includes a com plete fri nge benefit progra m. 

Please send resume and salary req uirements i n  confidence to:  

MB 
M I LT O N  B RADLEY 

Director of Corporate Personnel  Ad m inistration 
M ilton Bradley Com pany 
P.O . Box 3400 - Springfield, MA. 01 1 0 1 
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Photo 1: Typical output of the Kaleido­
scope program. 

Listing 1 is a short program that 
gene rates a fastmoving colorf u l  disp l ay 
on you r Apple  I I .  

T h e  program starts a t  hexadecim a l  
location 0800 a n d  resides in  l ess than 
one page of m emory. It  may be entered 
in object form by use of the system 
monitor. To run the program, sim ply  
type: 800G . The disp l ay can be frozen by 
hitting any key on the keyboard . Hitting 
any key again wil l resu m e  the action. 

The program was written using Micro­
p rod u cts E ditor/Assem b l er program for 
the Apple I I .  • 

esw 4CAses 

eses 1s 
0884 A914 
ese6 65H3 
08al AS 
0889 A914 
0800 6511 
0sro 2eeeF8 

KALE I OOSCOPE 
J11P STAR 

PLOT (2i3+X, 29+Y) 

DRAt� CLC 

LDA 14 
POC *X  
TRY 
LDA 14 
Fl'C *Y 
JSR PLOT 

PLOT (2i3-:•(, 2B+Y)  

0819 38 
0811 A914 
0813 E51B 
0815 AS 
0816 296EF8 

0819 18 
081fl A914 
081C 6511 
081£ AS 
081f A914 
0821 6518 
0823 286GF8 

0826 38 
0827 A914 
0829 E511 
082£ A8 
0&."1: 200EF(:: 

082f 18 
083fl A914 
0832 . 6510 
0834 AS 
0835 38 
0836 A914 
0838 £511 
083A 20013F8 

0830 38 
083E A914 
0848 E5H} 
0042 AS 
000 28eEF8 

0846 18 
0847 A914 
0849 6511 
0848 A8 
084C 38 
0840 A9H 
004F E519 
0851 2890F8 

0854 38 
0855 A9H 
0857 E511 
0859 A8 
0� 2138En:: 
0850 68 

9160 
9170 
8180 
919�1 
9200 
9210 
9220 
02313 
9241!.\ 
9250 
92613 
92713 
9280 
0290 
0308 
9.310 
832�\ 
0330 
9340 
e35H 
9.3613 
03'?1] 
0380 
9390 
040f.\ 
041 (1 
'0421] 
9471:1 
9440 
0456 
046(i 
9470 
0480 
0490 
951313 
05113 
052(; 
0530 
0540 
0550 
9560 
8578 
958fJ 
9598 
9608 
9610 
9620 
96313 
9648 
9650 
96€0 
96713 96sH 
9690 
9796 
971�1 
97213 
97JB 
974 0 
9750 
9760 
9778 
9780 
979H 
OO:)Ij 
981fl 
98213 

SEC 

LDA 1.4 
sse :i<',J( 
TA'T' 
JSR PLT1 

CLC 

LJ)A 14 
ADC *\' 
TA\' 
LCoA 14 
ADC *:� 
JSR PLOT 

SEC 

WA .14 
SBC *\' 
TA\' 
JSR F'L T1 

CLC 

LDA H  
AOC *>: 
TA\' 
SEC 
L.DP. 14 
SBC *\' 
JSR PLOT 

SEC 
LDA l4 
SOC *X 
TRY 
JSR PLT1 

CLC 
LDA 14 
fi)C �· 
TRY 
SEC 
LDA 14 
5BC *X 
JSR PLOT 

SEC 

LOA .14 
S8C *V 
TAl' 
JSR PLT1 
RTS 

X Dl 6010 
Y DL 0811 
Z DL 0012 
PLOT Dl F88B 



9830 
9840 
9850 
986[) 

0� E8 007fi 
0� N!0C• oo,;::o 
J386j_ EE?fHJF.! 8891;) 
0864 AD78Ht: H900 
13867 139E! 8916 
0869 BD780S 139"2f; 
086C E615 e92:Pi 
000: BC•f!;::.DJ 89413 
0871 68 8950 

0%0 
09?f"i 
098(·:i 

0872 A5H1 899U 
0874 213890:3 18l:li.::; 
0877 85113 1011:.\ 
0B79 AS11 192(·i 
08i'B 28891.11:� 102.1:.\ 
08i'E 8511 1134(; 
0800 A512 10�)0 
0882 2fitAH) 11360 
e� 288):-J::� l0/IJ 
086tl 63 11386 
0889 856f' 13913 
0800 285Ei3::3 1113�) 
eeoc 180;2 1110 
0896 E613F 11213 
0892 6R 1Efi 
0893 9882 11·1 fi 
0895 C6f.!F · 115H 
0097 A58F 116(i 
0899 180.� 11'?8 
east A913 1180 
0� 68 11913 
0b� C914 1.213�3 
0800 Nl02 1210 
08fk? A900 1221.3 
08A4 68 123f.! 

1.24e 
1250 
1268 
1276 

08AS 29s2F8 1280 
0Sil3 A900 1290 
08ffl 8D59CI3 nee 
0aro 8052CI3 1318 
0800 8513 1328 
0882 8514 1336 
0004 8515 1346 
08EI6 8516 1350 
08li8 8517 1368 
e� AR 1378 
esm A513 1380 
08J) 8510 139e 
08Ef A514 14e0 
0SC1 8511 141H 

esc:: A515 142f.! 
08CS 8512 1438 
08C7 287268 . 144(·J 
0001 ASHl 14�i�) 
08CC 851?. 1460 
08Cf AS11 147f) 
0800 8514 148�) 
0002 A516 1490 

PLTJ . IX.  F8e£ 

: "RAt·IDOr1" NU118FRS 
RHD IN:� 

BNE GRA8 
INC GRA8H;)2 
LDA GRf:8+0:2 
ORA BEfl 
STP. G�'AP-+ f!2 
IM� *77 � �  

G�flB LDA 8A5E.. :.:: 
RTS 

: t1flW SUBROUTINE 
GUT::; L.foP. *>: 

JSR STEP 
STR :{.::)� 
LDP. :�.,,. 
JSR STEP 
STA :�:�' 

LOA *"' £. 
JSR SETC: 
JSR l)ffi,� 

RTS 
STEI) STA *WO�:< 

JSR RND 
BPI_ cmn 
INC *f.JOf:( 

CONT RO�: 
BCC TEST 
DEC *I·JOPt::: 

TEST LDR *I·JORK 

BPL CMP 
LDA 1 3  
RTS 

lJIP CJ'f i4 
BNE oa r  
LOA 013 

EX I T  RT�:. 
�J:: . IX. 01313F 
: l'tfl IN PROGRAM 
STAR JS�: GR 

LDA 00 
STA tcese 
STA $C052 
STA *XX 
STA *'t'V 

STfl *ZZ 
STA *XXX 
STA *WY 
Tftx: 

LOOP LOA *XX 
STA *X 
LDA *'N 
STA *1' 
IJ)f: *ZZ 
STA *Z 
JSR GUTS 
LDA *X 
STA :t::�): 
Lr.tl *Y 
STA *YY 
LOA *:�x:< 

08D4 
0� 
0800 
0800 
080C 
0Brf. 
000. 
08E: 
08£5 
08£? 
�)8£9 
08£C 
08EF 
08ftl 
08F:� 
08F6 
08FS 
08FR 
08Ff.• 

85H1 
AS!? 

8511 
A99t! 
8512 
287?f58 
A513 
8516 
A5H 
851 7  
AD�eco 
18C!:t 
A980 
HC•hlCI-J 
AN10CO 

HF'E: 
��9E1t1 
BC•i!)1.)3 
FOB'� 

15e0 STA 
1518 LDA 
1'5�?0 STA 
1!)�;c; LDA 
15413 STA 
15�;f:; JSR 
i�·t:f: LDA 

1570 STA 
15cX'i LDA 
159(.': STP. 
W�i,:; LDA 
16j 0 Bf'L 
1620 LDf: 
1(.3�) STA 
2.t:A r\ I�": IT LDH 
16:·fi Bf'L 
166f-.i LCtl� 

167�.1 STR 
16fW 8EQ 
165{! X:< IX. 
171.-:jH w Ct 
17W zz . IX.  
1?'20 :>C<!: . Ct 
1i'Sfi �')'T' Ct 
1740 8fi5!: IX. 
1i'SI3 snc: DL 
176f1 GR . IX.  
1770 ENC• . DI 

>�<:� Slr'l'i))L TA8U:: 
*VV�' CoRt*J 088? *�' ., " 0010 09 'T' OOH :t·.., '" z 0012 
GUTS PLOT FSfJO 
*'>' , ,  PLT1 F80E :f)�<:)� f':Nl:O 885E *�' GRFf: 8B6E 
:{:���r·�· GUTS 887�:: $CtJi:iJ STEP 9Si39 
LOOF' COOT 8892 
8fl TEST 889? 
iCCH �i Ct-1' 989E 
� UJ(l(; Dm 8S!i4 
Hti ! T  l�OO:: 8eoF 
(jl) STF¥? 8BF6 
tCt11 0 LOO' 9888 
L OCIF' l�AIT 8SF3 
rm1 2 >{X oon 
0�)14 yy eeH 
0015 zz 91315 
001£. X>O: 9e16 
flOP YV'-1 0017 
FiCJ�i BAS£ E9eH 
Ff::64 SETC FS64 
F'812 GR F83<� 

Et-1) 8SFF 

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. 

Comput•r Mart of P•nnaylvanla 
550 O.Kalb Plk• 
King ofPtuula, PA 19406 
(215) 265·25&0 
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A Model  of  the B ra i n 
fo r Robot Co ntro l 

Part 2:  A N eu ro log ica l  Model  
I n  part 1 I descri bed how sensory inter­

active, goal d i rected behavior can be gener­
ated and control led by a mu lti level h ierarchy 
of computing  modu les. At each level of the 
h ierarchy, input commands are decomposed 
i nto strings of output subcommands wh ich 
form the input commands to the next lower 
leve l .  Feedback from the external environ­
ment, or from internal sources, drives the 
decomposition process and steers the selec­
tion of subcommands so as to achieve 
successful performance of the task of 
reach i ng the goal. In this article I w i l l  
add ress questions of what k ind of neurologi­
cal structures are bel ieved to ex ist in the 
brain and what kind of computations, 
memory storage methods, and associative 
recal l effects these structures seem to be 
performing. 

Unfortunately, defin itive experimental 
evidence about the structure and function 
of neurological circuitry in the brain is 
extremely d iffi cu lt  to obtain .  Neurons, 
the brai n 's computing elements, are very 
tiny and del icate. I t  is hard to measure 
what is happen ing in them without damaging 
them or otherwise interfering with the flow 
of information related to their operation. 
Techn iques do exist for measuring the 
activity of ind ividual neurons and sometimes 
even observing the behavior of several 
neu rons at the same time. There are also 
techn iques wh ich make it poss ib le to moni­
tor synch ronized changes in the activity of 
large numbers of neurons. 

However, the brain is such a compl icated 
anatomical structure, with such a jumbled 
interconnection of different kinds of neurons 

being excited and i nh ib ited by such a broad 
variety of chemical and electrical stimul i ,  
that i t  is imposs ib le  to infer from these 
measurements any very sophisticated i deas 
about what mathematical functions are 
being  computed or what procedures are 
being  executed. 

Neurons are as varied in  size, shape, and 
type as trees and bushes in a tropical forest, 
and often are as closely · i n tertwined and 
interconnected as a bramble patch over­
grown with vines. Many of their most 
important i n formation processing properties 
are statistical in nature, and these statistics 
may app ly over ensembles of thousands 
of neurons. 

The si tuation is fu rther compl icated by 
mu lt ip le feedback loops, some of which are 
confined to smal l ,  local c lusters of neurons, 
and others which may thread through several 
entirely d ifferent regions of the b rain .  
The resu lt  i s  that no  one has yet been able 
to construct a clear p icture of the overall 
information processing arch itecture in the 
brain .  At present there exists no general ly 
accepted theory which bridges the gap be­
tween hard neurophysiological measurements 
and psychological concepts such as percep­
tion and cogn i tion .  

Nevertheless, there is much that is known 
with certainty about the structure and 
function of at l east some parts of the brain ,  
particularly i n  the periphery of the sensory 
and motor systems. A great deal can be 
inferred from th is knowledge. Furthermore, 
there i s  one area, the cerebel lar cortex, 
where the geometry is suffic iently regu lar to 
enable researchers to pos itively identify a 
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The principal input to the 

cerebellar cortex arrives 
via mossy fibers. 

A U D I TORY CORTEX 

number of important neu rophysiological 
relationsh ips. 

The cerebel lum, wh ich is attached to the 
midbrain portion of the upper spinal cord 
and nestles up u nder the visual cortex, as 
shown in figure 1 ,  is in timately involved 
with control of rapid, precise, coord inated 
movements of l imbs, hands, and eyes. 
I n ju ry to the cerebel l um resu lts in motor 
deficiencies, such as overshoot in reaching 
for objects, lack of coord ination, and the 
inabi l i ty to execute de l icate tasks or track 
precisel y  with the eyes. 

During  the 1 960s, advances in the tech­
nology of single cell recordings and electron 
m icroscopy made poss ib le an elegant series 
of experiments by Sir John Eccles and a 
number of others. These experiments 
identified the functional interconnections 
between the principal components in the 
cerebel lar cortex. A brief outl ine  of the 
structure and function of the cerebel lar 
cortex is shown in figure 2. 

The principal input to the cerebe l lar 
cortex arrives via mossy fibers (so named 
because they looked l i ke moss to the early 
workers who first observed them through a 
m icroscope) . Mossy fibers carry information 
from a number of d ifferent sources such as 
the vestibu lar system (balance) ,  the reticular 
formation (alerting, the cerebral cortex 
(sensory-motor activity), as well as from 
sensor organs which measure such quantities 
as position of jo ints, tension in tendons, 
velocity of contraction of muscles, pressure 
on sk in ,  etc. I t  is poss ib le to categorize 

MOTOR CORTEX 

./
/

SENSORY CORTEX 

C E R E B E LLUM 

+- -- S P I N A L  CORD 

Figure 1.  Side view of human brain showing the cerebellum attached to the 
brain stem and partially hidden by the visual cortex. 
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mossy fibers i n to at least two classes based 
on thei r point of origi n :  one, those carry ing 
information which may inc lude commands 
from h igher levels i n  the motor system ;  and 
two, those carry ing feedback information 
about the resu l ts of motor outputs. Once 
these two sets of fi bers enter the cerebe l lum, 
however, they i n termi ngle and become 
v irtual ly  i nd isti ngu ishable. 

The feedback mossy fibers tend to exhib it  
a systematic regu larity in  the mapping from 
point of origin of the i r  i nformation to their 
termination in  the cerebel l um .  It is thus 
possib le  to sketch a map of the body on the 
surface of the cerebe l l um corresponding to 
the origi ns of feedback mossy fiber informa­
tion , as shown in figure 3. This map is not 
sharp ly  defined, however, and has consider­
able overlap between regions due i n  part to 
extensive intermingl i ng  and mu l tip le over­
lapping of terminations of the mossy fibers 
in the cerebel lar granu le cell layer. Each 
mossy fi ber branches many times and makes 
exci tatory (+) con tact with several hundred 
granu l e  cel ls spaced over a region several 
m i l l imeters in d iameter. 

Granu le  cells are the most numerous 
cel ls in the brain .  I t  is estimated that there 
are about 3 X 1 01 0 granu le  cel ls in the 
human cerebel l um alone. There are 1 00 to 
1 000 times as many granu l e  cel l s  as mossy 
fibers. Each granu le  cell i s  contacted by 5 to 
1 2  mossy fibers and gives off a s ingle output 
axon which rises toward the surface of the 
cerebel l um .  When it nears the surface th is  
axon sp l i ts i n to two parts which run about 
1 .5 mm in opposite d i rections along the 
folded ridges of the cerebel lum,  making 
contact with a number of different kinds 
of cel l s  in passage. These axons from the 
granule ce l l s  th us run paral lel to each other 
in a dense ly packed sheet (hence the name, 
paral le l  fi bers) . 

One of the cel l types contacted by paral lel 
fibers are Golgi cel l s  (named for their 
d iscoverer) . These cel l s  have a widely spread 
dendrit ic tree and are excited by paral lel 
fibers over a region about 0.6 mm in d iam­
eter. Each Golgi cel l puts out an axon wh ich 
branches extens ively, making inh ib itory ( -) 
contact with up to 1 00,000 granu le  cel ls in 
i ts immed iate v ic in ity, inc lud ing many of 
the same granu le cel ls which excited it. The 
dendrit ic trees and axons of neighboring 
Golgi cel ls interm ingle so as to b lanket the 
entire granular layer with negative feedback. 
The general effect is that of an automatic 
gain control on the level of activity in  the 
paral lel fi ber sheet. 

I t  is thought that the Golgi cel l s  operate 
such that on ly a smal l and control led per­
centage (perhaps as I ittle as 1 percent or 
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Jess) of the granu le cel l s  are al lowed above 
th reshold at any one time, regardless of the 
level of activity of the mossy fiber input. 
Any particular pattern of activ i ty on the 
mossy fiber input wi l l  produce a few granu le  
cel ls wh ich are maximal ly excited, and a 
great many others which are less than 
maximal ly stimu lated .  The Golgi cel l s  
suppress the  outputs of a l l  but  the few 
maximal ly stimu lated granu le cel l s. The 
resu lt  i s  that every input pattern {or vector) 
is transformed by the granu le  layer i n to a 
smal l ,  and relatively fixed percentage, or 
subset, of paral lel fibers which are active. 

These active paral le l  fibers not only 
contact Golg i  ce l l s ,  but  make excitatory 
contact with Purkinje cel l s  (named for the i r  
d iscoverer) and basket and ste l late cel ls 
(named for their shapes) through weighted 
connections (synapses ) . Each Purkinje cel l 
performs a summation over i ts inputs and 
produces an output  which is the output of 
the cerebel lar cortex. The basket and ste l late 
cel l s  are essential ly inverters which provide 
the Purk in je with negative weights that are 
summed along with the positive weigh ts 
from paral lel fi bers. 

F E E D B A C K  
M O S S Y  F I B E R  

Figure 2. The principal 
cells and fiber systems 
of the cerebellar cortex. 
Command and feedback 
information arrives via 
mossy fibers, each of 
which make excitatory (+) 
contact with several hun­
dred granule cells. Golgi 
cells sample the response 
of the granule cells via the 
parallel fibers and suppress 
by inhibitory (-) contacts 
all but the most highly 
excited granule cells. Pur­
kinje cells are the output 
of the cerebellar cortex. 
They sum the excitatory 
(+) effect of parallel fibers 
through weighted connec­
tions. They also receive 
inhibitory (-) input from 
parallel fibers via bas­
ket cell inverters. The 
strengths of these weights 
determine the transfer 
function of the cerebellar 
cortex. Climbing fibers are 
believed to adjust the 
strength of these weights 
so as to train the cere­
bellum. 

Figure 3. A map of the surface of the cerebellar cortex showing the point of 
origin of mossy fiber feedback and ultimate destination of Purkinje cell 
output. 
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The Golgi cel l s  suppress 
the outputs of all but the 

few maximal ly stimulated 
granu le  cel l s .  

A second  set  of fibers entering the 
cerebe l l ar cortex are the c l imbing fibers, 
so named because they c l imb all over the 
Purkinje cel l s  l i ke ivy on a tree. There is 
typ ical ly one cl imbing fiber for each Purkinje 
cel l .  It i s  bel ieved that these c l imbing fibers 
have some role in adjusting the strength of 
the weigh ted synaptic connections with the 
para l le l  fibers, so as to a lter the Purkinje 
output. C l imbing  fibers are thus hypothesized 
to provide the i nformation requ i red for 
l earn ing. 

The avai lab i l i ty of such detai led knowl­
edge regarding the structure and function 
of the various cel l  and fiber types in the 
cerebe l l um has led a number of theoreticians 
to propose mathematical models to explain 
the information process ing characteristics of 
the cerebel l um .  One model was developed 
i ndependently in  Great Bri tain by David Marr 
and in the Un i ted States by myself. The 
general out l i nes of th is model are shown in 
figure 4. My further work has produced the 
more abstract vers ion i l l u strated in figure 5, 
as wel l as a mathematical formal ism cal led 
the CMAC (Cerebel lar Model Arithmetic 
Computer) . 

Figure 4. A theoretical model of the cerebellum. 
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CMAC is defined by a series of mappings :  

where : 

S is an input  vector ;  
M i s the set  of mossy fibers used to 
encode S ;  
A i s  the set o f  granule cel l s  contacted 
by M ;  
p i s  a n  output val ue. 

The overal l mapp ing :  

5 -+ p 

has al l of the properties of a function : 

p = h (S) 

as described in  part 1 .  A set of L CMACs 
operating  on the same input  produces a 
mapping:  

S -+ P 

wh ich has the properties of the function : 

P = H (S) .  
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Figure 5. A schematic representation ofCMA C (Cerebellar Model Arithmetic Computer). 

Pulse frequency and phase 

modulation are subject 

to quantization noise and 

bandwidth l im itations. 
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We may descr ibe the information encoded 
by mossy fibers as a vector S = C + F where : 

and 

C = ( s1 , s2 ,  . . .  , si ) is a vector, or l ist, 
of com mand variab les; 

F = ( si+ 1 , . . .  , sN ) i s  a vector, or l ist, 
of feedback variab les. 

+ is an operator denoting the combination of 
two vectors defined by two l ists of variab les 
into a s i ngl e vector or l ist of variables. 

That i s :  

S = C + F  

means that S = (s1 , s2 ,  . . .  , si , si + l , . . .  , sN ) . 
Some of the elemen ts of the command 
vector C may define symbol ic motor com­
mands such as <REACH>, <PU LL BACK>, 
<PUSH>, etc. The remainder of the ele­
ments in C define arguments, or modifiers, 
such as the veloci ty of motion desired, the 
force requ i red, the position of the term inal 

point of a motion, etc. E lements of the 
feedback vector F may represent physical 
parameters such as the position of a particu­
lar jo int, the tension in a tendon, the velocity 
of contraction of a muscle, the pressure on 
a patch of sk in ,  and so on.  

Mapping S -+ M 

The vector components of S must be 
transmitted from their various points of 
origin to their destination in the cerebel lar 
granu lar l ayer. D istances may range from a 
few inches to over a foot. This presents a 
serious engineering problem because mossy 
fibers, l i ke a l l  nerve axons, are noisy, unre l i ­
ab le ,  and imprecise information channels 
with l im i ted dynamic range. Pu lse frequency 
and pulse phase modulation (wh ich the brain 
uses for data transm ission over long d is­
tances ) are subject to quantization noise and 
are bandwidth l im ited. Nerve axons typ ical ly  
cannot transm it  pu lse rates above two or 
three hundred pu l ses per second. Neverthe­
l ess, h i gh resol ution h igh bandwidth data is 
requ i red for precise control of sk i l led actions. 

The brain sol ves th is problem by encoding 



each of the h igh prec1s 1on variabl es to be 
transmitted so that it can be carried on a 
large number of low precis ion channel s .  
Many mossy fibers are assigned to  each input 
variable such that any one fi ber conveys 
only a smal l  portion of the information 
content of a single variable. 

The nature of this encod ing  i s  that any 
particu lar mossy fi ber wi l l be max imal ly  
active over some l im ited range of the variable 
that i t  encodes, and less than maximal ly 
active over the rest of i ts variab le 's range. 
For example, the output of the mossy fiber 
l abeled a in figure 6 is maximal ly active 
whenever the el bow jo int is between 90° and 
1 20° and is l ess than maximal ly  active for a l l  
other e lbow positions. The mossy fiber 
l abeled b in figure 6 is max ima l ly  active 
whenever the e lbow angle is greater than 
1 60° . Now if there exists a l arge number of 
mossy fibers whose responses have a s ingle 
max imum but wh ich are maximal ly  active 
over d i fferen t intervals, it is then poss ib le  to 
tel l  the position of the e l bow qu ite precisely 
by knowing which mossy fibers are max i­
mal l y  active. For examp le ,  in figure 7 the 
fact that mossy fibers a, b, and c are maxi­
mally active indicates that the el bow jo int 
i s  between 1 1 8° and 1 20° . 

The CMAC models this encod ing scheme 
i n  the fol lowing way : define m i  to be the 
set of mossy fibers assigned to convey the 
value of the variabl e  si; define m i *  to be the 
mossy fibers in mi wh ich are maximal ly 
stimu lated by a particu lar val ue of s i ·  I f  for 
every val ue of si over its range there exists a 
u nique set m i *  of maxima l ly  active mossy 
fibers, then there is a mapping s i -+ m i *  such 
that knowing m i *  ( ie :  wh ich fibers in m i  are 
maximal ly active) tel l s  us what is the val ue 
of s i .  I f  such a mapping is defined for every 
componen t s i in the vector S then we have a 
mapping: { s 1 -+ m1 * 

s2 -+ m2 * 

S -+ M =  
. 

SN -+ mN * 

where M i s  the set of a l l  mossy fibers wh ich 
encode the variables in the vector S. 

I n  CMAC each of the si -+ mi* mappings 
may be defined by a set of K quantiz ing 
functions ic1 ' 1 c2 , . . .  , ick each of which i s  
offset by a value  of 1 /K times the quantiz ing 
interval . An examp le  of this i s  given in 
figure 8 where K = 4 and N = 2. Component 
s1 is represented along the horizontal axis, 
and the range of s1 i s  covered by four 
quantiz ing functions :  

1 C 1  ! A, B, C, D, E f 1 c2 1 F, G, H ,  L K 1 1 C3 ! M , N, P, o, R f  1 c4 = ! 5, T, V, W, X f 
Each quantizing function is offset from 
the previous one by one resol ution e le­
ment. For every poss ib le val ue  of si there 
exists a un ique set m 1  * consisting of the 
set of values produced by the K quantiz ing 
functions. For example ( in  figure 8), the 
val ue s1 = 7 maps into the set m 1  * = j B, H, 
P ,  V I .  

A s imi lar mapping is also performed o n  s2 
by the set of quantizing functions :  

2c1  = 1 a, b, c, d ,  e l 
2c2 = 1 f, g, h ,  L k f 
2 c3 = I m, n, p, q, r f 
2c4 = 1 s, t, v, w, x f . 

For example, the val ue s2 = 1 0  maps i n to 
the set m2 * = j c, j, q, v f .  Now, if the s1 
component in figure 8 corresponds to the 
pos ition of the el bow jo int, the m ossy fiber 
l abeled B wi l l  be maximal ly active whenever 

F I R I N G  
R A T E  

Tex t  continued on page 64 

go• 

, 

1 20° ISO• 
ELBOW POS I T I O N  

Figure 6. Typical responses of mossy fibers to the sensory variable they 
encode. 

F I R I N G  
RATE 

0 0 C1> 0 coo 0 =� r") 

ELBOW POSI T I O N  

co <t 

Figure 7: Three different mossy fibers encoding a single sensory variable 
(elbow position}. All three fibers maximally active simultaneously indicates 
that the elbow lies between 7 7 8° and 7 20°. 
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Tex t  con tinued from page 6 7: 
the el bow is between 4 and 7, and less than 
max imal ly active whenever the e lbow posi­
tion is outside that region. S imi l ar ly, the 
mossy fiber labeled H is maximal ly active 
when the el bow is between 5 and 8, the fiber 
P maximal ly active between 6 and 9, and 
V between 7 and 1 0, etc. The combination 
of mossy fibers in the set m1 * = l B, H, P, V I  
thus ind icates that the variable s 1  = 7 .  I f  s1 
changes one posit ion from {from 7 to 8, for 
example) ,  the mossy fiber labeled B wi l l  
d rop o u t  of the maximal ly active set m 1 * to 
be replaced by another, labeled C. 

Encoding Advantages 

Th is encoding scheme has a number 
of advantages. The most obvious is that 
a s ingle precise variable can be transm itted 

rel iab ly over a mu l titude of imprecise 
information channels .  The resol u tion {or 
information content) of the transmi tted 
variable  depends on the number of channels. 
The more mossy fi bers ded icated to a 
parti cular variable, the greater the precision 
with which i t  is represented. 

A second equal ly  importan t  resu l t  is that 
smal l  changes in the value  of the input 
variable s i  have no effect on most of the 
elements in m i * · This l eads to a property 
known as generalization, which is crucial 
for learn ing and reca l l  in a world where no 
two situations are ever exactly the same. 
I n  CMAC the extent of the neigh borhood of 
general ization along each variable axis 
depends on the resol ution of the CMAC 
quantizing functions. I n  the brain th is 
corresponds to the width of the maximal ly 
active region of the mossy fibers. 

Figure 8. A simple two variable CMA C with four quantizing functions on each variable. A detailed explanation is in the text. 
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NOW YOU CAN AFFORD 
T H E WORLD FAMO U S  
D iab lo  Pr i nter  Term i na l  

I PSI PROU D LY AN N O U N C ES A PRICE 
B R EAKTH RO U G H  ON DAISY WH EEL 

P R I NTER TERM I N A LS 

Featuring: RS 232 compat i b i l i ty at 1 1 0, 
1 50,  300, and 1 200 baud:  Print speed of 45 
char/sec: Graphics capabi l i ty: Over 30 print 
wheels from 1 0  to 1 5  char/ inch:  5 ribbons 
in color, c loth,  f i l m  or  two color: Form 
length adj u stable: Spacing adjustable from 
1 20 p i tch to . 1  p i t c h :  L i n e  spac i n g  adj us­
table f rom 48 l i n es/i n .  to .4 l i ne/i n . :  Ident i ­
cal i n  every respect to i t ' s  h i g h  p riced 
s i ster the Diablo HyTerm I I *  mod el 1 620. 

Price: $2,595.00 each in s i ngle un its,  q uan­
t i ty d i scounts avai lable.  

Service: Major c i t ies i n  the U.S. and Canada. 

You have p robably wa i ted a long t ime to p u rchase you r  com pute r  pr in te r  at a reasonab le 
p rice.  Wait  no longer! The D iab lo  1 620 l i sts for $3,240 .00 we se l l  the I PS I 1 622 for $2 ,595.00 ;  
save wel l  over $600 .00 . F o r  i m med iate act ion phone i n  you r  order c o l l ect and w e  w i l l  s h i p  
you r  term i na l  t h e  same day. 

We also Stock D iab lo  1 345A ( Hytype I I * ) mechan isms for i m med iate s h i pment  at the low 
price of $ 1 , 1 50 .00 . O rd e r  o ne now and b u i l d  you r  own term i na l  u s i n g  yo u r  own C P U ,  o r  do­
i t-yo u rse l f  by b u y i n g  o u r  1 622 k i t  and asse m b l e  you r own te rm i n a l  w i th i n  1 0  h o u rs 
for $2 ,295.00 

I f  you 've a lways wanted to t u rn yo u r  com puter onto word p rocess i n g ,  th i s  i s  the o n l y  way to 
go .  Ask for o u r  f ree word process i ng softwa re . 

I PS I 
I N T ER N AT I O N A L  P ER I P H E R A L  S Y ST E M S ,  I N C . 

1 849 N . H E L M  
F R ES N O , CA L I FO R N I A  93727 

CALL ( 209 ) 252-3635 

*Hyterm and HyType are registered trademarks of  Xerox Corp. 
Circle 1 74 on inqu iry card. BYTE July 1 9 79 65 



The number of mossy 
fibers dedicated to a 

variable determines pre­
cision of its representation. 

sz 
1 6 

1 5  

14 

1 3 

1 2 

M � A  Mapping 

J ust as we can identify (or name) mossy 
fibers by the input variables they encode, so 
we can identify granule cel ls by the mossy 
fibers wh ich provide them with input. Each 
granu le  cel l receives input from several 
d ifferent mossy fibers, and no two granu le 
cel ls receive input from the same combina­
tion of m ossy fibers. This means that we can 
compute a un ique name (or address) for 
each granu le  cel l by s imply l isting the mossy 
fibers which contact i t. For example, a 
granu le  cel l contacted by two mossy fibers B 
and c can be named (or addressed ) Be. 

In the CMAC example in figure 8, 25 
granu le  cel ls are identified by their contacts 
with mossy fibers from the quantizing func­
tions 1 c1 and 2C 1 . 25 other granule cel l s  are 
i dentified by 1 c2 and 2C2, 25 by 1 c3 and 
2 c3, and 25 more by 1 C4 and 2 C4 . There 
are, of course, many other possib le combina­
tions of mossy fiber names which migh t  be 
used to identify a much larger number of 
granu le cel ls . For this s imple example, how­
ever, we wi l l  l im it  our selection to the 
permutation of corresponding quantizing 
functions along each of the coordinate axes. 
This provides a large an·d representative 
sample which un iformly spans the input 
space. Furthermore, th is particular naming 
algorithm is s imple to implement either in 
software or h ardware. 

We can define A to be the set of a l l  
granu le  ce l l s  identified by their mossy 

I I  
1 0  

c 9 
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Figure 9. The weight Be will be selected as long as the CMA C input vector 
lies in the region bounded by 4 <, s 7 <, 7, 8 <, s 2 <, 7 7. 
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fiber inputs. Of course, al l of the granu le 
cel l s  in A are not active at the same time. 
As was previous ly noted, most  granule 
cel ls are inh ib ited from fir ing by Golgi 
cel l gain con trol feedback .  Only the smal l 
percentage of granu le cel l s  whose input 
mossy fibers are all maximal ly active can 
rise above th resho ld .  We wi l l  define the set 
of active granu le  cel l s  as A* .  

Since we al ready know which mossy 
fibers are maximal l y  active ( ie :  those mossy 
fibers in the sets m i * ) , we can compute 
names of granu l e  cel l s  in A*.  For example, 
i n  figures 8 and 1 0, if s1 = 7 and s2 = 1 0, then 
m 1 * = l B, H, P, V } and m 2 * = j c, j ,  q, v } . 
The active granu l e  cel ls in A* can now be 
computed d i rectly as A * = l Be, Hj, Pq, Vv } . 
Al l  other granu le  cel l  names in the larger 
set A involve at least one m ossy fiber which 
is not maximal ly active ( ie : n ot in m 1  * or 
m2 *) . 

Note that, as i l l u strated in figure 9, the 
granu le  cel l  Be wi l l  be active as long as the 
input  vector remains in the region of input  
space 4 <, s 1  <, 7 and 8 <, s2 <, 1 1 .  Thus ,  the 
general iz ing property i n troduced by the 
S � M mapp ing carries through to the 
naming of active granu le cel l s .  A particular 
granu le  cel l is active whenever the input 
vector S l ies with in  some extended region, or 
neighborhood, of input  space. Other granule 
cel l s  are active over other neighborhoods. 
These neighborhoods overlap, but each is 
offset from the others so that for any 
particular inpu t S, the neighborhoods in A* 
al l overlap at only one point, namely the 
point defined by the input vector. Th is is 
i l l ustrated in figure 1 0. If the input vector 
moves one resol u tion e lement in any d i rec­
tion, for example, from (7, 1 0) to (8, 1 0), 
one active granu le cel l (Be) drops out of A* 
to be replaced by another (Cc) . 
A -+ p Mapping 

Granule cel ls give rise to paral le l  fibers 
wh ich act through weighted connections on 
the Purk inje output  cel l ,  varying i t s  fi ring 
rate. Each cel l in A is associated with a 
weight which may be positive or negative. 
Only the cel l s  in A* have any effect on the 
Purkinje output cel l .  Thus, the Purkinje out­
put sums only the weights selected (or 
addressed ) by A*. This sum is the CMAC 
output scalar variab le p. For example, in fig­
u re 8, S = (7, 1 0) maps i nto A* = l Be, Hj, 
Pq, Vv } which selects the weights: 

1 .0 
2 .0 
1 .0 
0.0. 
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Jhe TARBELL Con ftection 
In an effort to offer products that meet the continually changing demands of the microcomputer industry, TARBELL ELECTRONICS is pleased to offer immediate delivery of these quality components and operating software. All TARBELL products are available from computer store dealers everywhere. 

Tarbell Floppy Disk Interface 
• Plugs directly into 

your IMSAI or 
ALTAIR and handles 
up to 4 standard sin­
gle drives in daisy­
chain. 

• Operates at standard 
2 5 0K per second 
on normal disk for­
mat capacity of 2 5 6 K  
bytes. 

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

Tarbell Disk BASIC 
• Runs on 8080,  8085 or Z80 
• Searches a file quickly for a string. 
• Up to 64 files open at once. 
• Random Access. 
• Assignment of I/0.  
• Alphanumeric l ine labels allowed . 
• Read and Write string or numeric 

data. 
• Unlimited length of variable names 

and strings. 
• Procedures with independent varia­

bles. 
• Number system 1 0  digits BCD inte­

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

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

using 1 5  single ch aracte.r edit com­
mands. 

• Hardware includes 4 extra IC slots, 
built-in phantom bootstrap and on­
board crystal clock. Uses WD 1 7 7 1  
LSI chip. 

• Full 6-month warranty and extensive 
documentation. 

• Kit $ 1 90 . . . . . . .  Assembled $26 5 .  

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

Occupies 24K of RAM. Tarbell BASIC 
on CP/M Disk . . . . . . . . . . . . . .  $48. 
Source on paper or CP/M Disk . . .  $ 2 5 .  
CP/M and BASIC-E on disk with 

Tarbell 32K RAM Memory 
• 3 2K Static Memory 
• S-1 00 Bus Connector 
• 9 regulators provide excellent heat distribution. 
• Extended addressing (bank switching.) 
• Phantom line. 
• Low power requirement. 
• 20-Page operatmg manual. 
• Full 1 -year warranty. 
• Assembled and tested full price only $625 
• 1 6 K  version also available,  assembled and tested only $ 3 90. 

Tarbell Cassette Interface 

• Plugs directly into your IMSAI or ALTAIR. 
• Fastest transfer rate : 1 8 7  (standard) to 540 bytes/second. 
• Extremely reliable-Phase encoded (self-clocking). 
• 4 extra status lines, and 4 extra control lines. 
• 3 7-page manual included. 
• Device code selectable by DIP-switch.  
• Capable of generating Kansas City tapes. 

manuals . . . . . . . . . . . . . . . . .  $ 1 00. 
�!!!11111!1!!9111!! 

Tarbell Cassette BASIC 
Includes most features of ALTAI R  Extended BASIC, plus 
these added features: 
• Assignment of l/0. 
• Alphanumeric line labels. . • Unlimited length of variable names and stnngs. 
• Number system 10 digits BCD integer or floating point. 
• Procedures with independent variables. 
• Read and Write string data. 
• Multi-file capability . 

-
· 

Full price with complete documentation . . . . . . . . . . . . $48. 
Prepaid, COD, or cash only. California residents please add 
6% sales tax. 
ALTAIR is a trademark/tradename of Pertec Computer Corporation 
CP/M is a trademark/tradename of Digital Research 

• No modification required on audio cassette recorder. 
• Complete kit $ 1 20 . . . . . . . . . . . . . . . .  Assembled $ 1 7 5 .  
• Manual tnay b e  purchased separately . . . . . . . . . . . . .  $8.  

950 DOVLEN PLACE • SUITE B CARSON, CALIFORNIA 90746 
• Full 6-month warranty on kit and assembled units. 

Circle 360 on i nqu i ry card . 

( 2 1 3) 538-425 1 . ( 2 1 3)  538-2254 
BYTE July  1 9 7 9  67 
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1 0  -- - - c - - -

v 

These weights are summed to produce the 
output :  

p = 4.0. 

Thus the input S = (7, 1 0) produces the out­
put h (S) = 4. 

In figure 8 fou r  weights are selected for 
every S vector in i nput space. Their sum is 
the value of the output p .  As the input vec­
tor moves from any point in input space to 
an adjacent point one weight drops out to be 
replaced by another. The difference in value 
of the new weight minus the old i s  the dif­
ference i n  value of the output at the two ad­
jacent points. Thus, the difference in adja­
cent weights i s  the partial derivative (or par­
tial d ifference) of the function at that point. 
As the i nput vector S moves over the input 
space, a value p i s  output at each point .  We 
can therefore say that the CMAC computes 
the function :  

p = h (S ) .  

The particu lar function h computed depends 
on the particu lar set of values stored in the 
tab le of weights .  For example, the set of 
weights shown in figure 8 computes the 
function shown i n  figure 1 1 . 

I n  the cerebel l um there are many Pur­
k inje cel l s  which receive input from essen­
t ia l ly the same mossy fibers. Thus, there are 
many CMACs all computing on the same 

- - - - - - - - - - - - - - - --,....------, 
Pq 

- - - - - - - - - - - --- r--t----, H j  
- - - - - - - - - - ....-+--+----, - - - - - - ,:-,l - - - - - - - - - - �:- - - - - - -.----1--t--t---,� '· I 
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I 
I 

- - - - - - - - - - - -�-'--t--t� I I : I I - - - - - - - --'1--...;---'---+-�- _I_ � - - _ ..J 
V v  ' 

I 

L_�-L�--������7�-L�.--L-�-L�--L-�� s l 
I I 
8 c 
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p 

v 

Figure 7 0. The input vector (s 7, s 2) = (7, 7 0) selects weights Be, Hj, Pq, and 
Vv. These all overlap only at the point (7, 7 0). If the input vector (s 7 ,  s 2) 
moves to (8, 7 0) the weight Be will drop out to be replaced by Cc. 
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i nput vector S .  We can therefore say that a 
set of L CMACs computing on the same 
i nput vector produces a vector mapping :  

P = H (S ) .  

Data Storage i n  CMAC 

One of the most fasci nating, i ntensively 
studied, and l east u nderstood features of the 
brain is memory, and how data i s  stored in 
memory.  I n  the cerebel l um each Purk inje 
cel l  has a un ique fiber, a c l imb ing fiber, 
which i s  be l ieved to be related to learn ing. 
F ibers from an area cal l ed the locus coerule­
ous have recently been d iscovered which 
appear to be related to l earn ing .  In addition, 
a number of hormones have been shown to 
have profound effects on l earn i ng and reten­
t ion of learned experiences. 

Whi le  the exact mechan ism (or mecha­
nisms) for memory storage are as yet u n­
known, the cerebel lar model u pon which 
CMAC is  based hypothesizes that c l imb ing 
fibers carry error correct ion information 
which "punishes" synapses that participate 
in erroneous fi r ing of the Purk inje cel l .  The 
amount of error correct ion that occurs at 
any one experience may depend on  factors 
such as the state of arousal or emotional 
importance attached by the b rai n 's evalua­
tion centers to the data being stored du ring 
the learning process. 

Cerebel lar l earning i s  modeled in CMAC 
by the fol lowing procedu re :  

• Assume that H i s  the fu nction w e  want 
CMAC to compute .  Then P = H (S) is 
the desi red value  of the output vector 
for each point in the input space. 

• Selec t  a point S in i nput  space where P 
is to be stored. Compute the current 
value  of the function at that point 
P = H (S ) .  

• For  every e lement i n :  

and i n :  

if: 

where � i s  an acceptable  error, then do 
noth i ng ;  the desi red value is al ready 
stored. ( l p i  - Pi l is the abso l ute value 
of Pi - Pi · ) 
However, if I P i .- P i I > �i then add 6i 
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Figure 7 7. The particular set of weights shown in Figure 8 will compute the function shown here. 

to every weight wh ich was summed to 
produce P i where : ( P· - P·) 6i = g  � ( 1 )  

lA * I  i s  the number of weights i n  the 
set A* wh ich contr ibuted to p, and g 
is a gain  factor wh ich contro l s  the 
amount  of error correct ion produced 
by one l earn ing experience. 

I f  g = 1 ,  then CMAC produces oneshot 
learn ing wh ich fu l ly corrects the observed 
error in one data storage operation.  I f  

0 < g < 1 ,  then each learning experience 
moves the output Pi only in the d irection of 
the desired val ue Pi ·  More than one m em ory 
storage operation is then requ ired to ach ieve 
correct performance. 

An example of how an arb itrary fu nction 
such as: 

p = (s in x) (s in y) 

where : 

x = 2n s1 /360 

and :  

y = 2n s 1  /360 
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Figure 7 2. The effect of 
training CMA C on the 
function p = sin (2rr 
s 7 /360) sin (2rr s 2 I 
360). (a) One training at 
(s7, s2) = (90, 90). (b) A 
second training at (s 7, s2) 
= (270, 90). (c) Training at 
7 6 points along a trajec­
tory defined by s7 = 90. 
(d) Training at 7 75 se­
lected points scattered 
over the input space. 
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can be stored in CMAC is shown in figure 
1 2 . In th is example the input is defined with 
u n ity reso lution over the space 0 < s1 <;;; 360 
and 0 < s2 <;;; 1 80, and the number of 
weights selected by each input i s  IA* I = 32 . 

I n it ial ly  al l  the weights were equal to 0 .  
The po int  S 1  = (90, 90)  was chosen for the 
first data entry. The value of the desi red 
function p = h (90, 90) is 1 .  By formu la  ( 1 ) 
(where g = 1 )  each of the weights selected by 
S = (90, 90) is set to 1 /32, causing the prop­
er val ue to be stored at S = (90,90) as shown 
in figure 1 2a. After two data storage opera­
tions, one at (90, 90) ,  the other at (270, 90), 
the contents of the CMAC memory are as 
shown in figu re 1 2b .  After 1 6  storage oper­
ations a long the s2 = 90 axis the resu l ts are 
as shown in figure 1 2c .  After 1 75 storage 
operations scattered over the entire input 

360 

space, the contents of the CMAC memory 
are as shown in figure 1 2d .  

CMAC Memory Requ i rements 

The CMAC S -+ A* mapping corresponds 
to an address decoder wherein S is the input 
add ress and the active granu le cel l s  i n  A*  are 
select l ines . These access weights whose sum 
can be i nterpreted as the contents of the 
address S .  I n  a conventional memory, each 
poss ib le  i nput add ress selects a u nique single 
location wherein i s  stored the contents of 
that address, as i l lu strated i n  figure 1 3a. I n  
CMAC each possib l e  i npu t  address selects a 
u n ique set of memory l ocations, the sum of 
whose contents i s  the contents of the input 
address, as shown in  figu re 1 3b .  

This  suggests that the Cerebel lar Model 

360 
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Arithmetic Computer migh t  requ i re con­
siderably less memory than a conventional 
l ookup  tabl e  i n  storing certa in functions. 
The reason is that the number of ways that 
x elements can be selected from a tab le  of y 
entries always exceeds y and, i n  some cases, 
it does so by orders of magn i tude. 

A conventional memory requ i res RN 
memory locations to store a function of N 
variables, where R is the number of resolu ­
t ion elements on each variab le .  CMAC re­
qu ires at most K X ON memory locations, 
when K is the number of quantizing func­
tions and 0 the number of reso lut ion ele­
ments on each quantizing function .  

A modest example of CMACs reduced 
memory requ i rements can be seen in fig­
ure 8 where N == 2 and R == 1 7. Here then 
are 1 72 , or 289, poss ib le i nput  vectors. 

72d 

1 
1 

The CMAC shown has on ly  1 00 weights 
s ince K == 4 and 0 == 5 .  Thus K X ON == 

1 00. This savings i n  memory size becomes 
increasingly significant for large N. It a l lows 
CMAC to store a large class of l ow reso lut ion 
functions of up  to 1 2  variables over the 
entire i nput space with computer memory 
of practical size ( less than 1 00 K bytes) , 
whereas conventional tab le lookup becomes 
impractical for s imi lar functions of more 
than fou r  variables. 

An even greater savings i n  memory 
requ i rements can be ach ieved by the use of 
hash cod ing techniques i n  the select ion of 
addresses for the e lements i n  A*. Hash cod­
ing al lows CMAC to store functions of many 
variables, so long as the information content 
of the portion of the function stored does 
not exceed the number of b i ts in the CMAC 

360 

Hash coding, a memory 

addressing technique, com­
presses sparse address 

space. 

360 
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memory . For example in figure 1 2 , the 360 
by 1 80 (over 64,000) element i nput space is 
represented in  a 1 024 location CMAC mem­
ory by hash codi ng. 

Hash cod ing is a commonly used memory 
addressing technique for compressing a l arge 

but sparsely populated address space into a 
smal ler, more densely populated one. (See 
"Making Hash with Tables" by Terry 
Dolhoff in Programming Techniques: Pro­
gram Design, BYTE Books, 1 979 . )  M any 
addresses i n  the larger space are mapped 

73a CO NVE N T I O N AL TA B L E  LO O K - U P  
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,/' 
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P U T S  
DDR E S S E S) 

e 73: (a) In a conventional memory, Figur 
storag e of a function of N variables with 
resolutiOn R on each mput vanable requires 
RN memory locations. Figure 73b (page 74) 
illustrates the CMA C distributed memory 
look-up technique. 
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· THE SEARCH FOR A 
SMALL COMPUTER SYSTEM 

STARTS HERE 
It's the 3rd Annual National Small Computer Show 

New York Cofiseum August 23-26, 1979 
presenting the state-of-the-art showcase for micro-and 
mini-systems technology and software. Here you can 
survey virtually all makes and models of small compu­
ters, whether your  interest runs to a no-nonsense micro 
priced in the hundreds of dol lars or a powerful min i  
costing $20,000 or more. They're a l l  here. 

logy, so that you know what to consider when buying a 
computer or word processor. It's the fi rst step in d is­
covering what a system can really do for you!  

The world of  small computers is qui.te large, extend ing 
to business and professional offices, scientific research, 
medicine and bionics, education, the home and hobby­
ist, therapeutic applications for the handicapped, de­
sign and engineering .  A ful l  selection of lectures is 
presented to provide a grasp of small  systems techno-

NSCS lectures i nclude sessions on system selection, 
computer languages, word processing functions, arti­
ficial i ntel l igence, software applications, and a dozen 
more topics for people of all interests. 

Plan now to attend. There wi l l  be about 30,000 square 
feet of exh ibits, and more than 40 hours of lectures from 
which to choose. Registrat ion fee is only $5.00 per day, 
including lectures. 

LECTURES: ( Program s u bject to change) 

Thursday, August 23 
I p.m. The Peril of Becoming a Machine­

Oriented Business User 

I p.m. Introduction to Small Business 
Systems 

2 p.m. Selecting a Word Processing 
System 

2 p.m. Distributed Data Processing 

3 p.m. Accounts Receivable/General 
Ledger I Accounts Payable 

Friday, August 24 
I p.m. The Peril of Becoming a Machine­

Oriented Business User 

I p.m. Introduction to Small Business 
Users 

2 p.m. Selecting a Word Processing 
System 

2 p.m. Distributed Data Processing 

3 p.m. Unassigned at press time 

Saturday. August 25 
1 1  a.m. Introduction to Personal 

Computing 

I I  a.m. Unassigned at press time 

12 p.m. Computer Music Update 

1 2  p.m. Unassigned at press time 

1 p.m. Introduction to PASCAL 

1 p.m. Computer Art Forms 

2 p.m. Household Applications 

2 p.m. Artificial Intelligence 

Sunday, August 26 
1 1  a.m. Introduction to Personal 

Computing 

1 1  a.m. Computer Music Update 

1 2  p.m. Household Applications 

1 2  p.m. Unassigned at press time 

1 p.m. Etticient Expansion of a Small 
System 

1 p.m. Computer Art Forms 

3 p.m. Is There a Computer in Your 
Educational Future 

3 p.m. How to Write a User-Oriented 
Program 

4 p.m. Efficient Expansion of a Small 
System 

3 p.m. How to Write a User-Oriented 

2 p.m. Unassigned at press t ime 

2 p.m. Unassigned at press t i me 

3 p.m. Microcomputers for the 4 p.m. Mailing Lists: Load. Time and 
Cost 

4 p.m. Word Processing Systems in 
the Law Office 

5 p.m. Basic BASIC 

5 p.m. Achieving Quality Control in 
Word Processing 

. 4 p.m. Investment Analysis 

5 p.m. Accounts Receivable/General 
Ledger I Accounts Payable 

5 p.m. Exploiting the Apple /Dow Jones 
Computer Link 

Program 

3 p.m. Investment Analysis 

4 p.m. Basic BASIC 

4 p.m. Unassigned at press time 

Handicapped: Update 

3 p.m. Exploiting the Apple/ Dow Jones 
Computer Link 

4 p.m. Mail ing Lists: Load, Time and 
Cost 

4 p.m. Introduction to PASCAL 

r REGISTRATION FOR AMERICA'S BIGGEST SMALL COMPUTER SHOW 1 
Please register me for the 3rd Annual National Small Computer Show, Aug. 23-26, 1 979. 

NAME --------------------------------------------­

COMPANY ( I f  Any) ----------------------------------­

ADDRESS 

BUSINESS TITLE ( I f  Any) --------------­

TELEPHO N E  --------------

------------------- t iP ____ _ 

(Check main Interest) (Check main job function) 

o Banking/Insurance 0 Accountant 0 Medical technician 
0 Business office 0 Administrator (Business) 0 Office manager 
0 Communications 0 Architect/Builder 0 Programmer 
0 Educational 0 Art Director 0 Public Servant 
o Government 0 Banker 0 Research/Development 
0 Hobby 0 Computer technician 0 Teacher 
0 Industrial/Manufacturing 0 Consultant 0 DP manager 
o Military 0 Controller 0 WP manager �'I'' 0 Professional 0 Engineer 0 WP operator t 1 ; _.. 0 Stock Brokerage 0 lndustnal Des1gner 0 Stock Broker 11 . 
0 Transportation 0 Lawyer/law off1ce mgr 0 Systems Analyst 

0 Wholesale/Retail 0 Med1ca1 doctor 0 Other --------

0 Other _______ __ 

0 ONE DAY $5 0 TWO DAYS $ 1 0  
0 THREE DAYS $ 1 5  0 FOUR DAYS $20 
Mail with payment of $5 for each day 
you wish to attend. Use one form per 
person. Registration badge will be sent 
by mail in early August. Check or 
money order only 

Mall prior to Aug. 10 to: 
National Small Computer Show, 
1 1 0  Charlotte Place. 
Englewood Cliffs, N J 07632. 

0 Utility 0 Marketmg manager 0 Student • I �-----------------------------------------------· 
Circle 258 on inqu i ry card. BYTE July 1 9 7 9  73 
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I Figure 7 3b: In a CMA C  
model, each input selects 
a unique set of memory 
locations. The number of 
unique sets which can be 
selected from M locations 
is much larger than the in­
put M. 

M M E M O R Y  
LO C AT I O N S 

I 
I I 

onto each of the addresses in the smal ler  
space. One method is  s imply to overlay 
pages. Hash ing works when the probabi l i ty 
of a col l is ion { ie :  more than one fi l led l oca­
tion in the large memory mapping into the 
same address in the smal l memory) is l ow. 

CMAC can tolerate a fai rly h igh incidence 
of co l l i sions because of its distributed mem­
ory { ie :  i ts output is the sum of many l oca­
tions) . Thus a col l i sion {which in a conven­
tional memory wou ld  make the output com­
p letely i ncorrect) in CMAC i ntroduces only 
a sma l l  amount of noise into the output. 
Hash cod ing noise can be seen in the base 
plane in figu re 1 2a, b, c.  

I 

I n  CMAC, hash ing noise is randomly 
scattered over the input space each time new 
data is stored . Thus each new data storage 
operation degrades previously stored data 
somewhat. The effect is that the contents of 
a CMAC memory are most accu rately 
defined in the regions where it  i s  most 
recently stored .  Old data tends to gradual ly 
fade, or  be "forgotten" ,  due to being hashed 
over. 

CMAC Memory General ization 

The fact that each poss ib le CMAC input 
vector selects a u nique set of memory loca­
tions rather than a single location imp lies 
that any particu lar location may be selected 
by more than one input vector. I n  fact, the 



Color. VP-590 add-on Color Board al lows program 
contro l  of 8 bri l l iant colors for graphics, color games. 
Plus 4 selectable background colors. I nc l udes 
sockets for 2 auxi l iary keypads (VP-580). $69� 

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

Music. VP-550 Super Soun d  Board turns your V IP into a music 
synthesizer. 2 sound channels. Program control of frequency, 
time and ampl itude envelope (voice) independently in each 
channel .  Program directly from sheet music! Sync provision 
for contro l l ing mu ltiple V IPs, multitrack record ing or other 
synthesizers. $49� 

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

EPROM Programmer. VP-565 EPROM Prog ram mer Board 
comes complete with software to program, copy and 
verify 5-volt 2716 EPROMs-comparable to u nits 
costing much more than the VP-565 and V IP  put 
together! Programming voltages generated on 
board. ZIF PROM socket included. $99� 

EPROM Interface. VP-560 EPROM Interface 
Board locates two 5-volt 271 6 EPROMs (4K 
bytes total) anywhere i n  32K of memory. 
VIP RAM can be re-al located. $34.' 

ASCII  Keyboard�* Fu l ly  encoded, 1 28-character ASC I I  
encoded alpha-numeric keyboard. 5 8  l ight touch keys 
i nc lud ing 2 user defined keys! Selectable upper and lower 
case. Handsomely styled. Under $50� 

- Tiny BASIC�* VP-700 
Expanded Tiny BASIC Board 
puts this h igh-level language 
on your V IP. BASI C  stored 
i n  4K of ROM. Ready for im­
mediate use-no loading 
necessary. This  expanded 
BASI C includes the standard 
Tiny BASI C  commands plus 
12 additional- i ncluding 
color and sound contro l !  
Requires external ASCI I  
encoded alpha-n umeric 
keyboard . $39� 

llary Keypads. Program 
your V IP  for 2-player inter­
action games! 1 6-key keypad 
VP-580 with cable ($15') 
connects to sockets pro­
vided on VP-590 Color Board 
or VP 585 Keyboard Interface 
Card ($1 0') .  

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

With these n ew easy-to­
buy options,  the versat i l e  

easy to prog ram a n d  operate. 
Powerfu l C H I P-8 i nterpre­
t ive lang uage gets you i nto 
p rog ra m m i n g  the fi rst 
even i n g .  Com p l ete docu­
mentat ion p rov ided . · 

Take the first step now. 
Check you r  local com-

RCA COSMAC V I P  
( C D P 1 8S71 1 )  means even 
more exc itement.  M ore 
chal lenges i n  g raph ics,  
games and contro l  func­
t ions.  For everyone,  fro m  
you ngster t o  serious hobby­
ist.  And the basic V I P  com­

\ 0 :\ puter store o r  e lectron ics 
� \ 0  " \ , e parts house .  Or contact 

puter system starts at j ust $249* assem bled 
and ready to operate.  

Simple but powerful-not just a toy. 
B u i lt around an RCA COSMAC m i cro­

processo r, the V I P i ncl udes 2K of RAM.  ROM 
mon itor. Aud io  tone with a b u i l t- i n  speaker. 
Pl us 8-bit i n p ut and 8-b it  output port to i nter­
face re lays, sensors or  other peri pherals .  I t 's 

Circle 322 on i nqu iry card. 

RCA V I P  Market i n g ,  New Ho l land Avenue ,  
Lancaster, PA 1 7604. Phone (71 7) 291-5848. 
·suggested retail price. CDP18S711 does not include video monitor or cassette recorder. 
··Available 1st Quarter. 1979. 

See the RCA VIP at the 3rd Annual National Small Computer Show 
at the New York Coliseum, August 23-26, booth 421 1 .  

The fun way 
into computers. RCII 

BYTE July 1 9 7 9  75 
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Figure 7 4. The CMA C 
memory generalizes. (a) 52 
selects three out of four of 
the same weights as 5 7 •  
Thus output h(52) will be 
similar to h(5 7), differing 
only by the contents of 
the loc'ation not in com­
mon. (b) When 52 is 
outside of the neighbor­
hood of generalization of 
57  the overlap goes to 0 
(except for random hash­
ing collisions). 
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5 -+ A* mapping i nsures that any two inpu t  
vectors wh ich are s imi lar ( i e :  c lose together 
in input space) w i l l  activate many of the 
same granu le  cel ls ,  and hence select many of 
the same weights. This i s  the property of 
CMAC which causes i t  to general ize. 

In figu re 1 4a the input vector 52 selects 
three out of four of the same memory loca­
tions as 5 1 . Thus, the output h (52 ) wi l l  be 
s imi lar to h (5 1  ) , d iffering only by the con­
tents of the single location which is not in 
common. The 5 -+  A* mapping controls the 
amount of overlap between sets of selected 
memory locations such that, as the input 
space d istance between two input vectors in­
creases, the amount of overlap decreases. 
F ina l ly ,  at some d istance the overlap be­
comes 0 (except for random hash ing col l i ­
s ions) ,  a s  in  figure 1 4b, and the  sets of 

\ \ 

I 
I 

\ 
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\ \ 
\ 

I 
I 

\ 
\ 

I 
I 

\ \ 

I 
I 

selected memory locations are d isjoint .  At 
that point i nput 52 can be said to be out­
s ide the neighborhood of general ization of 
51 . The value of the output h (52 ) is thus 
independent of h (51 ) . 

The extent of the neighborhood of gener­
a l ization depends on both the number of 
el ements in the set A* and the resol u tion 
of the si -+ mi*  mappi ngs. It is possib le in 
CMAC to make the neighborhood of genera l ­
ization broad a long some variab le axes and 
l im i ted along others by us ing d ifferent reso­
lu tion quantizing functions for d i fferent 
input variables. This corresponds to the 
effect i n  the cerebe l lum where some i nput 
variables are resolved finely by many mossy 
fibers and others resolved more coarsely by 
fewer mossy fibers. 

A good example of genera l ization can be 
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seen i n  figure 1 2a. Fol lowing a s ing le data 
storage operation at 51 = (90, 90) we find 
that an input vector 52 = (9 1 ,  90) wi l l  pro­
duce the output p = 3 1 /32  even though 
noth ing had ever been expl icit ly stored at 
(9 1 ,  90) . This occu rs because 52 sel ects 3 1  
o f  the same weights a s  5 1 . A th i rd vector 
53 = (92, 90) or a fourth 54 = (90, 92) ,  w i l l  
produce p = 30/32 because of sharing 30 
weights w i th  51 . Not u nti l  two i nput vectors 
are more than 32 resol ution elements apart 
do they map into d isjo int sets of weights. 

As a resu lt  of genera l ization,  CMAC mem­
ory add resses i n  the same neighborhood are 
not independent. Data storage at any poi nt 
alters the values stored at neighboring 
points. Pu l l i ng one point to a particu lar 
value as in figu re 1 2a produces .the effect of 
stretching a rubber sheet. 

General ization has the advantage that 

�---t \ \ 
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I 
I I 

I 
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\ 
\ 
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I I I 
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data storage (or tra in ing) is not requ i red at 
every point i n  the input space in order for 
an approximately correct response to be ob­
tained . Th is  means that a good first approx­
imation to the correct H function can be 
stored for a sizable envelope around a T5 tra­
j ectory by training at on ly a few points 
along that trajectory. For example, figure 
1 2c demonstrates that trai n i ng at on ly  1 6  
poin ts along the trajectory defined by s2 = 
90 general izes to approximately the correct 
fu nction for all 360 points along that tra­
jectory p lus a great many more points in an 
envelope around that trajectory. Fu rther 
training at 1 75 points scattered over the 
entire space generali zes to approximately 
the correct response for al l 360 by 1 80 
(over 64,000) points i n  the input  space as 
shown in figure 1 2d .  

Generalization enab les CMAC to  pred ict 

h ( � 1 )  I N D E P E N D E N T  
O F  h ( �2} 
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FPvm �EJUJ()M 
One-Drive System: 

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

$795. (40-track drives) & $1350. (77-track drives) 

Three·Drive System: 
$1195. (40-track drives) & $2025. (77-track drives) 

Requires Expansion Interface , Level II BASIC & 16K RAM. 

Low Cost Add-On Storage for Your TRS·SO* . 
I n  the Size You Want. 

When you ' re ready for add-on d isk storage, we're ready for you.  
Ready with six m i n i-d isk storage systems - 1 02K bytes to 591 K bytes of 

additional on-line storage for you r  TRS-80 * .  

• Choose either 40-track TF0-1 00™ ririves 
or 77-track TF0-200™ drives. 

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

• Systems inc lude Percom PATCH PAK 
# 1 ™, on disk, at no extra charge .  PATCH 
PAK # 1'" de -g l i tches and  upgrades  
TRSDOS* for 40- and  77-track operation. 

� TF0-1 00™ drives accommodate "flippy 
d isks ." Store 205K bytes per mini-disk. 

• Low prices. A single-drive TF0-1 OOTM 
costs just $399. Price includes PATCH 
PAK #1™ d isk. 

• Enc losures  a re f i n i shed  in system­
compatible "Tandy-silver" enamel . 

Whether you need a single, 40-
track TFD-1 00™ add-on or a three-drive 
add-on with 77-track TFD-200™s, you 
get more data storage for less money 
from Percom. 

Our TFD- 1 00™ drive, for example, 
lets you store 1 02.4K bytes of d ata on 
one side of a disk - compared to 80K 
bytes on a TRS-80* mini-disk drive -
and 1 02.4K bytes on the other side, too. 
Something you can't do with a TRS-80* 
d rive. That's al most 205K bytes per 
mini-disk. 

And the TFD-200™ drives provide 
1 97K bytes of on-line storage per drive 

- 1 97K, 394K and 591 K bytes for one-, 
two and three-drive systems. 

PATCH PAK #1 ™, our u pgrade 
program for your TRSDOS * ,  not only 
extends TRSDOS* to accommodate 40· 
a n d  77- track d r ives,  it en hances 
TRSDOS * in  other ways as wel l .  PATCH 
PAK #1 TM is supplied with each drive 
system at no additional charge. 

The reason you get more for less 
from Percom is simple. Peripherals are 
not a sideline at Percom. Sell ing disk 
systems and other peripherals is our 
main business - the reason you get 
more engineering, more reliabil ity and 
more back up support for less money. 

In the Product Development Queue . . .  a printer interface for using your TRS-80* with any 
serial printer, and . . .  the Electric CrayonrM to map your computer memory onto your color TV 
screen - for games, animated shows, business displays, graphs, etc. Coming PDQ! 

' "  TFD·100. TFD·200, PATCH PAK and Eleclric Crayon a r e  lrademarks o f  PERCOM DATA COMPANY. 
'TRS 80 and TRSDOS are lrademarks ol Tandy Corporalion and Radio Shack which have no relalionship lo PERCOM DATA COMPANY ( �E�llUM] To order add-on mini-disk storage lor your TRS-80* , 

or request additional literature, call Percom's loll-free 
number: 1 ·800·527·1 592. For detailed Technical lnlor· 
mallon call (214) 272·3421 . 

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

P ERCOM DATA COMPANY, INC. 
residents must add 5% sales tax. 

DEPT. B • 21 1 N .  KIRBY • GARLAND,  TX . 75042 Percom 'peripherals for personal computing' 
78 BYTE July 1 9 79 Circ le 305 on inqu i ry card. 



For your SWTP 6800 Computer . . .  
PERCOM�TM 

FLOPPY DISK SYSTEM 

Ready to plug in and run the moment you receive 

it. Nothing else to buy, no extra memory. No 

"booting" with PerCom MINIDOS-PLUSX'M, the 

remarkable disk operating system on EPROM. 

E x p a n d a b l e  t o  e i t h e r  two o r  t hree d rives.  

Outstanding operating, util ity and application 

programs. 

fully asse·mbled and tested 
shipping paid 

To order 
or request 
l iterature 

call Percom 
toll-free 

1 -800-527-1 592. 

( �EJUl()Mr 
PERCOM DATA COMPANY, INC. 

21 1 N. Kirby Garland, TX 75042 
(21 4) 272-3421 

Circle 306 on inqu i ry card. 

-
For the low $599.95 price, you not only get the disk drive, drive power 
supply, SS-50 bus controller/interface card, and MINI DOS-PLUSX'", 
you also receive: 
• an attractive metal enclosure • a fully assembled and tested inter­
connecting cable • a 70-page instruction manual that includes operat­
ing instructions, schematics, service procedures and a complete list­
ing of MINIDOS'" • technical memo updates - helpful hints which 
supplement the manual instructions • a 90-day limited warranty. 

SOFTWARE FOR THE LFD-400 SYSTEM 
Disk operating and file management systems 

INDEX'" The most advanced disk operating and file management 
system available for the 6800. INterrupt Driven EXecutive operating 
system features f i le-and-device- independent, q ueue-buffered 
character stream 1/0. Linked-file disk architecture, with automatic file 
creation and allocation for ASCI I  and binary files, supports sequential 
and semi-random access disk files. Multi-level file name directory 
includes name, extension, version, protection and date. Requires 8K 
RAM at $AOOO. Diskette includes numerous utilities . . . . . . . .  $99.95 

BASIC Interpreters and Compilers 
SUPER BASIC A 10K extended disk BASIC interpreter for the 6800. 
Faster than SWTP BASIC. Handles data files. Programs may be 
prepared using a text editor described below . . . . . . . . . . . . . .  $49.95 
BASIC BANDAID'" Turn SWTP 8K BASIC into a random access data 
file disk BASIC. Includes many speed improvements, and program 
disk CHAINing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 7.95 
STRUBAL + TMA STRUctured BAsic Language compiler for the pro­
fessional programmer. 1 4-digit floating point, strings, scientific func­
tions, 2-dimensional arrays. Requires 20K RAM and Linkage Editor 
(see below). Use of the following text editors to prepare programs. 
Complete with R UN-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 files larger 
than available RAM to be created and edited . , . . . . . . . . . . . .  $39.95 

TOUCH UP'" 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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 7.95 

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 
l ink ing object code. Supports MACROS. Permits conditional 
assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $79.95 
LINKAGE EDITOR - for STRUBAL + ™ and the MACRO-Relocating 
assembler . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . .  $49.95 
CROSS REFERENCE Uti l ity 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 . . . . . . . .  $1 99.95 
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 
•• trademark of PER COM Data Company. I nc. 

TM trademark of Hemenway Associates Company. 

Now! The LFD-800 and LFD-1000. Add o n e ,  two o r  th ree 
LFD-800 d rives and store 200K bytes per d rive on- l ine .  Add 
one or two (dual-drive) LFD-1 000 un its and store BOOK bytes 
per u n it on- l ine .  Complete with i nterface/contro l ler ,  DOS,  
cable & manuals .  Two-drive systems:  LFD-800 - $1 549; 
LFD-1 000 - $2495.  

PERCOM 'peripherals for personal computing' 
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,ABOWT THE AUTHOR :  

Dr james S A lbus worked for NASA from 7957 to 7972 designing 
optical and electronic subsystems for over 7 5 spacecraft, and for one 
year' managed the NASA Artificial Intelligence Program. Since 7973 he 
has been with the National Bureau of Standards where he has received 
several awards for his work in advanced computer control systems for 
industrial robots. He has written a survey article on robot systems for 
Scientific American (.February ' 7976} and his Cerebellar Model Arith­
metic Computer won the I ndustria l  Research Magazine IR- 700 Award 
as one of the 7 00 most significant new products of 7975. 

on the basis of a few representative learn ing 
experiences what the appropriate behavioral 
response shou ld  be for s imi lar situations, 
This i s  essential in order to cope with the 
complexities of real world environments 
where identica l  T5 trajectories seldom, if 
ever, reoccu r. 

· An example of how CMAC uses general­
ization to learn trajectories in a h igh-d imen-

C O M M A N D  

5 1  
5 2  
5 3  PI 

54 p2 
55 ,6  p3 

s 57,8 H p4 
59 , 10  Ps 

p 

5 1 1 , 1 2  P s  
5 13 , 14  p7  
5 1 5 , 1 6  
5 1 7, 1 8  

SHOULD E R  L I F T  

SHOU L D E R  ROTATE 

U P P E R  A R M  ROTAT E A 
E L B O W  Ll FT )i 

LOW E R  A R M  R O T A T E  � 
W R I ST F L E X  � 

F I N G E R  P I N C H 

- v -
F E E D B A C K  D R I V E  

( PO S I T I O N  A N D  V E L O C I T Y ) 

Figure 7 5. Information flow diagram for a robot arm controlled by seven 
CMA Cs. 
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sional space is shown in figure 1 5 .  A seven 
degree of freedom manipu l ator arm was con­
tro l led by seven CMACs, one for each jo int 
actuator, such that the output vector P = 
H (5}  had seven components. The input vec­
tor 5 to each CMAC contained 1 8  variables 
correspond ing to position and velocity feed­
back from each of the seven jo ints of the 
arm, p lus  four  b inary bits defining the E le­
mental Move Command .  The resol ution on 
the feedback variables was d ifferent for each 
of the seven CMACs, be ing h ighest resolu­
tion from the jo int driven by the output p 1  
and lower for other jo ints in  inverse propor­
tion to their d i stance along the arm from the 
contro l led jo int .  

The desired output trajectory Tp i s  
shown a s  the  set of  so l id  cu rves marked (a) 
i n  figure 1 6 . This  trajectory corresponds to 
the E lemental Movement <SLAP> which is 
a motion an arm might make i n  swatting a 
mosquito. 

The ( i )  curve i n  figure 1 7  shows the learn­
ing performance with no previous learn ing 
over twenty complete Tj) a "slap" motions. 
At the beg inn ing of each motion the arm 
was positioned at the correct starting point 
and driven from there by the P output com­
puted by the CMAC H function .  Differences 
between P and P at 20 points along the slap 
trajectory were corrected by formula 1 (with 
g set to 1 /20} . Each point on the curve in 
figure 1 7 represents the sum of a l l  the errors 
for all the joi nts during an entire s lap mo­
tio n .  Note that l earn ing i s  rapid despite the 
h igh d imensional input space in wh ich no 
two T5 trajectories were ever exactly the 
same. This i s  due to CMAC's abi l ity to gen­
eral ize from a relatively sma l l  number of 
specific teaching experiences to a large num­
ber of s im i l ar but not identical trajectories. 

The ( i i )  cu rve in figure 1 7  shows the 
l earn ing performance on the same twenty 
Tj) a trajectories when preceded by twenty 
tra in ing sessions on the Ti\ trajectory ind i ­
cated by the dotted set of curves marked (b) 
i n  figure 1 6 . Note that performance on Tp 
is consistently better fol lowing prior learn"­
ing on a s imi lar trajectory Tp b . The l earn ing 
on Tp b general izes to the s imi lar trajectory 
Tpa . 

Needless to say, pred ictions based on 
general ization are not always correct and 
sometimes need to be refined by further 
learning. The abi l i ty of CMAC to d iscr imi­
nate ( i e :  to produce different outputs for 
different in puts, (5 1 and 52 } depends upon 
how many we ights selected by 5 1  are not 
also sel ected by 52 , and how d ifferent in  
value those we ights are. I f  two inputs wh ich 
are close together in i nput space are desired 
to produce s ignificantly different ou tputs, 
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points but the same endpoint. Both trajectories define a version of an Ele­
mental Movement (SLAP) which was taught to the CMA Cs of figure 75. 
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then repeated trammg may be required to 
overcome the ( i n  th is  case erroneous) ten­
dency of CMAC to general ize by bu i ld ing up  
l arge d ifferences in  the few weights wh ich 
are not in  common. 

In most behavioral control s i tuations, 
sharp d iscontinu i ties requ ir ing rad ical ly d if­
feren t  outputs for h ighly sim i lar inputs do 
not occur. I ndeed most servocontrol func­
tions have s imple S shaped characteristics 
along each variab le ax is . The complexity in 
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"' w 500 (L 
f-z w ::E f-(/) 400 :::> -, 0 <{ 
f-J: (!) 300 w 3:: 
_j <{ f-0 .... 200 
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T R A I N I N G  S E S S I O N S  

Figure 7 7. CMAC learning and generalization 
performance on the SLAP motion Tp . 
Curve i is with no previous training. Cur8e 
ii is after 20 training sessions on the similar 
trajectory Tf\ · The improvement of ii o ver 
i is due to generalization. 

control computation in mu l tivarient servo­
systems typical ly derives from cross­
products wh ich affect the slope of the func­
t ion,  or produce skewness, and nonsymetri­
cal h i l l s  and val leys in various corners of the 
N d imensional space. As can be seen from 
figure 1 1  these are the type of functions 
CMAC can read i ly  store, and hence com­
pute. Nevertheless, even on smooth func­
t ions general ization may sometimes intro­
duce errors by altering values stored at 
neighboring locations which were al ready 
correct. Th i s  type of error corresponds to 
what psychologists cal l learn ing interference, 
or retroactive inhibition. 

For examp le, i n  the l earn ing of the two 
s imi la r  traj ectories i n  figure 1 6, tra in ing on  
Tp  a causes degradation o r  in terference 
w ith what was previous ly learned on Tpb .  
Th i s  can be  seen in  figure 1 8  where, after 20 
train i ng sessions on Tpb ,  the CMAC is 
trained 20 sessions on Tp8 • Fol lowing th is 
the performance on Tpb i s  degraded. How­
ever, the error rate on Tpb qu ickly improves 
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over another 20 tra in ing sessions. Fol lowing 
th is  another 20 training sessions are con­
ducted on Tp8 • Again degradation in Tpb 
due to learning interference occurs, but not 
as severely as before. Another set of 20 
tra in ing sessions on Tpb followed by another 
20 on Tp a shows that the amount of learn­
i ng interference i s  decl in ing due to the bu i ld­
up of values in the few weights which are 
not common to both Ts 8 and T s b . Thus, 
learni ng interference, or retroactive inh ib i­
tion, is overcome by repetition of the learn­
ing process. 

CMAC as a Computer 

The abi l ity of CMAC to store and recal l 
(and hence compute) a general c lass of 
mu ltivar ient mathematical functions of the 
form P = H (S) demonstrates how a relatively 
small c lu ster of neurons can calcu late the 
type of mathematical functions requ i red for 

· mu ltivarient servomechanisms, coord inate 
transformations, cond itional branches, task 
decomposition operators, and I F  /THEN  
production rules. These are the types of 
functions that we showed in part 1 .  They are 
requ ired for generating goal-di rected 
behavior ( ie :  the purposive strings of behav­
ior patterns such as running, jumping, fly ing, 
hunting, fleeing, fighting, and mating, which 
are routinely accomp l ished with apparent 

ease by the tin iest rodents, b irds, and even 
i nsects) . 

I n  the case of mu lt ivarient  servomecha­
n i sm s  the S vector corresponds to commands 
p lus  feedback ( ie : S = C + F) .  For coord inate 
transformations the S vector contains the 
arguments as wel l  as the variables in the 
transformation matrix . 

I n  the case of cond itional branches, one 
or more of the input variables in S can be 
u sed to select d ifferent regions in input 
space where entirely d ifferent functions are 
stored. Assume, for examp le, that in figure 
1 2  a third variab le s3 had been inc luded in 
the function being stored. Assume that s3 is 
held constant at s3 = 0 wh i le storing the 
function p = (s in x) (sin y ) .  Fol lowing that, 
an entire ly d ifferent function, say p = 3x 
+ 5y2 , cou ld be stored with s3 held con­
stant at s3 = 50. S i nce every point in the 
i nput space for s3 = 0 i s  outs ide the neigh­
borhood of general ization of the input space 
for s3 = 50, there wou ld be no interference 
except for random hash ing col l i s ions. The 
stored function wou ld then be: 

p = (s in x) (s in y) if s3 = 0 
p = 3x + 5y2 if s3 = 50 

I n  the i nterval 0 < s3 < 50 the function 
wou ld  change smooth ly from p = (s in x) 
(s in y) to p = 3x + 5Y2 . Additional fu nc-

Circ le  1 8  on inqu iry card. � 
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any finite state automaton. 
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tions cou ld be stored for other values of s3 , 
or other cond itional variables s4 , s5 , and so 
on migh t  be used for add itional branching 
capab i l i ties. I f  these condit ional variab les are 
part of a command vector, then each dif­
ferent i nput command can select a d ifferent 
su bgoal generator. I f  they are part of the 
feedback, then d ifferent environmental con­
d i tions can trigger d ifferent behavioral pat­
terns for accomp l i sh i ng the subgoals . 

I f  some of the variables in  the P output 
vector loop d i rectly back to become part of 
the 5 input vector (as frequently happens in 
the cerebe l l um as wel l  as in  other parts of 
the b rain ) ,  then CMAC becomes a type of 
fin i te state automaton, str ing generator, or 
task decomposition operator. For examp le, 
the CMAC in  figu re 1 9a behaves l i ke the 
fin ite state automaton in  1 9b. The loop­
back inpu ts s 1  and s2 define the state of the 
mach i ne, and s3 i s  the i nput. The H fu nction 
defines the state trans ition table. I n  general 
it is possib l e  to construct a CMAC equ ival­
ent of any fin i te state automaton .  Of course, 
CMAC can accept i nputs and produce out­
puts which are· nonbinary. Furthermore, the 
outputs general ize. Thus, CMAC is a sort of 
"fuzzy state automaton. "  

A Cerebe l lar Model Arithmetic Computer 
with d irect feedback from output to input 
demonstrates how a neural c luster can gener­
ate a stri ng of outputs (su bgoals) in response 
to a s ingle inpu t, or u nchanging str ing of 
i nputs. Add itional variables added to F from 
an external source increase the d imension­
al i ty of the i nput space and can thus alter 

the output string (task decomposit ion} in 
response to environmental condit ions. 

The d ifferent poss ib le  feedback pathways 
to a CMAC control modu le  cast l igh t  on a 
long stand ing controversy i n  neurophysiol­
ogy regard i ng whether behavior patterns are 
generated by "stimu l u s-response chain i ng" 
( i e :  a sequence of actions i n  wh ich feedback 
from sensory organs i s  requ i red to step from 
one action to the next) or by "central-pat­
terning" ( i e :  a sequence wh ich is generated 
by internal means alone) . A CMAC h ierarchy 
may inc lude tigh t  feedback l oops from the 
output  of one l evel back to its own input to 
generate central patterns, longer i n ternal 
loops from one level to another to cycle 
through a sequence of central patterns, as 
wel l  as feedback from the environment to 
se l ect or modify central patterns or their 
sequence i n  accordance with environmental 
condit ions. 

The above d iscussion makes i t  obvious 
that CMAC can also imp lement I F  /THE N  
production rules b y  the s imple mechanism 
of making the 5 vector (or the T5 trajectory) 
correspond to an I F  premise. The P vector 
outpu t (or T P trajectory) becomes the 
THEN consequent. 

The capabi l ity of CMAC to s imulate a 
fi n i te state automaton ,  to execu te the equ iv­
alent of a cond i tional branch ,  and to com­
pute a broad c lass of mu l tivarient functions 
makes i t  poss ib le to construct the CMAC 
equ ivalent of a computer program. Con­
versely i t  i s  possib l e  to construct a h ierarchy 
of computing modu les, perhaps imp le­
mented on a network of m icroprocessors, 
which i s  the equ ivalent of a CMAC h ier­
archy. This has profound impl ications re­
gard ing the type of computi ng arch itecture 
which m ight be u sed to bu i l d  a model of 
the brain for robot contro l .  

Note in  th is  regard that CMAC produces 
nothing comparable  to a DO loop or an 
interrupt. Each CMAC is a state mach ine 
wh ich samples (or po l l s) a set of input  vari­
ables and computes a set of output variab les. 
There is no way that i t  can be i nstructed to 
DO someth ing N times. CMAC can, of 
course, perform a DO-UNTI L  in  the sense 
that if the input i s  constant, the output w i l l  
remain constant u nti l the  i nput changes. 
Thus for a constant input 5 1 , CMAC wi l l  
DO P 1  = H (5 1 ) UNTI L 5 1  changes to  52 . 
But  th is is not a DO loop i n  the customary 
sense. 

S imi lar ly, one or more of the CMAC 
input variables can be u sed to "in terrupt" 
an ongoing trajectory by caus ing a branch 
to a new trajectory. A h ierarchy of CMACs 
can return to the i n terrupt trajectory after 
a deviation, if the h igher level goals remain 
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unchanged throughout the l ower l evel tra­
j ectory deviat ion. Th is, however, is qu i te a 
d ifferent mechanism from the i nterrupt 
circu itry in the normal computer where a 
program counter is stored so that program 
execu tion can cont inue after the i nterrupt 
has been serviced . 

The impl ication h ere is that a set of robot 
control programs modeled after a CMAC 
h ierarchy w i l l  i nc lude no DO-loops and wi l l  
not be interrupt driven. Every computing 
module wi l l  imp lement a s imple state map­
p i ng function of the form P = H (S) . 

Note also that i n  a CMAC h ierarchy, a 
deviation i n  a h igher l evel trajectory changes 
the command string, and hence the program , 
of al l the levels below it. Th i s  impl ies real 
t ime modification of program statements 
and thus makes the u se of a compi ler based 
programming language somewhat cumber­
some. A robot control system modeled after 
a CMAC h ierarchy shou ld  use some form of 
an interpretive language where p rogram 
statements are translated into mach ine code 
at execution time. A language s imi lar to 
FORTH seems ideal . (An interpretive lan­
guage can, of course, be written in a com­
pi ler based language. Also, languages can be 
devised wh ich are partia l ly compi led and 
partial ly interpreted. )  We w i l l  return to these 
and other practical i ssues of computing 
arch itecture for robot control at a later time. 

CMAC as a Pattern Recognizer 

As was discussed in part 1 ,  any spatial 
pattern can be represented as a vector. For 
examp le, a p ictu re can be represented as an 
array, or ordered l ist, of brightness or color 
values. A symbol ic character can be repre­
sented as an ordered l ist of features (or arbi­
trary numbers, as in  the ASC I I convention ) .  
Any temporal pattern can b e  represented as 
a trajectory through an N-d imensional space. 
For example, an audio pattern is a sequence 
of pressure or vol tage values ( i e :  a one­
d imensional trajectory ) .  A moving p icture 
or television scene corresponds to a sequence 
of pictu re vectors ( i e :  an N -d imensional tra­
jectory where N is the number of p ictu re 
reso lution e lements or pixels) . 

The fundamental problem of pattern 
recognit ion is to name the patterns. A l l  the 
patterns with the same name are in the same 
class. When a pattern has been given a name 
we say it has been recognized. For example, 
when the image of a fam i l iar face fal l s  on 
my retina and I say to myself "That's 
George," I have recognized the visual pattern 
by nam ing it. 

At th i s  point we need to introduce some 
new notation to c learly d istingu ish between 
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REGION I 

N A M E  
S P A C E  

PAT T E R N  + CO N T E X T  
S P A C E  

D = E + R  

Figure 20. The D vector is composed of sensory variables E and context vari­
ables R. The function G recognizes the existence of a D vector in a particular 
region of pattern plus context space by outputting a Q vector which is the 
name of that region. 
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vectors in the sensory processing h ierarchy 
and those in the behavior-generating h ier­
archy. Thus we w i l l  define the input vector 
to a CMAC pattern recognizer as: 

D = E + R  

where : 

is a vector, or l ist, of data variables derived 
from sensory input from the external 
env ironment, and:  

i s  a vector of data variables derived from re­
cal led experiences, or internal context. The 

CMAC mapp ing operator in the sensory 
processing h ierarchy wi l l  be denoted G and 
the output Q such that: 

Q = G (D) 

We can now define a CMAC D vector to 
represent a sensory pattern p lu s  context 
such that each component di represents a 
data point or feature of the pattern p lus  
context. The existence of the D vector with­
in a particu lar region of space therefore 
corresponds to the occurrence of a particu­
lar set of features or a particu lar pattern in a 
particular context. The recogni tion problem 
i s  then to find a set of CMAC weights such 
that the G function computes  an output 
vector: 

Q = G(D)  

such that Q i s  the name of the  pattern p lu s  
context D as  shown i n  figure 20. 

I n  other words G can recognize the exis­
tence of a particu lar pattern and context 
( i e :  the existence of D in  a particu lar region 
of input space) by outputtin g  the name Q. 
For example, 

Q = Class I whenever D i s  i n  Region 1 
Q = Class I I  whenever D i s  i n  Region 2 

etc. 

The D -+ A mapp ing in the sensory 
processing CMAC can be chosen so as to 
define the size of the neighborhood of gen­
eralization on the input space. Th i s  means 
that, as long as the regions of i nput space 
correspond ing to pattern classes are reason­
ably wel l  separated,  the G function can 
rel iably d istinquish one region of i nput space 
from another and hence c lassify the corre­
sponding sensory patterns correctly. 

I n  the case where the D vector is time de­
pendent, an extended portion of a trajectory 
T 0 may map into a single name Q as shown 
in figure 2 1 .  It then i s  poss ib le  by integrating 
Q over t ime and threshold ing the integral to 
detect, or recognize, a temporal pattern T 0 
such as a sound or a v isual movement. 

Note that the recogn ition, or nam ing, of a 
temporal pattern (as i l lu strated i n  figure 2 1 ) 
i s  the i nverse of the decomposition of a task 
as i l l ustrated in figures 14 thru 1 7  i n  the pre­
vious article in this series. I n  task decompo­
sition a s lowly varyi ng command C is decom­
posed into a rapid ly changing output P. I n  
pattern recogni tion a rap id ly changing 
sensory experience E i s  recognized by a 
slowly vary ing name Q. 
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D SPACE 

Figure 2 7 .  A time varying D vector traces out a trajectory T 0 which repre­
sents a sensory experience T E taking place in the context T R .  A section of 
a T0 trajectory which maps into a small region of Q space corresponds to 
the recognition of an extended temporal pattern as a single event. 
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The Use of Context 

I t  frequently occurs in pattern recogni­
tion or s ignal detection that the instantane­
ous value  of the sensory input vector E is 
ambiguous or misl ead ing. This  i s  particu­
l arly true in  noisy envi ronments or in  situa­
tions where data d ropouts are l i kely to 
occu r. I n  such cases the ambigu i ty can often 
be resolved or the missing data fi l led in if the 
context can be taken into account, or if the 
classification decision can make use of some 
add itional knowledge or wel l  founded pre­
d iction regard ing what patterns are 
expected. 

In CMAC the add i tion of context or pre­
d iction variab les R to the sensory input E 
such that D = E + R i ncreases the d imension­
al i ty of the pattern input space. The context 

variab les thu s  can sh ift the total i npu t  (pat­
tern ) vector D to d ifferent  parts of input  
space depend ing on the context. Thus ,  as 
shown in figure 22, the amb iguous  patterns 
E1  and E2, which are too s im i lar to be rel i a­
bl y recognized as being  in separate classes, 
can eas i ly  be disti ngu ished when accom­
panied by context R1 and R2.  

1 n the  brain, many variables can  serve as 
context variab les. I n  fact, any fiber carry ing 
information abou t anyth ing occurring simu l­
taneously with the input pattern can be re­
garded as context. Thus  context can be data 
from other sensory modal i ties as wel l  as 
i nformation regard i ng what is happening in  
the  behavior-generat ing h ierarchy. I n  many 
cases, data from th i s  l atter source is particu­
l arly relevant to the pattern recognit ion task, 
because the sensory i nput at any i nstant of 
t ime depends  heav i ly upon what action is 
currently being executed . For examp le, 
information from the behavior-generating 
h ierarchy provides contextual i nformation 
necessary for the v isual processing h ie rarchy 
to d ist i ngu ish between motion of the eyes 
and motion of the room about the eyes. 

I n  a c lassic experiment, von Ho l st and 
M i tte lstaedt demonstrated that th i s  k ind of 
contextual data pathway actually exists i n  
insects. They observed that a fly p laced in  a 
chamber with rotating wal l s  wi l l  tend to 
turn in the d i rection of rotation so as to nu l l  
the  visual motion. They then rotated the 
fly's head 1 80° around i ts body axis (a pro­
cedure which for some reason i s  not fatal to 
the fly ) and observed that the fly now 
circled end lessly. By attempting to nu l l  the 
visual motion i t  was now actual ly  increasing 
it. 

Later experiments with motion percep­
tion in humans showed that the perception 
of a stationary environment desp i te motion 
of the retinal image caused by mov ing the 
eyes is dependent on contextual i nformation 
derived from the behavior-generating h ier­
archy. The fact that the context i s  actua l ly 
derived from the behavior-generating h ier­
archy rather than from sensory feedback can 
be demonstrated by anesthetizing the eye 
musc les and observing that the effect 
depends on the intent to move the eyes, and 
not the physical act of movement. The per­
ceptual correction occu rs even when the eye 
muscles are paralyzed so that no motion 
actual ly resu l ts from the conscious i nten t  to 
move. 

CMAC as a Predictive Memory 

Con textual i nformation can also provide 
pred ictions of what sensory data to expect. 
Th i s  al lows the sensory processing modu les 



to do predictive f i l te ring, to compare i ncom­
i ng data with predicted data, and to "fly-
wheel " through noisy data or data d ropouts_ a) 

The mechan ism by wh ich such pred ic­
tions, or expectations, can be generated i s  
i l lustrated in figure 23. Here contextual 
input for the sensory process ing h ierarchy is 
shown as being processed through a CMAC 
M module before be ing presented to the 
sensory pattern recogni tion G modules at 
each l evel .  I nputs to the M modules derive 
from the P vector of the correspond ing 
behav ior-generating h ierarchy at the same 
level, as wel l  as an X vector wh ich inc ludes 
context derived from other areas of the 
brain, such as other sensory modal it ies or 
other behavior-generatin g  h ierarch ies. These 
M modules compute R = M (P + X) . Their 
position in the l i n ks from the behavior­
generating to the sensory process ing h ier­
archies al lows them to function as a pre­
d ictive memory . 

They are in a position to store and recal l b) 
(or remember) sensory experiences (E vector 
trajectories) which occu r s imu l taneously 
with P and X vector trajectories i n  the 
behavior-generating h ierarchy and other 
locations with i n  the brain .  For examp le, 
data may be stored i n  each_..M i  modu le by 
setting the desired output Ri equal to the 
sensory experience vector E i .  At each instant 
of time t = k, sensory data represented by E� wi l l  then be stored on the set of weigh ts 
selected by the P� + X� vector. The resu l t  
wi l l  be that the 1 senso1ry experience repre­
sented by the sensory data trajectory T E .  
wi l l  b e  stored i n  association with the con� 
text trajectory T p 1+Xi . 

Any time afterwards ,  t = k + j, a reoccur­
rence of the same context vector p�+i + x�+i = Pf + Xf wi l l  produce an output R�+j equal to the Ef stored at time t = k.  
Thus a reoccu rrence of the same context 
trajectory Tp . + Xi wil l produce a recal l 
trajectory T R � equal to the earl ier  sensory 
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Figure 22. In (a) the two pattern vectors E 1  and E2  are too close together 
in pattern space to be reliably recognized (ie: named) as being in different 
classes. In (b) the addition of context R 1 to E 1  and R2 to E2 makes the 
vectors D1  and D2 far enough apart in pattern plus context space to be 
easily recognized as in separate classes. 
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experience T E . . These p red ictive memory 
I • 

modules thu s  provide the sensory process ing 
h ierarchy wi th a memory trace of what 
sensory data occurred on previous occasions 
when the motor generat ing h ierarchy (and 
other parts of the brain )  were . in s im i lar 
states along s imi l ar trajectori es. This pro­
vides the sensory processi ng system with a 
prediction of what sensory data to expect. 
What i s  expected i s  whatever was experi­
enced dur ing s im i lar activi ties in the past. 

I n  the ideal case, the p redictive memory 
modules M i  wi l l  generate an expected 
sensory data stream T R .  which exactly 

I 

dupl icates the observed sensory data stream 
T E . . To the extent that th i s  occurs i n  

I 

practice it enables the Gi modu les to apply 
very powerfu l mathematical techn iques to 
the sensory data. For example, the Gi  
modu l es can u se the expected data T R i to: 

• Perform cross-correlation or convolu­
t ion algorithms to detect sync patterns 
and information bearing  sequences 
buried in noise. 

• F lywheel through data dropouts and 
noise bursts. 

• Detect (or recogn ize) d eviations or  
even om issions from an expected 
pattern as we l l  as the occurrence of 
the pattern in i ts expected form . 

Figure 23. A cross-coupled, processing-generating hierarchy. The M i modules 
remember sens01y experiences which occur in association with specific ac­
tivity in the generating hierarchy (P) and other sensory modalities {X/ 
The Mi modules thus learn a set of internal expectations (ie: a predictive 
model) of the external world as seen through the sensory input channels. 

I f  we assume, as shown i n  figure 23, that 
pred ictive recal l modu les exist at a l l  leve ls  of 
the processing-generating  h ierarchy, then it 
i s  c lear that the memory trace i tself i s  mu lt i­
l eveled. I n  order to recal l an experience 
precisely at a l l  l evel s, it is necessary to gen­
erate the same context ( i e :  Pi + X i address) 
at a l l  l evel s as existed when the experience 
was recorded. 

I nternal World Model 

We can say that the pred ictive memory 
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modules M i d efine the brain 's i n ternal model 
of the external worl d .  They provide answers 
to the question, " I f  I do this and that, what 
wi l l  happen? "  The answer is that whatever 
happened before when th is an d that was done 
wil l  probably happen again. In short, I F  I do 
Y, THEN Z will h appen when Z is what­
ever was stored in predictive memory the last 
time (or some statistical average over N l ast 
times) that I d id Y, and Y is some action 
such as perform ing a task or p ursu ing  a goal 
in a particular  envi ron men t or situation, 
which is represented internal ly by the P 
vectors at the various d ifferent l evels  of the 
beh avior-generating h ierarchy and the X 
vectors describing the states of various other 
sensory processing behavior-generating h ier­
arch ies. 

The Mi  modules (as al l CMAC modu les) 
can be thought of as storing knowledge in 
the form of I F/TH E N  rules. The CMAC 
property of general i zation prod uces a recall 
vector R

i (a THEN consequent) which is 
simi lar to the stored experience so long as 
the context vector Pi + X

i ( th e  I F  premise) 
is with in some neighborhood of the context 
vector during storage. 

Much of the best and most exciting work 
now going on in the field of artificial intel­
l igence revolves around I F/TH EN produc­
tion ru les, and how to represent knowledge 
in l arge com puter programs based on pro­
duction rules. Practical ly any k ind of k nowl ­
edge, or set of bel iefs, or rules of behavior 
can be represented as a set of p roduction 
rul es. The CMAC hierarchy shown i n  figure 
23 i l l u strates how such com putational mech­
anisms can arise in the neurological structure 
of the brai n .  

..,1-D···£,5 • 
Circle 33 on i nquiry card. 

Conclusion 

We have now com pleted the second step 
in our development. I have described a neu­
rological model which can store and recal l 
(and hence compute) a broad c lass of mathe­
matical functions. I have shown how a h ier­
archical network of such models can execute 
tasks, seek goals, recognize patterns, re­
mem ber experiences, and generate expecta­
tions. The fi nal part of this series wil l incl ude 
a brief overview of evidence that s uch net­
works actual ly exist in the brai n .  Also, this 
part wi l l  describe how a CMAC hierarchy 
can create pl ans, solve problems, and produce 
language. Final ly I wi l l  d iscuss the design of 
robot control systems incorporating these 
properties and offer some suggestions as to 
how brain-l i ke computing networks migh t  be 
constructed and trained.• 
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In order to gain optimum coverage of 

your organization 's computer confer­
ences, seminars, workshops, courses, e tc, 
no tice should re(/ch our office at least 
three months in advance of the date o f  

the event. En tries should b e  sent to: 
Event Queue, B YTE Publications, 70 
Main St, · Peterborough NH 03458. Each 
month we publish

' 
the curren t  con tents 

of the queue for the month of the cover 
date and the two follo wing calendar 
months. Thus a gfven

.
event may appear 

as many as three times in this section if 
it is sent to us far enough in advance. 

J u l y  2-1 3, Applications of M icrocom­
puters to Life Science Education,  Mich i ­
gan Techno logical U n iversity, Houghton 
M I .  The emphasis of this workshop w i l l  
b e  on the use and  deve lopment of 
educational com puter models and s imu­
l at ions. The workshop w i l l  be set up to 
provi de a maxi mum interaction  with the 
m icrocomputer. D iscuss ions w i l l  focus 
on ways of employing computer mod­
e l ing tech n iques i n  undergraduate cou rse 
work. Con tact Dept of Bio logical Sci­
ences, Michigan Technological Un iversity, 
Hough ton M I 4993 1 .  

J u ly 9-20, Com puti ng Systems Rel iab i l ­
ity,  Un iversity of Califo rn ia ,  Santa Cruz 
CA. Con tact I nstitute i n  Com puter 
Science, Un iversity of  Cal ifornia Exten­
sion, Santa Cruz CA 95064. 

J u l y  1 1 -1 3, M icroco mputer App l icat ions, 
Southern Tech nical I n stitute, Marietta 
GA. The emphasis of this sem i nar w i l l  
be on the  app l ications of m icrocomputers 
i n  ind ustry. Software, hardware and 
inte rfac ing tech n iques w i l l  be d iscussed. 
Con tact Dr Richard L Caste l l u cis, South­
ern Tech n ical I nstitute, E lectrical Engi­
neering Techno logy Dept, 5 34 Clay St, 
Marietta GA 30060. 

J u l y  1 6-1 8, Software E ngi neering, Crystal 
City Marriott, Ar l ington VA. Th is 
sem i nar is in tended to fam i l i arize the 
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project man ager, the system ana lyst, and 
the app l ication p rogram mer with tech­
n iq ues of deve lop ing software to m eet 
user needs. Contact I n fo rm ation Tech nol­
ogy I n c, PO B 1 0 1 29,  A usti n TX 78766. 

J u ly 1 6-1 8, Data Base Management, 
Crystal C i ty Marriott, A rl i ngton VA 
2 2 20 2. This sem i n ar is i n tended  to 
fam i l i a ri ze the app l ications p rogram mer, 
d ata processing manager, and software 
system engi neer with the latest tech­
n i ques for th e i m pl emen tati on and use 
of data base m an agement. Contact 
I nfo rmation Tech nology, POB 1 01 29 ,  
Austin TX 787 66. 

J u ly 1 6-27 ,  I ntroduction to Digital 
E lectron i cs and M i crocom puter I n ter­
faci ng, Lexington V A. This  hands-on 
l abo ratory course is for academ ic  and 
i n dustrial personne l .  There w i l l  be 
approxi m ately 60 hou rs of l abo ratory 
instruction with one m i crocomputer  
laboratory station for  each  two p artici­
pants. Con tact Prof Ph i l i p  Peters, Dept  
of Phys ics, V i rg i n i a  M i l i tary I nstitute, 
Lexington VA 2445 0. 

J u ly 1 9-20, Project Managem ent, Crystal 
C i ty Marri ott, Ar l i ngton V A .  The pu rpose 
of th i s  sem i nar  is to p rovide a basic un ­
derstand i ng  of  the  methodologi es, too ls ,  
techn i ques and sk i l l s  of software man­
agem ent. Contact I nformation Technol ­
ogy I nc, POB 1 0 1 29 ,  A ustin TX 78766 .  

I u l y  1 9-20, Structured Program m ing, 
Crystal City Marriott, Ar l i ngton VA .  
Th is cou rse is a imed  a t  both p rogram­
mers and m anagers. It w i l l  cover an i n te­
grated set of software d evelopment  tech­
n iq ues that can be scaled up for any size 
p roject deve lopment. It supports the de­
vel opment  of error free p rograms  by pro­
v id ing  the program mer w i th effective 
means of contro l l i n g  the d esign and code 
th rough cont inua l  va l id ation  checks. 
Contact I nformation Techno logy I nc ,  
POB  1 0 1 29,  Austin TX 78766 .  

J u l y  1 9-20, BASIC:  A Computer Lan­
guage for Executives, New York NY.  
Executive computi ng, prob lem solv ing, 
p l ann ing,  forecasting and d atabase sys­
tems wi l l  be d iscussed . A l so  to be cov­
e red are program m ing  fu ndamentals, the 
m i nd less computer, sequence,  decis ion 
and iterati on ,  computer languages and 
BAS I C. Contact American M anagement  
Assoc iat ions, 1 35 W 5 0th St ,  New York 
N Y  1 0020. 

J u l y  23-27 Fin ite Element Method in  
Mechanical Design,  University of Mich­
igan, Ann Arbor  M I .  This course i s  in­
tended · fo r engineers working i n  mechan­
ica l  des ign where knowledge o f  stresses, 
d isp l acements ,  or  v ibratory m otion i s  im­
po rtan t. No p revious experience with 
fi n ite e lements is assumed.  The course 
wi l l  fam i l iarize the attendee with finite 
e lement mode l i ng  concepts and w i l l  re­
view the fu ndam en tals on which the 
m ethod is based . Contact Engi n ee ring  
Su m mer  Conferences, 400 Chrysl e r  Ctr, 
N orth Campus ,  U n iversity of M ich igan , 
A n n  Arbor M l  48 1 09 .  



August 1 -3 ,  Microcom puter Appl ications, 
Southern Techn ical I nstitute, M arietta 
GA. The e m phasis of this sem inar  w i l l  be 
on the appl ications of m icrocom puters 
in industry. Software, hardware and 
interfacing tech n iques will be discussed. 
Contact Dr Richard l. Caste l l uc is ,  S ou th­
ern Tech nical I n stitute, E lectrical E ngi­
neering Technology Dept, 5 34 Clay St, 
Marietta GA 30060 

August 6-8, Pattern Recognition and 
Image Processing, . Hyatt Regency Chi ­
cago O'H are, Chicago IL.  This  con­
ference is sponsored by the M ach ine  
I n te l l igence and  Pattern Anal ysis Com­
mittee of the I E E E  Com puter Society. 
The program wi l l  consist of submitted 
and invited papers and a l arge trade 
show of graphics and i m age process ing  
equipment. Contact PRIP  7 9 ,  POB 639,  
S i lver  S p ring MD 2 090 1 .  

August 6-1 0, S I G G RAPH '79, Chicago 
I L. This sixth annwal conference on com­
puter graphics w i l l  feature tutorials, 
technical sessions and an exposition of 
state-of-the art computer graph ics an d 
image processing equ ipment.  Contact 
Maxine D Brown, S I G G RAPH '79 Expo­
sition ,  Hewlett-Packard, 1 9400 Home­
stead Rd ,  Cu pertino CA 95 0 1 4. 

August 6-1 0, M odern Com munication 
Systems: A nalysis and Design, Unive r­
s ity of S outhern California, Los Ange les 
CA. This course is devoted to the anal· 
ysis and design of m odern com m u n i­
cation systems, with emphasis on the 
derivation of practical design eq uations 
useful for trade-off stud ies an d overal l 
synthesis. Contact Un ive rs ity of South· 
ern Californ ia, Continu ing  Engineering 
Education ,  Los Angeles CA 90007. 

August 6-1 0, Advanced Microcom puter 
System Devel opment: High Level Lan­
guages, Technology Trends, and Hands­
On Experience, University of S outhern 
California, Los Angeles CA. This course 
is i n tended to present the partic ipants 
with a clear p icture of the microcom­
puter  revol ution, provide hands-on pro­
gram ming experience us ing Exte n ded  
BASIC and FORTRAN , analyze tech nol­
ogy trends i n  the m icrocom p u ter  fie ld ,  
and assess the i m pact of V H S I /V L S I .  
Contact Un iversity o f  Southern Cali­
fornia, Conti n u ing Engineering Educa­
tion,  Los A ngeles CA 90007 . 

August 8-1 0 ,  SIGPLAN Sym posium on 
Compiler Construction, Bould e r  CO. 
This symposiu m  wi l l  consider  m ethods 
of, and experience with , constructing 
compi lers .  The emphasis wi l l  be  l ess on 
theoretical methods, and m ore on tech­
n iq u es appl ied to real com pi lers .  Contact 
Professor Leon Osterwei l ,  Dept of Com­
puter Sc ience ,  U niversity of Colo rado, 
Boulder CO 80309.  

August 8-1 0, First Ann ual Conference 
on Research an d Development in Per­
sonal Computing, H y att Regency O'H are ,  
Chicago I L. Th is confe rence is  sponsored 
by the Associ atio n  for Computing M a-

ch inery (ACM ) S pecial I n terest Grou p 
on Personal Com puting (S I G Pc) . A 
large trade show of personal com puter  
and graphics eq u i pment is plan ned to 
accompany an asso rtment of papers, 
panels,  user group meetings, wo rkshops, 
and pe rson-to-person poster booths. 
Contact Bob Gammil l ,  Computer  Sci­
e nce D ivision ,  Dept of M athematical 
Sciences, 300 Minard Hal l ,  N o rth Dakota 
State U niversity, Fargo N D  5 8 1 02 .  

August 1 3-1 5 ,  Conference on  S imulati on, 
Measurement and Modeling of Com puter 
Systems, Boulder CO. This conference 
will feature performance prediction tech­
n iques employed d uring the design, p ro­
c u rement and maintenance of com puter  
systems. I t  wi l l  provide a forum for both 
appl ied and theoretical work in the disci­
p l i nes of performance mon itoring, mod­
e l i ng, and s imu lation of com puter sys­
tems. Contact G ary N utt, Xerox PA RC, 
3 3 3 3  Coyote Hil l  Rd, Pal o A lto CA 
94304. 

August 1 3-1 6 , Q-G E RT Network M od­
el i ng and Analysis, Ramada Inn ,  L afay­
ette I N  47905 .  This course wi l l  p rovide 
the attendee with the inform ation neces­
sary to model com pi ex systems usi ng  
Q-G E RT. Emphasis wi l l  be on the pro­
cedu res for model ing and analysis. 
Contact Pritsker and Associates I nc,  
POB 24 1 3 , W L afayette IN 47906.  

August 1 3-1 7 ,  High Speed Com putation : 
Vector Processing, The U n iversity of 
Michigan , A n n  Arbor M I .  I n  th is course, 
th e arch itectu ral , software, and algorith­
mic issues of vector arch itecture are co­
ord i n ated by the discussion of conce pts 
in com puter arch itecture, and by de­
tai led  , stud y  of cu rrent vecto r proces­
sors and their use. Contact Engi neeri ng 
S u m mer Confe rences, 400 Ch rysler Ctr , 
N o rth Cam pus, The U n iversity of Mich­
igan, Ann  A rbor Ml 481 09. 

August 1 9-22,  International Conference 
on Com puting in  the Human ities, Dart­
m outh Col l ege , Hanover N H .  This con­
ference is i ntended to foster com puter 
research and techn ique i n  al l  areas of 
h u m anistic stu d y ;  to p romote interna­
tional cooperation in the deve lopment of 
programs, d ata ban ks, and equ ipment;  
and to make the resu lts of research avai l ­
able.  The p rogram wi l l  i nc lude  a p lenary 
session each eve n i ng and shorter ses­
s ions d u ri n g  the d ay .  Contact Stephen V 
F Waite, K iewit  Com putatio n  Ctr, Dart· 
mouth College, H anover N H  03755 . 

August 1 9-24 , 1 979 Sym posium for 
I nnovation in Measurement Science , 
H obart and Wi l l iam S m ith Col leges, 
Geneva N Y. Sponsored by the Scientific 
I nstru me ntati on and Research Divisio n  
of t h e  I nstru ment  Society o f  America, 
sched u l ed sessions at this sym posi u m  
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i nc lude i nnovation in com puters and 
electronics, mass flow measurement, 
chemical analysis, applied analysis in 
i.nstrument control, physical analysis, 
medical i nstrumentation , and advances 
in industrial measurement. Contact I n ·  
strument Society o f  America, 4 0 0  Stan­
wix St, Pi ttsbu rgh , PA 1 5222. 

August 23-26 ,  National Smal l  Com puter 
Show, New York Coliseum,  New York 
NY. Exhib itions will inc lude those of 
m ajor manufacturers, distributors, and 
pub l ications in the small com puter  field . 
A lecture series wil l inc lude topics of 
interest to business and professio nal 
people,  hobbyists and the general 
publ ic .  Contact N ational S mall Com­
puter Show, 74 E 56th St, New York 
NY 1 0022. 

September 4-6, International Conference 
and Exhibition on Engineering Software, 
Un iversity of S outhampton, England. 
The aim of this conference is to p rovide 
a forum for the presentation and discus­
sion of recent advances in  engineering 
software and the state-of-the-art i n  this 
field .  The exhib ition , held in conju nc­
tion with the conference, wi l l  cover al l  
software products, services and equip­
ment related to engineering software. 
Contact Dr R Adey, Engsoft, 6 Cran­
bury Place, Southam pton S02 OLG, 
E N G LA N D. 

September 4-7, Compean Fall '79, 
Capital H i l ton Hote l ,  Washington DC. 
This 1 8th I E E E  Com puter  Society 
I nternational conference wi l l  present the 
l atest developments in  microprocessor 
architecture, support software, operati ng 
systems, and peripheral devices. Contact 
I E E E  Com puter Society, POB 639,  
Si lver  Spring MD 20901 . 

September 5-8, Info/Asia, Ryutsu Center, 
Tokyo. This exposition will be devoted 
to information management, com puters, 
word processing and advanced b usi ness 
equi pment. The exposition wi l l  be ac­
com panied by a four  d ay conference. 
Contact Clapp and Poliak I nc ,  245 Park 
Av, New York NY 1 00 1 7 .  

September 1 8-20, Wescon/79, St  Francis 
H otel ,  San Francisco CA. Contact Elec­
tronic Conventions I nc ,  999 N Sepulveda 
Blvd , E l  Segu ndo CA 90245. 

September 25-27, WPOE '79, San J ose 
Convention Ctr, San j ose CA. This show 
wil l  be dedicated to word p rocessing and 
office/busi ness equipment, services and 
materials. Com plementing the exhibit  
wil l  b e  a three d ay executive conference 
program that focuses on emerging tech­
nologies and their appl ications in  the 
office. Contact Cartlidge and Associates 
Inc,  49 1 Macara Av, Suite 1 01 4, Sun­
nyvale CA 94086. 

September 26-29, M I M I  '79, Queen E l iz­
abeth Hote l ,  Montreal , Canada. This 
symposium is intended as a foru m for 
the presentation and d iscussion of recent 
advances in  min i  and microcomputers 
and their applications. Special em phasis 
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will be given to the theme of the con­
ference, "The· Evolving Role of M inis 
and Micros With i n  Distributed Process­
ing." Contact The Secretary, M I M I  '79 
Montreal , POB 248 1 ,  Anaheim CA 
92804. 

September 28-30, Northeast Personal 
and Business Computer Show, Hynes 
Auditorium,  Boston MA.  Displays and 
exhibits wi l l  showcase microcomputers 
and small computer systems of interest 
to businesspeople, hobbyists, profes­
sionals, etc. Lectu res and seminars wi l l  
be p resented for a l l  categories and levels 
of enth usiasts, Inc luding introdu ctory 
c lasses for novices. Contact Northeast 
Exposition, POB 678, Brookline MA 
02 1 47 . •  

lettePs 
Text con tinued from page 6: 
written) would  only perform garbage 
col lection. 

There are more faci l ities which could  
be added to this simple data base struc­
ture, but it wou ld probably be better to 
stop at th is point. 

J ack L Warner 
Bell Laboratories 

600 Mountain Ave 
M urray H i l l  N J  07974 

HAM M I N G  E R ROR CO R R ECTING 
CODE HAS P ROBLEMS?  

Michael Wimb le  recently described a 
method for storing coded data using a 
Hamming error correcting code which 
wi l l  correct a single bit error and detect 
double bit errors ( February 1 979 BYTE, 
page 1 80) .  I t  is very simi lar to a scheme 
I have used successfu l ly for several 
years and recently publ ished (Computer 

Design , September 1 978 ) . 
Mr Wimble's scheme, however, wi l l  

cause havoc with some data record ing 
devices as some of his coded bytes are 
exactly the same as some of the common 
control characters, ie: h is  data 3,  coded 
as a hexadecimal 93, is identical to the 
ASC I I  Device Control 3 character, and 
data E, coded as a hexadecimal I E ,  is the 
ASC I I  Record Separator. The latter 
should not cause trou ble, but the former 
will automatically activate o r  deactivate 
some kinds of papertape terminals. 

I f. this is l ikely to be a problem on 
the equipment you are using, one sim ple 
way to overcome it is to om it the P4 
parity bit al together and use strictly 7 
bit codes. The media channel on which 
the omitted bit would  have been stored 
is then placed so that no objectionable 
control characters are ever generated 
(except, of course, by error). Programs 
to generate and decode such schemes are 
presented in  the Computer Design paper 
cited above. 

You are not able to detect dou ble 
errors using only 7 bits, but if your 

equipment is that bad it's probably time 
to pack it in anyway. 

George White 
I nstitut de  Recherche 

d ' l nformatique et d' Automatique 
Domaine de  Voluceau 
Rocquencourt BP 1 OS 

781 50 Le Chesnay F RANCE 

COM M ENTS F ROM A CH ESS M AST E R  

I was most flattered to read the story 
about my chess match with CHESS 4. 7 
("Chess 4. 7 versus David Levy" Decem­
ber 1 978 . BYT E ,  page 84 ) and I am 
del ighted that .you h ave been giving chess 
such exce l lent  coverage in the pages of 
your magazine. 

Since your article appeared I have 
been plagued by people writing to 
ask whether I h ave col lected the $2,500 
that I won in the bet. Professors Donald 
Michie ( Ed inburgh Un iversity ) .  john 
McCarthy (Stanford University) and 
Seymour Papert (M IT)  paid promptly 
and with great sportsmanship, just as I 
would  h ave done h ad I lost the bet. 
Edward Kozdrowicki (Aerospace Cor­
poration, E l  Segundo CA) h as refused all 
attempts to persuade him to pay. 

I hope that this wi l l  answer any 
further readers who m ight be curious 
about the bet. 

David N L Levy 
1 04 H ami lton Terrace 

London N W8 9UP 
E NGLAND • 

Com munity Bu l letin Board Correction 

In the BYT E  News for Apri l  1 979 
(page 1 95 ) we m entioned that there was 
a PCN ET ru n by th e Chicago Area Com­
pu ter Hobb yist Exchange. We should 
have said that a Community Bu l l etin 
Board is privately run by  Ward Ch risten­
sen and Randy S uess. 

Correction 

In May's "What's New" on page 254 
we l isted Semionics Associates' REM 
S-1 00 board as having a capacity of 8 K 
bytes and priced at $525. This should 
have read "The RE M S-100 add-in 
recognition memory board has a capa­
city of 4 K bytes and is priced at $345 ."  

Trap Door Trap 

For shame! The N ational Bureau of 
Standards standard data encryption 
algorithm is not a trap-door algorith m. 
That term refers to one-way or publ ic  
key systems. 

Don McClimans 
Computer Systems Consultant 

41  Washburn Pk 
Rochester N Y  1 4620 

Oops! You, along with several other peo­
ple, caugh t us with that one. [ RGAC] • 
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FCC TRYING TO CRACK DOWN ON TV INTERFERENCE. The Federal Communications Commission 
(FCC) has asked Atari, Apple, Commodore, Heath, Southwest Technical Products, and Radio Shack 
to submit their personal computer systems for TV interference testing. The systems made by these 
companies are presently exempted from FCC regulations since they are not directly connected to a 
TV set. However, there have been complaints regarding radio frequency (RF) interference from 
personal computer systems, and the FCC has decided to develop regulations regarding permissible 
RF radiation levels . 

·· 

The computer manufacturers involved have indicated a willingness to cooperate with the FCC's 
effort . The regulations could fine noncomplying manufacturers and permit the issuance of cease and 
desist orders . Some industry experts feel that a few manufacturers' computer systems would not pass 
the FCC regulations.  

INTEL ENHANCES 8086 FAMILY WITH 110 PROCESSOR. Intel continues to lead the way in 
microprocessor and microcomputer systems. Recently they announced the 8089, an 1/0 (input/output} 
processor to work with the 8086 16 bit microprocessor.  This processor can more than double the 
performance of the 8086 by relieving it of 1/0 operations, much like the communications channel on 
an IBM 370. 

. 

$200 DISK SYSTEM EXPECTED BY YEAR END. Shugart and Matsushita Electric of Japan have signed 
an agreement whe:feby Matsushita will manufacture a low cost version of Shugart's popular minifloppy 
disk drive. The drive is expected to sell for $50 in large OEM quantities and retail at about $125. Add 
to this the interface/controller circuitry, and the total retail cost should work out to a little over $200. 
This is less than a third of the price of current minifloppy systems. Matsushita expects to be making 
100 drives per hour by year end. 

The drive will store 70 K bytes, use a new head design, and be housed in sheet metal rather than 
cast aluminum. It will be only 2 inches high, half the height of the current drive. An industrial 
version with heavy duty components will be sold at $65 OEM. 

Nippon Electric (NEC) is also rumored to be developing a low cost S inch disk drive. 

14 MILLION MICROPROCESSORS SOLD LAST YEAR. That's right, 14 million microprocessors were 
manufactured in 1978. One million 8 bit microprocessors and 13 million 4 bit microprocessors were 
made. If you didn't realize it already, most were used in games. The most manufactured 

' 

microprocessors were the 8 bit 6502 and the 4 bit TMS-1000. However, sales of electronic games 
using microprocessors have recently taken a sharp drop. Hence, the probability exists that there may 
be a slight decrease in microprocessor production in 1979. 

16 BIT MICROPROCESSOR PICTURE STILL FUZZY. It is beginning to look as if Intel may have taken 
the right approach with the 8086 by designing a part which could be placed in production far ahead 
of the Zilog Z"8000 or Motorola 68000. They have ·over a year�s head start compared to the Z-8000 and 
possibly another half year's lead over the 68000. 

The 8086 part is far simpler than the Z-8000 or 68000 parts, and as a result it is closer to the earlier 
generations of microprocessors. Support parts for the 8086 such as the new 8087 floating point 
coprocessor also give . the 8086 a commanding availability lead over the other two contenders at this 
time. All three machines are aimed at the high end of microcomputer application, providing signi­
fic�nt computational power equivalent to traditional mini and main frame computers. 
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In the meantime, the traditional minicomputer manufacturers are not sitting still. Digital Equipment 

Corp (DEC) , the largest of the "old-time" minimakers, has created an integrated circuit 
manufacturing facility to make its own 16 bit microprocessor (the LSI-1 1 ) .  This fall .they will be 
making a super-micro mainframe, called the LSI-11/23, that will have almost all the power of a 
standard minicomputer at a fraction of the price ($6,800 compared to $12,000) . 

THE JAPANESE ARE COMING. Although last year a few Japanese electronics manufacturers 
introduced personal computer systems on their own home ground, none, so far, has ventured into 
the US market. This is probably due to the competition that already exists and the lack of sufficient 
price marl$up pn personal computer systems . If the Japanese enter the personal computer market, it 
will probably be in the peripherals area. 

· 

However, the first major Japanese manufacturer has entered the small business computer 
market. NEC has introduced its ASTRA series of 16 bit microcomputer systems that start at $13,000 
an!i range up to $130,000. The video terminal empl<n:s .a Z-80 ,processor. ' 

NEW BUBBLE MEMORY TECHNOLOGY. In a paper delivered by a Bell Laboratory researcher at a 
recent conference, it was disclosed that Bell Labs has made a major breakthrough in bubble memory 
technology. This breakth:x:ough will mean a 

·
four times Increase in storagEf.s ize, a substantial decrease 

in cost and ten times faster operating speed. Although Texas Instruments and Rockwell have been in 
production on bubble memory devices for nearly a year, their high cost and small storage capability 
have prohibited their wide use. This new development, which will still take a few years to reach the 
market, should have a large impact on the mass storage area, particularly floppy disks. 

The new device replaces the drive coils used in present bubble memories with wafer-thin 
conductive layers of gold or aluminum overlaid on the garnet structure. A current flows through these 
layer.s forming tiny magnetic fields around holes etched into the surface . The polarity of these fields 
controls the bubble movements . 

· 

By eliminating the costly and bulky coil structure, a new pathway design became available which 
provides a fourfold increase in storage capacity, is easier and less costly to produce, and reduces 
integrated circuit size, thereby reducing travel time. 

IBM also an.nounced that it has fabricated bubble meniory devices t,hat are 1 square inch in size 
and contain 25 M bits. These devices were made at the IBM Research Cente� in Yorktown Heights NY. 

In the meantime, TI and Rockwell are currently sending out samples of their 256 K bit bubble 
devices and expect to be in production on these units by the end of the year. They expect to be 
sampling 1 M bit devices by the end of · l9801 with production beginning in 1981 .  

On the whole, i t  does not appear that bubbles will provide any meaningful competition to floppies 
until the mid :t980s. 

PERSONAL COMPUTER/CABLE TELEVISION SYSTEM PLANNED. Six Star Cablevision, a Los 
Angeles cable television outfit, will soon begin test marketing a personal computer system designed 
for use with a closed circuit TV system . Six Star will allocate 3 of 42 available channels to transmit 
data from data banks to subscribers . They claim to have 50 applications programs �lready pr,epared, 
which would be i'egenerated every 7 seconds . They plan to use a Mattei personal compute.r system 
with a printer, and charge $4 to $6 above the regular $7.50 monthly fee. 

1 0
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''BOOKS OF INTEREST TO COMPUTER PEOPLE" 

More BYTE BOOKS 
in your future ... 
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... And the future 
THE BYTE BOOK OFCOMPOTERMOSIC combines 
the best computer music articles from past issues of 
BYTE Magazine with exciting new material-all written 
for the computer experimenter interested in this 
fascinating field. 

You will enjoy Hal Chamberlin's "A Sampling of 
Techniques for Computer Performance of Music", 
which shows how you can create four-part melodies 
on your computer. For the budget minded, "A $19 Music 
Interface" contains practical tutorial information-and 
organ fans will enjoy reading "Electronic Organ Chips 
For Use in Computer Music Synthesis". 

New material includes "Polyphony Made Easy" and 
"A Terrain Reader". The first describes a handy circuit 
that allows you to enter more than one note at a time 
into your computer from a musical keyboard. The 
"Terrain Reader" is a remarkable program that creates 
random music based on land terrain maps. 

Other articles range from flights of fancy about the 
reproductive systems of pianos to Fast Fourier trans­
form programs written in BASIC and 6800 machine 
language, multi-computer music systems, Walsh 
Functions, and much more. 

· 

For the first time, material difficult to obtain has been 
collected into one convenient, easy to read book An 
ardent do-it-yourselfer or armchair musicologist will 
find this book to be a useful addition to the library. 

-
ISBN 0-931718-11-2 
Editor: Christopher P. Morgan 
Pages: approx. 128 
Price: $10.00 

SOPERWOMPOS is an excit­
ing computer game incorpo­
rating the original structure of 
the WUMPUS game along 
with added features to make 
it even more fascinating. The 
original game was described 
in the book What To Do After 
You Hit Return, published by 
the People's Computer Com­
pany. Programmed in both 
6800 assembly language and 
BASIC, SUPERWUMPUS is not only addictively fun, 
but also provides a splendid tutorial on setting up 
unusual data structures (the tunnel and cave system 
of SUPERWUMPUS' forms a dodecahedron). This is a 
PAPERBYTE™ book 

ISBN 0-931718-03-1 
Author: Jack Emmerichs 
Pages: 56 
Price: $6.00 

TINY ASSEMBLER 6800, 
Version 3.1 is an enhancement 
of Jack Emmerichs' success­
ful Tiny Assembler. The origi­
nal version (3.0) was described 
first in the April and May1977 
issues of BYTE magazine, 
and later in the PAPERBYTE™ 
book TINY ASSEMBLER 
6800 Version 3.0. 

In September 1977, BYTE 
magazine published an article 
entitled, "Expanding The Tiny Assembler". This pro­
vided a detailed description of the enhancements 
incorporated into Version 3.1, such as the addition of a 
"begin" statement, a "virtual symbol table", and a 
larger subset of the Motorola 6800 assembly language. 

All the above articles, plus an updated version of the 
user's guide, the source, object and PAPERBYTE™ 
bar code formats of both Version 3.0 and 3.1 make this 
book the most complete documentation possible for 
Jack Emmerichs' Tiny Assembler. 

ISBN 0-931718-08-2 
Author: Jack Emmerichs 
Pages: 80 
Price: $9.00 

A
. 
wa!k through this book brings you into Ciarcia's 

Ctrcmt Cellar for a detailed look at the marvelous 
projects which let you do useful things with your micro­
computer. A colfection 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 c�mstruct each p:oject. Using amusing 
anecdotes to mtroduce the arttcles and an easy-going 
style, Steve presents each project so that even a 
neophyte need not be afraid to try it 

-
ISBN 0-931 718-074 
Author: Steve Ciarcia 
Pages: approx. 128 
Price: $ 8.00 



BAS EX, a new compact, compiled language for micro­
computers, has many of the best features of BASIC 
and the 8080 assembly language-and it can be run 
on any of the 8080 style microprocessors: 8080, Z-80, 
or 8085. This is a PAPERBYTE™ book. 

Subroutines in the BAS EX 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, BAS EX 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, BAS EX and BASIC, are so similar, it is possible 
to easily translate programs using integer arithmetic 
data from BASIC into BASEX. 
The author, Paul Warme, has also included a BASEX 
Loader program which is capable of relocating pro­
grams anywhere in memory. - ISBN 0·931718-05-8 

Author: Paul Warme 
Pages: 88 
Price: $8.00 

PROGRAMMING TECH­
NIQUES is a series of BYTE 
BOOKS concerned with the 
art and science of computer 
programming. It is a collection 
of the best articles from BYTE 
magazine and new material 
collected just for this series. 
Each volume of the series 
provides the personal com­
puter user with background 
information to write and main­
tain programs effectively. 

The first volume in the Programming Techniques 
series is entitled PROGRAM DESIGN. It discusses 
in detail the theory of program design. The purpose 
of the book is to provide the personal computer user 
with the techniques needed to design efficient, effec­
tive, maintainable programs. Included is information 
concerning structured program design, modular pro­
gramming techniques, program logic design, and 
examples of some of the more common traps the 
casual as well as the experienced programmer may 
fall into. In addition, details on various aspects of the 
actual program functions, such as hashed tables and 
binary tree processing, are included. 

ISBN 0-931718-12-0 
Editor: Blaise W. Liffick 
Pages: 96 
Price: $6.00 

SIMULATION is the second volume in the Program­
ming Techniques series. The chapters deal with 
various aspects of specific types of simulation. Both 
theoretical and practical applications are included. 
Particularly stressed 

.
is sim';llation of motion, including 

wave motion and flymg 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 
mnsole (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 Unking Loader LINK68. (Refer to 
PAPERBYTETM publication LINK68: AN M6800 
LINKING LOADER for details.) 

There is a complete description of the 6800 Assembly 
language and its components, including outlines of 
the instruction and address formats, pseudo instruc­
tions and macro facilities. Each major routine of the 
Assembler is described in detail, complete with flow 
charts and a cross reference showing all calling and 
called-by routines, pointers, flags, and temporary 
variables. 

In addition, details on interfacing and using the 
Assembler, error messages generated by the Assem­
bler, the Assembler and sample 10 driver source code 
listings, and PAPERBYTE™ bar code representation 
of the Assembler's relocatable object file are all induded. 

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 

to order books see next page . . . . .  
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LINK68: AN M6800 LINKING LOADER is a one 
pass linking loader which allows separately translated 
relocatable object modules to be loaded and linked 
together to form a single executable load module, and 
to relocate modules in memory: It produces a load map 
and a load module in Motorola MIKBUG loader format 
The Linking Loader requires 2 K bytes of memory, a 
system console (such as a Teletype terminal), a sys­
tem monitor (for instance, Motorola MIKBUG read 
only memory program or the ICOM Floppy Disk 
Operating System), and some form of mass file stor­
age (dual cassette recorders or a floppy disk). 
It was the express purpose of the authors of this 
book to provide everything necessary for the user 
to easily learn about the system. I n  addition to the 
source code and PAPERBYTE™ bar code listings, 
there is a detailed description of the major routines of 
the Linking Loader, including flow charts. While imple­
menting the system, the user has an opportunity to 
learn about the nature of linking loader design as well 
as simply acquiring a useful software tool. 

ISBN 0-931718-09-0 
Authors: Robert D. Grappei 

. & Jack E. Hemenway 
Pages: 72 
Price: $8.00 
Winter 1979 

TRACER:. A 6800 DEBUGGING PROGRAM is for 
the programmer looking for good debugging software. 
TRACER features single step execution using dynamic 
break points, register examination and modification, 
and memory examination and modification. This book 
includes a reprint of "Jack and the Machine Debug" 
(from the December 1977 issue of BYTE magazine), 
TRACER program notes, complete assembly and 
source listing in 6800 assembly language, object 
program listing, and machine readable PAPERBYTE™ 
bar codes of the object code. 

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

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

MONDEB: AN ADVANCED M6800 MONITOR­
DEBUGGER has all the general features of Motorola's 
MIKBUG monitor as well as numerous other capabili­
ties. Ease of use was a prime design consideration. 
The other goal was to achieve minimum memory 
requirements while retaining maximum versatility . . 
The result is an extremely versatile program. The size 
of the entire MONDEB is less than 3 K. 
Some of the command capabilities of MONDEB in­
clude displaying and setting the contents of registers, 
setting interrupts for debugging, testing a program­
mable memory range for bad memory locations, 
changing the display and input base of numbers, 
displaying the contents of memory, searching for a 
specified string, copying a range of bytes from one 
location in memory to another, and defining the loca­
tion to which control will transfer upon receipt of an 
interrupt This is a PAPERBYTE™ book. 

ISBN 0-931718-06-6 
Author: Don Peters 
Pages: 88 
Price: $5.00 

BAR CODE LOADER. The purpose of this pamphlet 
is to present the decoding algorithm which was de­
signed by Ken Budnick of Micro-Scan Associates at 
the request of BYTE Publications, I nc., for the PAPER­
BYTE™ bar cocie representation of executable code. 
The text of this pamphlet was written by Ken, and 
contains the general algorithm description in flow 
chart form plus detailed assemblies of program code 
for 6800, 6502 and 8080 processors. I ndividuals with 
computers based on these processors can use the 
software directly. Individuals with other processors can 
use the provided functional specifications and detail 
examples to create equivalent programs. 

ISBN 0-931718-01-5 
Author: Ken Budnick 
Pages: 32 
Price: $2.00 

--------------------------------
BYTE BOOKS Division • 70 Main Street • Peterborough, New Hampshire 03458 

Please send the books I have checked. 
D Computer Music $10.00 D Simulation $6.00 
D SUPERWUMPUS $ 6.00 D RA6800ML $25.00 
D Tiny Assembler (3.1) $ 9.00 D Link68 $ 8.00 
D Circuit Cellar $ 8.00 D TRACER $6.00 
D BASEX $ 8.00 D Mondeb $ 5.00 
D Program Design $ 6.00 D Bar Code Loader $ 2.00 
D Check enclosed D Bill Visa D Bill Master Charge 

Card No. Exp. Date ___ _ 

Name Title 

Street City State/Province 

$ __ Total Books 

Add 6 Oq; per book 
$ __ Postage/Handling 

$ __ Grand Total 

Company 

Code 

I I I I I I I I I I I 
'--------------------------------1 

1 04 BYTE July 1 9 79 Circle 36 on inquiry card. 
· 



Kurt Schmucker 
Mathematician 
Dept of Defense 
Washington DC 
20755 

. -

The 
Mathe mati cs 
of Co m p u ter  
A rt 

I ntroduction 

Computer scientists and personal com­
puter enthusiasts have a great appreciat ion  
of  the beauty and form of  art. They often u se 
the too ls  of their trade, the computer and 
its associated peripheral devices, to create 
works of art. These works express part icular, 
somewhat algorithmic and mathemat ical 
tastes in art forms. Since the late 1 960s the 
use of computers and computer contro l l ed 
devices for the generat io n of this artwork 
(often in three d imensions) has been fi rml y  
establ ished. (See references 3 ,  4 ,  8, 9, and 
1 4. )  A great port ion of th is artwork has 
rel ied heav i ly on  the computer's ab i l ity to 
precisely man ipu late numerical quant ities 
to produce drawings or scul ptures that ex­
press complex mathemat ical relat ionships. 
Drawings in this category incl ude figures 
which show the relat ionsh i ps between the 
phase, ampl itude, and period s  of d ifferent 
trigonometr ic functions; graphs of functio ns 
of two or m ore variables ;  and m oire patterns 
that can express complex relat io nsh ips b y  
interaction between fami l i es o f  s im i lar s im­
p le  curves (see reference 1 3) .  

Th i s  is not to  say that a l l  or even the  
majority of  computer art i s  i nherently math­
emat ical. Two of the latest crazes in com­
puter art, the recreat ion of natural scenes 
and the random ly drawn picture (cal led 
' ' contro l led serend ipity" by one artist i n  
reference 1 1  ) ,  are in essence non mathe­
matical. This art icle, however, . w i l l  b e  

concerned on ly w ith those figures wh ich 
have mathematics as their basis. 

Among figures wh ich re ly heav i ly  on  
mathematics, two c.lasses can eas i ly b e  sepa­
rated . One class is d ist ingu ished by the  fact 
that it is precisely the equat ions  themse lves 
wh ich g ive the figures beauty and appea l .  
Whi le even the mathematical l y  un in itiated 
can perceive the beauty of these fo rms, on ly 
those who understand the under ly ing mathe­
matics can fu l ly appreciate the plots. So me 
examples of this c lass are the end less variet ies 
of l issajous figures (see references 2 and 6) ,  
and two other famous trigo no metrical ly  
based p lots, "S ine  Curve Man" (shown in 
figure 1 ;  see reference 1 5 ) and "Christmas 
Wreath" (see reference 1 ). The beauty of 
"Sine Curve Man " is in part due to the undu ­
lating sine curves, d ifferences in  the phase 

About the Author 

Figure 7: "Sine Curve 
Man " by Charles Csuri and 
james Shaffer, a trigono­
metrically based plot. Re­
printed with permission 
from Computers and Auto­
mation,. A ugust 7967, 
Copyright 7967 and pub­
lished by Berkeley Enter­
prises Inc, 875  Washington 
St, Newtonville MA 02760. 

Kurt j Schmucker has been employed as a mathematician at the 
Department of Defense in Washington DC since 7974. He has ma�ters 
degrees from both Michigan State University and johns Hopkins Uni­
versity. He is now an advanced special student in the Computer Science 
Department at the University of Maryland and an assistant pr(!)fessorial 

· tecturer in computer science at George Washington University. Mr 
Schmucker's current interests are in natural language processing and 
computer graphics. 

Mr Schmucker is the author of "The Computers of Star Trek, " 
which appeared in the December 7977 BYTE. 
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between the d ifferent curves, and the varia­
tion in the ampl itudes. These form the 
mathematical base for the figure .  

The other class of figures rel i es on mathe­
matics not for the posit ion ing of the actual 
l ines but  fo r the mean ing or the importance 
of the result ing total p lot. For these figures, 
the actual eq uations which are p lotted are 
not as important as the relationships which 
are revealed . Some examp les of this class are 
moire patterns and projection p lots of mu l ti­
d imensional figures (see reference 1 2) .  

An example of a moire figure i s  shown i n  
figure 2 .  Notice that the  l ines i n  this figure 

Figure 2: Moire figure, an 
interference pattern be­
tween regularly spaced 
radii of two circles. 
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are nothing more than regular ly spaced rad i i 
of two circles - l ines whose equatio ns are 
easi l y  determi ned . What is fascinat i ng is the 
complex i nterference pattern, a pattern 
which can express complex rel at ionships 
between those l i nes. I n  th is  artic le, these two 
cl asses of figures w i l l  be d iscussed by  ex­
amin ing in detai l one  example of each. 

Crest 

An example of a computer generated fig­
ure wh ich rel ies on complex mathematical 
re lationships for its beauty is the crest, 



shown in figure 3 (see reference 5) .  Wh i l e  
the beauty of th i s  figu re can be  appreciated 
without examin ing its mathematics, a more 
complete understand ing i s  necessary in ord er 
to reproduce it on a different computer  or  to 
fu l ly  comprehend the comp lexity of the 
figure. One can eas i ly examine figure 3 and 
determine by its symmetry the d ecomposi­
tion  which is shown in figure 4. 

The basic un it of fig ure 3 is shown in fig­
ure 5. If the equat ions which generate the 
basic unit  can be found, then the entire fig­
ure can be generated by appropriate ly ma­
n ipu lating these equations. I n  an analys is of 
the unit in figure 5, one can see that the 
equat ion  of the outer envelope of l ines i s  the 
on ly  portion of real importance. An examina­
tion of this curve br ings to mind the spira l s  
stud ied when one first encounters the use 
of po lar coord inates. There are a number of 
different k inds of such sp ira ls, most notab ly  
the spiral of Arch imed es, the parabo l i c  sp i ra l ,  
and the logarithm ic spi ra l .  By comparing the 
graphs of these spi ra ls to figure 5 it can be 
seen that the logarithmic  spiral c lose ly ap­
proximates the d es i red curve. Recal l that a 
logarithmic spiral (shown i n  figl)re 6) has an 
equation of the form r = ae-8 / b , where a 

and b are positive real numbers. By a suit­
ab le cho ice of the constants a and b, along 
with some transformations appl ied to the 
equat ions of two such spirals, we wi l l  be 
ab le to obtain the eq uat ion of the d es ired 
envelope. 

To find the equation of th is envelope, the 
graph of the l ogarithmic spiral m ust be ro­
tated, translated, and reflected . The fact th at 
the curve is usual ly expressed in pol ar form 
s impl ifies th is  task considerably .  A l l  th ree of 
these transformations can be expressed 
m uch more easi ly in that system than in 
Cartesian coord inates. Figure 7 shows the 
result ing graphs and their equations as the 
graph of the sp iral i s  progress ively reflected 
about the y axis, rotated clockwise by 60° , 
and trans lated .  

Superimposing the graph of: 

x = -ae-8/b cos{8 - 1T/3) + a  cos 1T/3 

y = ae-8/b s in (8 - 1T/3) + a  sin 7T/3 

upon the las t  portion of figure 7, the graph 
in figure 8 i s  obtained, which i s  precisely the 
desi red envelope. 

Text continued on page 7 70  

Except where noted 
I l lustrations by: 

Alexander A Ames 
Systems Analyst 
Dept of Defense 
Washington DC 
20755 

A COM PLETELY REFURBISHED "SELECTRIC" ASCII 
TERMINAL FOR THE SMALL BUSINESSMAN OR SERIOUS HOBBYIST. 

The AJ 841 1/0 terminal. 
Now available from dealers nationwide. 

Demand for our AJ 841 1 /0 computer terminal has 
been great. And now it's getting even g reater. So call your 
local computer shop dealer right away. Supply is l imited ! 
You may never have another opportunity l ike this one to buy 
your own professional terminal . 

Circle 9 on inquiry card. 

The AJ 841 features : 
• Choice of serial RS 232 or paral lel  interface 
• ASCI I  code 
• 1 4. 9  cps printout 
• High quality Selectric printing 
• Heavy-duty Selectric mechanism 

Off-l ine use as typewriter 
• Documentation included 
• 30-day warranty on parts and labor (details avai lable 

on request) 

Call toll-free now 
For location of your nearest AJ dealer, call toll-free: 

800 I 538-9721 
California residents call 408/263-8520 . 

.-=w ANDERSON � JACOBSON 
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0 Software/ 
RESEARCH � with Manual DIGITAL _Manual Alone 

0 CP/M* FDOS - Diskette Operating System complete with 
Text Editor, Assembler, Debugger, File Manager and system 
utilities. Available for wide variety of d1sk systems mcludmg 
North Star, Helios I I ,  Micropolis, iCOM (all systems) and Altair. 
Supports computers such as Sorcerer, Horizon, Sol System I l l ,  
Versatile. Altair SSOO, COMPAL-SO, DYNABYTE DBS/2, and 
iCOM Attache. Specify desired configuration . . . . . $145/$25 

0 MAC - SOSO Macro Assembler. Full Intel macro definitions. 
Pseudo Ops include RPC, IRP, REPT, TITLE, PAGE, and 
MACLIB. Z-SO library included. Produces Intel absolute hex 
output plus symbols file for use by SID (see below) $100/$15 

0 SID - SOSO symbolic debugger. Full trace, pass count and 
break-point program testing system with back-trace and histo­
gram utilities. When used w1th MAC, prov1des full symbolic 
display of memory labels and equated values . . . . . .  $85/$15 

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

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

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

0 FORTRAN-SO - ANSI '66 (except for COMPLEX) plus 
many extensions. Includes relocatable object com�lier, linking ����) libr�ry

. �ith
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0 COBOL-80 - ANSI '74 Pseudo-compiler with relocatable 
object runtime package. Format same as FORTRAN-SO and 
MACRO-SO modules. Complete /SAM, interactive ACCEPT/ 
DISPLAY, COPY, EXTEND . . . . . . . . . . . . . . . . . . . .  $625/$25 

0 MACR0-80 - SOSO/ZSO Macro Assembler. Intel and Zilog 
mnemonics supported. Relocatable linkable output. Loader, 
Library Manager and Cross Reference List utilities included 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $149/$15 

0 MACR0-80 plus FORTRAN subroutine library available. Li­
brary includes ASS, SIGN, EXP, DLOG, SORT, DSQRT, 
ATAN, DATAN etc. etc . . . . . . . . . . . . . . . . . . . . . . . . .  $219/$1 5  

0 EDIT-80 - Very fast random access text editor for text with or 
without line numbers. Global and intra-line commands sup-
ported. File compare utility included . . . . . . . . . . . . . .  $89/$15 
XITAN (software requires Z-80 CPU) 

0 Disk BASIC - Fast powerful interactive interpreter. PRI­
VACY password security. Can dynamically open a large 
number of files simultaneously for random or sequential 1/0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 59/$20 

0 Z-TEL - Text editing language. Expression evaluation itera­
tion and conditional branching ability. Registers available for 
text and commands. Macro command strings can be saved on 
disk for re-use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $69/$20 

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

0 LINKER - Link-edits and loads ASM modules . . .  $69/$20 · 
0 Z-BUG debugger - Trace, break-point tester. Supports dec­

imal, octal and hex modes. Dissassembler to ASM mnemonic 
set. Emulation technique permits full tracing and break-pomt 
support through ROM . . . . . . . . . . . . . . . . . . . . . . . . . . .  $89/$20 

'CP/M is a trade name of Digital Research 
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Software/ 
with Manual 

Manual Alone 

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

0 Super BASIC - Sub-set of Xitan Disk BASIC with extensive 
arithmetic and string features but without random access data 
file support. Available optionally with features to support VDB 
Xitan video output board . . . . . . . . . . . . . . . . . . . . . . . .  $99/$20 
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0 A3+ package includes Disk BASIC, Z-TEL, TOP, ASM, 

Z-BUG and Llt'JKER . . . . . . . . . . . . . . . . . . . . . . . . . . .  $409/$40 
MICROPRO 

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

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

0 Super Sort Ill - As II without SELECT/EXCLUDE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 50/$25 
0 Word Master Text Editor - In one mode has super-set of 

CP/M's ED commands including global searching and replac­
ing, forward and backwards in file. In video mode, provides full 
screen editor for users with serial addressable-cursor terminal 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 50/$25 

Corresponder - Mail list system, supporting torm letter 
generation with personalized greetings. Reference fields per­
mit sorting and extraction by name, address fields or reference 
data using Super Sort. Requires CBASIC . . . . . . . . .  $95/$25 
SOFTWARE SYSTEMS 
CBASIC-2 Disk Extended BASIC - Non-interactive BASIC 
with pseudo-code compiler and runtime interpreter. Supports 
full file control, chaining, integer and extended precision var­
iables etc. Version 1 users can receive Version 2 and new 
manual for $45 with return of original diskette. Standard CP/M 
and TRS-SO CP/M versions available . . . . . . . . . . . . .  $90/$1 5  
STRUCTURED SYSTEMS GROUP 

0 General Ledger - Interactive and flexible system providing 
proof and report outputs. Customization of GOA created inter­
actively. Multiple branch accounting centers. Extensive check­
ing performed at data entry for proof, GOA correctness etc. 

· Journal entries may be batched prior to posting. Closing pro­
cedure automatically backs up input files. All reports can be 
tailored as necessary. Requires CBASIC . . . . . . . . .  $899/$20 
Accounts Receivable - Open item system with output for 
internal aged reports and customer-oriented statement and bill-
ing purposes. On-Line Enquiry permits information for Cus­
tomer Service and Credit departments. Interface to General 
Ledger provided if both systems used. Requires CBASIC 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $699/$20 

0 Accounts Payable - Provides aged statements of ac­
counts by vendor with check writing for selected invoices. Can 
be used alone or with General Ledger and/or with NAD. Re-
quires CBASIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $699/$20 

0 NAD Name and Address selection system - interactive mail 
list creation and maintenance program with output as full re­
ports with reference data or restricted information for mail 
labels. Transfer system for extraction and transfer of selected 
records to create new files. Requires CBASIC . . . . .  $79/$20 

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



Software for most popular 8080/Z80 computer disk systems, including 
NORTH STAR, MICROPOLIS, iCOM, SD SYSTEMS, DYNABYTE DB8/2, 
HEllOS, ALTAIR, TRS-80, 8 "  IBM and OHIO SCIENTIFIC formats .  

with Manual 
Manual Alone 

Software/ 
GRAHAM-DORIAN SOFTWARE SYSTEMS 

0 PAYROLL SYSTEM - Maintains employee master file. 
Computes payroll withholding for FICA, Federal and State 
taxes. Prints payroll register, checks, quarterly reports and W-2 
forms. Can generate ad hoc reports and employee form letters 
with mail labels. Requires CBASIC. Supplied in source code. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $605/$35 
0 APARTMENT MANAGEMENT SYSTEM - Financial 

management system for receipts, disbursements and security 
deposits of apartment projects. Captures data on vacancies, 
revenues, etc. for annual trend analysis. Daily report shows 
late rents, vacancy notices, vacancies, income lost through 
vacancies, etc. Requires CBASIC. Supplied in source code. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $605/$35 

0 INVENTORY SYSTEM - Captures stock levels, costs, 
sources, sales, ages, turnover, markup, etc. Transaction in­
formation may be entered for reporting by salesman, type of 
sale, date of sale, etc. Reports available both for accounting 
and decision making. Requires CBASIC. Supplied in source 
code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $605/$35 
OTHER 

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

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

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

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

• • 

Software/ 
with Manual 

Manual Alone 

0 WHATSIT? - Interactive data-base system using associa­
tive tags to retrieve information by subject. Hashing and ran­
dom access used for fast response. Requires CBASIC 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $125/$25 
0 XYBASIC lnt�ractive Process Control BASIC - Full disk 

BASIC features plus unique commands to handle bytes, rotate 
and shift, and to test and set bits. Available in Integer, Ex­
tended and ROMable versions. 
Integer Disk or Integer ROMable . . . . . . . . . . . . . . . .  $295/$25 
Extended Disk or Extended ROMable . . . . . . . . . . . $395/$25 

0 SMAU80 Structured Macro Assembled Language - Pack­
age of powerful general purpose text macro processor and 
SMAL structured language compiler. SMAL is · an assembler 
language with IF-THEN-ELSE, LOOP-REPEAT-WHILE, DO-
END, BEGIN-END constructs . . . . . . . . . . . . . . . . . . . .  $75/$1 5  

0 Selector I I  - 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 

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

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

0 Flippy Disk Kit - Template and instructions to  modify sin­
gle sided 5V4'' diskettes for use of second side in singled sided 
drives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $9.75 

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

I 1n. 
0 TRS-80 FORTRAN PACKAGE - Professional disk­

based language and utility package written by Microsoft, 
creators of Level II BASIC, the package runs on a TRS-80 
system with 32K RAM, one or more drives and TRSDOS. The 
software is supplied on diskettes and consists of a relocatable 
machine code FORTRAN Compiler, Macro Assembler, a Lmk-
ing Loader, Subroutine Library, Text Editor . . . . . . . . . . .  $325 
Macro assembler, loader and editor alone . . . . . . . . . . . . $165 

Lifeboat Associates 2248 Broadway New York N Y  1 0024 (21 2) 580.0082 ' 

Software Price 

D manual alone 

0 manual alone 

0 Check 0 U.P.S. COD 0 Visa 0 Master Charge Shipping 

Account # Exp. Date $ 1.00 for C.O.D. 

Signature 
Total 

My computer configuration (specifying disk system): 

Name 

Address (No P.O. Box) 

City State Zip 

EFFECTIVE APRIL 1 5, 1979 •� IThe Software Supermarket is a trademark of Ufeboat Associates 

Disk systems a n d  for­
mats: North Star single or 
double density, IBM 
single or 20/256, Altair, 
Hefios II, Micropofis Mod I or II, 5V• "  soft sector 
(Micro iCOM/SD Sales/ 
Oynabyte), etc. 

Add $1 litem shipping ($2 
min.). Add $1 additional 
for UPS COD. 
Manual cost applicable 
against price of subse­
quent software pur­
chase. 

The safe of each pro­
prietary software pack­
age conveys a license 
for use on one system 
only. 
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Figure 3: "Crest. " This figure is composed of fundamental units shown in 
figure 5, and the author's algorithm is explained in the text. 

/ / / 

Figure 4: Decomposition of crest in figure 3. 
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Text continued from page 107: 
By redoing this work i n  rectangular coor­

d inates, we can see how m uch easier it is to 
man ipu late these equations in the polar co­
ord inate system. The reflected, rotated, and 
translated coord inates of a po int (X,Y) can 
be calcu l ated with the matrix equation 
which i s  cal led a i n  table 1 .  

Substituting the specific values needed to 
repeat the previous work and m ul tip ly ing 
the three 3 by 3 matrices together, we ob­
tain equation b in table 1 .  This i s  the same 
resu l t  obtai ned earl ier .  

I t  is now a trivial matter to obtain the 
l i nes in figure 5 by d rawing  chords between 
points selected equ iangularly along each of 
the two curves .  One can extend , this by 
s imi lar mod ifications to the equation r = 
ae-elb to obtain the crest in figure 3. The 
constants a and b determ ine the s ize of the 
resu l t ing p lot and the curvature of each of 
the s ix "leaves" respectively .  

The D issected Square 

The plot in figure 9 is not too d ifficu lt  
to understand at first glance (see reference 
7 ) .  I n  essence i t  is a set of concentric squares 
with the area between the squares d ivided 
into smal ler  squares. Postpon ing the detai led 
d iscussion u nti l  later, the figure can be con­
structed in  the fol l owing manner: given a 
square with a s ide of length X, construct 
a concentric sq uare with a smal ler s ide of 
length Y. The val ue of  Y i s  determ ined by X 
in a manner to be explained l ater, but  note 
that Y < X. Extend the s ides of the smal ler 
square unti l  they meet the edges of the 
square of s ide X. The intermed iate resu lt  is 
shown in figure 1 0. Divide the shaded 
regions i nto squares. ( I t  wil l be  shown that 
th is is always poss ib le  when X and Y are 
chosen carefu l ly .) At this point, consider the 
square of s ide Y to be the outer square and 

Figure 5: Fundamental 
building block of the crest 
figure. The form of the 
curves resembles a loga­
rithmic spiral. 



The 
Software 
Company 

TfZchnical SyltfZml Con1ultant1, Inc. 
6800 & 8080 Text Processing 
TSC's Text Editing System and Text 
Processing packages, available for both 
6800 and 8080, can turn your micro into 
a very powerful word processing system. 
Two steps are involved. First you edit a 
file to say what you want without 
worrying about justification, pagination, 
etc. The TSC editor is a very powerful 
line and content oriented editor which 
may be used for this purpose. 

The second step is to "process' the 
edited file. The TSC text processor 
reads the edited file and outputs it to a 
printer with right justification, 
pagination, page numbering and titling, 
indenting, margin control, title 
centering, and much more. Macros may 
be written in the text processor 
commands which allow complex 
operations such as footnotes, form 
letters, or almost anything imaginable. 

Price includes manual with printed 
source listing and object code on tape 
or disk. 

6800 Text Editing System 

SL68-24C w/cassette 
SL68-240 w/mini FLEX'" disk 
SL68-24F w/8" FLEX'" 1.0 disk 

8080 Text Editing System 

SL80-10P w/paper tape 
SL80-10F w/8" CP/M'" disk 
SL80-100 w/5" HS CP/M'" disk 

6800 Text Processing System 

SL68-29C w/cassette 
SL68-290 w/mini FLEX'" disk 
SL68-29F w/8" FLEX'" 1.0 disk 
SL68-29F2 w/5" FLEX'" 2.0 disk 

8080 Text Processing System 

SL80-11 P w/paper tape 
SL80-11F w/8" CP/M'" disk 
SL80-110 w/5" HS CP/M'" disk 

Circle 363 on inquiry card. 

$30.45 
$31.50 
$50.00 

$37.50 
$40.00 
$40.00 

$38.95 
$40.00 
$75.00 
$65.00 

$41.00 
$50.00 
$50.00 

FLEXTM Software 
The FLEX'" disk operating system is 
rapidly becoming the standard of 6800 
disk users. It's powerful capabilities and 
ease of use make it a natural choice for 
any application from the most minimal 
hobbyist system to the most complete 
industrial development system. 

FLEX'" for SWTPC and SSB 
SWTPc mini floppy users can now 
upgrade to FLEX'" 2.0, the same version 
of FLEX'" as found on the SWTPc 8" 
disk system. Simply add 8K of memory 
at $AOOO and boot up from a FLEX'" 2.0 
disk. Also available for Smoke Signal 
disk users in a mini floppy version 
(FLEX'" 2.0) and a full sized version 
(FLEX'" 1.0). Includes TSC editor and 
assembler on disk. All manuals also 
supplied (no source listings). 

FX02-SWT FLEX'" 2.0 for 
5" SWTPc $75.00 

FX02-SSB FLEX'" 2.0 for 5" SSB $90.00 
FX01-SSB FLEX'" 1.0 for 8" SSB $100.00 

Sort/Merge Package 
Sorts any type file according to 
parameters you supply. Files too large 
to fit in memory are automatically split 
up, individually sorted, and merged into 
one output file. Accepts fixed or 
variable length records, up to 20 
ascending or descending keys, non­
ASCII sequence sorts, and much more. 
No source listing. Specify mini FLEX'", 
FLEX'" 1.0, or FLEX'" 2.0 

AP68-10 6800 Sort/Merge 
Manual Only 

FLEX'" Utilities 

$75.00 
$15.00 

Complete set of 36 additional utilities 
ranging from memory dump to disk 
diagnostics. Includes printed manuals 
and source listings with object code 
AND source listing on disk. 

UV1-60 
UV1-6F 
UV1-6F2 

w/mini FLEX'" disk $99.95 
w/8" FLEX'" 1.0 disk $124.95 
w/5" FLEX'" 2.0 disk $119.95 

TSC BASIC for 6800 
The fastest floating point BASIC 
interpreter for 1illY 8 bit microprocessor. 
Features include six digit floating point 
math, full transcendental functions, 
unlimited string length, if/then/else 
construct, logical operators, and 
two-dimensional arrays including 
string arrays. 

FLEX'" disk versions support random 
as well as sequential access files (the 
mini FLEX'" version has only sequential). 
Random files accessed by true record 
1/0 or by virtual arrays. Disk version 
also allows TRACE, a renumber facility, 
ON ERROR GOTO, PTR for obtaining 
the address of a variable, CHAIN, and a 
very powerful method of printing to any · 

type and number of output devices. 
SAVE and LOAD commands produce 
FLEX'" compatible files which can be 
externally edited while a COMPILE 
command places an unreadable, 
compressed form of the source on disk 
which can only be executed by RUN. 
This feature permits the distribution of 
proprietary BASIC programs. 

Cassette version runs in a minimum of 
12K, disk version should have at least 
16K. No source listing is included. 
AP68-11C w/casette $39.95 
AP68-110 w/mini FLEX'" disk $49.95 
AP68-11 F w/8" FLEX'" 1.0 disk $59.95 
AP68-11F2w/5" FLEX'" 2.0 disk $54.95 

All orders should include 3% for postage 
and handling (8% on foreign orders). 
Send 25¢ for a complete software 
catalog. 

Technical Systems 
Consultants, Inc. 
Box 2574 W. Lafayette, IN 47906 

"CP/M'" is a registered trademark of Digital Research 
FLEX'" is a trademark of Technical Systems 
Consultants. Inc. 
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Figure 6: Logarithmic spiral with equation of form r = ae -B/ b using polar 
coordinates. 

x = ae-8/b cos(8) 

y = ae-8/b sin (8) 

x = - ae-B/bcos (8+,. /3) +a cos ( ,./3) 

y = ae-8/bsin(8+,./3)+asin(,./3) 

x = -ae-81b cos (8) 

y = ae -8/b sin (8). 

x = -ai81b cos !8+,./3 l 
y= ae8/bsin (8 + ,./3) 

Figure 7: Graphs and equations of a logarithmic spiral as it is reflected ab out 
they ax.is, rotated clockwise by 60°, and translated. 

Figure 8: Superimposition of graph of: x= -ae-fJ/b cos(8- TT/3} +a cos TT/3; 
and y= ae-fJ/b sin(8 - TT/3} + a sin TT/3; which yields the desired envelope 
shape. 
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begin again by choosing a suitable Y' where 
Y' < Y. This process is terminated when Y' 

assumes a certain specified value. What is 
significant about this plot, however, is the 
mathematics that it represents. This figure 
proves the following theorem: 

n 

L i3 

i = 1 
= ( � i ) 2 

i = 1 

for all positive integers, n (an offshoot of the 
theorem of Nicomachus) for the case n = 26. 

To see this, it is easier to examine the 
associated figure for a smaller n than 26, say 
n = 6 (see figure 11 ). If the smallest squares 
in the center of the figure are taken as unit 
squares, then the area of the large square can 
be calculated in two different ways. In the 
first way, the lengths of two sides can be 
multiplied. Since we are dealing with squares, 
any two sides can be used. The left side is of 
length 6(6 + 1) or in general n(n + 1 ), as can 
be seen by considering the shaded squares 
which lie along the left side. The length of 
the opposite side can be calculated by con­
sidering the shaded squares which extend 
diagonally from the center to the right side 
to obtain: 

b = 2(6 + 5 + 4 + 3+ 2 + 1) 

or in general: 

n 

b=2 Li 
i = 1 

Therefore the area of the square is: 

ab = 6 ( 6 + 1 ) X 2 ( 6 + 5 + 4 + 3 + 2 + 1 ) 

or in general: 
n 

ab = n(n + 1) X 2 L i = 4 
i = 1 

However, the area of the square can also 
be calculated by summing the areas of all the 
component squares. There are four squares 
of area 1, eight squares of area 4, twelve of 
area 9, etc. Therefore the area of the large 
square is: 

4X1X12 + 4X2X22 + 4X3X32 + 4X4X42 

+ 4X5X52 + 4X6X62 

or in general: 

n 

4 L i3 

i=1 



By equating these computations of area, the 
des i red theorem i s  obtained. 

In d rawing th is  figure, one need on ly  
choose an X of the form n (n + 1 )  for the s ide  
of the  largest sq uare, where n i s  an integer 
greater than 3 .  The sides of the i n ner squares 

a [x' y' 1 ) 
new 
point 

b [x' y ' 1 ]  
[x y 1 ]  

old 
point 

[-1 0 O J [c
.
os -y -sin -y OJ [ 1 0 OJ 0 0 Sin "( COS "( 0 0 0 0 0 1 0 0 1 Tx Tv 1 

reflection rotation 
by 'Y 

translation 

[ r cos o r sin o 1 ]  sin rr/3 cos rr/3 0 [-cos rr/3 sin rr/3 OJ 
a cos rr/3 a sin rr/3 1 

[ -r cos(O + rr/3) + a  cos rr/3 r s in(O  + rr/3) + a  sin rr/3 1 ] 
[ -ae-O/b cos(e + rr/3) + a  cos rr/3 

ae-O/b s in (O  + rr/3) + a  sin rr/3 1 ]  
Table 7 :  Matrix equatipn a reflects, rotates, and translates. coordinates of a 
point (X, Y). Matrix equation b has substituted in it the specific values needed 
to repeat the earlier equations. We obtai(? the same result. 

I I I I I I I I I I I I I I I I I I I I 11 11 11 11 11 11 1  I I I I I I I I I I I I I I I I I T I I I I I I I I 
f- I I I I I I I f-1-----e-f--- f---1-----_f--- -e-1-----f.-}- f-)-f--- 1-- \-
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Figure 9:  Dissected square, a set of concentric squares with the area between 
the squares divided into smaller squares. 

Thousands of  users know the 
I thaca Audio S imple U pgrade™ as 
the best memory expansion available 
-- and with good reason.  

Our  c lear, concise, step-by-step 
i nstruct ions and i l l ustrat ions make 
u pgrad ing  a snap. J u mpers are 
packaged j ust as they appear i n  the 
d iag rams, no h u nt ing for the correct 
part. 

Fu l ly-tested RAMs and prepro­
g rammed shunts provide a kit that 
works the "fi rst t ime." In fact, a 
S i mple Upgrade i s  the on ly  memory 
expansion that req u i res no cutti ng or 
customiz ing to i nstal l .  

Each kit has a 1 00% g uarantee; if a 
part ever fai ls we replace it absolutely 
free. No other manufacturer has the 
confidence to offer that k ind of war­
ranty and support. 

Now the best gets even better: the 
S i mple Upgrade is just $1 1 9.00. 

The fu l l  l i ne  of Upgrades is avail­
able nationwide at Computerlands, 
Byte Shops and independent compu­
ter retai lers. 

For the name of the dealer nearest 
you ,  contact: 

ITHACA 
AU D I O  
P.O. Box 91 
Ithaca, New York 1 4850 
(607) 257-0190 

Circle 1 90 on i nq u i ry card. 
TRS-80 is a registered trademark of Tandy Corp. 

Apple II is a registered trademark of Apple Computer Inc. 

Sorcerer is a registered trademark of Exidy Inc. 
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Figure 7 0: A square with sides of length X 
has constructed within it a concentric square 
with sides of length Y. The sides of the 
smaller square are extended until they meet 
the edges of the square of side X. The 
shaded regions are next divided into squares. 

Figure 7 7 :  Dissected square for n = 6. The left side is of length 6(6+7 ). 
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Figure 12�· Two plotting procedures for a square with vertices ABCD. The 
smallest amount of pen motion occurs at left when plotting begins at point 
A with consecutive drawing movements to B, C, D, and then back to A. In 
this method the length of nondrawing moves is 0. 

A t  right is seen a non optimal plotting scheme. Starting at A, the pen 
draws to B, a nondrawing move is made to point D, the pen draws from D to 
C and then to B, a move is made to A, and then pen draws from A to D. 

1 1 4 July 1 9 7 9  © BYTE Publications Inc 

are also numbers of th is form, obtai ned by 
decrementing  n by 1 for each successive 
new square. When Y ' =  2, th e last two l i nes 
are drawn, complet ing the figure .  This choice 
of X and Y always al l ows the shaded areas of 
figure 10 to be decomposed into squares, 
as they are al l  rectangles w i th one s ide of 
length n and the other of n (n - 1 ) .  A rec­
tangle with these proportions is d issectib le  
in to (n - 1 )  sq uares of s ide n.  

Plotting  Considerations and Implementation 

In  deve loping the software to produce 
these d rawings, the logic used to understand 
the generation of the figu res was extended 
i n to the implementation of the code. Al­
though this so lution to the prob lem works, 
it turns out to be gross ly inefficient in con­
struction and p l otting time. · 

These figures are best p lotted on a h igh 
speed incremental p lotter us ing i n k  rather 
than a bal lpo int  pen. The use of i n k  in p lot­
t ing immed iate ly causes a 50% reduction in 
p lotting speed in order to avoid smears on 
the final plot. Th is  and the h igh density of 
l i nes requ i red to produce an aesthetical ly  
p leasing p icture resul ted in an average plot 
t ime of two hours per figure. 

With these two considerations in mind, 
it became desirable to optim ize the required 
p lot time by min im izing pen movement. I n  
t he  plotting of  figures l i ke those above, the 
total pen movement is comprised of the 
movement used to reposit ion the pen prior 
to the d rawing of a new l ine ( i e :  when the 
pen tip is in the up  posit ion ) and the actual 
d rawing of the l ine  ( i e :  when the pen tip is 
in the down posit ion, that is, is in contact 
with the pl otting surface and is drawing) . 
Wh i l e  the total length of the "draws" ( i e :  
when the  pen t i p  is down and  d rawi ng) i s  
fixed for any given figure, t he  l ength of  the 
"moves" is variable. The total plot time can 
be d im in ished by m i nim izing these moves. 

Consider the plotting of a square whose 
vertices are ABCD (see figure 1 2) .  Let us 
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You want speed? Except for the Heath HB board, every 
Econoram * runs trouble-free with 4 MHz systems. You 
want low power? We use low power static parts exclu­
sively, which means our maximum guaranteed current specs 
are often lower than the typical current specs of our competi· 
tors. You want low cost? Our volume purchasing and 
technical know-how keeps our products price-competitive with 
boards that do a whole lot less. You want it now? Not only 
do we stock what we advertise, but many computer stores 
both nationwide and overseas stock much or all of the 
Compu Kit•m line. 

You want a choice of confi g u rations? For lowest 
price buy an " u n kit", with sockets and bypass caps pre­
soldered in place for easy assembly; specify assembled 
and tested boards when you can't wait to get up and run­
ning; and if you're dealing with critical applications-like ac­
counting or medical applications-check into the boards 
qualified under our high-reliability Certified System Com­
ponenrcsc) program. These boards are burned in for 200 
hours minimum and are immediately replaced in the event of 
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You want rel iable, cost-effective operation? That's 
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. • include EROMs. Special i ntroductory price through August 1 ,  • :::c• As written u p  i n  the Apr i l  .79 issue o f  Kilobaud Microcomput- • • 1 979: $69.95. After that, the price goes up to the normal $85 . . .  • o• ing. Our m uch i mitated design plugs into any S-1 00 mother- • • don't say we d idn 't warn you. • C • board to reduce r ing ing,  crossta lk ,  noise, and other buss- • I POPULAR ICs AT POPULAR PRICES lc=l related problems. • • Low power 21 02s for 2 MHz systems on specia l :  1 0/$9.90. •n• S-1 00  MOTHERBOARDS • • 1 791 MOS LSI dual  density d isc contro l ler from Western Digi- •-l• 1 1  slot unkit: $90. 18 slot unkit: $1 24. Each mother- • • tal :  $59 with  p i nout and data. 1 771 single density controller: •(I)• board inc ludes a l l  edge connectors wave-soldered i n  place f o r  • • $22.50. A l l  parts are offered on a w h i le-they-last basis. • • • • easy assembly, i ntegral active ter m i n ation ci rcuitry, extra w ide • • • • power and ground traces, and m u c h  m ore. • 

TERMS: Allow 5% shipping,  ex­
cess refunded. Cal res add tax. 
VISA"'/Mastercharge"' call our 24 
hour order desk at (415) 562-0636. 
COD OK with street address for 
UPS (COD charge applies). Prices 
good through cover month of 
magazine. Orders under $15 add 
$1 handl ing.  

Circ le 1 50 o n  inqu i ry card. 

FREE FLYER: We'll be glad to 
tell you more than the space of 
this ad permits. Just send your 
name and address, we' l l  take 
care of  the rest. If  you're i n  a 
h u rry, enclose 41'  in stamps for 
1 st class del ivery. 
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Figure 7 3: A simple plot 
for which the best possible 
plotting scheme includes 
some nondrawing pen 
moves. 

assume that vertex A is the ongm of the 
p lot. Clearly, the smal l est amount  of pen 
movement  possi b le i s  4s, where s i s  the 
l ength of the side of the square. The value  of 
4s i s  obtained when the p lotting begins at 
point A ( i e :  the origin) with consecutive 
d raws to B,  C, D, and then a final d raw to A. 
In this case the length of the moves is 0. A 
nonoptimal p lotting scheme for th is figure 
wou ld  be to start at A, and then d raw to B, 
move to D and d raw to C and then to B, 
move to A and then draw to D. The total 
pen movement for this scheme is 5s + 
....;2s, where again s is the l ength of the 
square. I t  shou l d  be cl ear that there is no 
upper l im i t  on the total pen movement, 
as the moves have no effect on the resu lt ing 
p lot  and can be increased without bound.  

Unfortunate ly ,  i t  i s  not always poss ib le  
to fin d  a plotting scheme i n  which the length 
of the pen moves is 0. A s imple p lot for 
which the best poss ib le  p lotting scheme in­
cl udes some moves i s  shown in  figure 1 3 . 1 :· 
s is the s ide of the square, the best poss ib le 
plotting scheme has a to tal pen movement 
of 5s + 2 .J2s (see reference 1 0). 

Of the two figures discussed in  detai l ,  
the crest and  the d issected square, on ly 
the crest can be drawn with zero moves. The 
p lotting scheme wh ich obtains this optimal 

Figure 7 4: Optimal plotting scheme for drawing the crest with no wasted pen 
movement. 
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solu tion is shown in figure 1 4. Using th is 
strategy resu l ted in  a substan tial savings 
in total plotti ng time. 

Unfortunately, no plottin g  scheme for 
the dissected square which h as zero moves i s  
poss ib l e. I n  fact, no scheme was found 
wh ich significant ly reduced the total p lot 
time from that obtained by us ing the 
notions explained in detail above. I t  is fel t  
that this i s  because al l the plotting  schemes 
we tried involved decompos ing long l ine 
segments in to a number of smal ler  such 
segments which were not d rawn consecu­
tively. With an on l i ne  i ncremental plotter 
th is requ i res th e processor contro l l ing the 
pen to issue a much larger number of p lot 

· commands. I n  a mu l ti p rocess ing environ­
ment, any advan tage gained in the total 
l ength of the moves was completel y  el imi­
nated by the increased p rocess ing time with 
i ts associated overhead . •  
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SuperTalker a llows you 
to add the dimension of 
human speech output in 
your computer programs. 
Add voice to games. Pro­
gram verbal prompting for 
the operator of your busi­
ness system. Use verbal 
warnings under program con-
trol as an enunciator in com­
mercial security or control rooms. 
Create educational programs that 
verbal ly coach the student. 
THE SUPERTALKER SYSTEM. 
SuperTalker is a new Mountain 
Hardware peripheral system which 

FOR YOUR APPLE n 

a loudspeaker; easy­
to-use operating soft­
ware and documentation ; 

plus, two ready-to-run 
SuperTalker programs. 
OPERATING SYSTEMS. 

In order to achieve maximum 
util ity using SuperTalker, the 

SuperTalker Disk Operating 
System permits output of 

human speech under program 
control with direct 1/0 routines. 

It also provides a preparation pro­
gram which permits the creation 

of voice files on d iskette. BASIC 

allows the Apple I I  computer to output exception­
ally high quality human speech through a loud­
speaker under program control .  Output may also 
be directed through any P.A. or stereo system.  
Initially, spoken words are digitized into RAM 
memory through the system microphone. Speech 
data in RAM may then be manipulated l ike any 
other stored data. 

program routines are provided 
which require only one-line statements to out­
put a word or phrase. Routines also support 
cassette storage.  
TEACH YOUR COMPUTER TO TALK. 
For $279 assembled and tested, SuperTalker 
gives your Apple I I  a voice in the matter. 
AVAILABLE NOW. 
Mountain Hardware's SuperTalker, Apple Clock 
and 100,000 Day Clock™ (for S-100 bus 
computers) are available through computer 
dealers worldwide. 

A COMPLETE PACKAGE. 
The SuperTalker peripheral system consists of: 
The SuperTalker peripheral  card which plugs into 

Circle 257 on i n q u i ry card. 

r----------------------------------, � Mountain Hardware, Inc. � LEADERSHIP IN COMPUTER PERIPHERALS 

� 300 Harvey West Blvd., Santa Cruz, CA 95060 
(408) 429-8600 

Sounds super. 

0 Send me everything I need to know about SuperTalker. 
0 Also information on your Real-Time clocks for Apple II and S-100. 

Name __________________________________ __ 

Address ________________________________ _ 

City __________ State ___ Zip __ _ 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -� 
Apple II  is a trademark of Apple Computer, Inc. 
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PET 1 TRS-80 1 A PPLE: Personal Software brings you the finest! 

M I C R O  
C H E S S  

T h e  I n d u st ry's Fi rst 
Gold Cassette 

Over 50,000 Sold 

MICROCHESS i s  the i ndustry's best sel l i ng  computer game. And 

no wonder-because M I C R OCHESS g ives you more than just a 

chessplay ing program: A conven ient, fool proof set of commands 

and error checks . . .  complete instructions in  a 5V2' by 8V2' booklet . . .  

a cassette that's guaranteed to load, with d isk versions coming 

soon . . .  and several levels of  d ifficulty to chal lenge you not  just 
once, but time after time. I t's avai lable th rough well over three 
hundred com uter stores and mail order sources . . .  always 

originating from Personal S are. s more ,  every al 
Software product is selected to g ive you these same benefits of 
easy avai labi l ity, reliable cassettes, readable documentation, a 
carefu l ly thought out user interface . . .  and most i mportant, 
conti nu ing chal lenge and enjoyment, not j ust once but t ime after 
time. If you haven't al ready, order your own go ld  cassette: 
M I CROCHESS, by Peter Jennings, fo r 8K PETs, 1 6K APPLEs, and 
4K Level I and II TRS-80s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1 9.95 
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T I M E  
T R E K  

A Tou r  De Force 
In Rea l T i m e  Acti o n  

Strateg y G a m e s  
rad Templeton for 8K PETs and J oshua Lavinsky 

for 4K Level l and I I  TRS-80s adds a d ramatic new d imension to the 
classic Star Trek type strategy game: R EAL TIME ACTI O N !  You' l l  
need fast reflexes as  we l l  as  sharp wits to win in  th is  constantly 
chang ing game. Be prepared-the K l ingons will f i re at you as you 
move, and will move themselves at the same t ime, even from 
quadrant to quadrant-but with practice you can change course 
and speed, aim and f i re in one smooth motion ,  as fast as you can 

shots as they come towa ower your ust 
enough to f i re your  phasers, bett ing that you can get them back up 
in  time! With n ine levels of d ifficulty, this chal leng ing game is easy 
to learn , yet takes most users months of play to master. ADD 
SOUND EFFECTS with a s imple two-wire hookup to any audio 
ampl ifier: the TRS-80 also produces sound effects d i rectly through 
the keyboard case, to accompany spectacular graph ics 
explosions! You won't want to miss th is memorable vers ion of a 

press the keys. Steer under er around o bstacles-evade favorite computer game . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1 4.95· 

BLOCKADE by Ken Anderson for 4K 
Level I and II TRS-80s is a real t ime 
action game for two players, with h igh 
speed g raphics i n  machine language. 
Each player uses four keys to control 
the d i rection of a moving wal l .  Try to 
force your opponent i nto a col l is ion 
without runn ing into a wal l  yourself! A 
strategy game at lower speeds, 
BLOCKADE tu rns i nto a tense game of 
reflexes and coord i nation at faster 
rates. Play on a flat or spherical cou rse 
at any of ten different speeds. You can 
hear SO U N D  EF FECTS through a 
nearby AM rad i o-expect some 
razzing i f  you lose! . . . . . . . . . . . . .  1 4 .95 
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GRAPHICS PACKAGE by Dan Fylstra 
for 8K PETs incl udes programs for the 
most common 'practical' g raphics 
appl ications: PLOTTER graphs both 
functions and data to a reso lution of 80 
by 50 points, with automatic scal ing 
and label ing of the axes: BARPLOT 
produces horizontal and vertical , 
segmented and labeled bar g raphs; 
LETTER d isp lays messages in large 
block letters, using any alphanumeric 
or special character on the PET 
keyboard; and DOODLER can be used 
to create arbitrary screen patterns and 
save them on cassette or in  a BAS I C  
program . . . . . . . . . . . . . . . . . . . . . $1 4.95 

ELECTRIC PAI NTBRUSH by Ken 
Anderson for 4K Level l and I I  TRS-80s: 
C reate dazzl i n g  real t ime g raphics 
d isplays at speeds far beyond BASIC, 
by writ ing 'prog rams' consisting of 
s imple g raph ics commands for a 
m a c h i n e l a n g u a g e  i n t e r p r e t e r .  
Commands let you d raw l i nes, turn 
corners, change wh ite to black, repeat 
previous steps, or call other programs. 
The E LECTR I C  PA I NTBRUSH manual 
shows you how to create a variety of 
fascinati ng artistic patterns inc luding 
the one pictured. Show your friends 
some special effects they've never 
seen on a TV screen!  . . ·' · . . . . . $1 4.95 

WHERE TO GET IT: Look for the Personal Software'" display rack at your local computer store. If you can't find the product you want, you 
can order direct with your VISA/Master Charge card by dialing 1-800-325-6400 toll free (24 hours, 7 days; in Missouri, dial 1-800-3426600). 
If you have questions, please ca/1 6 1 7-783-0694. Or you can mail your order to one of the addresses below, as of the dates shown. 

U n t i l  J u ly 1 :  P .O .  Box 1 36 
Cam br idge ,  M ass . 021 38 
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Persona l 
SoftwarerM 

After J u ly 1 :  592 Wed d e l l  Dr .  
S u n nyva l e, Ca l i f .  94086 

Circle 302 on i nquiry card . 
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Meteorological measurement general ly 
concerns itself with five variab les: a ir pres­
su re, humid ity, temperature, wind speed, 
and wind d i rect ion. A s ingle sonic ane­
mometer can sense each of the l ast three 
variables. Accuracy and l i nearity are excel­
lent. Add it ional ly, the actual a ir temperature 
is detected in a manner which i s  insensitive 
to solar rad iation, which can easi ly heat up 
conventional thermometers. 

I n  a sonic anemometer, wind vane and 
rotating cups are rep laced with transducers 
which measure the speed of sound as a fu nc­
tion of wind velocity and temperature. Com­
mercial ly ava i lab le research grade instru­
ments cost upwards of $ 1 0,000, and unti l 
recently employed analog computational 
c i rcu itry . 

The arrival of the microcomputer and i ts 
associated d isplay techniques makes such a 
scientific i nstrument economically feas ib le 
as an experimenter's project. As a bonus, 
data can be l ogged into memory over t ime, 
averaged , and d i sp layed as desired. A tanta­
l iz ing option involves the attachment of a 
fast but inexpensive 4 bit analog to d igital 
converter which enables the instrument to 
double as an u l trason ic echo radar device. 
At th is time, however, such investigations 
have progressed on ly to echoing observa­
t ions on the time base of a triggered 
osc i l l oscope. 

I n  operation the instrument u ses a pair of 
pu l se travel times in the North-South d i ­
rection and  a correspond ing pair for the 
East-West d irect ion. These vector compo­
nents are easi ly processed into a resu ltant 
wind vector with magn itude and d irection .  
Physical ly, two sets of u l trasonic transducers 
face each other at opposite ends of a path. 
S imu l taneous sound fronts and eventual 
reception yie ld two travel times whose 
d ifference is a measure of wind speed along 
the path . 

Fundamental Relat ionsh ips 

The fol l owing derivatio n  yie lds wind 
speed :  

0 
C-W 

· 20W "'=' --

0 
C+W 

Therefore W = ( ��) (�t) 
where C speed of soun d  

path length 
wind speed 

( 1 )  

{2) 

0 
w 
t d ifference of travel times. 

The resu l tant w ind speed, WP being the sum 
of two orthogonal vectors, is s imply ex­
pressed as: 

. {3) 

Temperatu re i s  found  by add ing  a pai r  of 
travel times : 

0 0 20C t, + t2 + --
C+W C-W c2 -W2 

20C 20 
(4) "'=' --

c2 c 

I f  C = 20 .J'T'; is substi tuted in the 
above relationsh i p :  

' (5) 

where T k i s  degrees Kelvin .  

Since the  velocity cal ibration of the 
instrument varies about 3 .5% over a 0°( to 
30°( range, the temperature measurement 
can be used to correct the velocity readings. 
Using equations {2) and {4) above :  

20 ( t ,  - t2 ) 
W = ---'--=- {6) 

{t1 + t2 )2 
Wind speed measuring reso lution can be 

determ ined if the computer's input cycle 
time and anemometer path length are 
known. Reca l l  that: 
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The Loumar Gen eral Account ing System i s  a versati l e ,  fu l ly i ntegrated software package d esigned for smal l  and med ium sized 
businesses. It is also su itable for CPA's and bookkeeping service f i lms. 

The complete software system i s  com posed of fou r  main modules:  GENERAL L EDGER, ACCOUNTS R ECEIVABLE, ACCOUNTS 
PAYABLE AND PAYROLL.  Each module  may be used separately or in  combinat ion with any other module .  Supplied on d isk as 
run-t ime modules.  So u rce not avai lable.  
A l l  software is  written in  CBASIC I I  and ut i l izes the powerful  CP I M operat ing system.  
General system features inc lude :  
Automatic post ing to general journal  • Strict error detection • Report production on demand • Consistent operat ing  procedu res • 
User oriented .  No previous com puter knowledge requ ired • Designed by acco unt ing professiona ls • Comprehens ive ,  we l l  pre­
sented reports and manuals • Sing le  or  m u lt ir le cl ient capabi l i t ies. 
HARDWARE SPECIFICATIONS 
The end user's m icrocom puter must  satisfy the fo l lowing require -

ments: 
48k RAM 
Dual floppy d isk system 
Printer with tractor. Al l  pr int ing is done in 80 col . format 
CRT with at least a 64 character by 1 6 l i ne  d isp lay 
CP I M and CBASIC II 
Write for our brochure - Dealerships st i l l  available 

Contact: Distributor 

PAYROLL: Up to 500 employees - $550. 
ACCOUNTS RECEIVABLE: Up to 1 000 customers and 1 000 monthly 

transact ions - $550 
ACCOUNTS PAYABLE: Up to 1 000 vendors and 1 300 monthly 

transact ions - $400 
GENERAL LEDGER: Up to 200 accounts with 2000 entries -

$450 
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Assume a path length of 4.84 feet and 
C = 1 1 00 feet per second. A Z-80 based 
computer operating at a system clock 
frequency of 2.5 MHz, for example, can 
accept input no faster than 8 JlS per byte. 
Under these condi ti ons, reso lution i s :  

8 X 1 0-6 seconds X (1 1 00 feet/second) 2 

2 X 4.84 feet 

= 1 foot/second. 

For physical construction conven ience 
chose a three foot path length . This gives a 
reso l u tion of nearly 1 mi le  per hour. 

Construction Detai ls 

Rigi d  support should be used for the 
transducer m ounting. I chose 3 /4 i nch p las­
tic pipe for l ow cost and ease of assembly. 
See figure 3 for more detai l . The angle a i s  
not cr itical . J ust keep in mind that the 
h ei gh t  (H )  must be h igh enough to prevent 
off-axis  energy from the transducers from 
bounci ng off any hardware in the bottom 
center of the assembly (such as a pri n ted 
c i rcu it  card). These reflections can return to 
the point of origin before arrival of the 
desi red pulse. The plastic pipe for both axes 
can eas i ly be fastened to a wooden base 
frame. I f  you need a permanent instal l ation, 
you can i nvesti gate better support arrange­
m ents .  

The u l trasonic transducers (Mode l  M K-
1 09) range from one to two dol l ars apiece 
on the surplus market, and they can be con­
veniently supported by pieces of 3/4 inch 
th in wall p lastic pipe. Use shielded wire 
between the transducers and the interface 
el ectronics. The electronic c ircuit card 
should be shel tered from the e lements. (A 
p lastic sandwich bag wi l l  work for the short 
term .) Unsh ie lded wire, such as a ribbon 
cable, can be used between the computer 
and the i nterface. 

Mechan ical adjustment, besides the ob­
vious l i ne-of-sight al ignment, consists of 
physical ly  moving one or  more transducers 
i n  thei r hold ers so that both component 
vectors are zero in sti l l  air. A program such 
as the demonstrator routine in l isting 1 
should be used for th is adjustment. 

I n  w i ring the pream pl ifier section of the 
receiver, note that al l the 74C04 integrated 
c i rcu i ts are connected to a separate 5 V zener 
regu lated supp ly .  The shie lds of the receiver­
transducer coaxial cab les connect to the 
negative s ide of this zener diode. This pre­
ampl ifier common connects to ord in ary 
d igital ground at only one location - a lead 
from the negative side of the zener to supply 
ground . 

-..-

I nterface Electronics 

Figures 1 and 2 may seem to i nd icate 
that considerable effort was wasted on  ob­
tain ing an enormous s ignal to noise ratio. 
Not so. The bari u m  t i tanate transducers 
(commonly used in i n trusion alarms), h aving 
inherently h igh Q ( ratio of i nductance to 
resistance) and self resonance,  are efficient 
only after many osci l l at ions h ave bui lt up. 
As i mpulse generators they are only margin­
a l ly  acceptabl e ;  I used them for their low 
cost and avai l ab i l i ty. 

Complementary metal oxide semicon· 
ductor inve rters, b iased i n  the ir  l in ear region, 
perfo rm as stable h igh gai n preampl ifiers. 
The logic state edge d etectors, forme,d by 
the comparator and type D fl i p  flop combin­
ation,  respond to the first negative o r  posi­
t ive cycle received that exceeds a preset 
noise threshold . 

The triacs are used to swi tch the output 
of the step-up transformer to either pair of 
t ransmitt ing transducers .  Excl usive OR gate 
IC7 c generates a d elayed start strobe to the 
pu lse generating circuitry. This de lay al lows 
the steering triacs to settle and perm its on ly 
the desi red set  of transducers to activate. 
The monostable mu l tivi brator IC l O a , sensi­
tive to transit ions of e ither polarity, al lows a 
single l i ne  from the output port to strobe 
the pu lse generator and also select the de­
s i red wind d i rect ion to be measured .  

The trigger threshold of  al l receiver c i r­
cui try is determi ned by  a s ingle resistor, 
Rt' in a s imple  vol tage d i vider string. Rt 
sets the d ifference between the comparator 
trip po int l evel s ,  V H and V L. The receiver 
must be sensitive enough to trigger on  
the second, th ird, or  fourth i ncoming half 
cycle1 but i t  m ust not be  so sensit ive as to 
latch up on  extraneous noise. I ncreasing the 
val ue shown in  the schematic, for example, 
decreases output sensitivity.  Such action 
may be necessary if d ifferent path lengths or 
transducers are used . 

Transfo rmer T should have a turns rat io 
of apprbximately 1 0 : 1 . A smal l 1 20 V to 
1 2  V fi l ament transformer wi l l  work here 
as a step up  d evice, even at 40 kHz. 

A precaut ionary note : when test ing the 
pu lse generati ng circuitry, do not run i t  
continuously with transducers connected 
because the 200 V peak to peak signal could 
resul t  in a burn-out of these devices. 

Software 

Listi ng contains a program written for 
the Z-80 microprocessor wh ich d isp lays data 
from the anemometer. I t  sends data to one 
b it of an output port and accepts data from 

Text continued on page 732 
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Table 7: Power table for the integrated circuits used in figures 7 and 2. 

N umber Type +5 v G N D  -1 2  v +1 2 v 
I C 1  74C04 1 4  7 - -

IC2 74C04 1 4  7 - -

I C3 74C04 1 4  7 - -

I C4 MC3302P - 1 2  - 3 

I C5 7474 1 4  7 - -

I C6 7474 1 4  7 - -

I C7 7486 1 4  7 - -

I C8 MC3302P - - 1 2  3 

I C9 555 8 1 - -

I C 1 0  74 1 23 1 6  8 - -

Figure 3: Structural diagram of the sonic anemometer transducer apparatus. 
Shown are the two transducers for one axis; only a cross section of the other 
axis is seen. The electronic circuit card is seen near the center of the assembly. 
The measuring resolution is a function of the distance D between the trans­
ducers. The angle a should not be less than 30 degrees. 

Listing 1 :  Program in Z-80 assembler code to gather data from the sonic ane­
mometer and display wind direction on a video monitor. 

s 0600 0638 : 
0 6 00 0 0 
0 6 0 1  0 0  
0 6 0 2  0 0 
0 6 0 3  CD 4 0 0 7 
0 6 0 6  0 0 
0 6 0 7  0 0 
0 6 0 8  0 0 
0 6 0 9  0 0 
060A 0 0 
0 6 0 8  0 0 
060C 0 0 
060D 0 0 
0 6 0 E  0 0 
0 6 0 F  0 0 
0 6 1 0  3 E 0 0 
0 6 1 2  D 3  0 2  
0 6 1 4  CD 6 0  0 7  
0 6 1 7  C D  3 4  0 7  
06 1 A  CD 0 0 0 7 
061 D CD 8D 0 8  
0 6 2 0  3 E 0 1 
0 6 2 2  D 3  0 2  
0 6 2 4  CD 6 5 0 7 
0 6 2 7  CD 1 0 0 7 
062A CD 3 4 0 7 

NOP : 
NOP 
NOP : 
CALL 0740 : 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
LD A , OO : 
OUT 02 : 
CALL 0760 : 
CALL 0734 : 
CALL 0700 : 
CALL 088D : 
LD A,01 : 
OUT 02 : 
CALL 0765 : 
CALL 07 1 0 : 
CALL 0734 : 

L isting 7 con tinued on page 7 26 

0600 thru 0638 triggers the pulse generator and 
calls all the support routines in their proper se­
quence. 

Circle 35 on inqu i ry card . 

. ot\a c,e\: \b\t\9··· goo e a  �0- � 
�\\\Or � 
Partici pate i n  the excit ing,  fast­
g rowing retai l personal computer 
business. We're Byte I ndustries 
I ncorporated� the o ldest micro­
computer d istributor in the country, 
and we're offering ind ividual Byte 
Shop® dealersh ips nationwide. 

As a Byte Shop® dealer you get: 

• The nationally recognized B yte 
Shop® Trademark 
• A broad full-line inventory of 
small-business and personal 
computer products 
• National and regional advertising 
support 
• S tore development guidance 
• The benefits of a national chain 
organization without franchise fees 
or ongoing roy_alties 
• Exclusive, protected territories. 

To qua l i fy, you should have an 
i nterest i n  computers, combined 
with the desire and abi l ity to run 
you r  own business. Retai l and/or 
sales management experience 
is a defin ite pl us. A theoretical or 
working knowledge of computer 
techno logy is also helpfu l ,  though 
not necessary. I nvestment is 
rough l y  $ 80,000, with an i n it ial 
equ ity contribution of $40,000. 

If you're ready for you r  own 
business and have what i t  takes, 
write or cal l  M i ke Chase now. 

408·739·8000 
Byte�QR����GVc��� ® 

• • • • • • • • • • • • • • • • • • • • 
• Yes, I ' m  i n terested. Pl ease send me • 
• yo u r  Byte S h o p •  dealers h i p  i nformation • 
• packet today. • 
• • 
• N A M E  • 
• A D D R E S S  • : C IT Y  : 
• STATE Z I P  • : P H O N E  : 
• Byte I n d u stri es,  I n corporated "' • 
• 930 West M a u d e  • 
• S u n nyvale, CA 94086 • 
• (408) 739-8000 • 
• • • • • • • • • • • • • • • • • • • • 
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Circle 385 on inqu iry card. 

The latest Buyers·Guide of microE:om· 
puter software, accessories and sup· 
plies is now available. Up to the minute 
releases on software aAd accessories 
for the APPLE II and the TRS-80 as 
well as a wide range of computer sup· 
plies are listed on these sheets. This is 
the most comprehensive guide of its 
kind available today. If you own a 
microcomputer you can't afford to pass 
up this offer. If you are a supplier of sof· 
tware or accessories you'll want a copy 
of this guide to see if your products are 
listed because if they aren't you are 
missing out on sales. 

$3.00 
(we will send you a certificate 
worth $3.00 off of your first pur· 
chase.) 

AUTOMATIC INSTANT 
UPDATE 
We send you the current Buyers-Guide 
bound in a handsome 3 ring binder. 
Monthly you will receive current up· 
dated pages to add to the catalog. A 
directory of suppliers, their phone num· 
bers and their addresses are always at 
your finger tips. We publish user com· 
ments on items purchased. As a sub· 
scriber to Automatic Instant Update 
you will be the first to learn of new sol· 
tware releases, you'll get some great 
buys on overstocked items or new 
release specials, and you'll never have 
to search again. 
One years service $25.00 

Wallace & 
Electronics, Inc. 
4921 N. Sheridan Rd · , 

Peoria, Illinois 61614 ·· ' 
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Listing 7 con tinued from page 7 25: 

0620 CD 0 0 0 7 
0630  CD 04 0 8 
0 6 3 3  C D  O A  0 8  
0 6 3 6  CD 7 S 0 8 
0 6 3 9  C 3  0 0  0 6  

READY : 
S 080A 0849 : 
080A 2 1 O F  O A  
0800 3 A  F 3 0 6 
08 1 0  4 7 
0 8 1 1 3 A  F 2  0 6  
08 1 4  9 8 
08 1 5  3 8  0 8  
0 8 1 7  3 2  F 1  0 6  
0 8 1 A  CD 4 0  0 8  
08 1 0  1 8  0 8  
08 1 F  ED  4 4  
0 8 2 1  3 2  F 1  0 6  
0 8 2 4  CD 5 1 0 8 
0 8 2 7  3 A  F 5  0 6  
082A 4 7 
082S 3A F 4  0 6  
0 8 2 E  9 8 
0 8 2 F  3 8  O C  
0 8 3 1  3 2 · F 6  0 6  
0 8 3 4  2 8 0 5 
0 8 3 6  CD A O  0 8  
0 8 3 9  0 0 
083A 0 0 
083S 1 8 OA 
0830 E D  4 4 
0 8 3 F  3 2  F 6  0 6  
0842  2 3 
0 8 4 3  2 3 
0 8 4 4  3 D  
0 8 4 5  2 0 F S 
0 8 4 7  3 6  A A  
0 8 4 9  c 9 

READY : 
s 087S 0892 : 
087S 3 E 7 F 
0870 CD F A  0 0 
0 8 8 0  0 1 0 0 0 4 
0 8 8 3  2 1  0 0  0 9  
0 8 8 6  7 E 
0 8 8 7  0 3  0 0  
0889  A F 
088A 0 3  0 0  
088C 2 3 
0880 0 s 
0 8 8 E  7 8 
0 8 8 F  S 1  
0 8 9 0  2 0 F 4 
0 8 9 2  c 9 

READY : 
S 0840 086E : 
0840 3 E  4 2  
084 F 1 8 0 2 
0 8 5 1  3 E  4 A  
0 8 5 3  3 2  6 A  0 8  
0 8 5 6  3 A  F 1  0 6  
0 8 5 9  5 7  
085A F E  0 0 
085C C 8  
0850 D E  0 7 
0 8 5 F  3 8 0 4 
0 8 6 1  3 E  0 7  
0 8 6 3  1 8 0 1 
0 8 6 5  7 A 
0866  0 1 4 0 0 0 
0 8 6 9  E D  4 2 
086S 3 0  
086C 2 0 F S  
0 8 6 E  C 9  

READY : 
s 08SD 0802 : 
08SD 3 E 4 6 
08SF 3 2  F O  0 8  
08C2 CD E S  0 8 
08C5 3 2 F 2 0 6 
08C8 3 E 4 E 
08CA 3 2 F 0 0 8 
08CD CD E S  0 8 
0800 3 2 F 3 0 6 

READY : 
S 0804 08F4 : 

CALL 0700 
CALL 0804 
CALL 080A 
CALL 087S 
JP 0600 

080A thru 0849 positions an ASCI I asterisk in 
LD HL ,OADF : the video memory buffer. 
LD A, (06F3) : 
LD S,A : 
LD A,(06F2) : 
sse s :  
JR C, •081 F• : 
LD (06F1) ,A : 
CALL 0840 : 
JR •o82r : 
N EG 
LD (06F1 ),A : 
CALL 0851 : 
LD A,(06F5) : 
LD S,A : 
LD A,(06F4) : 
sse s :  
JR C, •o83D• : 
LD (06F6),A : 
JR z. •o83B" : 

· CALL 08AO : 
NOP 
NOP 
JR •o847" : 
N EG 
LD (06F6),A : 
INC H L : 
INC H L :  
DEC A :  
JR NZ, •0842• : 
LD (HL),AA : 
RET 

0 8 7 8  thru 0 8 9 2  outputs the video buffer to the 
LD A, 7F : 1 6 by 64 character generator. 
CALL OOFA : 
LD SC,0400 : 
LD HL ,0900 : 
LD A, (HL) : 
OUT 00 : 
XOR A :  
OUT 00 : 
INC H L : 
DEC SC : 
LD A , S : 
OR C :  
JR NZ, ·o886• : 
RET 

0840 thru 086E is a subroutine to raise or lower 
LD A,42 : the asterisk for routine 080A. 
JR ·o853. : 
LD A,4A : 
LD (086A),A : 
LD A, (06F1 ) :  
LD D,A : 
CP 00 : 
RET Z :  
sse 01 : 
JR c. ·o865• : 
LD A,07 : 
JR ·o866• : 
LD A , D : 
LD SC,0040 : 
SSC HL ,SC : 
DEC A :  
JR NZ, ·o869. : 
RET 

0880 thru 0 8 0 2  extracts and stores vertical 
LD A,46 : IN/SI travel times. 
LD (08FO) ,A : 
CALL 08ES : 
LD (06F2),A : 
LD A,4E : 
LD (08FO),A : 
CALL 08ES : 
LD (06F3),A : 

0804 3 E 5 6  LD A,56 : 
(08FO),A : 

0804 thru 08EA extracts and stores horizontal 
IE/WI travel times . 

0806 3 2 F 0 0 8 LD 

L isting 7 con tinued on page 7 28 



The line your reputation should be on. 
When a computer supplier or retailer sells equipment, 

his reputation is on the line. 
And when the customer has to justify his investment 

decision, his reputation is on the line too. 
So, naturally, everybody's a lot better off on a reliable 

line. Like ours. 
With a name like Industrial Micro Systems, we 

wouldn't think of building anything short of industrial 
standards . . .  even our S-100 products. 
No short cuts or jumpers. 

All of our boards - CPU, memory and controllers -
are made from real fiberglass instead of a plastic 
substitute. And contacts are gold plated over a copper­
ion barrier of nickel . 

Every disk enclosure features a heavy-gauge steel 
chassis, and a heavy duty power supply. Built to take it. 

Then come our complete systems. Aside from the 
disk drives,  we manufacture every component that goes 
into them. Even the desk that goes around them. So 

we can vouch for rugged reliability inside and out. 
Two complete systems: 

Our new Series 5000 features a megabyte of storage 
on integral mini-floppies. And our Series 8000 is all 
business too. It can handle up to three megabytes on 
8-inch drives. A large library of software, growing daily, 
includes CP/M�' PASCAL, and FAMOS:''* 
Breaking the 64k barrier. 

Using Industrial Micro Systems 32k memory boards 
with Memory Management, our systems can handle 
up to 576k RAM internally. 
More in store. 

That's not the end of the line. It's growing all the time, 
along with our reputation for quality. Put your reputation 
on the line. Our line. 

For more details just call or write. Supplier/dealer 
inquiries welcomed.  

Industrial Micro Systems, 628 N. Eckhoff, Orange, 
CA 92668. (714) 633-0355. 

INDUSTRIAL MICRO SYSTEMS 
The great unknown. 

Circle 1 73 on inqu i ry card. 

*Trademark of Digital Research **Trademark of MV/T Systems 



*P.E .T.* fo od*. 
DAY £ miQ!lli! HETH OF PAY DESCRIPTION 

1 A 3 . 33 CASH PENNZOIL 

2 z 35 . 98 HCHG CR I T TERS 

3 c 288 . 11 B OF A WOOL SU I T  

4 z 1 . 29 CASH TOOTHBRUSH 

s E 9 . 95 CHKU81 BOOK 

6 F 68 . 47 CASH 2 WEEK 'S FOOD 

7 G 13 . 44 HCHG GIFT FOR WIFE 

8 B 316 CHKU81 MORTGAGE 

9 2 . 75 CASH PAY FOR 1 HOUR 

18 z 5 . 8 1  CASH SU I T  CLEANED 

To go on, Pr&ss an� kew 

H o u s e h o l d  F i n a n c e  P a r t  1 

H o u s e h o l d  F i n a n c e  P a r t  2 

P a r t  1 i n p u t s ,  l i s t s ,  a d d s , 
u p d a t e s ,  c h a n g e s ,  
a n d  d e l e t e s  i t e m s .  
W r i t e s  d a t a  t o  a 
c a s s e t t e  t a p e .  

P a r t  2 r e a d s  d a.t a t a p e ;  
g i v e s  s i n g l e  i t e m , 
s i n g l e  m o n t h  a n d  
y e a r- t o - d a t e  s u m s. 

B o t h  p a r t s . . . . . . . .  $ 1 5 . 0  0 

n A i s o  Av a i l a b l e « 

S PA C E WA R . .  5 1 o . o o  

H o u s e h o l d  U t i l i tl. 1 
[ 3 P r o g r a m s )  . . . $ 1  . 0  0 

D u a l  J o y s t i c k  
I n t e r f a c e  . . . .  $ 4 5 . 0 0  

S E AW O L F  . . . $ 1 o . o o 

B R E A K O U T. . 5 1 o . o o  

L I F E  . . . . . . . . . . . . . 5 2 o . o o 

O R D E R S :  Send check, money order, 
or V I SA/Mastercharge ( inc lude expi -
rat ion date )  and add $ 1 .50 sh ipp ing .  
Ca l i f. res idents add 6% sa les tax .  

I N FORMATION : More i n format ion 
on these and many other current ly 
ava i l able programs i s  ava i l ab le  on a 
free f lyer . Write d i rect ly to Creative 
Software. 

Circle 83 on inqu i ry card. 

Creat ive  Sof tw a re 
P.O. BOX 4030, MOUNTAIN V I EW, CA 94040 
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Listing 7 continued from 7 26: 

08D9 CD E B  0 8  CALL 08EB : 
08DC 3 2  F 4  0 6  LD (06F4) ,A : 
08DF 3 E  5 E  LD A,5E : 
0 8 E 1  3 2  F O  0 8  LD (08FO),A : 
0 8 E4 CD E B  0 8  CALL 08EB : 
0 8 E7 3 2  F 5  0 6  LD (06F5) ,A : 
08EA C 9  RET 
08EB A F  XOR A :  OBEB thru OBF4 counts the number of memory 
08EC 2 1 0 0  O D  LD HL ,ODOO : spaces necessary to find a bit set in the data. 
0 8 E F  CB 5 E  BIT 3 , (HL) : 
0 8 F 1  c o  RET NZ : 
0 8 F 2  2 3  INC H L : 
0 8 F 3  3 C  INC A :  
0 8 F4 1 8 F 9  JR *08EF* : 

READY : 
S 0700 073A : 0700 thru 0709 inputs a block of data from a 
0 7 0 0  0 6  0 0  LD 8 ,00 : port to a page in memory. 
0 7 0 2  O E  0 2  LD C,02 : 
0704 2 1 0 0  O D  LD HL ,ODOO : 
0 7 0 7  E D  8 2  IN IR  
0 7 0 9  C 9  RET 
070A 0 0  NOP 
0708 0 0  NOP 
070C 0 0  NOP 
070D 0 0  NOP 
0 7 0 E  0 0  NOP 
0 7 0 F  0 0  NOP 
0 7 1 0  3 E  C E  LD A,CE : 07 1 0  thru 0729 places the N-5-E-W graticule in 
0 7 1 2  3 2  1 F 0 9  LD (091 F) ,A : the buffer allocated for the video display. 
0 7 1 5  3 E  D 3  LD A ,D3 : 
0 7 1 7  3 2  D F  o c  LD (OCDF) .A : 
0 7 1 A  3 E  C 5  LD A,C5 : 
0 7 1 C  3 2  F F  O A  LD (OAFF) ,A : 
07 1 F  3 E  D 7  LD A ,D7 : 
0 7 2 1  3 2  c o  O A  LD (OACO) ,A : 
0 7 2 4  3 E  E F  LD A ,EF : 
0 7 2 6  3 2  O F  O A  LD (OADF) ,A : 
0 7 2 9  C 9  RET 
072A 0 0  NOP 
0728 0 0  NOP 
072C 0 0  NOP 
072D 0 0  NOP 
0 7 2 E  0 0  NOP 
0 7 2 F  0 0  NOP 
0 7 3 0  0 6  0 1  LD 8 ,01 : 0730 thru 073A is for delay only. 
0 7 3 2  1 8 0 2  JR *0736* : 
0 7 3 4  0 6  0 1 LD 8,01 : 
0 7 3 6  O E  7 F  LD C ,7F : 
0 7 3 8  ED  8 8  OIDR 
073A C 9  RET 

READY : 
S 0740 074F : 0740 thru 074F erases half the video buffer. 
0740  2 1 0 0  0 9  LD HL ,0900 : 
0 7 4 3  0 6  0 0  LD 8,00 : 
0 7 4 5  3 E  A O  LD A,AO : 
0 7 4 7  7 7  LD (HL) ,A : 
0 7 4 8  2 3  INC HL : 
0749  1 0 F C  DJNZ *0747* : 
0748 7 7 LD (HL) ,A : 
074C 2 3  I NC H L : 
074D 1 0 F C  DJNZ *0748* : 
074 F C 9  RET 

READY : 
s 0760 0770 : 0760 thru 0770 are the remaining video erase 
0 7 6 0  2 1 0 0  0 8  LD HL ,OBOO : routines. 
0 7 6 3  1 8 0 3  JR *0768* : 
0 7 6 5  2 1 0 0  o c  LD HL,OCOO : 
0 7 6 8  0 6  0 0  LD 8,00 : 
076A 3 E  A O  LD A,AO : 
076C 7 7  LD (HL),A : 
076D 2 3  I NC HL : 
0 7 6 E  1 0 FC DJNZ *076C* : 
0 7 7 0  C 9  RET 

READY : 
S 08AO 08AB : OBAO thru OBAB moves the asterisk to the left in 
08AO 4 7  LD B ,A : proportion to the magnitude of the horizontal 
08A1 D E  O F  sse OF : IE/Wl wind vector. Limits the data to 1 5 decimal 
08A3 3 8  0 2  JR C,  *08A7* : to prevent overwriting other memory. 
08A5 0 6  O F  LD B,OF : 
08A7 2 8  DEC H L : 
08A8 2 8  DEC H L : 
08A9 1 0 F C  DJNZ *08A7* : 
08AB C 9  RET 

READY : 



Announcement I .  The f irst e ight Person a l  
Programss from A l a d d i n  Automation are 
waiting for you now at your neig hborhood 
computer retailer or d i rect from Aladd i n .  

Now you c a n  get your f u l l  share o f  Alad d i n  
magic in  every one of these Personal 
Programss : 

M ath-Ter-Minds A del ightf u l .  
educational  learning experience 
for you r  pre-school ch i ld . Watch 

the smile on your  c h i l d ' s  face as a correct 
answer makes the mathematician smile o n  the 
screen before you .  A n u rsery song a lso serves 
as a reward for learning elementary addit ion 
and subtraction . With Alad d i n ' s  Math-Ter­
Minds your ch i ld 's  pathway to learning wi l l  be 
fun-filled . . .  for both of you Math-Ter- M i nds. 
The first release from the Aladdin Educations 
Series. (nursery song currently avai lable only 
on Apple 1 1s program) 

L unar Lander I n  a controlled 
descent. you ' re JUSt seconds away 
from your f i rst landing on the cold .  

forbidding surface of the moon .  As you 
navigate your  delicate spacecraft downward to 
the safety of Moon base. you must be ever 
watchful of the dangers rising to meet you with 
each passing moment:  a fuel  level fast 
approaching zero; deadly meteor showers t h at 
come from any d i rect ion . at any t ime;  sheer­
faced rock cliffs and rou g h  terra i n ;  choosing 
the correct landing pattern a n d  rate of descent . 
Aladdin 's  Lunar Lander. You r  chance to reach 
out and touch the stars . . without leaving the 
safety and comfort of your own cha ir .  The f i rst 
release from the Aladdin S i mulat ions Series . 

Math-Ter-Minds Lunar Lander 

Welcome to the All-New World of 
Aladdin. And Get Ready to 
Make Your Own M agic 

Copyright 1978 by Aladdin Automation 

Circle 3 o n  i n q u i ry card. 

Craps 

c raps All eyes in the casino are 
on you .  The d ice are i n  your 
h a nds . Lady Luck sits at your 

shoulder. whispering . . "J ust one more t i m e .  
Try y o u r  luck just one more time . · · You t h row 

. and watch the d ice tumbl ing on the 
screen . With Aladd i n ' s  Craps you play aga i nst 
the computer. so i t ' s  awfu l ly tough to wi n .  But 
when you d o .  i t 's  a n  experience you ' re l ikely 
never to forget .  Craps . An excit ing.  heart­
pounding Personal  Programs. The f i rst release 
from the Aladdi n  Las Vegass Series . 

M astermind A chal lenging game 
of  intrigue. centuries o ld .  that wi l l  
give you fu l l  chance to test your 

powers of logic.  deduction and reason .  And 
test them you wi l l .  as you try and solve the 
computer's puzzle.  us ing clues as they're 
provided one-by-on e .  You control the degree of 
difficulty in th is  classic Personal  Programs that 
offers one simple.  yet a l l-consuming chal lenge:  
beat the Masterm ind i n  a direct. one-on-one 
battle of wits.  Aladd i n ' s  Mastermind . The f i rst 
release from the Aladdi n  Old Favoritess Series. 

T ic-Tac-Toe Five different levels 
of d ifficulty a l low a person of a ny 
age or sk i l l  to take part in th is  

relaxin g .  enjoyable game th
.
at can act as a 

learning too l .  as wel l .  Level l .  for example.  is 
suitable for chi ldren and is excel lent a lso for 
teach ing stmple mathematics . The computer 
plays just about perfectly at Level V. J u st 
a bout.  that is.  so go ahead and take your best 
shot . See if you can beat the computer in th is  
tradit ional  favorite of young and old a l ike .  
Tic-Tac-Toe. Another fi rst release from the 
Aladdi n  Old Favoritess Series. 

J ungle Islands Shipwrecked in  a 
rag ing storm at sea. m i racu lously 
you survive only to find yourself 

. stranded on a seemi ngly deserted j u ngle 
tslan d .  Wtthout foo d .  water or  suppl ies of any 
kmd. you beg i n  to try and find your way to 
safety. The computer will be your eyes and 
ears as you explore your j u ngle island and all 
the mysteries and dangers that l ie  i n  wait for 
yo u .  J u ngle Is lands. A captivating fi rst 
release from the Aladdin Adventures Series. 

s tix"' Aladd i n ' s  StixS can be 
played with 2 to 5 pi les of st i cks 
and between 1 and 1 g sticks in 

each p i l e .  The object to be the one to pick up 
the last st ick .  Sounds s imple?  Yes. but you ' re 
playing agai nst the computer.  Take heart. 
thoug h .  because you can control  the degree of 
diff icu lty i n  this update of the anc ient game of 
N i m .  Stix . Another f i rst release from the 
Aladdin Old Favoritess Series. 

s uper Pro Footballs Here's your 
chance to be more than just a n  
armch a i r  q u a rterback . With 

Alad d t n ' s  S u per Pro Footbal ls you can replay 
any Super Bowl game.  from the first. between 
Green Bay and O a k l a n d .  to last year's classic 
victory by Pittsbu rg h  over Da l las .  For once you 
can turn back the clock and go for that one big 
play that made the d ifference between victory 
and defeat in pro footba l l ' s  biggest game of a l l . 
S u per Pro Footballs. The fi rst excit ing release 
from the Aladdin S u per Pros Series . 

Visit your neighborhood com puter retai ler or 
contact Aladdin d i rect to get your fu l l  share of 
the magic  in Announcement I .  the f i rst eight 
Person a l  Programss from Aladdin Automation .  

Masterm ind Tic-Tac-Toe Jungle Islands Stixs Super Pro Footballs 

�� AJTOMATION, NC 
ADDN COMPUTER CORP. 

V 3420 Kenyon Street, Ste. 1 3 1 ,  San 0iego, CA9211 

Design and copy by Campbell Marsh Graphic Communications 
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Table 2: Summary of 
actions taken by program 
in listing 7 .  

Figure 4: Block diagram 
of anemometer hardware. 

Figure 5: Timing relation­
ships of signals present in 
the sonic anemometer. 
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A M P  

1 .  Output t o  a port t o  trigger t h e  N orth-South transducers. 
2.  Erase part of the video buffer (must be a time-invariant task) .  
3 .  I nput a block of  data into memory from anemometer port. 
4 .  Examine memory, extract, and save North-South travel times. 
5.  Output to port to trigger East-West transducers. 
6. Erase remainder of video buffer. 
7 .  I nput a block of data into memory. 
8. Exami ne memory, �xtract, and save East-West travel times. 
9. Move cursor (equivalent to head of resultant wind vector) in video memory buffer 

appropriate horizontal ( East-West) and vertical ( North-South)  distances from 
origin .  

1 0. Display the contents of video buffer o n  the video monitor. 
1 1 .  Compute and display the temperature. (optional ) 
1 2. Go to step 1 . 

T R 

TRANSDUC E RS 

R T 

P U L S E  GEN ERATOR �-----+----------------------------��.-------o B I T  0 

AMP 

RECE I V E R  
DEA DEN 
ONE- S HOT 

1----------o B I T O 

1---------------o B I T  I 

"' " ' "' " " "" "  ''" "'"" " "  " "0 '  { ---1---o B I T  2 

---1---o B I T  3 

STROBE F ROM COMPUTER 

I M PULSE T O  T R AN S D U C E R  

PULSE BU RST F R O M  SAM E T R A N S DU C E R  

AMPL I F IE R  O U T P U T  

S I G N A L  F R O M  EDGE DETECTOR 

TIME 



• N EW rRODUCT • 

64K bytes of 
f a s t ,  l o w  
power dyna­
mic RAM . 

M EMORY 
BAN K  S ELECT 

$895°0 
!01 mo<h-1 DMB 6400 

• • • • • • • • • • • •  

64K bytes of 
f a s t ,  l o w 
power dyna­
mic RAM . $795°0 

101 rnodel DN'I - (>400 

• • • • • • • • • • • •  
• N EW rRODUCTe 

321<. bytes of 
faster Static 
RAM which 
MEMORY 
BAN K  S ELECT 

Both our UNCommon Dynamic and our UNCommon Static RAMS have the following 
features and specificatio ns: 

$695°0 
r...,, mod .. -t SMB 3200 

• They are ,;II GUARANTEED to be com p,1tible wit ll the following S - 1 00 
systems: 

CROMEMCO. IMSAI. ITHACA AUDIO. MITS. NORTH STAR. rROCESSOR 
TECHNOLOGY. TDL.TE I .  VECTOR GRArHICS,  ,1 1KI other S - 1 00 systems. 

Both of Our UNCommon Dynamic RAM Series, 
the DM B -6400 and the DM-6400, feature: 
• 641< byles of dyn,1mic RAM with on bo.ucl tr�1nsp.uem refresh. 
• S - 100 interface compatible. with crystal controlled timing IN DErENDENT 

of bus or processor t iming. 
• No w,;ir srares with 8080 or Z-80 ro 4MHz. U p to 5MHz with I wait state. 
• Memory selectable or deselecra.ble in 41< byte increments. 
• Low power. 8 warrs maximum. in 641< byte configurC\tion. 

Our UNCommon Static RAM Series, the SMB -
3 100, features: 
• Memory Bank seleCI cap,lbilirieso Eirher rwo ( 2 )  161< byte banks ofmem-

ory. or one ( I )  3 2 1< byte b,lnl< per board. 
• 3 2 1< byres of low power sr,1fic RAM. 
• No wait stares with 8080. 8085. or Z-80 processors up to 5MHz. 
• Addressable in 41< byte increments <11 41< boundc1ries. Deselec r,"\ble in 41< 

byte incremenrs. 

• U N Common Dynamic RAMS wit h  
MEMORY BAN K  S ELECT. 

0 DMB 6400/641< RAM - '895°0 

0 DMB 4800;'481< RAM - ' 795°0 
0 DMB 3 200/3 2 1< RAM - 5695°0 

• U N Com mon Stat ic  RAMS wi th 
M EM O RY BANK SELECT. 

0 SMB 3 200/ 3 2 1< RAM - '695°0 

Annou ncing the Model D M B -6400 Series 
of UNCommon Dynamic RAMS. This Series 
incorporates the featu res which are stan­
dard in the DM-6400 Series and adds the 
following capabilities: 
• MeMORY BAN K SELECT which 1 s  compatible with C ROMEMCO. 

NORTH STAR.  and other systems using output port b,lnl< select. 
• 256 ports selec r,;ble ( including CROMEMCO 40H '""" NORTH 

STAR C O H )  

• eight ( 8 1 641< byres b,1ni<S o f  memory p e 1  output port. 
• E.,1ch 161< byte� of dddresse�ble memory SpcK€" rncly be Hldividu.!lly 

set ro srarr .H 0000. 4000. 8000. or COOO ,,nd can be set for any of 
the 8 b.1nks on one selecred ourput pon. Tile b.!nl< memory size 
c.1n be incremented from 1 6 K  byte� to 64K bytes in 161( increments. 
,1llowing 5 1 21< byte be�nl< sizes. 

• Tot,!l mernoty c!ddressing ro over 100 Meg.1bytes by using different 
I 0 pons for memory conrrol. 

All of our UNCommon Dynamic and Static Series 
RAMS feature the following: 
• Inputs are RC filtered ,1ncl buffered with I LS TIL lo,1d. Compatible with 

terminclt ecl or umerrninateci buc;;�es . 
• Outputs MC' c1ll t r i -st,1re. 
• Disc comp,ltible. DMA compatible 
• rh,mtom memory selecrnble on pin 6 7. 
• D l r switch selectctble c1dct ressing. 
• Reli,1bil ity - ,11 1  bo,uds fully resrecl ,1nd burned- in. 
• FULL DOCUMENTATION - Schem.uics. layout. pMtS l ist . theory of oper­

,llion. timing cli,lgrclmS. and option selection . 
• l n clusrr i,ll (lu.� l i ty design. componenrs .1nd c o n s t r u c t i o n .  Glc!SS epoxy 

boe�rds. Fu..:;ect. double solder masks. Silk screened legends. Gold plarecl 
connee1or conte�crs. All ICs sociH:.·t moumed. 

• Gu.u,1nreecl pcrformc1nce on p.urs and 1,1bot for one ye.u . • U N Common Dynamic RAMS 
0 DM 6400/641< RAM - '795°0 
0 DM 4800/481< RAM - '69soo 

0 DM 3 200/ 3 2 1< RAM - 5595°0 

e i'IUC£5 SUBI£CT TO 0-t,\NC[ \V11HOUT NOrtCL e 

MEASU REMENT systems &.. controls 
i ncorporated 

86 7 North Main Street 
Orange. C;lifornia 92668 

Telephone, ( 7 1 4 ) 633-446.0 

For the above products see your local dealer or order di rectly. 

Circ le 2 1 5  on i n q u i ry card.  

ORDERS - B A .  VISA. MASTER C HARGE. money orders. or personal checks. rlease i\Jiow 1 4 

di\ys for checks to c l ear bank. Californi.� residents please i\dd 6% sales rax to your order. 

Al l  orders shipped postpaid. All orders in U .S.  funds. Please add !O% on ,;I I  orders outside t h e  
U . S .A. a n d  Ci\n,;da. 

BYTE July 1 9 79 1 3 1  



Photo 2: The interface elec­
tronic circuits are housed 
inside a convenient but 
necessary weather barrier. 

Photo 3: This view shows the plastic pipe construction of the sonic ane­
mometer and the positioning of the transducers. 
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Photo 7: Wind direction display as it appears 
in the 7 6 line by 64 character format on the 
video monitor. The wind speed and velocity 
are indicated by the position of the asterisk 
with respect to the origin at center. 

Text continued from page 7 22: 

four bits of an i n put port .  The composite 
wind vector i s  d isp layed on a video monitor 
in a 1 6  l i ne by 64 character format. The pro­
gram does not i nc lude a rout ine for comput­
ing the square root of the sum of squares ; 
the plotti ng method used i n  the video for­
matting makes th is unnecessary. 

1 K bytes of memory is al located for 
video d isp lay storage. A fixed card inal d i rec­
tion graticu le  and an asterisk vary ing with 
the wind vector are p laced in  th is  b uffer by 
subroutines. For each complete measure­
ment by the t ransducers, the program erases 
and restores the video buffer. The position 
of the asterisk with respect to the center of 
the screen ind icates wind d i rection and 
magnitude. Photo 1 shows the d isplay .  This 
arrangement, although cramping the d isplay 
to on ly a ±8 un i t  variat ion in the North ­
South d i rect ion and al lowing a ±32 un i t  
variation in  the East-West d i rection,  s ti l l  per­
mits an i nteresting, virtua l ly instantaneous 
d isp lay of wind act ivity. 

Some of the subrout ines in  the l i sti ng 
h ave been sp l i t  up so that the computer i s  
doing useful th ings even du ri ng the  transit 
times of the sound  pu lses (eg:  erasure of 
the vid eo buffer) . The program measures the 
pu lse t ravel t imes in a manner analogo us to 
a counter. At a fixed t ime after pu lse i nit ia­
t ion, the input rout i ne begi ns to look at a 
particu lar pulse has arrived fl ip  flop (part of 
the hardware i n terface that connects to an 
i nput port) and records its logic state, 0 or 1 ,  
i n to an in i tial location i n  memory .  This rou­
ti ne repeats i tself 256 t imes, each t ime enter­
ing another observation into the next 
memory location a l located for logging. 
Checking for a 1 state (pu lse has arrived ) is 
saved for l ater in order to get the best time 
reso lut ion out of the processor. A number 
whose val ue is propo rt ional to travel time 
i s  fi nal ly  obtained by a routine which starts 
at the beginn ing of the logging buffer and 
counts the n umber of successive memory 
bytes necessary to find  a 1 i n  a part icular b i t  
posi tion .  Si nce a b i t  i s  al located for each of 
the four  travel t imes, determin ing the wind 
d i rection and speed is s imply a matter of 
test ing each of the four  b its in an identical 
fash ion .• 



AM ER ICAN TAX ASSOCIATES 
A l p h a  Fedtax a n d  Cal  tax 

�years i n  use 
al p h a  m i c ro syst e m s  

Th i s  i s  a t h o ro u g h l y  t e s t e d  a n d  s u cc e s s f u l l y i n st a l l e d  softwa re p ac kag e .  I t  i s  v e ry u s e r  o ri e n t e d  
a n d  s i m p l e  t o  u s e .  T h e  package i s  as c o m p re h e n s i v e  as avai l a b l e  c o m p u t e r  t a x  s e rv i ce s .  I t  
w i l l  cal c u l at e  taxes,  p repare a n d  p r i n t  a l l forms.  

Th is  p ac kag e i s  s u p po rt e d  by Am erican Tax Assoc i ates ,  a n  e s t a b l i s h e d  Cal i fo rn i a  a c co u n t i n g  
f i rm .  I n  t h i s  way yo u c a n  b e  assu red t h at t h e  yearl y u p dates w i l l  b e  c o n s i st e n t  w i t h  t h e  c u rren t  
l aws a n d  a c co u n t i n g  p ract i c e s .  

Th i s  package i s  a real t i m e  saver .  I t  c a n  p e rform i n c o m e  ave rag i n g  a u t o m at i c a l l y , a n d  based 
o n  the data i n p u t ,  t h e  p ro g ram can d et e rm i n e w h et h e r  t o  i t e m ize or  t o  u s e  t h e  s t a n d ard de­
d uc t i o n .  

T h e  c l i e n t  d at a  c o l l e c t i o n  a n d  i n p u t  p roced u res w e re s e l ected based o n  t h e  e x p e r i e n c e s  o f  
A m e ri c a n  Tax Asso c i at e s ,  a n d  t h e  t ec h n i q u es u sed b y  m a n y  s e rv i c e  c o m p a n i e s .  A s i m p l e  
fo rm i s  c o m p l et e d  d u r i n g  t h e  c l i e n t  i n t e rv i ew .  T h e  d ata f ro m  t h i s  f o rm i s  l at e r  i n p u t  i n t o  t h e  
c o m p u t e r  f o r  p ro c es s i n g .  

W h e n  t h e  c l i e n t  data i s  e n t e red i n t o  t h e  c o m p u t e r  y o u  m ay s e l e c t  t o  h av e  i t  p ri n t  a n  a u d i t  t rai l 
o f  a l l d at a  e n t e re d .  T h i s  w i l l  e n a b l e  y o u  to d o u b l e  c h e c k  t h e  data e n t e re d . 

T h e  ret u r n s  are p r i n t e d  o n  c o n t i n uo u s  p re p r i n ted I R S a p p roved f o rm s .  T h o s e  fo rm s  n o t  req u i r­
i n g  a p re p r i n t e d  form a re f o rm u l at e d  a n d  p r i n t ed o n  b l a n k  p a p e r .  T h e  data d i s k  w i l l  h o l d  u p  to 
1 20 c l i e n t s  so t h e  soft ware is d e s i g n e d  to p r i n t  al l o f  one page at a t i m e .  

T h e  A l p h a  M i c ro s y s t e m  was c h o s e n  a s  t h e  base c o m p u t e r  s y s t e m  b e c a u s e  o f  i t s  m u l t i u se r  
capab i l i t y ,  h i g h  t h ro u g h p u t ,  a n d  u pward e x p a n d ab i l i t y  i n t o  a h ard d i s k  syst e m .  

Yearl y u p d at e s  w i l l  b e  s u p po rt e d  b y  A m e r i can Tax Asso c i at e s .  T h es e  u p d at e s  are avai l a b l e  
from e i t h e r  yo u r  d e a l e r  o r  d i rect l y  fro m  M i s s i o n  Co n t ro l .  

SYSTEM REQUIREMENTS: 
Language: A lpha M icro Systems Basic (compi led) 
Media: a·· f loppy d i skette 
CPU: Alpha M icro AM-100 
Memory: 64 K RAM 
Pri nter : 1 32 col with tractor feed 
Floppy: Dual a·· d rives requ i red 

-,..---,r-----1,-----,D 
_...._____....._____._0 

Write lor our brochure - Dealerships still available 
Contact: Distributor D ISTRIBUTED BY M I S S I O N 
2008 WI LS H I R E  BLVD. ,  SANTA M O N ICA,  CA 90403 • (21 3) 829-51 37 

C irc le 23a on inqu i ry card . 
CONTROL 
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The N atu re of  Ro bots 

Part 2:  S imu lated Contro l System 

Figure, table, and listing 
numbering continued from 
part 7 .  

N ote o n  N orth Star BASIC 

The m ethod of accessing stri ngs i n  N orth 
Star B A S I C  is d ifferent from that of Micro­
soft and other B A S I Cs. Translate as fol l ows: 

A $ ( 1 ,n )  
A $ ( n )  
A $ ( m , n )  

becomes L E FT $ (A $ ,n )  
becomes R I G HT $ (A $ ,n )  
becomes M I D $ (A $ ,m,n )  

Listing 2: A control system simulator written in North Star BASIC. 

1 PRINT " PROGRAM TWO : S IMULATION O F  CONTROL SYSTEM BEHAVIOR" 
2 PRINT 
3 PRINT "AFTER PROMPT (COLON) .  YOU MAY TYPE" 
4 PRINT " 'PLOT XXXXXX ', WHERE XXX XXX MEANS" 
5 PRINT "ANY ONE OR MORE CHARACTERS FROM THE" 
6 PRINT "SET P ,E ,R , I ,O ,D ,  IN ANY SEQUENCE."  
7 PRINT 
8 PRINT "YOU MAY ALSO SET PARAMETERS BY TYPING IN"  
9 PRINT "THE PARAMETER SYMBOL IMMEDIATELY FOLLOWED" 
1 0  PRINT "BY AN EQUAL SIGN AND THE VALUE (NO SPACES) ."  
1 1  PRINT 
1 2  PRI NT "PARAMETERS ARE L ,  K 1 ,  K 2 ,  S 1 ,  5 2 ,  0,  P, R, AND D" 
1 3  PRINT "DEFAULT VALUES 1 6 , 1 ,  2 ,  1 ,  1 ,  0 ,  0 ,  0 ,  AND 1 5" 
1 4  PRINT 
1 5 PRINT "TO RUN,  TYPE '. ' ( IN ITIALIZE),  OR '/ ' ( DON'T IN IT) ."  
1 6  PRINT 
1 7  K 1  = 1  
1 8  K 2  = 2  
1 9  S 1  = 1  
20 S2 = 1 
2 1  PO = 0  
2 2  0 0  = 0  
2 3  R O  = 0  
2 4  DO = 1 5  
2 5  V(4) = 1  
26 V(5)  = 1 
2 7  V ( 6 )  = 1 
2 8  I NPUT "DISPLAY WIDTH : " ,W 
29 W = W - 2  

, 

30 C = W/2 \ REM CENTER OF DISPLAY 
3 1  DIM Z $ (W).M $ (W) . A $  (20 ) .B$  (6 ) ,K (6 ) .U (6 ) . E$  ( 7  2 )  
32 B$  = "PERIOD" 
33 L 1 = 1 5  
34 FOR J = 1 TO W 
3 5  Z $ (J ,J )  = " " 

36 NEXT J \ REM CREATE BLANK FILE 
37 DEF FNI (X) \ REM INPUT FUNCTION 
38 P = P + S 1 * (K 1 * X  - P) 
39 RETURN P 
40 FNEND 
41  DEF FNO(X)  \ REM O UTPUT FUNCTION 
42 0 =0 + S 2 * (K 2 * E  - 0 )  
4 3  RETU RN 0 
44 FNEND 
45 DEF FNF(X)  = 0.5*X \ R E M  FEEDBACK FUNCTION 
46 DEF FND(X) = 0 . 8 * X \ REM DISTURBAN CE FUNCTION 
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Will iam T Powers 
1 1 38 Whitfield Rd 

Northbrook I L  60062 

I n  part 1 ,  we went through a chai n of 
reason ing that ended with the conc lus ion 
that the behavior of an organ ism is not what 
it seems. Behavior appears to be at the end 
of a cause and effect chain that starts with 
the i nputs to a nervous system, but  that 
chain i s  su bject to d isturbances that can 
occur after the ou tpu t of the nervous sys­
tem. Nevertheless, the behavior at the end 
of th is  chain i s  stab le and repeatable, whi le 
events c loser to the organism become less 
predictab le as we get nearer to the neural 
s ignal s at the output of the nervou s system. 
By analyzing an examp le  i n  wh ich a car 
is maintained in the center of its lane, we 
saw that th is measu re of behavior belongs 
at both the cause and effect ends of the 
chain, and that if th is variable is shown 
on ly once in  the d iagram, a closed l oop 
resu l ts . 

We are going to look in  more detai l at 
the behaving system i n  th is  c losed l oop, 
to see how it  m igh t  be organized to pro­
duce the resu l ts seen .  We wi l l  start u sing a 
s imu lator wri tten in BAS IC  which a l lows the 
u ser  to vary many parameters of the con­
trol system to see the effects on its actions. 
Human behavior w i l l  not be mentioned 
much in  this insta l lment; there are many 
fundamenta ls  to cover before we can get 
back to the main pu rpose of this series_ The 
object here is to retrain the intu ition so that 
the c losed l oop way of seeing behavior 
becomes as natu ral as the old straight 
through .cause and effect way . 

Organization of a Control System 

The s imu lator ( l i sti ng  2) i s  set up to 
demonstrate the properties of a standard 
sort of control system organ ization. We wi l l  
first l ook  at that organization, then at  the 
s imu lator itself, and fi nal ly at some detai l s  
of  the operation of  the control system. You 



can do  much more experimenting than we 
wi l l  d i scuss here. 

F i gure 5 is a d iagram of a typical control 
system. Almost every control system can be 
expressed i n  th is form, although in  the real 
system, functions that are shown here as 
separate are often comb ined i nto one 
physical enti ty .  The symbols for functions 
and variables are those wh ich appear in the 
BAS IC  s imu l ator. 

The behaving system is  enti rely above 
the boundary l i ne. A l l  that is not the be­
having system (or systems i ns ide the organ­
i sm at a h igher level, not considered here) 
i s  cal led the environment of the system. 
Variables inside the system wi l l  always 
be cal led signals, and variables in the envi­
ronment wil l always be cal l ed quantities. 
I n  the environment we have three quantities 
mentioned in  part 1 .  The input quantity i s  
a physical variab le  that the system can sense. 
The state of th is quantity is the resu l t  of 
al l i nfluences acting on it (which in ou r 
l im ited un iverse means the influence from 
the system's own output) and one repre­
sentative disturbing quantity that can vary 
independently from what the system does. 
The system 's output  i s  represented by the 
output quantity. The input  quanti ty i s  
cal led I ,  the output quantity 0, and th e 
disturbing quanti ty D .  

The output and d i stu rbing quanti ties are 
separated in space from the i nput  quanti ty, 
and they influence the input  quantity 
through properties of the in tervening envi ­
ronment. The connection that translates 
the state of the output  quantity i n to an 
i nfluence on the input quanti ty is cal led the 
feedback function, sym bol ized in  BAS IC  
as FN  F .  The function that translates the 
state of the d i stu rb ing quantity i nto another 
influence on the i nput quantity i s  the dis­
turbing function, symbol ized FND .  I f  the 
input quanti ty i s  associated w i th some 
physical object, then F N F  and FND  may 
both contain properties of that object 
(eg: i ts mass) . There are l ess redundant 
ways to handle th is i n  special cases. 

The mean ing  of the previous paragraph 
i s  summed up in l i ne 1 02 :  I = F N F (O) + 

FND(D ) .  The state of the i nput  quanti ty i s  
the sum of the influences from the outpu t 
quantity and the d isturb ing quant ity. I n  
the real world, both the output quantity 
and the d i stu rbing quanti ty may have many 
effects other than those on I ,  but those 
effects are i rrelevant to the operation of 
th is  system (perhaps not to the designer or 
user of the system, if it i s  artificial ) .  We have 
therefore considered everyth ing about the 
environment that i s  of interest here. 

4 7  
48 
49 
50 
5 1  
52 
5 3  
54 
55 
56 
5 7  
5 8  
5 9  
6 0  
6 1  
6 2  
63 
64 
65 
66 
67 
68 
69 
70 
7 1  
7 2  
7 3  
7 4  
7 5  
76 
77 
7 8  
7 9  
80 
81 
82 
8 3  
84 
85 
86 
8 7  
8 8  
89 
90 
9 1  
9 2  
9 3  
94 
95 
96 
9 7  
9 8  
99 
1 00 
1 0 1  
1 0 2 
1 0 3 
1 04 
1 0 5 
1 06 
1 07 
1 08 
1 09 
1 1 0 
1 1 1  
1 1 2 
1 1 3  
1 1 4 
1 1 5 
1 1 6 
1 1 7  
1 1 8 
1 1 9 
1 20 
1 2 1 
1 2 2 
1 2 3 
1 24 
1 2 5 
1 26 
1 2 7 
1 2 8 
9 9 9  

REM * *  
REM * * COMMANDS FOR SETTING PARAMETERS 
GOTO 5 1  
A$ = " " \ I F E 1 > LEN ( E $ ) THEN 5 1  ELSE 5 3  
IN PUT " : " , E $ \ A $ = "  " \ E 1 = 1  
IF  LEN ( E $ )  < > 0 THEN 5 3 \ PRINT \ GOTO 5 1  
E 1  $ = E$ (E 1  , E 1 ) \ E 1  = E 1  + 1 
IF E 1  $ = " , " THEN 57 ELSE IF E 1  > LEN ( E $ )  THEN 5 6  
A $ = A $ + E 1 $ \ GOTO 5 3  
A $  = A $  + E 1  $ 
IF A $ = " . "  THEN 9 5  
I F  A $ = "/" THEN 9 9  
IF  A $ < > " ? "  T H E N  6 2  
PRINT \ PRINT% 7 F 3 , " K 1  = " ,K 1 , "  K 2 = " , K 2 , "  5 1 = " , 5 1 , " 
GOTO 5 1  

5 2 = " ,  5 2  

IF  LEN (A $ ) <  5 THEN 7 2  
IF  A $ ( 1  , 5 )  < > " PLOT" THEN 7 2  
A $  = A $ ( 6 )  
FOR J = 1 TO 6 \ REM 
V(J)  = 0  \ REM 
FOR K =  1 TO LEN (A $ )  
IF  A $  (K ,K )  = B$  (J ,J )  THEN V(J )  = 1 
NEXT K 
NEXT J 
GOTO 50 
I F  LEN (A $ ) < 3  THEN 9 1  
IF A $ ( 1 , 3 ) < > " K 1  = " THEN 7 5  
K 1  =VAL(A $ (4 ) )  \ GOTO 50 
IF  A $ ( 1  , 3 ) < > "K2 = " THEN 7 7  
K 2  = VAL(A $ (4 ) )  \ GOTO 50 
IF  A $ ( 1  , 3 ) < > " 5 1 = "  THEN 79 
5 1  =VAL(A $ (4 ) )  \ GOTO 5 0  
I F A $ ( 1 , 3 ) < > "S 2 = " THEN 8 1  
52 = VAL(A$ (4) )  \ GOTO 5 0  
IF  A $ ( 1  , 2 ) <  > "0 = " THEN 8 3  
00 = VAL(A$ (3 ) )  \ GOTO 5 0  
IF  A $ ( 1  , 2 ) <  > "P = " THEN 8 5  
PO = VAL(A $ ( 3 ) )  \ GOTO 5 0  
IF A $ ( 1 , 2 ) < > " R = " THEN 8 7  
R O  = VAL( A $ ( 3 ) )  \ GOTO 5 0  
IF A $ ( 1 , 2 ) < > " D = " THEN 8 9  
DO = VAL(A $ ( 3 ) )  \ GOTO 5 0  
IF A $ ( 1 , 2 ) < > "L = " THEN 9 1  
L 1  = VAL(A$ (3 ) ) \ GOTO 5 0  
PRINT " ? ? ? " , \ GOTO 50 
REM * *  
REM * *  
REM * *  
P = PO \ REM 
0 = 00 \  D = DO \ R = RO 
I =  FNF(O) + FND(D )  
E = R - P \ GOSUB 1 09 \ REM 
D = DO \  REM 
R = RO 
FOR L = 1 TO L 1 \ REM 
I =  FNF(O) + FND(D )  
P = FNI ( I )  
E = R - P 
0 = FNO(E)  
GOSUB 1 09 \ REM 
NEXT L 
GOTO 50 
REM * *  
REM * *  
REM * *  
U ( 1 ) = P + C  
U ( 2 ) = E + C  
U ( 3 )  = R  + C  
U (4 )  = I  + C  
U ( 5 )  = 0  + C  
U(6 ) = D + C  
PRINT 
M $  = Z $  \ REM 
M $ (C + 1 ,C + 1 )  = " . " \ REM 
FOR J = 1 TO 6 \ REM 
U = INT(U(J)  + . 5 )  + 1 
IF U <  1 THEN U = 1 
I F  U > W  THEN U = W  
IF  V(J )  = 1 THEN M $ (U , U )  = B $ (J ,J )  
NEXT J 
PRINT M $ ,  \ REM 
RETU RN 
END 

TAG VARIABLES TO 
BE PLOTTED. 

S IMULATION AND PLOTTING LOOP 

ENTRY WITH I N ITIALIZATION 

PLOT IN IT .  CON DITIONS 
ENTRY, NO I N ITIALIZATION 

CONTROL LOOP S IMULATION 

CALL PLOTTING SUBROUTINE 

PLOTTING SUBROUTINE 

CLEAR OUTPUT BU FFER 
MARK SCREEN CENTER 
LOAD BUFFER 

PRINT BUFFER 
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S I G N A L  

F N I  
I N P U T  
F U N C T I O N  

R 
R E F E R E N C E  
S I G N A L  

\ I 
S Y S T E M  

E N V I R O N M E N T  I \ 
I ,  I N PU T  
QUAN T I TY 

O , O U T P U T  
Q U A N T I T Y  

F N F , F E E O B A C K  
F U N C T I O N  

F N D ,  D I S T U R B A N C E  
F U N C T I O N  

S I G N A L  

F N O  
O U T P U T  
F U N CT I O N  

D 
D I S T U R B I N G  
QUAN T I T Y  

Figure 5: The system 's output quantity, 0, influences the input quantity, I, 
via the feedback function, FNF. The disturbing quantity, D, influences the 
input quantity via the disturbance function FND. Both FNF and FND 
represent physical links in the environment. The state of the input quantity 
is determined by the sum of these two influences. 

The system 's input function; FNI, converts the state of the input quan­
tity into a magnitude of the perceptual signal P. P is compared with the 
reference signal R in the comparator function, which emits an error signal 
£ = R - P. The error signal is converted into a magnitude of the output 
quantity via the output function, FNO. 

Above the I ine we have the behaving sys­
tem. We cross the boundary at the input 
function, F N I .  This is the function which 
turns the state of an external quant i ty,  
I ,  i n to the magn itude of a perceptual signal, 
P. Both sensors and computing  p rocesses 
may be involved in a comp lex input function. 
The outcome, however, i s  always the magni­
tude of a single signal, whatever it repre­
sents. This signal can on ly increase or de­
crease ; we wi l l  always work with one­
d imensional control systems, treating mu l ti­
d imensional control phenomena by using 
mu l tip l e  control systems. The perceptual 
signal i s  the system's  i n ternal representation 
of the external worl d  - its on ly such repre­
sentation. 

Line 1 03 expresses the defi n i tion of the 
input  function and the way i t  relates the 
input quantity and perceptual signal : P = 

F N I ( I ) . 
I ns ide the system is another signal, the 

reference signal, R. I n  l iv ing systems, th is 
s ignal i s  generated e l sewhere in  the organ­
ism ; it i s  not access ib le from outside. The 
reference signal, along wi th the perceptual 
signal, enters a function cal led the com­
parator, wh ich subtracts one signal from the 
other and em its an error signal, E, repre­
senting  the signed difference of magnitudes. 
It does not matter wh ich s ignal i s  subtracted 
from wh ich, but  for u n iform i ty we wi l l  
always treat t h e  reference signal as t h e  posi­
tive i nput  and the perceptual signal as the 
one subtracted from it. Thus, a pos1t1ve 
error signal always means that the refer­
ence signal is l arger than the . perceptual 
signal. This fu nction does not have to be 
general ized, as non l inearities and ampl ifica­
tion can always be absorbed i n to one of the 
other fu nctions. 

THE�U©� 
W@� WE'RE NOT .JUST THE VIDEO PEOPLE 

It's true we built our  reputation on high precision video digitizers, but that's not a l l  we offer. 

Take B.QB for example, a 2708 EPROM Programmer for the SWTPC 6800. All programming voltages are generated on board and controlled by a 
safety switch with an LED Indicator. An Industrial quality Textool socket and extended board height allow effortless EPROM Insertion and 
retrieval. The source l isting of U2708, our utility to test, burn verify and copy EPROMs Is Included. B-OB was our first product and we've never 
had one of them returned for repair. Price: $99.95 

If you're programming EPROMs a lot, you might take a look at our PROM System Board. PSB-08 features space for up to eight 2708 EPROMs 
and 1K of high-speed scratchpad RAM. The EPROMs are di p-switch addressable for convenience. An exclusive 1/0 s!llect option permits the 
user to move the 1/0 locations In  memory to any block In  EPROM and expand to 56K bytes of contiguous user RAM. Price: $ 1 1 9.95 

UIO Is another of our popular 6800 products; It's Just the thing for custom Interfaces. UIO has space for a 40-pln wire wrap socket Into which 
you can plug any of Motorola's 40 or 24-pln Interface chips. The data ancl control lines are connected to the appropriate edge connector pins 
with all other bus connections brought out to a 1 6-pln socket pad. Build circuits In  half the time with UIO. Price: $24.95 

One of our most exciting new products Is a home controller system. It won't cost several hundred dollars and you won't need any electrical 
engineering experience to use lt. By mid-summer we wi l l  have units available for the S-50, S-100, TRS-80 and Apple computers. Don't write us 
now; we'll let you know when we are ready to ship. 

Of course we sti l l  make video gear. The DS-80 for S-100 computers and the DS-68 for 6800 machines are In  stock. Our first production run for 
the Apple will be available I n  early Ju ly. So even though we think video Is one of the most creative areas opening up for micros, we're not Just 
the video people. 

P . O .  BOX 1 1 1 0 DEL MAR, CA 9201 4 7 1 4-756-2687 
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FREE SOFTWARE! FI NALLY . . . .  

PRACTICAL M ICROCOMPUTER PROGRAM M I NG :  THE Z80 
by W.J. Weller 

Here from W.J.  Weller and Northern Techno­
logy Books is the th ird in the Practical Microcom­
puter Programming series. It is a comprehensive 
text covering assembly language programming 
for Z80 based microcomputers. The f i rst 16 chap­
ters cover Z80 programming comprehensively, 
from bi nary operations to interrupt hand l i ng .  I n­
cl uded are chapters on moving data, logical and 
arithmetic operations, use of the stack, commu­
n ications with the termi nal , floating point arith­
metic and graphic output . All programming tech­
n i q ues are i l l ustrated with formal tested ex­
amples. An important feature of the book is that 

it uses the un iversal standard 8080 m nemonics. 
This is of g reat hEliP to users who are upgrad ing 
their  machi nes and software to ut i l ize the Z80 
processor. 

The last part of the book is software; an editor I 
assembler which wi l l  run on any 8080 or Z80 ma­
chine and a debugging monitor. 
Hardcover $29.95 

AN EDITOR/ ASSEMBLER SYSTEM 
FOR 8080/8085 BASED COMPUTERS 

by W.J. Weller and W.T. Powers 

This 1 48 page book contains complete i ntormation for i n it ial izing 
and using a powerful new editor/ assembler and debugging monitor 
system, and the fu l l  SOURCE text of both .  The assembler f u l ly sup­
ports all I ntel i nstruction mnemon ics as wel l as the ent i re language 
used in  Practical Microcomputer Programmi'ngrM:The l ntel 8080. The 
editor /assembler is resident i n  less than 8K RAM and wi l l  run on 
any 8080, 8085 orZ80 based computer with peri pherals which trans� 
fer on a character basis or can be made to do so by buffering.  The us­
er suppl ies h is or her own 1 / 0  drivers.The text editor is extremely 
si mple to use and does not requ i re i rrelevant l i ne numbers. Also in­
cl uded is a program to convert Processor Technology TM format tapes 
to a format usable by the editor I assembler. 

This system is not the usual "quickie" software, ridd l ed with er­
rors and l i mitations, but a professiona l ly  created, thoroughly tested 
and debugged system .  At $1 4.95 it is the best software bargain you 
are ever l i kely to see. 

AND BY T H E  WAY . . .  paper tape object copies of all this software 
are sent F R EE to book purchasers when the coupon at the back of the 
book is returned to Northern Technology Books. 81/2 "  x 1 1  " .  $14.95 

• 8080 / 8085 ed itor/ assembler object code on d iskette for North 
Star d isc systems. Only $14.00 

• 8080 / 8085 editor / assembler and debug source code for North 
Star d isc sy8tems. On ly  $14.00 

• Or both for $26.00! 

PRACTICAL M ICROCOMPUTER PROG RAMMING: 
THE I NTEL 8080 

by W.J. Weller, A.V. Shatzel and H.Y. Nice 

Here is a comprehensive sou rce of prog ramming i nformation for 
the present or prospective user of the 8080 m icrocomputer, including 
moving data, bi nary arithmetic operat ions, mul t ip l ication and d ivis­
ion , use of the stack pointer, subroutines, arrays and tables, convers­
ions, decimal arithmetic, various 1 / 0 options, real t ime clocks and 
i nterrupt d riven processes, and debugging techn iques. 

This 306-page hardcover book is wel l worth its $21 .95 price and 
should be in  every 8080 or Z80 user's l i brary. 

PRACTICAL M ICROCOMPUTER PROGRAMM I N G :  THE M6800 
by W.J. Weller 

This second vol u me of the Practical Microcomputer Programming 
series addresses the problems of appl ications programming at as­
sembly level for the M6800. I n  1 6  chapters and more than 1 00 formal 
examples , the fundamental techniques of assembly level programm­
ing are appl i ed to the solution of specific problems with the 6800. No­
where theoret ical , it is a thorough and detai led methods text for the 
beginn ing and i ntermediate appl ication programmer using the 6800. 
$21 . 95 hardcover. 

• A trademark of Tandy Corporation 

a quality assembler for the TRS-80* 

Send in the coupon suppl ied with the book and 
receive FREE the object programs of the editor 1 
assembler and debug on either paper tape or on 
cassette tape for the TRS-80 microcomputer. 
(Loads in Level l with 1 6K RAM or Level l I . )  

Both the book and software for only $29.95! 

• Also avai lable is the editor / assembler object code for the Z-80 
on diskette for North Star d isc systems. On ly  $1 4.00 

• I n  add ition , the editor I assembler and debug source code for the 
Z 80 are avai lable on d iskette for North Star disc systems . 
Only $14.00 

• Or both for $26.00 ! 

Please send me the items checked below. 

0 Practical M icrocomputer Programming - The Z80 
(with choice of either FREE paper tape or FREE TRS-80 cassette 
when I mai l coupon suppl ied with book) $29.95 
0 Editor I Assembler System for 8080/8085 Based Computers 
(with ·paper tape object copies of the software sent FREE when I mai l 
coupon suppl ied with book) $1 4.95 
0 Practical Microcomputing Programming - The I ntel 8080 $21 .95 
0 Practical Microcomputing Programming - The M6800 $21 .95 
0 Editor/assembler object code for the Z 80 on d iskette for North 
Star d isc systems $14.00 
0 Ed itor I assembler and d ebug source code for the Z 80 on d iskette 
for North Star systems $14.00 
0 SAVE $2.00! Both object code and source code for the Z �0 

1
$26.00 

0 Editor/ assembler object code for 8080/ 8085 on d iskette for North 
Star d isc systems $1 4.00 
0 Editor/ assembler and debug source code for 8080/ 8085 on d isk­
ette for North Star disc systems $1 4.00 
0 SAVE $2.00! Both object code and source code for 8080/ 8085 $26. 

I Total enclosed $._-::-__ (Please enclose 75q_ shi ppi ng/ handl i ng 
for each item ordered) 

0 Check Charge Card 0 Master Charge 0 Visa 
Card # ____________________ _ 

Expires. _____ _ Signature: __________ _ 

Name: _____________________ __ 

Address ____________________ _ 

City _______ .State. ___ ..... i p  ______ _ 

Dial your charge card orders tol l -free: 800-258-5477 Mon.-Fri 9 - 5  PM 
( In  New Hampshire d ial 924-3355) 

� - - - - - - - - - - - - - - - - - - - - - - - - - - - -
You may photocopy this page Dealer inqui ries invited 
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Anatomy of the Simulator 

Let's run through the simulator quickly before we start using it, to 
see how this control organization operates. 

Lines 7 thru 7 6 are user instructions. Lines 7 7 thru 2 7 initialize the 
system in a way that will be used to illustrate a point. Lines 28 thru 33 
do more initializing, and ask for the width of your display. Lines 34 
thru 36 create a blank string in case your BASIC doesn 't set dimensioned 
strings initially to spaces. 

Lines 3 7 thru 46 define the various functions of the control system. 
If your BASIC can 't do multiline functions, you can substitute sub­
routines here. The idea is to make it easy to try out different kinds of 
functions in the control system. 

Lines 49 thru 9 7  comprise the interpreter, which accepts character 
strings and sets initial conditions and parameters before each run. Vqri­
ables are initialized and constants are set by typing a string of the form 
A=m or An=m (no spaces; terminated by a carriage return). To set up 
the plotter, the statement is PLOT XXXXXX, where XXXXXX is one 
or more characters from the set P, E, R, 1, 0, and D, in any sequence. 
The plotter comes up set to plot P, E, and R. If you forget the last · 

values of the parameters Kl, K2, 57, and 52, type l and they will be 
printed out. We will eventually define them. 

The control system itself is simulated from line 95 to line 7 08. 
Entering the simulator at line 95 initializes the perceptual and output 
variables to values given to the interpreter. Entering at line 99 runs the 

· simulation from the conditions 'left at the end of the last run. This is 
taken care of by the two run commands in the interpreter: a dot (.) 
means run with initialization, and a slash (/) means run without initial­
ization. All commands require a carriage return termination. 

The plotting subroutine goes from line 7 7 2 to line 7 28. Its operation 
deserves a note, since it was arrived at after some more normal schemes 
were rejected for being too slow. When the interpreter is given a string 
of symbols to set up the plotting, a table is set up (V(j)) in which a 7 
means plot and a 0 means don 't plot. When the plotter is entered, it 
transfers all six variables to another table, U(j). The output buffer is 
then cleared, and a short loop scans the V table, picking up variables 
from the U table when V(j)=l, and putting the symbol into the output 
buffer in a position corresponding to the value of the variable. Then the 
output buffer is printed out. This eliminates sorting the variables by 
size or printing the line as many times as there are variables. This 
method nicely cures the fundamental "rheumatism " of BASIC, as it is 
able to plot about two lines per second on my Polymorphics VTI 

· display . . 
When two variables fall on the same spot, the variable that actually 

appears is the latest one in the series PERIOD. Thus far-is has a/Ways 
been easy to figure out where a missing variable is hidden. 

Once we have a set of variables connecting functions together, and 
an overall arrangement, we can treat the system by assembling it piece 
by piece. Let's look at the pieces we have, represented by the four 
statements in listing 2 from line 7 02 to 7 05: 

7 02 I 
7 03 p 
704 E 
705 0 

FNF(O) + FND(D) 
FNI(I) 

. 

R - P 
FNO(E) 

Looking at figure 5, we can see that these four statements lead us 
clockwise around the closed loop. I is the result of combining the out­
puts of the feedback and disturbance functions. It becomes the input 
to the input function, producing a value of the perceptual signal P. P is 
one of the inputs to the comparator, which produces the error signal E. 
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Continued on page 740 

-- - ----

Therefore I i ne  1 04 represents the com­
parator withou t  using a function ;  it is the 
comparator fu nction itself: E = R - P. 

The error signal d r ives the output of 
the system via the output function, FNO.  
The output  of the system, therefore, de­
pends not on the input  quant ity or the 
perceptual signal a lone, but  on the differ­
ence between the perceptual signal and the 
reference signa l .  The output function trans­
l ates a s ignal i ns ide the system into a quan­
ti ty outside i t, accord ing  to whatever rule 
i s  descri bed by FNO.  I f  the error signal 
changes sign, the ou tput  quantity also 
changes; in other words, we assume that 
output functions have no constant term. 
Any such constant term wou ld  have the 
same effect as a reference s ignal, creating 
an offset in  the overal l system response. 
Not every system can hand le error s ignal s 
and output quantities that go th rough zero 
and thus change sign, but  the princip les 
remain the same in the region where the 
system works. 

Line 1 05 expresses the operation of the 
output  fu nction :  0 = FNO (E ) . This c loses 
the l oop of cause and effect s ince the 
ou tpu t quanti ty appears in l i ne  1 02 where 
the i nput  to the system is  calcu lated. 

If the system functions are properly de­
signed for the properties of the system's 
environment, th is  enti re c l osed l oop w i l l  
seek an equ i l i br ium state. Our simu lator will 
let us l ook at time-vary ing effects, but for 
the most part we wi l l  be concerned with 
steady state relationsh ips. 

Once we have seen how time variations 
come into the p ictu re, we wi l l  concentrate 
on variations that occur slowly enough that 
the system and i ts environment never get 
far from a steady state relationsh ip .  Th i s  
i s  the whole trick in  grasping  how control 
systems work. If you al l ow yourself to 
become embroi l ed in the i n teresting  detai l s  
of  stabi l ization, or . i n terested i n  the  l im i ts 
of performance i n  the presence of l arge and 
rapid ly changing d i sturbances, you may 
learn a l ot about one control system, but 
you wi l l  m i ss the organizational features 
that are obvious on ly when the system is not 
being subjected to unusual stresses. We wi l l  
b e  concerned main ly with the normal range 
of operation, the range with in  wh ich th is  
system can behave very nearly l i ke an i deal 
control system.  Once that mode of opera­
t ion is u nderstood, there is p l enty of time to 
explore the l im i ts of operation. {See "Ana­
tomy of the S imulator" text box ) . 
A Wrong Approach 

Let us start off by assuming that we have 
a s imple l i near system . The i nput  fu nction is 
a mu l ti p l ier of 1 ,  the comparator i s  a l ready 
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, s is the, input to the . output function · that produces 0, the output 
· quantity. The output quantity is the input to the feed!Jack function, 
which leads us back to the start. 

It might seem that all we have to do now is to supply some specific 
forms for the functions, and turn the system on to see what it will do. 
In a sense, this is right .. If this were an analogue computation, we might 
even get a correct idea of how the system works. However, it is unlikely 
that anyone who hasn 't. done this before would plug in the right func­
tions to make a digital computer give us anything more than a fairy 
tale . . It is so important to understand this point. that I have written the 
simulator to come up initialized in order to illustrate it. 

0 

0 

0 

0 

0 

0 

0 

0 

s imple and l inear, the output function is a 
mu ltipl ier of 2, the feedback function is a 
mu lt ip l ier of 0.5, and the d isturbance func­
tion is a mu l tip l ier of 0.8. These choices 
are d ictated partly by the need to keep vari­
ables from fal l ing on each other when we 
plot them. The simu lator in itial izes D to 1 5 . 

Our fou r system equations, with these 
values su bstituted, now look l i ke th is :  

I p 
E 
0 

0.5x0 + 0.8xD = 0.5x0 + 1 2  
I 
R - P  
2xE 

(1 ) 
(2) 
(3) 
(4) 

Th is system of equations is i terated 
during a s imulation of behavior. 

The above is a pretty simple system of 
equations. So why can 't we just solve it 
algebraical ly and skip the rest? I suggest, 

0 

0 

0 

0 

0 

0 

0 

0 

I D 

I D 

I D 

I D 

T D 

r n 

I D 

I D 

T D 

Figure 6: The initial plot generated by the BASIC simulator. Disturbance is 
set to 7 5 units and the reference signal is initialized to 0. The system is in 
a state of oscillation. 
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in  fact, that you do solve it (by successive 
substitu tions) . Solve for the value of the per­
ceptual signal in terms of R and D. You ' l l  
get P= I= (R - 0.8 x D)/2. 

Ready for a shock? You r computer  can 't  
come up  with that so lution !  Let's fire up th e 
BAS I C  simu lator, wh ich is in itial ized accord­
ing  to equations 1 th ru 4 above, and plot 
I ,  D ,  and 0 .  Type RUN,  and answer the 
question with a reply that tel l s  the width 
of your d isplay.  After the colon prompt 
appears, type i n  the fol l owing :  

I trust nobody had trouble with that. 
The dot says "do a p lotting  run after 

i nitial iz ing the variables." A slash {/) wou ld  
say "do the ru n from where the  last run l eft 
off." The resu l t  can be found in figure 6. 

The d istu rbance is set to a steady +1 5 
un i ts, and the reference signal is in i tial ized 
to 0 .  Accord ing  to the algebraic solution 
above, the input signal should be a steady 
0.8 x 1 5/2, or 6 un i ts, to the right of center 
(dots ind icate center when nothing is there ) .  
I t  is c lear that someth ing  e lse happened. The 
whole system is in a state of endless oscilla­
tion . (When variables fal l  on top of each 
other in a plot, the visib le  one is the latest 
in the sequence PER IOD .) 

Nature has a way of slapp ing  your wrist 
when you forget someth ing important. Ou r 
wrist has just been slapped. Natural ly we 
do not get the same resu lt  that algebra gives : 
the algebraic solution comes from treating  
a l l  of  those relationsh ips simultaneously. 
Our computer program i s  treating them 
one at a time. The algebra says that if one 
variab le changes, they al l change. The com­
puter, being  a purely sequential mach ine, 
th i nks it can change one variable without 
changing the others. If the physical system 
being modeled is of that nature - if it, too, 
is a sequential state mach ine - then the 
computer wi l l  produce a correct p icture of 
behavior. But, if the system being modeled 
works in terms of continuous variables, 
even in part, the computer wi l l  turn it i nto 
a sequential-state machine and analyze that 
kind of system instead of the one we actu­
a l ly have. That is what has happened here. 
We forgot to te l l  the computer that these 
variab les can ' t  change as fast as the com­
puter can compute. 

A More Accurate Approach 

In order to make this simu lated system 
behave the way the algebra says it should, 
we have to s low down changes i n  one or more 
variables to take account of the fact that 
we are deal ing with real, physical variables 
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RANDOM, MULTI-KEY RECORD RETRIEVAL under CP/M, CDOS, I MDOS, ADOS . . .  

S E L E C T O R  I l l  A L L O W S 
INSTANT RECALL OF ANY 
RECORD USI N G  ANY I N­
FORMATI ON ITEM I N  THE 
R E C O R D .  T h at stat e m e n t  
d e s e rv e s  r e - r e a d i n g ,  b e­
c a u s e  t h at a b i l i t y  m a k e s  
S E L E C T O R  I l l  t h e  m o s t  
p o w e r f u l D at e  B as e  M a n ­
agement System i n  m i c ro­
com puters tod ay !  

W i t h  S E L E C T O R  I l l  
you can . . .  
• d ef i n e  a rec o rd f o r m at ,  
as s i g n  ret r i ev a l  k ey s ,  a n d  
beg i n  enter ing  data i n  m i n­
utes. 
• create sorted po i nters to 
records match i n g  you r s pe­
cif or  range of req u i re ments. 
Circ le 2 1 3  on inqu i ry card. 

• a u t o m at i c a l l y  g e n  e r.a t e  
reports with control-break 
s u m m a r i es a n d  u n l i m i t e d  
variety. 

• br i ng an app l i cat ion o n­
l i n e  i n  h o u r s i n s t e a d  o f  
m onths. 

SELECTOR I l l  comes com­
p l ete with e ight appl icat ion 
p rog rams that perform the 
tasks I is ted at  top of  page. 
And, s i nce it 's d ist ri buted i n  
sou rce code form , you can 
eas i ly  add subrouti nes to do 
s p e c i f i c  c o m p u t at i o n s  o r  
f i l e  updates. 

SELECTOR I l l  runs u nder  
CBAS I C  Vers. 1 or  2, and is 
p riced at $295. SELECTO R 

I I I -C2 is ded i cated to Vers. 2 
o n l y ,  r u n s  a b o u t  t w i ce as 
fast, a n d  costs $345. 

Both systems are avai lab le  i n  
a variety o f  C P/M, d iskette 
s i z e  a n d  d e n s i t y  f o r m at s  
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· M i c r o p o l i s ;  T R S - 8 0 ;  P r o­
cessor Tech He l i os I I ;  Altair ;  
i C O M ;  D y n a b y t e ;  l m s a i ; 
and others.  

- - - - - - - - - - - - -
1 Available from computer stores nationwide: I 
I LIFEBOAT Associates I 
1 2248 Broadway, Suite 34, I 
I New York, N.Y. 1 0024 • (212) 580-0082 I 
I Or order d irect from I M I CRO-AP I 9807 Davona Drive, San Ramon, C A  94583 I 
1 ( 4 1 5) 828-6697 1 - - - - - - - - - - - - -
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: 5 1 = 0 . 5  

: 5 2= 0 . 2  

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

Figure 7: The slowing factors have been changed. 57 equals 0.5 and 52 is 
0.2. We now have a much smoother curve. 
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and not abstract numbers. The simu lator 
does th is in the input and ou tput fu nctions, 
l i nes 37 th ru 40 ( input) and 41 thru 44 
(output) . We wi l l  be basical ly deal ing with a 
l i near system in which both the input and 
output fu nctions are constants of propor­
tional i ty .  As you can see from l i sting 2, 
however, there's a I i ttle more to it than that. 

Consider l i ne 42: 0 = 0 + 52* (K2*E 
- 0) . The 0 on. the left s ide is the new value 
of that quantity after th is  program step has 
been executed .  On the righ t side, 0 indicates 
the last value of the ou tput quantity .  We 
recognize K2*E as a calculation of the 
output quantity as if it were simply propor­
tional to the error signal, E. The expression 
in parentheses, therefore, is the difference 
between th is calcu lated new value and the 
o ld val ue of 0 .  This is how much the ou tpu t 
quantity wou ld  change if it cou ld change 
i nstantly. 

This calcu lated amount of change is 
mu lt ipl ied by 52, a slowing factor, and 
the resu l t  is added to the old value of 0. 
We calculate the amount of change that an 
instantly reacting  system wou ld produce, 
but al low only a fraction 52 of it to occur 
on any one iteration .  52 is a positive num­
ber between zero and one. We've put a low­
pass fi l ter i nto the output function, without  
affecting the  steady state proportionality 
constant. 

The same th ing is done for the input 
fu nction. A slowing factor 5 1 ,  between zero 
and one, acts to slow P down . We need only 
one s lowing factor to make thi s  simu lator 
behave real istical ly,  but  there is provision 
for two, so that you can explore the effect 
of having two if you wish . I n  al l the plots 
to fol low, we ' l l  u se a modest slowi ng factor 
of 51 =0.5 in the input fu nction, and essen­
tial ly al l of the requ i red slowing in the out­
put fu nction.  Once you get the hang of this 
you can put slowing factors into any of the 
fu nctions. 

The s imu lator is in i tial ized with S1 and 
52 set to 1 ,  wh ich reduces 0 + S2x (K2xE 
- 0) to 0 + K2xE - 0 or just K2xE (no 
slowi ng at al l ) .  The same is done for the 
input fu nction. Let's set them to other 
val ues and see what happens. The values of 
51 and 52 can be set by typ ing S 1 =n or 
S2=n and a carriage retu rn : 

: 5 1 =0.5 
:52=0.2 

(run with i nitial ization) 

Suddenly we see n ice, smooth relation­
ships (figure 7 ) .  I f  you measure, you ' l l  see 
that the input  signal, I ,  ends up just six 
un i ts to the righ t ;  the same solution given 
by the algebraic approach.  

Does this mean we can just u se algebra 
to analyze a control system? Not at al l .  
We won ' t  delve into this, b u t  the algebraic 
solu tions are val id only if the d ifferential 
equations which real ly describe the system 
have steady state solutions. Then the alge­
braic solutions are the steady state solu tions. 
In our simu lator, we see al l the time 
variations that lead toward the steady state, 
and the algebra says noth ing  abou t these. 
By putti ng  the slowi ng factors i n to our cal­
cu lations we have caused this system to seek 
a steady state. Therefore, i t  is the stabi l ity 
of the system that tel l s  us we can use alge­
bra, not the other way around.  Pred icting 
stab i l i ty can become a messy process. We 
fidd le  around with slowing factors u ntil we 
get stab i l ity, wh ich is more or less how 
Nature does i t  anyway. 

We have now establ ished the fact that 
using natural logic and fol lowing causes 
and effects around the closed loop as a 
sequence of events wi l l  lead to a wrong 
prediction of con trol system behavior. This 
immediately e l iminates three-quarters of 
what b io logists, psychologists, neurologists, 
and even cyberneticians have pub l ished 
about  control theory and behavior. We 
are just beginn ing to see that one must 
view al l  the variables in a control system 
as changing together, not one at a time. 
Th is is what I mean by retrain ing th e in-
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Using the Simulator 

The simulator is run from the keyboard, f!Sing commands that tell it 
which variables to plot and what values of variables and parameters to 
start with . The instructions can be given one at a time, terminated by 
carriage returns, or they can be given in a continuous string with com­
mands separated by commas. The latter is useful for altering parameters 
in the middle of a plot in order to see their effects. 

The only time a space is permitted in a command or string of com­
mands is when it is separating the word PLOT from the string of 
variable symbols to be plotted. . 

In order to tell the simulator what variables to plot, type: 

PLOT XXXXXX 

where XXXXXX means a string of 7 to 6 symbols from the set PE­
RIOD. The order of the symbols makes no difference. When two or 
more symbols land on the same plot, the one that you see is the latest 
in the series PERIOD, regardless of the order in which they were given. 

To start a plotting run, type a period followed by a carriage return 
or comma if initialization is to occur first, and type a slash (/) if the 
run is to start from the conditions at the end of the previous run. Initial­
izing creates one extra line of plot showing the initial conditions. 

The parameters and variables that can be set are as follows: 

L Number of lines to be plotted in any plotting run. 
Kl Steady state proportionality factor of  the input function. 
57 Slowing factor for the input function; positive and between 

O and 7 .  
K2 Steady state proportionality factor of the output function. 
52 Slowing factor for the output function; positive and be-

tween 0 and 7 .  
0 Initial value of output quantity. 
P Initial value of perceptual signal. 
R Setting of reference signal. 
D Magnitude of disturbing quantity. 

Examples : (colon is prompt from computer. Always terminate - a 
string with a carriage return). 

Set L to 7 6  :L=76 

Set D to 0, run without initializing :D=O,/ or . 
:D=O 
:/ 

Set D to 0, plot 2 points 
after initializing, set D to :PLOT PER,D=O, L=2, . ,D=70, L=73,/ 
7 0, plot 7 3 points from 
previous conditions. Plot P,E, and R 

The program is written so that after a plot is completely done (a 
complete string has been interpreted), the prompt character appears to 
the right without a carriage return. That allows a 76 point plot to be 
shown on a 76 line video display screen without the final carriage re­
turn bumping the first line off the screen. If you want your next string 
to start at the left, just hit a carriage return. 

To find out the values of  Kl, K2, 57, and 52 when you forget them, 
type "? " followed by carriage return and they will be printed. 
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tu 1 t1on . Cartesian concepts of cause and 
effect, and Newton ian physics, have trained 
us to th ink  along d i rected l i nes. What we 
need to do to u nderstand control systems 
i s  to l earn how to th i nk  in circles. 

Properties of a Contro l System 

F igure 8 shows the con trol system and 
i ts environment as we wi l l be deal ing with 
i t  from now on .  Let's start with some 
defin i tions : 

Loop Gain means the product of 
a l l  the steady state factors encoun­
tered in  one trip around the closed 
l oop, counting the comparator as 
a factor of -1 . I n  the in it ia l setup, 
K 1  was 1 ,  K2 was 2, and the feed­
back function ·F N F  was a mu l ti­
p l ier of +0.5, so the l oop gain was 
-1 . The sign of the loop gain is the 
s ign of the feedback ;  we have (and 
wi l l  con tinue to have) negative 
feedback. 

Error Sensitivity is the factor K2, 
the steady state proportional ity fac­
tor in the output function FNO. 
This number expresses how much 
output w i l l  be generated by a given 
amount of error s ignal . 

Input Sensitivity is the factor K 1 , 
the steady state p roportional i ty fac­
tor in the input  fu nction F N I. This 
number expresses how much per­
ceptual s ignal wi l l  be generated by a 
given amount of input quantity. 

We are goi ng to perform a series of 
experiments with th is  control system in 
order to arrive at some usefu l rules of 
th umb for th in king about how control 
systems work. These ru les are approxi­
mations, but by doing the experiments 
and see ing how good th e approx imations 
are, you wi l l  learn to th ink  precisely about 
control phenomena, even when using ap­
prox imate language. 

We wi l l  set the system parameters to 
give a loop gain of -1 0. As a way of sum­
mariz ing where we are (refer to figure 8), 
th e commands are given one at a time 
with annotations :  

: K1 =1 
: K2=20 
:5 1 =0.5 

. :52=0.07 
: R=O 
:0=0 
: P=O 
:D=O 

I nput  sensit ivity = 1 .  
Error sensitivity = 20. 
I n put s lowing factor = 0.5. 
Output s lowing factor = 0.07 . 
Reference signal = 0. 
Output  i n i ti al i zation = 0. 
Perception i ni tial ization = 0. 
D isturbance = 0. 

Circle 99 on i n q u iry card . _  





Figure 8: Adjustable pa­
ramete.rs are · K7 (input 
sensitivity), 57 (input slow­
ing factor), K2 (output 
sensitivity), and 52 (out­
put slowing factor). P and 
0 can be initialized to any 
starting value (normally 
zero). R and D can be set, 
and remain the same dur­
ing a run. The value of the 
feedback function is set at 
0.5, the value of the 
disturbance function at 
0.8. 
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Type those commands, and the system is 
now set up in  a "home base" cond i tion.  
Remembering  that the comparator is equiv­
alent to the factor of -1 and the feedback 
function is permanently set to be a factor 
of +0.5, this combination of parameters gives 
a l oop gain  of 1 x {-1 ) x 20 x 0.5 = -1 0. 

There are two fundamental ru l es of 
thum b :  a control system keeps its perceptual 

s ignal match ing i ts reference signal, and the 
output of a control system cancels the effects 
of d isturbances on the i nput  quant ity .  We 
wi l l  take these up  i n  order. 

Rule 7 :  P =  R 

We're looking at the system with no 
d isturbance acting  (D=O) . If  you wan t to 
be sure that everyth ing  stays at zero, type 
PLOT PE R IOD . fol lowed by a carriage 
return. You wi l l  see a row of Ds, D being 
the last symbo l  i n  the sequence PE RIOD 
and hence the on ly one vis ible when al l 
variables are at zero. 

Now we wi l l  p lot  just the reference 
s ignal and the perceptual s igna l .  The first 
two poi nts wi l l  be done with the i n it ial 
cond i tions set up above. The reference 
s ignal wi l l  then be set to +25 un its, and the 
p lot w i l l  be continued for 1 3  more points. 
S ince this plot wil l commence with i n i­
tial ization {the dot command) ,  an extra 
l i ne showing the i n i ti al condit ions wi l l  
b e  p lotted first. This  makes a total o f  1 6  
l i nes, which wi l l  fit on most video disp lays. 
Of course, if you 're doing this on paper 
you don ' t  have to worry about the numper 
of points p lotted .  Here i s  the command  
string :  

WE HAVE IT 
What is IT? The New Pascal Microengine . 
IT featu res the n ew Western D ig ital 1 6  Bit Pascal M i c roen g i n e  CPU ,  64K 
RAM , (2)  RS232 port s ,  (2)  para l l e l  po rts & (2)  Shugart 80 1 4  dual  dens ity d r ives.  
IT wi l l  d i rect ly execute Pascal  gene rated P-Code (the on ly  CPU on the ma rket 
des i g n ed to d i rectly execute a h i g h  level lang uage),  & IT wi l l  r u n  com p i l ed 
BAS IC.  Wait ,  that ' s  not a l l  - IT no rmal ly se l ls  fo r $4,495 , but  you can h ave IT 
fo r $4, 1 95. Dea l e r  p r ices are much lowe r .  P lus we h ave softwa re ga lore .  

Cal l us about IT at  (803) 756-6000 . 

THE PASCAL 
MIC ROENGINE 

FROM THE COMPANY 
THAT GIVES YOU 

TOMORROW'S INVENTIONS 
TODAY 
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Appointment Log by M. Kelleher Perfect for the 
professional. Accepts name and address, meeting 
start and endings, subject matter, derives elapsed 
time. For Level l \ ,  1 6 K  $9.95 

Payroll by Stephen Hebbler Comprehensive 24 pg. 
manual with step-by-step instructions included i n  the 
pack a g e .  S u p ports W2 a n d  941 i n format i o n .  D, 
$59.95 

Mail List I by Michael Kelleher is the economy model 
of d isk-based mai l ing l ist programs. Uses a single 
drive and handles up to 1 400 names per disk,  plus 
provisions for sorting options. 1 6K ,  D $19.95 

BIZ-80 

The Business Software People® 

Just about everyt h i n g  you need . . .  w i t h i n  1 
year, participants receive programming for 
I nventory,  Acco unts Receivable,  Accounts  
Payable and General  Ledger systems ,  plus 
Sales and Payroll .  Complete documentation 
and software on diskette, $200.00 

Mail List II by B I Z-80 Complete mail l ist system for 
d u a l  d i s k .  E n t e r ,  u pdate,  merge,  sort,  a n d  p r i n t  
mai l ing labels. D ,  32K $99.95 

Small Business Bookkeeping by Roger W. Robitail le, 
is based on the Dome Bookkeepi n g  Journal, sold for 
years in  stationery and d i scount outlets. Level I I ,  4K 
with ($22.00) or without ($1 5.00) Dome journal. 

Inventory System I I  by BIZ-80 Proper inventory 
management is the backbone of a profitable busi ness, 
yet i t ' s  very d i f f i c u l t  to  keep c u rrent  on p r ice 
i ncreases, shrinkage, low-on-stock items, profitable 
items versus losers, without an efficient and prompt 
method of s u rvey i ng y o u r  i n ventory levels at a n y  
given time. T h i s  program can h e l p  y o u  t o  achieve 
opt imal  management - it can h an d l e  up to 1 , 000 
items on one disk; each additional disk can handle 
another 1 ,000 items. With Documentation,  $1 50.00 

Inventory S by Roger W. Robitai l le ,  Sr. 240 stock 
items can be contained using the f u l l  6 data areas and 
2 pieces of alpha information. Level l or 1 1 , 1 6 K  $25.00 

I nventory 1 1 . 2  D i s k  based p r o g r a m  a l l ows f o r  
creation,  mai ntenance a n d  review of over 2,000 items 
per clean diskette. Operates under Disk BASIC, DOS 
2.1 with minimum memory a l l ocation. D,  $59.95 

. . . . . . • . . . . . . . . . . • . • • . . . . . • . . . • • . . . .  

ST 80 - SMART TERMINAL 

Lance M ickl us 

Turns your TRS-80 into a computer terminal. 
Features include CONTROL key, REPEAT key, 
ESC key, RUN key and a functioning BREAK 
key. Lets you list incoming data on line printer. 
Reprogram RS-232-C switches from keyboard, 
making baud rate changes simple. Level l \ ,  1 6K 
$49.94 

• . . . • • . . . . . . . . . . . . . . . . • . . . • . . . . . • • . .  

Text-80 by Frank Rowlett Fu l l y-documented text 
process i n g  system for d i sk.  Create,  e d i t ,  move, 
delete, insert, change, print words or l i nes. D, 32K 
$59.95 

KVP Extender by Lance M icklus Corrects keyboard 
bounce, upper case lock, permits use as a terminal, 
screen printing. On tape ($24.95) or disk ($29.95) 

8080-Z80 Conversion by M. Kelleher Permits you to 
enter 8080 end ings and returns the Z80 equivalent. L 
I I ,  16K $ 1 5.00 

Basic Statistics by Steve Reisser Pearson product­
movement correlation coefficient, chi-square, Fisher 
T-test, sample analysis of variance, Z-scores and 
standard scores, with a random number generator 
bui lt  in to simu late data. L I I ,  16K $20.00 
Renumber by Lance Micklus Complete user control 
over which l i nes are renumbered, and how, inc luding 
all GOSU B's and GOTO's.  Specity 4, 1 6 ,  32, or 48 K 
version when orderi n g .  Operates in Disk mode. L I I ,  4 
through 48K, $15.00 Source Listing, $20.00 All 4 
versions on disk, $25.00 

Circ le 374 on i nqu i ry card. 

�·-----'Newoos-·----� 
Apparat -I D I S K  E R R O R  SOLV E D !  Stop blam i n g  your I I drive, f ix  your DOS with N EWDOS: an ,­i enhanced d i sk-operat ing system capable of  ! correcting over 70 errors in TRS DOS 2 . 1  to 1 

I improve reliability, end key bounce, enable i 
DOS commands to be called from BASIC and ! '- much more! Available NOW for 16K systems ,­
with a minimum of 1 disk drive. $49.95 

i--�.._,...._.,_,_,_(._.,,_l)_.._l_i 
ACTION GAMES 

Slalom by Denslo Haml i n  Choose between Slalom, 
Giant Slalom and Downh i l l .  Level l \ ,  16K $7.95 
X-Wing Fighter by Rev. George Blank Put yourself 
i n to the cock p i t  of t h i s  f i g hter.  E x t e n s i ve use of 
I N K E Y  f u n c t i o n  puts a l l  s h i p  controls  at yo u r  
f i ngertips without hitting ENTER key. Long range 
sensors warn of approaching aircraft prior to visual 
contact. Level l \ ,  1 6K $7.95 

Air Raid  by S m a l l  System Software H i g h  speed 
mac h i ne l a n g uage program w i t h  large and s m a l l  
aircraft f l ying a t  d ifferent altitudes. Ground-based 
m i ss i l e  l a u ncher a i med and f i red f r o m  keyboard . 
Planes explode when hit,  cause damage to nearby 
aircraft. Score tallied for hits or misses. Level I or I I ,  
4 K  $14.95 

Batter Up by David BohlKe Level l \ ,  16K $5.95 

Ten Pin by Frank Rowlette A game of coord i nation, 
the scoring is true to the rules of the sport. Level I I ,  
16K $7.95 

ADVENTURES 

Scott Adams 

Feel as if you're manipulating HAL from 2001 
when you play these games. Hardly any rules, 
finding out is part of the fun. Two adventures 
on 32K disk, $24.95 Tape, one adventure on 
each tape - pirate or land - Level I I ,  1 6K $14.95 

DOG STAR ADVENTURE 

Lance M ickl us 

You're trapped aboard an enemy battlestar 
can you f ind the gold , rescue the princess, 
discover the plans and safely escape? Level I I ,  
1 6K $9.95 

Amazin' Mazes by Robert Wallace Ever-changing 
maze situation Level l \ ,  16K $7.95 

Sink ' U M  by Rev. George Blank L I I ,  4K $4.95 

Breakaway by Lance Micklus Level I or I I ,  4K $4.95 

Treasure Hunt by Lance M icklus Explore caves i n  
search of  t w e n t y  h i d d e n  treasures.  L I o r  I I ,  
16K $7.95 

Kamikaze by Russell Starkey Command your s h i p  
against attack ing suicide planes. Machine language 
graphics make this fast and fun! L I I ,  16K $7.95 

MISCELLANEOUS 

Diskettes Dysan 1 04/1  Box of five, $24.95 + $1 . 00 
s h i p p i n g  V e r bat i m ,  box of t e n ,  $34 . 95 + $1 . 00 
shipping/  hand l i ng 

Z80 I nstruction Handbook by Scelbi Pub I. $4.95 

The BASIC Handbook by Dr. David A.  Lien $14.95 + 
$1 .00 shipping/  hand l i ng 

SIMULATIONS 

3-D Tic Tac Toe by Scott Adams Three ski l l  levels -
a u t h o r  warns you to pract ice before tack l i n g 
computer's th ird ski l l  level. L I or I I ,  1 6K $7.95 

Star Trek 1 1 1 .3 by Lance Micklus One of the most 
advanced Star Trek games ever written. Level l \ ,  1 6K 
$14.95 

End Zone by Roger W. Robita i l le, Sr. Authentic 
foot b a l l  s i m u l a t i o n ,  r i g h t  d o w n  to the 2- m i n u t e  
warn i n g .  Level l or I I ,  1 6 K  $7.95 

Cribbage by Roger W. Robitai l le,  Sr. You versus 
t h e  c o m p u t e r  c r i bbage p l ayed by standard r u l es .  
Level l o r  I I ,  1 6K $7.95 

Bridge Challenger by George Duisman You and the 
dummy play 4-person contract bridge against the 
computer. Level l \ ,  16K $14.95 

' Round the Horn by Rev. George B lank You're the 
captain of a cl i pper s h i p  racing from New York to San 
Francisco. Level I I ,  1 6K $9.95 

Concentration by Lance Micklus One of the most 
popular television games L I or I I ,  1 6 K  $7.95 

Safari by David Bohlke You're i n  the ru n n i ng for a 
f i l m  contract at a major Hol lywood studio. To qualify, 
you must photograph the most w i l d  animals in  their 
natural habitat. Level l \ ,  16K $7.95 

Pork Barrel by Rev. George Blank Places you in the 
shoes of an aspiring Congressman. L I I ,  16K $9.95 

Backgammon by Scott Adams Level I I ,  16K $7.95 

Chess Companion by M. Kelleher Combines chess 
clock features with abi l i ty to record your moves whi l e  
action is fast a n d  furious. Level l \ ,  1 6 K  $7.95 

Sargon Chess by Dan & Kat he Spracklen Winner of 
the 1 978 San Jose M i crocomputer Chess Tournament 
Level l \ ,  1 6 K  $1 9.95 

Mastermind 1 1 .2 by Lance M icklus Lets you and the 
com p u te r take t u r n s  mak i n g  and brea k i n g  codes. 
Level l \ ,  16K $7.95 

PERSONAL 

R P N  Calculator  by R u sse l l  Starkey A self­
d oc u m e n t i n g  ca l c u l ator prog ram . Uses Reverse 
Pol ish Notation with 4-level stack, 100 memories, 
scientific functions. Level l \ ,  1 6 K  $9.95 
Home Financial Management by M. Kelleher Turns 
your computer i nto a personal financial advisor. Level 
I I ,  1 6 K  $9.95 

Tarot by Frank B .  Rowlett, J r. Probably the best 
future-gazing type program ever written.Try it -
you ' l l  l ike i t !  Level l or I I ,  1 6 K  $9.95 

Ham Radio  by M .  K e l l e h e r  A ma t e u r  f re q u e ncy 
A l l ocations, I D  Timer, Q-signal F i le, Amateur Log 
Routine, Propagation forecasting.  L I I ,  1 6 K  $9.95 
Special Disk-enhanced version, 32K $24.95 

Educator Assistant by Steve Reisser Five programs 
of va l u e to ed ucators.  C o m p u t e  percentage, 
individual student averages, class averages, standard 
test scores, fi nal grades. L I I ,  1 6 K  $9.95 D,  $14.95 

Electronic Assistant by John Adamson A group of 8 
subprograms designed to solve problems such as 
tuned circuits and active and passive f i l ters. L I I ,  
1 6 K  $9.95 

Personal Finance by Lance M icklus 33 d ifferent 
b u d g ets can be eas i l y  adapted by user to f i t  h i s  
i n d i v i d u a l  needs.  A 2-part  p r o g r a m ,  e n t r y  a n d  
search. Level l \ ,  1 6 K  $9.95 

Advance Personal Finance by Lance M icklus Same 
as above with advanced analysis routine. Supports 
Disk Files D, 32K $19.95 

�O FTS I D E  Your B A S I C  software magazin� 
Regular 1 year subscription - 1 2 issues - $15.00 

PROG/80 For the serious programmer, from 
beg i n n e r  to profess ional  1 year reg u l a r  �ubscription - 4 issues - $10.00 � 
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: K 1 = 1 , K 2 = 2 0 , S 1 = 0 . 5 , S 2 = 0 . 0 7 , R = O , O = D , P = O , D = O  
: P L O T  P R , L = 2 , . , R= 2 5 , L= 1 3 , /  

. 

: R = - 2 5 , /  
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Figure 9: The values of variables are listed in this plot. The disturbance value 
is changed from +25 to -25. 

: K 2 = 4 0 , L= 8 , / , K 1 = 2 , /  
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: L= 1 6 , R = 2 5 , /  
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Figure 7 0: Change of  gain during plot. A fter 8th line, gain goes from 20 to 
40. Reference signal is changed to check operation. 
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: PLOT PR, L=2,. , R=25, L=1 3 , /  

Before d iscussing  this, l et's do another 
run of 1 3  points (figure 9), settin g  the 
reference signal to -25 u ni ts and continu ing 
without i n i tia l i zation (the s l ash command,/) : 

: R=-25,/ 

I t  i s  c lear that the perceptual signal comes 
to a steady state qu i te c lose to the magn i­
tude of the reference signal ,  whatever the 
reference signal may be. The question is, how 
critica l ly does this track ing effect depend 
on the input sensit ivity and error sensi t ivity? 

Let's leave the reference signal at -25 
and do a ru n in which the error sensitivity 
is doubled at the start, and the input  sensi­
tivi ty i s  doubled halfway through the run. 
We wil l  start from the previous cond it ions. 
The loop gain wi l l  now be -40 instead of 
-1 0. 

: K2=40,L=8,/,K 1  =2,/ 

To insure that everyth ing  is work ing 
correct! y, let's fl i p  the reference s ignal 
to +25 un its (figure 1 0) : 

: L= 1 6, R=25,/ 

Wh i le  there is an effect on the way the 
track ing takes p lace, the on ly  effect of 
these rather drastic changes in input and 
error sens it iv ity is to make the track ing a 
l i tt le better. What about a decrease i n  
these parameters? 

: L=1 6, K 1  =0.5,K2=1 0, /, R=25, / 
(Loop gain now 2.5) 

F igure 1 1  shows that the approx imation 
P=R i sn 't very accurate any more. For 
loop gains smal ler i n  magn itude than about 
1 0  (negative) , the approximation begins to 
I ose accu racy. 

You wi l l  notice that doubl i ng  the error 
sensi tivity, which doub les the amount  of 
output ge.nerated by a given error, does 
not double the amount of output that 
actual ly occurs. Far from it . When, for 
any reason , the loop gain  goes up, the 
steady state error s imply gets smal ler, 
assuming  that the system remains stab le. 
This fact does vio lence to the popular idea 
th at the brain commands muscles to pro­
duce behavior. I f  that were the case, doubl­
ing the sensitivi ty of a muscle to the nerve 
s ignals reaching i t  ought to produce twice 
as much muscle tension. Noth ing  of the 
sort happens, u n less you 've l opped off the 
rest of the nervous system, parti cu lar ly the 
feedback paths. 



As long as the loop gain  is sufficiently 
large and negative ( -1 0 or  more negative 
wi l l  do for a number) , a stab le  con trol 
system wi l l  match its perceptual s ignal 
nearly to its reference s ignal , regard less 
of the reference setting. We are ignoring, 
of course, transient effects. 

A l l  of this was done with the d i stur­
bance set to zero. Now let us set the ref­
erence signal to zero, and check the second 
fundamental rule of th umb. 

Rule 2: (delta 0) = -(delta D) 

Thi s  rule requ ires some interpretat ion. I t  
says, for the sake of brevity, that (with the 
reference s ignal constant) a change in the 
ou tpu t quantity is equal and opposite to 
(the m inus sign) a change in the d istu rbing 
quantity. General ly, the i nput  and d isturb­
i ng quantities wi l l  affect the input quantity 
through d ifferent physical paths. I n  our 
mode l ,  the outpu t quantity acts th rough a 
multip l ier of 0.5, and the d i stu rbance 
through a mu lt ip l ier of 0.8. The ru le  has to 
be interpreted to mean that the effects of 
the changes on the input quantity are equal 
and opposite. We w i l l  see this demonstrated . 

We w i l l  now p lot the output quant ity, 
0, the d istu rbing quantity, D, and the input 
quantity, I (to make the above cl ear) . The 
reference s ignal cou l d  be left where i t  is, 
but to avoid confusion l et's set it to zero 
for this set of p lots. The l oop gain i s  set to 
-1 0.  

: PLOT O l D, R=O,K 1= 1 ,K2=20,L=1 ,D=O, 
. ,L=1 5 ,D=1 5,/ 

Let th is p lot run out, then : 
: D=-1 5,/ 

There is some l u rch ing  back and forth 
in figure 1 2, but in the steady state the 
behavior of the input quantity shows that 
the effect of the d isturbance is essential ly 
cance l led by the final effect of the output 
quantity. 

If you did some measur ing on the p lot, 
you wou ld  find  that the final val ue of the 
output quan ti ty i s  very c lose to 8/5 of the 
val ue of the d isturb ing quanti ty .  This 
fol lows from three facts : the input quantity 
ends up n early at zero ; one u n it of output 
has 0.5 unit of effect on the input quantity ;  
one un i t  of  d istu rbance has 0 .8  un i t  of 
effect on the input quanti ty .  Th is is the 
kind of reason ing that he lps i n  u nderstanding 
how a control system works. 

The pr imary observation about a control 
system is  a lways the exi stence of an input 
quantity which is stab i l ized against d i sturb­
ances by variat ions in  the output quantity .  
I f  the input quant ity i s  h el d  essentia l ly 

: L= 1 6 , K 1 = 0 . S , K 2 = 1 0 , / , R= 2 5 , /  
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Figure 7 7 :  The simulation parameters have been changed to produce a gain 
of 2.5. Notice that the approximation P=R is now inaccurate. 

: P L O T  O I D , R = O , K 1 = 1 , K 2 = 2 0 , L = 1 , D= O , . , L = 1 S , D = 1 5 , /  
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Figure 7 2: The reference signal has been set to zero. This plot shows us the 
input quantity, the output quantity and the disturbance signal for D=+7 5 
and then D=-7 5. 
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: P LOT R I O D , D= O , R= O , L= 1 , . , R= 1 2 , L= 1 5 , / , D= 1 5 , /  
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Figure 7 3: A look at different reference signal effects. As explained in the 
text, the disturbance signal has made the perceptual signal match the refer­
ence signal. 
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constant ( in  the steady state) ,  then one 
can deduce the relationship between d i sturb­
ances and the system 's output quantity 
s imply from observing the properties of the 
system 's environment. On inspection, a·n 
external observer can see both the feedback 
function and the d i sturbance function, here 
mu lt ip l iers of 0.5 and 0.8 respective ly .  For 
any given d i sturbance, the effect on the 
input quantity for a constant output 
quantity can be calculated on purely physi­
cal grounds. S i nce the input quantity 
remains u nd isturbed in the steady state, ohe 
can then look at the connection between 
the output quantity · and the input quantity, 
and deduce how the output quantity must 
change to account for the fact that the input 
quantity doesn 't change. 

Thus, in order to predict how th is system 
w i l l  react to any external d isturbance, it is 
necessary on ly to know that the system is a 
control system and to look closely at i ts 
environment. The k ind and amount of reac­
tion fol low from the nature of the feed­
back and d i sturbance functions which are 
properties of the v is ib le environment. 

Most important, as far as the l ife sciences 
are concerned, the form and amount of 
reaction do not depend on any property of 
the control system; not enough to make any 
difference. Therefore, when you apply a 
stimu lus and see a response, you are using 
the organism as a compl icated analogue 
computer in order to stu dy the physics of 

the l ocal environment. Th i s  is not what 
the I ife sciences have thought they were 
doing. 

Al l that remains to wrap up this section 
i s  to see the effects of d isturbances when 
the reference signal i s  set to d ifferent values. 
Th is  w i l l  lead to the defin it ion of a u sefu l  
techn ical term : the reference level o f  the 
input quantity (see figure 1 3 ) :  

: PLOT R IOD, D=O,R=O,L=1 , . ,R=1 2, 
L= 1 5 ,/,D= 1 5 ,/ 

I f  you have a 1 6  l i ne  video d isp lay thi s  
w i l l  scro l l  past you ,  los ing  the  early parts, 
but no matter. The first event is that the 
reference signal is set to 1 2, and the input 
quantity moves essentia l ly to + 1 2 . The out­
put quantity goes to +24 i n  order to accom­
p l ish th is .  Then the d istu rb ing quantity goes 
to + 1 5, wh ich has the exact effect on the 
input quantity that +24 u nits of output 
have. As a resu l t, the output quantity d rops 
to zero - exactly zero, if  you l ook at the 
numbers. 

I n  effect, the d i sturbance, by itse lf, has 
enough effect to make the perceptual sig­
nal match the reference signa l .  Looking at 
figure 8, you can see that th is wou l d  mean 
a zero error s ignal and no d rive to the out­
put function .  So, whenever the output d rops 
to zero, we know that the perceptual signal 
is match ing the reference signal ,  even if we 
can't see it. 

I n  our model right now, the input sensi­
tivity is 1 ,  so the perceptual signal is numer­
ica l ly  equal to the input quantity .  That's 
a coincidence, s ince the u nits are d ifferent: 
physical un i ts outside, impu l ses per second 
ins ide. Even if K 1 wasn 't 1 ,  the output 
wou ld sti l l  drop to zero when P = R .  Thus, 
we can give a special name to the part icular 
value  of input quantity (however created) 
that brings the error signal ,  and hence 
the output quantity,  to zero : the reference 
level of the input quantity. The reference 
signal c learly determ ines what th is  reference 
l evel wi l l  be, but so does the form of the 
i nput fu nction .  

Main Points Reviewed 

All of this i s  su pposed to have establ ished 
two pri ncipal ideas. The first is that control 
systems control what they sense, not what 
they do. The second is that control systems 
act on the outside world on ly in order to 
protect a contro l l ed perception against 
d i stu rbance. 

As we have demonstrated these princi­
p les, we have establ ished some other odd 
facts. We have found that the main effect 
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PROGRAM 

GALACTIC BLOCKADE RUNNER 
SCI-Fl GAME SAMPLER 
R/T LUNAR LANDER 
MICRO-TEXT EDITOR 
OTHELLO I l l  
A I R  RA I D  
MICRO-CHESS 
BRIDGE CHALLENGER 
APPLE 2 1  
STAR WARS/SPACE MAZE 
RENUMBER 
DISK RENUMBER 
PI LOT 2.0 
PILOT 3.0 
APPLE TALKER 
APPLE LIS'NER 
TIC-TAC-TALKER 
SYSCOP 
ANDROID NIM-2 
SNAKE EGG 
LIFE 2 
DC V- I 
MUSIC MASTER 
DISK MUSIC MASTER 
TRS-80 CP/M 

DESCRIPTION 

• AN EXCITING SPACE WAR GAME WITH GRAPHICS 
• 3 GAMES-LUNAR LANDER-STAR MONSTER-SPACE BATTLE 
• A REAL TIME LUNAR LANDER WITH GRAPriiCS 
• FORMAT TEXT-SAVE & LOAD TO TAPE-OUTPUT TO P R I NTER 
• A STRATEGY BOARD GAME-PLAY AGAINST COMPUTER OR OTHERS 
• A REAL TIME, ARCADE TYPE SHOOTING GAME IN MAC H .  LANG. 
• P LAY CHESS WITH YOUR COMPUTER-VARIOUS LEVELS OF DIFF.  
• DON'T WAIT FOR OTHER� TO PLAY-YOUR COMPUTER'S READY 
• BLACKJACK W ITH H I RES GRAPHICS 
• SCI-FI GAMES FOR THE APPLE 
• RENUMBER YOUR BASIC PROGRAMS- RENUMBERS EVERYTH I NG 
• SAME AS ABOVE, BUT ON DISK 
• THE EDUCATIONAL LANGUAGE. IN MACH. LANG.-INC. EDITOR 
• THE DISK VFRSION OF THE ABOVE 
• YOUR A P P LE SPEAKS! NO NEW HARDWARE REQUIRED 
• SPEECH RECOGNITION THE EASY WAY-GREAT WITH THF TAL K E R  
• TIC-TAC-TOE USING SPEECH SYNTHESIS AND RECOGNITION 

• MAKE BACKUP T RS-80 SY STEM TAPES THE EASY WAY 
• GAME OF N I M  W I TH ANIMATEIJ ROBOTS A N D  SOU N D  
• A BETTING G A M E  WITH ANIMATED SNAKES A N D  SOUND 
• 1 00  GEN. PER MIN. L I FE & BATII F OF LIFE WI AN IMATION & SOUND 
• PUT SYSTEM TAPES ON DISK EVEN I F  I N  SAME MEM AS DOS 
• ENTER SHEET MUSIC-THE TRS-80 THEN CUM PILES & PLAYS IT 
• SAME AS ABOVE BUT ON DISK W/MANY SELECTIONS 
• OPENS UP THE WHOLE WORLD OF CP/M SOFTWARE TO THE TRS-80 

TRS-80 
... 
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IO"lo OFF IF YOU ORDER 3 SOFTWARE PACKAGES OR MORE SEND FOR t"REE CATA LOG-GIVE TYPE OF COMPUTER 

TO ORDE R  BY PHONE OR FOR DEALER I NFO-CA LL-(6 1 7 )  682-8 1 3 1  

ADD 75c SHIPPING & HANDLING • MASS . RESIDENTS ADD 50Jo SALES TAX 

MAD HATTER SOFTWARE • 900b SALEM RD • DRACUT, MA 0 1 826 

AVAI LABLE FROM THESE FINE MICRO COMPUTER DEALERS 

CAPITOL COMPUTEk SYSTEMS 
ll96 EL CAMINO AVE. 
SACRAMEi'ITO CA 9.S821 

TRS-80 SOFTWARE EXCHANGE 
1 7  BRIARCliFF DR. 
MILFORD NH OJO.S.S 

OP AMP TECH BOOKS 
lOll N. SYCAMOttE AVE. 

LOS ANGlES CA 90018 

Circle 202 on inqu i ry card. 

COMPUTER CABLEVISION, INC. 
2617 42NO ST. NW 12 
WASHINGTON OC 20001 
KENN(;[,y SYSll:MS 
74 BROAD ST. 
LYNDONVILLE VT 018�1 

ADVANCI: D COMPUTER I'ROUlllTS 
IJ IOU L:: E')J,.,:lER 

SANT� .o\r • .-. Cl\ 92105 

HOBBY WORLD ELECTRONICS 
19H.S BUSINESS CENTER DR. 16 
NORTHRIDGE CA 91]2..4 
AUGUST AUTOMATION 
28MILK ST. 
WI:STDORO MA 0.,81 

THE CPU SHOP 39 PLEASANT ST. 
CHARLESTOWN MA 02129 

J.t..J ELECTRONICS l TO 
28 COLLINGTON AVE. 
BEXHILL-ON-SEA, E. SUSSEX. ENG. 

COMPUTER VILLAGE 
911 SW 87TH AVE. 
MIAMI Fl 11174 

l. C. SALES 
100 HINCHEY AVE. 170� 
OTTAWA, ONT., CAN. KI Y4L9 

G) 
G $ 9.95 

$ 7 . 95 
$ 7.95 � -$ 9.95 
$ 7.95 
$ 14.95 <] $ 1 9.95 
$ 1 4.95 
$ 9.95 
$ 1 2 .95 8 $ 1 4.95 
$ 1 9.95 
$ 14.95 
$ 24.95 1:) $ 1 5 .95 
$ 1 9.95 
$ 1 9.95 EJ $ 9.9� 
$ 1 4 . 95 
$ 1 4.95 
$ 1 4.95 fiJ $ 9.95 
$ 1 4.95 
$ 24.95 
$ 1 50.00 
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of negative feedback in a control loop is to 
d im ini sh the effects which d isturbances 
wou ld  otherwise have on the system's input 
quantity. Wh i l e  we have had on ly one 
d i stu rbance at our d i sposal , i t  should be 
clear that the number or the causes of 
d isturbances make no difference. If ten 
d ifferent d i sturbances were acting at once, 
they cou ld  only end up i ncreasing or 
decreasi ng the value of the contro l l ed input 
quantity. S i nce the system maintains control 
by acting d i rectly on the input quantity, 
and not by acting to oppose the cause of 
the d i sturbance, the system does not have 
to take account of the number of causes 
acting, or the phenomena that are invo lved . 
I t  acts to oppose the net effect of any dis­
tu rbances on the i nput quantity. 

· From the point of view of the behaving 
system itself, rea l i ty consists of the magn i­
tude of one perceptual s ignal ,  because that 
i s  the only internal representation of the 
outside world .  I f  the system can be said 
to have a purpose or intention, it must be 
to maintain the perceptual signal match ing 
the reference signal . The reference signal 
specifies to the system what it is to sense, 
but not what it i s  to do. The output that 
matches perceptual and reference signals 
i s  determined by the nature of the feed­
back function and by the strength and 
di rection of any disturbances that may 
be acting. Whatever sets the reference 
signal , thus effectively control l i ng the per­
ceptions of th is system, does not have to 
know anyth ing about how the control 
system comes up with a matching perception. 

What i s  perhaps most amazing to a person 
who has not previously  worked with nega­
tive feedback systems is the capabi l i ty that 
th is  system has to maintain qu i te precise 
control over its own perceptual signal, even 
if i ts own properties change. If i ts output 
apparatus becomes stronger or weaker, or 
i ts perceptual apparatus becomes more or 
l ess sensitive, there i s  scarcely any effect on 
the perceptual signa l .  As long as some mini­
mum loop gain is maintained and the system 
does not become unstable and begin osci l ­
l ating, i t  does not real ly matter how much 
loop gain there is , or whether most of it is 
in the output or the input function. 

A servomechanism engi neer might find 
th is approach somewhat odd. Why al l  th is 
fuss about the system 's i n ternal perceptual 
signal? When you bu i ld  a control system for 
a practical u se, you worry more about the 
external variables than internal variab les, 
because the customer is interested in the 
external variables. 

Th is  i s  exactly the point .  Living control 
systems are not interested in the external 
variables. They can 't be. They don 't know 
about them, except ind i rectly. A l l  they 
know is what happens to themselves. The 
point of behavior is not to accompl ish 
someth ing for a u ser in the external wor ld ,  
but to affect the system itself. Everyth ing 
that a l iv ing system knows about the outside 
world has to first exist i n  the form of per­
ceptual signals, or some other i n ternal effect 
of external events ( not a l l  organ isms have 
nervous systems) . 

I n  part 3 we w i l l  start look ing at l iv ing 
systems more d i rectly, and th is  w i l l  become 
much c learer. We now know that control 
systems control, above a l l ,  the i r  own i n ternal 
perceptual s ignals. Next t ime we wi l l  see 
why they do that. 

I n  the meantime you m ight en joy us ing 
th is s imu lator to do fu rther explorations. 
We have looked into only a few of the 
questions that m ight be raised about control 
systems. The s imu lator can reveal far more 
than we have seen . For example, it is in­
structive to look at the effects of the 
d isturbance strictly from the external 
point of view (p lotting I, 0, and D) ,  and 
then to look at exactly the same effects 
from inside (p lotting  P, E, and R ) .  We 
haven't even raised the question of what 
a control system l ooks l i ke when i t  becomes 
unstable, how the s lowing  factors i n teract 
with loop gain to determ ine stab i l i ty, or  
what happens when the input  function, the 
output function, or both are non l inear. 
Speaking of non l i neari ty, you migh t try 
rewriting the defin i tion of the feedback 
function as fol l ows : 

45 DEF F N F (X)=X*X*X/2048+X/2 

and then performing some of the experi­
ments again . Try to make the input func­
tion logarithmic (add ing a constan t to 
make sure you don't make the perceptual 
s ignal negatively infin i te) ,  and see how the 
input quantity and perceptual s ignal behave 
as the reference s ignal or d isturbance is 
changed .  

The main objective before the next 
artic le i n  this series appears is to under­
stand how a control system contro ls its 
perceptual signal, and why an external 
observer, who doesn 't know abou t the 
contro l led input  quantity, might th ink  
the d isturbance acts on  the system to 
make it respond ,  l i ke a doorbe l l .  The s im­
u lator i s  there to help you grasp th is  c losed 
l oop phenomenon .  I hope it does he lp .• 



CBASIC BUSINESS SOFTWARE 
for MICROCOMPUTERS 

Osborne & Associates is p ublishing its business systems in book form. These 
systems represent five years of de velopment and testing by O&A p rogrammers. 
Each book includes source . l istings, p rogram and system documentation and 
user's manual. 

What systems are we selling? 

* PAYROLL WITH 
COST ACCOUNTING 

* ACCOUNTS PAY ABLE AND 
ACCOUNTS RECEIVABLE 

* GENERAL LEDGER 

The books sell for $ 1 5 .00 each. All three are available right now with listings in 
Wang BASIC.  New editions of each book ,  with l istings in CBASIC-2, wil l  be 
published during the summer of 1 979. These new editions will run on many flop­

PY disk-based m icrocomputer systems. 

Don't know p rogramming? Don't wan t to key in thousands of lines of source 
code? We have over 1 30 dealers who will sell you the CBASIC-2 p rograms on 
ready-to-run floppy disks. Contact us for the name of your nearest dealer. 

CBASIC or Wang BASIC won't work? Take a look at the list of consultants who 
have converted O&A p rograms to run on many popular systems, and are wai ting 
to hear from you. 

CONSULTANTS· · ·  
COMPUTER STORES· · ·  

SOFTWARE HOUSES · · · · · · · GOOD NEWS · · ·  

* * *CP/M CBASIC* * * 
You can be a dealer for the magnetic surface of O&A 's CBASIC-2 software, which runs under C P/M 
on many flopp y  disk-based computer systems. We wi l l  sell the C P/M magnetic surface only  to con­
sultants, computer stores and software houses. Osborne & Associates p refers to write and sell books, 
not customize the programs or answer the end user's questions. The disk for each book sells for 
$250.00. Once you buy the floppy disk you can copy it, resell it,  change it or use it .  We place no 
restriction on the magnetic surface; we copyright only the printed word in our books. C B ASIC-2 
Payroll is available now. The magnetic surfaces for all three systems are scheduled to be available in 
the first half of 1 979; call or write for the exact availability of each system. 

ALPHA MICRO: 
Peter Bu rke 

THE BASIC BUSI N ESS SOFTW A R E  C O  . .  INC. 
P.O. Box 2032 
Salt Lake Ci ty . Utah 741 1 0  
( 80 1 )  363- 1 1 99 

APPLE I I :  
J immy Walter 

A.C. E . COM PUTER SYSTEMS 

2449 North Westshore · 
Tampa. Florida 33607 
( 8 1  3) 872-2798 

COMMODORE PET: 
Chuck Stuart 
CMS SOFTW A R E  
5 1 1 5  Mcncfcc Drive 

Dallas. Texas 75227 
( 2 1 4 1  381 -0690 

CROMEMCO: 
R it.:h;m.l Frl!nch 

THE NETWOR K  COM PUTER SYSTEMS 

495 Th i n..! Avenue # 8  
S a n  Francisco. California 941 1 8  

( 4 1 5 )  668-7777 
DATAPOINT 1 51111: 

Pau l M an.:hct t i 
OCCI D E N T A L  COMPUTER SYSTEMS. I N C .  
6666 Valjc;,m Avenue 
V;,tn Nuys. Cal i forn ia 9 1 400 
( 2 1  3) 782-3005 

MICROPOLIS. NORTHSTAR 
( R EQUI RES CP/MJ 

James Roun trcc 
R & A  COMPUTER SER V I C ES 
7700 Edgcwat�.:r Drive. Suite 723 
Oakland. California 94621 
( 4 1 5 1  562-3 1 33 

MICROSOFT disk BASIC: 
Dan Kindrt:d 
G N AT COMPUTERS 
7895 Convoy Court 

San Diego. Ca l i fornia 9 2 1 1 1  
( 7 1 41 560-0433 

NORTHSTAR BASIC: 
lsaat: Bornstein 

COMPUTER S E R V ICES OF E NC I NITAS 
34 1 Wil lowspring Dri v� 

End nita'\. California 'l202-l 
1 7 1 4 1  436-2486 

POLYMORPHIC XXI3:  
Bruno Cap r�/. 
K E YSTONE SYSTEMS 

P.O. Box 767 
Spok;mt!. Wa..;h ington lJ'l2 1 0 
(5091 747-5623 

TRS-811: 
Don Fr�nch 
A P P L I E D  DATA COR Pt > R AT i t > l'  
P.O. B o x  1 6020 
Fort Worth. T �xa..; 761 J3 
( 8 1 7 1  738-025 1  

Irwin Taranto 
T A R A NTO & ASSOCI ATES 
P.O. Box 6073 
San Rafad. Cal i forn ia 'l4'l03 
( 4 1 5 1 472- 1 4 1 5  

WANG BASIC O N  FLOPPY DISK: 
Ri�:han..l Armour 
ATLANTIC CO M PUTING & CONSULT I NG 

P.O. Box 7294 
l lampton. Virginia 23666 
(8041 340-9350 

. . . . . . . . . . . . . . . . . . . . . . . .  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �OSBORNE & ASSOCI ATES, INC. 

P.O. Box 2036, Dept.  122 
Berkeley, CA 94702 USA 

(41 5 )  548-2805 TWX 9 1 0-366-7277 

"<ame=---------------------

1\ddress:---------------------

Cit)' '----------------------

State: ___________ Zip: ________ _ 

Phone: ____________________ _ 

Tille 
09-8 Payroll with Co..;t Accounting i n  Wang BASIC 

I 3-6 Al'l'OUnts Payabk/R�cdvablc in Wang B AS I C  

20-9 General Ledger in Wang BASIC 

Calif. r�..;id..:nt..; add 6'1., ..;a le..; Ia\. 

S F. B A R T  rc..;id..:nh add h-1 /1 "!,, ..;ai l.:..; ta\ 
Shipping CSh ipping rnr larg.� ortkr..; ltl h� arrang..::d l  

o All  for..::ign on.kr..; S-tOO p..:: r hook for airmail 

o )0.�5 pa book 4th da..;'i i n  th..:: U .S. f :l l low 3-� wed..;J 

D S0.7) p..::r hook U PS i n  th..:: U.S. f a l low 1 0  day..;J 

o )I .50 per hook ..;pc�:ial ru'ih ..;h ipm�n t h\' :1ir i n  th..:: U \i 

o I am a dealer i n t,;r,;..;t�t..l i n  Please send the following i nforma tion · 

Price Quantity 
5 1 5.00 

5 1 5  00 

$ 1 5.011 

Cal ifornia r�..; id�nt..; tax 

\ih i pping 

Total Amount Enl'ln'it'd 

pur�:ha..;;ing CBASIC program..; on D Becoming an O&A dealer o Other O& A  pub l icat ion..;; 

Amount 

D I am an end u..;cr imerested in 

runnmg CBASIC program..; on disk . 

Plca..;c noti fy me of the dosc'it dealer 

ror: 

di..;k for r�sak. Plea..;,; ..;,;nd d,;..;nip· D School discounts o I am in terested i n  the CBASIC business books. 

tion and on.kr information rnr· 0 List of foreign distributor..;; Please send me descri ption and order in format1on. 

o C BAS IC Payroll with Cost Accounting 

0 (BASIC Accounts Payable/Recei vable 

o CBASIC Genera l Ledger 

Pavm,;m in ad van�.:,; mu..;t h,; ..::ndo..;.:d for pur�.:ha-.�-. or up to )711.111 1 ln voi�.:i ng tJ '\ pun.:ha-...::..; ov..:: r 

)70.00 availabk upon approval of vour a�.:,.:ount. All l"or,;ign ord,;r..; mu..;t h� pr,;paid i n  U S. doll:1r..; 

drawn on a U.S. b:m k . 

5 1 034 
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V i rginia Club for Radio and 
Computer Amateurs 

The Amateur Radio Research and 
Development Corp (AMRAD) i s  a 
Virg in ia  based c lub  of over 200 radio and 
computer amateurs. The pu rpose of the 
c lub is  to develop sk i l l s  a nd knowledge 
in radio and electron ic technology; ad­
vocate design of experimental equ ip­
ment and techn iques; promote basic and 
appl ied research; organize forums and 
techn i ca l  sympos i ums; col lect and 
d isseminate techn ica l  i n formation; and 
provide experimental repeaters. 

Meet i ngs are on the f i rst Monday of 
each month at 8 PM at the Patrick Henry 
Branch L ibrary, 101 Maple Av E, Vienna 
VA. The A mrad Newsletter is a monthly 
publ ication which is  ma i led to al l  
AMRAD members. Contact Amateur 
Radio Research and Development Corp, 
1 524 Springva le Av, Mclean VA 221 01 . 

Sacramento Microcomputer Us�rs 
G roup 

The Sacramento Microcomputer Users 
G roup newsletter, Push & Pop, comes our 
way on a monthly basis. The most recent 
conta i ned artic les on CP/M S leuth and 
C P/M to Penc i l  and Penc i l  to C P/M in 
Z-80 Mnemonics .  The general  c l ub  
meet i ngs a re  the fourth Tuesday of  every 
month at 7 :30 PM. The c lub  a lso spon­
sors a PET workshop, SOL workshop, and 
ha rdware study group. For meeti ng l oca­
tion and more i nformation about this 
group contact SMUG, POB 1 61 51 3, 
Sacramento CA 9581 6. 

Attention: Fox Valley Area 
I l linois Computer Enthusiasts 

A fa i rly new computer c lub  is getting  
sta rted i n  the  Fox Val ley area of  I l l i nois .  
Ca l led the Microprocessor User G roup, 
they are primari ly an Apple user group 
but wish to i nclude a l l  processors in their 
d iscussions. With a cu rrent membersh ip 
of 50, it i s  the c lub's i ntent ion to publ ish 
a newsletter and a calendar. Meetings 
a re held i n  the Fermi National Accel­
erator Laboratory H i-Rise on the ma in  
f loor i n  the  SW meet ing fac i l ity on the 
th i rd Monday of every month at 8 PM. 
Contact Mike U rso, 641 Wood lawn, 
Aurora IL 60506. 

For Further Information 
and a 

Free Copy of Our " Policy" 

CALL TOLL FREE 
800 323·0254 

ADVANCE ACCESS GROUP 
1 0526 W. Cermak Westchester, IL  60153 312 562-521 0  
"Manufacturers of Information Processing Supplies" 
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Association of Computer Experimenters 

Besides hold ing monthly meetings, 
this active Canadian group publ ishes a 
most impressive newsletter cal led I pso 
Facto. The most recent issue contains 72 
pages and is  f i l led with art ic les and pro­
gram l i st ings. Membersh ip  in the c lub  is 
$10 per year, and they are constantly 
seek ing new members with i nteresting 
ideas. Contact Bernie Murphy, 102 Mc­
Crany St, Oakvi l le, Onta rio, CANADA 
L6H 1 H6. 

Pacifica TR S-80 Club 

The Pacif ica TRS-80 Users G roup is 
meet ing i n  the Radio Shack store i n  the 
Eu reka Square Shopping Center which is 
located about 10 m i les from San Fran­
c isco. They meet the second and fourth 
Thursday of the month to exchange pro­
grams and ideas regard ing the TRS-80. 
A l l  ind iv iduals  are cord ia l l y  i nvited to at­
tend one of their meetings. Contact john 
F Strazzarino, 637 Brussels St ,  San Fran­
cisco CA 941 34. 

Evansville Indiana Computer Club 

Evansv i l l e  I N  does have a computer 
c lub  accord ing to a recent letter from 
Robert Heerd ink .  He is  concerned with 
i ncreas ing the c l ub's membersh ip and 
encourages any in terested ind iv iduals  in 
that area to attend one of their 
monthly meet ings . The group is  in­
terested i n  several types of microcom­
puters. They usual ly meet at the B l i nd 
Association, Second Av and Virg in ia ,  at 
7:30 PM on the second Wednesday of 
the month, a lthough he recommends 
check ing with him f i rst. Robert can be 
reached at the Evansv i l l e  Computer 
C lub, c/o Nat ional  Sharedata Corp,  POB 
3895 ,  E v a n sv i l l e  I N  4 7 737 ,  (81 2)  
426-2725. 

Theater Computer Users G roup 

The Theater Computer Users G roup is  
sponsored by Theater Sou rces I nc, a cor­
poration created to gather and d i str ibute 
i nformation about theater i n  the United 
States. Their  newsletter, ca l led TCUC 
Notes, is $4 per year, and back issues are 
avai lable .  Contact TCUC Notes, Mike 
F i rth, Ed itor, 104 N St Mary, Dal las TX 
75214. 

Alamo Computer Enthusiasts 

Located in San  Anton io, the A lamo 
Computer Enthusi asts meet on the th i rd 
F riday of each month at the Norris 
Techn ica l  Center, Room 208, St Ph i l ip's 
Col lege, San Antonio TX. Their monthly 
newsletter is avai lable for a one year 
subscription fee of $2. Contact Dave 
Fashenpour, 541 1 Cerro Vista, San An­
ton io TX 78233. 

LISP Users Newsletter 

The f i rst issue of the Lisp Users 
Newsletter is an announcement of this 
new organizat ion which is designed to 



spread information about appl i cations, 
implementation and general i nformation 
on L I SP-l ike l anguages. I t  wil l pay par­
ticular attention to those L I SP ish th ings 
which are within the realm  of currently 
ava i lable m icroprocessor systems. As an 
in i t ia l ization process, a ma i l i ng  l i st of 
prospective interested ind iv idua ls  i s  be­
ing compi led. If you are i nterested, send 
your name and address, background, i n ­
terest in  and knowledge of  L I S P, what 
system [ if  any) you own, and memory 
capacity [ internal and mass storage) to 
john R Al len, 1 821 5 Bayview Dr, Los 
Gatos CA 95030. Please i nc lude any sug­
gestions you may have about organiza­
tion or topics you wou ld l i ke  to see 
d iscussed. J ohn  requests that you submit 
a dollar to cover postage and dup l i ca­
tion

. 
of the newsletter. 

Free TRS-80 Newsletter 

The free TRS-80 Bulletin, which pr ints 
c lub and product news about the TRS-80, 
is sport ing a new format and is now mon­
thly. The Bulletin is an  offshoot of 
TRS-<JO Computing [see BYTE C l ubs and 
Newsletters December 1 978). For a free 
copy of the Bulletin write to the Com­
puter I nformation Exchange I nc, PO B 
1 58, San Luis Rey CA 92068. 

Ventura County TRS-80 Club 

This group is comprised of about f i fty 
computer enthusiasts l i v i ng  i n  the Ven­
tura County area. Their ma in  purpose is 
to share i nformation re l at ing to the prac­
tical applications as well as the enter­
tainment poss ib i l it ies for Radio Shack's 
TRS-80 m icrocomputer. Membersh ip  
dues are $1 0 a year wh ich  i nc ludes a 
newsletter. Meetings are held the f i rst 
Tuesday of each month at the Camar i l lo  
Publ ic  L ibrary, 3100 Ponderosa Dr, 
Camar i l lo CA at 7 PM. Vis itors a re 
welcome and prospective members are 
encouraged to attend a meeting. Con­
tact Lee Steinmetz, Secreta ry, 567 W 
Loop Dr, Camari l l o  CA 93030, [805) 
484-1 724. 

�YTE's �its 
A Public TV Series 

In a recent phone conversation with 
Robert ) Wh itney, Producer/D i rector at 
WMVS/WMVT televis ion, channels 10 
and 36 in M i lwaukee WI, we learned of a 
proposed te levis ion series for pub l ic  
te levision concern ing people who bu i ld, 
buy and use sma l l  computers. The series 
idea is  for 8 to 1 5  half hour shows about 
smal l  computer hobbyists, experimenters 
and enthusiasts. Robert is look ing  for 
people in the Southeastern Wisconsin 
area who cou ld lend their expertise to 

the creation, organization and rea l iza­
tion of this idea. I nterested persons 
shou ld contact him by mai l ,  in care of 
the station or by phone at [414) 271 -1036. 

Chess Tournament 

The second London microprocessor 
chess tournament w i l l  be held in the 
West Centre H otel, L i lee Road, Fu lham, 
London England, from November 1 thru 
3 1 979. Any i nd iv idual  or company 
wishing fu rther deta i ls should write to 
David Levy, c/o Personal Computer 
World, 62a Westbourne G rove, London, 
W2. 

This year's event wil l be the f i rst Eu ro­
pean Open M icroprocessor champion­
ship. The h ighest placed partic ipants w i l l  
automatica l ly  qual ify fo r  places i n  the 
f i na l  of the f i rst World Micro Champion­
sh ip which is schedu led to be held in 
London i n  1 980. 

I E C I  '80 Issues Call for Papers 

I E C I  '80, the S ixth Annua l  Conference 
and Exhib it  on Industrial and Control 
Appl ications of Microprocessors, w i l l  be 
held at the Sheraton Hotel in Ph i la ­
de lph ia next March 17 thru 1 9, 1 980. I EC I  
'80 w i l l  offer an exhibit ion and  techn ica l  
program deal ing with the cu rrent and 

. - - �  

new work of i ndustr ia l  m ic roprocessor 
appl ications. Papers dea l i ng  in such 
areas as automotive d i agnosis and 
operation, i nte l l igent i nstrumentation, 
transducers and sensors, automated 
manufactur ing, numerical  control and 
robotics, and biomedical control and 
mon itoring a re i nv ited. Ten copies of the 
paper in  extended summary form, 500 to 
600 words l ong and an  abstract of no 
more than 40 words descr ib ing work not 
genera l ly pub l i shed or prev iously pre­
sented, should be ma i led by September 
14 1 979 to H T Nagle ) r, E lectrical 
E ng ineering, Auburn U n iversity, Auburn 
AL 36830. The extended summary wi l l  be 
used for paper select ion and session 
ass ignment and should c l early def ine the 
sa l ient concepts and novel featu res of 
the work described. Notif ication of ac­
ceptance and format requ i red for pub l i­
cation in the I EC I  '80 proceed i ngs w i l l  be 
sent by October 1 9  1 979. 

Forth Inc Announces 
13 Software Seminars 

Forth I nc, producer of Forth based 
software systems for m i n i  and m icro­
computers, has announced a schedule of 
1 3  software sem ina rs to be held 
throughout the US  this summer. The 
sem inars, which are ha l f  day events, 
c o v e r  d e s i g n ,  a p p l i c a t i o n  a n d  

Build The Worlds Most 
Powerful 8-Bit Computer 
Featuring The Famous lnte/ 8085! 
Explorer/85™ 

Starting for just $1 29.95 you can now bui ld 
yourself a sophisticated, state-of-the-art 

· computer that can be expanded to a level 
su i table for industrial, business and 
commercial use. You learn as you go . . .  i n  
small, easy-to-understand, inexpensive levels '  

• Features lntel 8085 cpu/100% compatible with 
8080A software! 

• Onboard 5·100 bus (up to 6 slots)! 
• Onboard RAM and ROM expansion! 
• Buill-in deluxe 2K Monitor/Operating ROM! 
• Cassette/RS 232 or 20 maJ4·112 8-bit parallel 110 and timer all on beginner's Levei "A" system! 

As featured in 
POPULAR ELECTRONICS 
EXPLORER/85 shown w1th V1deo MomiOt and KeyOOard/Vrdea Termmal 

CHOICE OF HEX KEYPAD OR TERMINAL INPUT 
If you plan to customrze EXPLORER fcir dedrcated use . we recommend that you order 
hex keypad mput. Bu1. rl you are plannmg to go whole hog and blow EXPLORER up 
into a lu!l srze. state·ol· the·al\ system wrth 8K or extended basrc (commg soon1 . up to 64K ol memory. 11oppy drsks . telephone mtertace. prrnters. and all sorts ot 5·100 
ptug·ms-you ' lt De bel!er ott wrth the Keyboard/Vrdeo Termmal mput The St49 95 
EXPLORER Keyboard/Vrdeo Termmat mctudes lull ASCI! decodmg wrth t28 ASC!l 
upper/ tower case set. 96 prmtable characters . onboard regu lators and selectable 
display tormats-32x16 1ortv set or 64x16 1or vrdeo monrtor tnotrncluded) 
EXPAND EXPLORER, LEVEL·BY·LEVEL 
Level "8", at $49.95 . adds S· tOO srgnats plus onboard RAM/ROM decodrng 
Includes all parts necessary to generate the srgnals tor 5·100 bus accessorres Just 
add two 5·100 bus connectors and you have a complete 5·100 compatrble computer 
with a world ol add·ons at your t rngenros Choose lrom hundreds ol products to 

EXPLORER/85 grves you · · brg computer · · leatures rmmedrately. wrthout turnrng you satrsty your rndrvrduat needs. Level · ·a · · krt also rnctudes the address decoders lor 
rnto an appliance operator. doomed to run pre-developed software lor lrle. Srmpty on board RAM and ROM expilnsron . whrch are addressable anywhere rn the 65K !reid 
connect EXPLORER to a termrnat. vrdeo monrtor or tv set and 8 volt power supply and Level · ·c· · expansion . at $39 95. expands the S· tOO bus to allow a total ot �rx 
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demonstration of min iForth, m icroForth, 
and new polyForth software systems, are 
open to programmers, project managers, 
data processing professionals, electronic 
engineers, and O EMs. Fol lowing the 
sem inar, there w i l l  be a meeting to 
discuss various plans for O E Ms of Forth 
software. For a complete l i st of seminar  
locations and dates, write to Forth I nc, 
81 5 Manhattan Ave, Manhattan Beach 
CA 90266. 

Call  for Papers for Computer 
Networking Symposium 

The 1979 Computer Network ing Sym­
posium to be held December 1 2  1 979 i n  
Ga ithersburg MD has  issued a ca l l  for 
papers. The symposium wi l l  feature 
papers of a tutoria l  nature which 
describe practical experiences with com­
puter networks and network appl ica­
tions, and papers that present new 
research results. Accepted papers w i l l  be 
pub !  i shed in the sympos ium pro­
ceed ings. Four copies of 1 ,000 word 
abstracts should be submittd by J u l y  1 5  
1 979 to D r  Vijay Ahuja, E96/B629, I BM 
Corp, Research Triangle Park NC 27709. 
Authors w i l l  be notified of acceptance 
by August 1 1 979. The Computer Net­
work ing Symposium is sponsored by the 
National Bureau of Standards, and the 
I E E E  Computer Society. 

New util ity· for 
your computer. 
Now, there's a real t ime clock 
for the Apple I I* :  the Apple 
Clock from Mountain Hardware . 
It keeps time and date in lmS 
increments for one year. On-board 
battery backup keeps the clock 
running in the event of power 
outage. Easy to use with BASIC 
using routines carried in on-board 
ROM. That means you can time events, 

Byte News U pdate 

Byte News in  the March 1 979 issue 
began with a paragraph l isting computer 
manufacturers that support Pascal .  For a 
year Texas I nstruments has supported 
Pascal which can be implemented on the 
Model 990 min icomputer in the form of 
Tl Pascal (TI P). There are a lso two exe­
cut ive operat ing systems ava i l ab le 
which are appropriate for use with 
Pasca l .  

The Texas I nstruments Microprocessor 
Executive Library (TI PMX) is a col lection 
of operating system components ava i l ­
able to users of the TMS 9900 fami ly of 
microprocessors. M in imum develop­
ments tools requi red for use with T I PMX 
are a text editor, an assembler and a I i nk  
editor, a l l  of  wh ich  are avai lable with the 
purchase of a Texas I nstruments soft­
ware l icense. T I PMX may be used on 
either the f loppy disk based FS990 
development system, or any of the 
several hard disk systems such as the DS 
990. T I P  and its extensive run time sup­
port l ibrary are avai lable on the hard 
disk based system and are highly recom­
mended for use with TI PMX. 

The latest addition to Tl 's  software 
support is cal led Texas I nstrument's 
Modu lar-Based Executive in  Read only 
memory (T IMBER). T IMBER  is targeted 
for users of the TM 990 series of 

put time and date on printouts, create games in which elapsed 
time is important . . .  anc;j many more. Mountain Hardware offers 
a complete l ine of peripheral products for many fine computers. 

Available at your dealer's. Now. 

Mountain Hardware, Inc. 
300 Harvey West Blvd. 

Santa Cruz, CA 95060 (408) 429-8600 
"Apple II is a trademark of Apple Computer, Inc. 
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microcomputer modules. In this way it is 
possible to do Pascal software develop­
ment on a low cost system i ncorporating 
the TM 990/302 software development 
system. The fundamental benef it of 
T I M B E R  is that it is pre-packaged in 
erasable read only memory, thereby 
freeing the user from the concern of in­
advertently destroying the operating 
system. 

In the second paragraph of Byte News, 
I ntel was mistakenly credited with being 
the f i rst to market a 32 K byte program­
mable read only memory. Texas I nstru­
ments i ntroduced the world's f i rst 32 K 
programmable read only memory in  
Apr i l  of  1 978. The TMS 2532 is  organized 
as 4 K by 8 bits and operates from a 
s ingle + 5 V power supply with standby 
power d issipation of 50 mW typical .  A 
+ 25 V supply is on ly needed for pro­
gramming. 

Dale R G i bble 
Project Engineer Texas Instruments 

POB 1443 M S  6750 
Houston TX 77001 • 

A Reorgan ized Wine Cel lar 

As one who enjoys both wine and 
computers, I must comment on  several 
i naccu racies i n  the arti c le entit led 
"Co m puterized W ine Cel lars" ( F ebruary 
1 9 7 9  BYT E ,  page 1 28 ) .  The second wine 
i n  l i sting 1 is Rauenthaler Rothenberg 
R ies l ing S patlese 1 976 - von S im mern. 
The varietal name is not, as I is ted , Rh ine, 
which is a geographical area, but Ries l ing,  
wh ich i s  the name of the best grape 
variety p roduced i n  Germany . The 
Rheingau, which is the Rh ine sub-area 
from which th is  wine comes, produces 
Ries l ing al most exc lusively, but other 
Rhine areas p roduce Sy lvane r, Mu ller­
Thurgau, and other varietal s  as wel l .  

More strangely, the producer is I i s  ted 
as Rauentha ler. I n  top qua l i ty German 
wines, the first name refers to the vi l l age 
and the second to a particu lar vineyard. 
Here, we have the v i l lage of Rauenthal 
and the vi neyard Rothen berg. The pro­
ducer is the G raf (Count )  von S immern. 

In any case, I have recent ly enjoyed 
tast ing this wine an d I can verify the 
accuracy of the tast ing notes i n  the 
l ist ing - it is a super wine, and i n  w ine 
d rin k i ng,  th at's what counts! 

Larry Rosenb lum 
1 2008 Tra i l ridge Dr 

Po to mac MD 20854• 



8 THE LEADER I N  
miCROCOmPUTER EDUCATION PRESENTS 

BEST-SELLI NG BOOKS 
Used by Universities and Industry worldwide (ten languages} 

Q V rodmty zaks 

C200 · AN INTRODUCTION TO 
PERSONAL AND BUSINESS COMPUTING 
Rodnay Zaks, 250 pp 
A comprehensive introduction to small computers, their 
peripherals, and what to select. $6.95 

C201· MICROPROCESSORS: FROM 
CHIPS TO SYSTEMS 
Rodnay Zaks, 4 1 6  pp 
The basic text on all aspects of microprocessors and 
the assembly of a system. $9.95 

C202 · PROGRAMMING THE 6502 
Rod nay Zaks, 320pp 
A complete introductory programming text for the 
6502. $10.95 

D302 • 6502 APPLICATIONS BOOK 
Rod nay Zaks, 288 pp 
Connecting a 6502 board to the outside world, from 
home alarm to music and industrial control. $12.95 

C280 · PROGRAMMING THE Z80 
Same as C202 for the Z80. $10.95 

MICROPROCESSOR 

INTERFACING 

TECHNIQUES 

C207 · M ICROPROCESSOR 
I NTERFACING TECHNIQUES 
A Lesea & R. Zaks, 416 pp 
How to interlace a microprocessor to external devices, 
from keyboard to ADC to floppy disk, including 
standard busses. $11.95 

X1 · MICROPROCESSOR LEXICON, 1 25pp 
All the definitions of the microprocessor world in a con­
venient pocketbook formal .  $2.95 

AVAILABLE AT BOOKSTORES, COMPUTER STORES, AND ELECTRONIC SHOPS EVERYWHERE! 

SELF-STUDY COURSES ON CASSETTES 
"The time-efficient way to ledrn"™ 

Self-study courses include two t o  eight audio-cassettes a n d  a special book. They offer the fastest way t o  learn the topic covered 
(from Y, to two days). Highly effective. 

, •• MIC����;������::UDY �· 

DESIGNING A 
MICROPROCESSOR 

SYSTEM 

.,, . . M ICROP�Oci:SSOIJ SUF · STUDY 1 ,• 1 
COURSE ON CASSETUS ��·-·�·�· MICROPROCESSORS 

HNTRODUCTORY · SHORT (2.5 hrs ea) 
51-INTRODUCTION TO 

2 · INTRODUCTORY · COMPREHENSIVE 
(10 to 12 hrs ea) 3 · S PECIALIZED (4.5 to 6 hrs ea) 

SB3-MILITARY MICROPROCESSOR 
MICROPROCESSORS $29.95 SBl-MICROPROCESSORS $59.95 SYSTEMS $49.95 

52-PROGRAMMING 
MICROPROCESSORS 529.95 

53-DESIGNING A MICROPROCESSOR 
SYSTEM 529.95 

Sl OS-INTRODUCTION TO PERSONAL AND 
BUSINESS COMPUTING $21 .90 

SB2-MICROCOMPUTER 
PROGRAMMING $59.95 

SB5-BIT-SLICE $49.95 
SB6-INDUSTRIAL MICROPROCESSOR 

SYSTEMS $49.95 
SB 7 -MICROPROCESSOR 

INTERFACING $49.95 

t--------------------------- - - - - - - - - - - - - - - - - - -
TO ORDER 

B y  Phone: 415 848-8233, Visa, M.C., 
Amer Express. 

By mall: Include payment. 
Shipping: add S 1.50 per book (UPS) or 
75e (4th class. allow 4 weeks). 
Double lor cassettes and overseas. 

Tax: in California add lax. 

FREE DETAILED CATALOGUE 

Circle 356 on i nqu i ry card. 

8 
2020 Milvia Street 

Berkeley, CA 94704 
Tel 41 5 848-8233 Telex 336 3 1 1  

NAME ________ POSITION _____ _ 

COMPANY ---------------

ADDRESS ______________ _ 

CITY STATE/ZI P  
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Creativity in Computer Music 
Hubert S Howe, Jr 

Dept of Music 
Queens College CUNY 

F lushing NY 1 1 367 
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The most important resu l t  of computer 
appl ications in  music is that they have en­
couraged a variety of new i deas to be formu­
l ated, tested, and reformul ated in  a short 
period of time. Concepts that previously 
wou ld  have taken much l onger to develop 
and verify have al ready been brought forth . 
Musical thought is consequently on a higher 
level today. This appl ies to al l aspects of 
work with computers - as much to research 
as to creative work, but perhaps less to 
music than to some other fie lds . The in­
creas ing avai labi l i ty of microcomputers can 
on ly further th is trend. 

The d istinction between research and 
creative work is artificial, for much research 
is creative - certain ly  when it pursues new 
ideas. Computer work in  music has for many 
years been carried out in the creative areas 
of musical compos i tion and sound synthesis, 
and the research areas of musical analysis 
and music theory.  In this d iscussion I wi l l  
not cons ider such areas as music b ib l iog­
raphy, music printing, CAl (computer­
assisted i nstruction ) , and rel ated disc ip l i nes. 
Wh i le  much important work has been done 
in  these areas, they are not general ly con­
cerned wi th c reative or conceptual prob lems. 
Music b ib l i ography essential ly  involves an 
i n formation storage and retrieval system. 
Music pr int ing is a problem of automation. 
CAl  certain ly  encompasses c reative work, 
but thus far only the most rudimentary 
i ns tructional tasks have been del egated to 
computers, and then only with l im i ted 
success. 

I nstead , I wil l discuss music theory, 
anal ysis, sound generation, and composi­
t ion and thei r rel ation to the computer. 
Whi le  we are d iscussi ng the question of 
musical tasks in  general, it is relevant to 
poin t  out that any musical task is in pri n­
c ip le  subject to del egation to a computer. 
Musical tasks inc lude any activities carried 
out by human bei ngs that involve interaction 
with music. 

Music i s  composed by composers in  ways 
that, trad i tional l y  at least, i nvolve only their 
own internal ideas, real ized sometimes with 

the ass istance of an instrum ent  l i ke the 
p iano.  Music is perform ed by performers 
who usual ly  pl ay from printed notation .  
Music is heard by l isteners who m ay then 
engage in reflection, eval uation, o r  cr it ic ism .  
Musical documents such as reco rd i ngs or  
scores are kept i n  l i braries where they are 
fi led accord ing to carefu l systems of clas­
sification . Computer composit ion, perform­
ance, print ing, recordi ng, documentation ,  
b ib I iography - even evaluation or cr iti ­
c ism - al l  are feas ibl e .  

The prob lems invo l ve s imulat ing the 
sensory processes with wh ich people i n ter­
act with music - l isten ing, writing, visual 
commun ication - and the men tal processes 
with which they make the i r  conclus ions 
about music. The sensory processes are s imu­
l ated by the 1 /0 ( i n pu t/output) devices on 
computers, and s i nce computers cannot do 
al l of these tasks in the same way th at 
people can, various languages have been 
devised to enable trans lation from the 
human form into a form computers can 
read . The mental processes are sim ul ated 
by the programs.  

Now that we have descri bed these general 
featu res of computer work in  m usic, let us 
consider some specific p rob lems concern ing 
the fou r  d iscip l i nes men tioned above and 
how us ing a computer has encou raged the 
formul ation of new concepts in creative 
ways. 

Music Theory 

There has al ways been a c lose relation­
ship between the disc ip l ine of mus ic theory 
and other fie lds, particularly analysis and 
composit ion. In the twentieth cen tury, 
com posers have produced some h igh ly 
origi nal theories that they have attempted 
to apply to the i r  composit ions, e i ther 
before or after they have written them. 
The term "speculative mus ic  theory" de­
scribes theories conceived before the music 
i l l u strat ing th em is wri tten. 

After the music has been composed, i t  
i s  usual ly  a s impl e  matter to veri fy whether 



At last. 
A controller 

never have to hrow 
0 us. 

' .. . . / 

IIIII j If you've got a floppy disk 
' 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-sided to double-sized, or from 
5" to 8" floppy, you'll have to throw that old controller 
off the bus. 

But not any more you don't. Because at 
DATASPEED, we've developed one control l�r that 
works with all four kinds of floppy disk drives. 
And doubles the density, too. 

Works with all 
floppy disk drives. 

Single-sided minifloppysTM Double-sided minis. 
Single-sided maxis. Even the new double-sided maxis 
with up to 8 megabytes. This is the only controller 
in the world that works with all four. 

Handles any upgrade. 
When you want to go from single-sided to 

double-sided drives , this great new controller reads 
each side automatically. And you can upgrade from 
5" to 8" disks just by changing a simple Header socket. 

Packs in 
twice the data. 

Now you can pack double density data on every side 
of every disk. Because we've designed in a bootstrap 
PROM that automatically 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. 

Circ le 97 on i nqu i ry card. 

So when you buy this controller, and a compatible 
CP /M;M we're including a free software package that 
lets you transfer all your files to double density. 

We call it 
The Conductor. 

The DATASPEED Floppy Disk Controller. 
It handles all your upgrades. It packs in twice as much. 
And at only $295, it's even the cheapest 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 call 
it The Conductor. Ask for it at your local computer shop 
or send $295 for immediate delivery. By the way, we 
have Double-Density CP/M™ for only $100. Complete 
disk drive systems are available. 

Write us for more information. Dealer inquiries 
welcome. And watch our future ads for trade-in 
offers. DATASPEED, INC. ,  1302 Noe Street, 
San Francisco, CA 94131. 

THE CONDUCTOR™ 

M inifloppy is a TM of Shugart Associates. 
CP/M is a TM of Digital Research. 
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a theory app l i es to i t, assuming that the 
theory is adequate ly formulated. For ex­
ample, Schoenberg's conception of atonal 
music and l ater h is "method of composi­
tion wi th 1 2  tones "  originated as specu­
l ative i deas which were described, al beit 
confusi ngly, i n  h is books Harmonielehre 
and Style and Idea. More recent composer/ 
theorists l i ke M i l ton Babbitt have extended 
Schoenberg's origi nal ideas to even greater 
l evels  of abstraction. 

The avai l ab i l i ty of computers has spurred 
great efforts to test these theories and other 
i deas to a greater degree than people  had 
been wi l l i ng to attempt before. (Though 
most theoretical work has been done on 
large general-pu rpose computers, much can 
now be done on microcomputers, as i s  
shown i n  ou r example of pitch structures. ) 
Concom itantly, the resul ts obtained by 
these researchers have b rought forth new 
i deas and exposed the i nadequacies in  old 
ones. 

Part of the reason for such success has 
been the fact that i t  is by no means obvious 
or easy to expla in how theoretical ideas 
appl y to a piece of music in detai l ,  and 
people have had to cl ari fy thei r methods 
i n  ways that go beyond what had been 
accepted before in noncom puter work. Com­
puters do not presently have the abil i ty to 

listen ( i n  the sense that a person " l istens") 
to a piece of mus ic to dec ide whether 
or  not a given i dea appl i es to it . Researchers 
have in stead formu lated methods th at i n­
volve detai led inspection of the notation 
for a p iece. Sometimes these produce resu l ts 
that seem mystify ing or incorrect when 
compared with resu l ts reported by l isteners. 
This confl ict demonstrates the difficu lty 
of accepti ng  un i n tu i tive ideas about m usic 
and th e question of whether or  how l isteners 
ought to revise the i r  l isten ing habits in order 
to perceive musical structu res that are veri­
fied to exist in the m usic .  

Theories, i n  the sense em ployed thus far, 
are ideas th at expl ain the structure of enti re 
compos itions or passages of m usic. Few 
musical theories, even that of triadic ton­
a l i ty, are in  fact expressed in any such detai l .  
Usual ly  there i s  a l arge gap between the the­
oretical constructions and their appl ications 
to the music that is supposed to be fi l l ed by 
the reader. This is obviously true of such 
modern concepts as pan tonal i ty (see refer­
ence 6 ) ,  o r  of attempts to perceive Schoen­
berg 's 1 2  tone composit ions in  a certain key 
(see page 40iof reference 7). A l l en  Forte 's 
theory of set com pi exes ( reference 8) pre­
sents a col l ection of i deas that wou ld  sti l l  
no t  be a theory i n  the sense described above, 
but he neverthel ess has m uch more success 

Circ le 75 on inqu iry card .. 



1 n c  
Books to e rose the imposs ib le 
POB 428, 2 5  Route 101 ,  Peterborough, N H  03458 

LET ' S  GET 
PERSON AL 

How to use use your personal microcom­
puter to its ful lest potential 

\ 
\ I \ \ 

\ 

SMALL COM PUTER 
SYST E M S  HAN DBOOK 

By Sol Libes 

D This is an introd uctory text for those 
with a m i n i mal knowledge of e lectron ics 
who are i nterested in m icrocomputers 
as a hobby . The author explains m icro­
computer concepts from the n u m be r  
systems a n d  log ic c ircu its t o  program­
m i ng lang uages and appl ications with 
the  emphasis on p ractical know ledge . 

1 97 p p .  $8.45 

YOU R  H O M E  COM PUTER 
By James White 

D A clearly w ritten , nontechn ical de­
scr iption of personal com puters that re­
q u i res no prior know ledge of com puters 
or e lectron ics .  The emphasis is on u n ­
d erstan d i n g ;  over 1 00 i l lustrations are 
i nc l uded·. Topics inc lude :  comput ing  
and you ; com m u n ication ins ide a com ­
puter;  com p uter thought p rocesses; 
f ixed memory ; i n p uts and outputs;  peri­
p h erals ;  systems com ponents; how to 
choose a m icrocomputer;  and so o n .  
Your Home Computer is t h e  ideal book 
for readers who thought they cou ld  ne­
ver understand how com puters work. 
The best part is that th is is both easy 
and fun  to read . 

235 p p .  $9.95 

P I M S - PERSONAL I N FOR MATION 
MANAGEM ENT SYSTEM 

By Madan G upta 

D T h is book d escribes a data base man­
agement system desig ned for personal 
use on smal l  com puter systems using 
BASIC.  Along with com p l ete sou rce l ist­
i n gs of the program and com p rehensive 
operat i ng instructions, the book d iscus­
ses the personal m icrocom puter and its 
potential for personal use. The tasks 
you cou ld  perform with th is i n formation 
management tool inc lude:  mai ntai n ing  
a ma i l i ng  l ist , balanci ng smal l business 
and personal checking accou nts, keep­
i n g  track of i n ventories, maintai n i ng log 
books, and count less others. Powerfu l  
com mands al low you t o  create, add to, 
change, l ist , d elete , sort , and search 
you r data f i les. 

This book can rea l ly  u n l eash the f u l l  
power o f  you r  personal com puter ! 

88 p p .  $9.95. 

and for your personal 
programmin·g needs 

The Bits 
Programmer Pad™ 

D I m p rove your sty le  with B ITS Pro­
g rammer ' s  Pads .rM One s ide is an 
i n genious memory I register a l location 
form, custom-tailored to the micro­
processor you're programming:  8080A, 
6800,  6502 ,  Z-80 ,  o r  1 80 2 .  Th e 
other s ide is for your prog ram ,  with 
p re-n u m bered l i nes and columns for 
addresses , object cod e ,  labels ,  i n ­
struct ions,  and  those essential com­
m ents. Write you r  source code f irst 

· and later assemble by f i l l i n g  in the 
object codes and ass ign ing m emory 
add resses . (If you ' re hand assemb l ing  
your  p rograms , these pads are a must ! )  
50 page pads on d u rable paper. 

P repunched for a 3-r ing notebook, too . 
O N LY $2.50 each. 
Postage: $. 75 for one Pad, $1 .25 for two 
or more Pads.  

* NEW * 
Z80 ASS E M B LY 

LAN G U A G E  P R O G R A M M I N G  
B y  Lance A .  Leventhal 

D Hot off the p ress, here 's the Z80 as­
sembly  language and its use i n  Lance 
Leventha l 's  g raphic sty le .  A para l le l  to 
h i s  earl ier book "6800 Assembly Lang­
uage Program m i ng " ,  i t  covers the  Z80 
instruction set in depth and program­
m i ng tech n i q ues for its use, inc lud ing 
many sam ple  p rod ucts . 
FROM OSBORNE & A SSOC. $9.50 

I NTRODUCTION TO 
TRS-80 G RA P H ICS 

By Don I n ma n  

D T RS-80 users, here i n  Level- l  BAS I C  
are the tech n iq ues y o u  need t o  make f u l l  
u s e  o f  your v i d eo d isp lay .  T h i s  book is 
i d eal for the beg i n ner,  with  complete 
explanat ions for the statements and 
com mands used . The p lot and pr int  me­
thods are d etai led and used in creat ing 
l i nes, cu rves , and more com p l ex geo­
m etric shapes . Mov i n g  patterns are ex­
p lored . The basic tech n i q ues w i l l  stir 
your i mag i nation to make f u l l  use of the 
T RS-80's g raph ics capabi l i t ies . 

1 33 pp.  $ 8.95 

32 BAS I C  P R O G R A M S  
FOR T H E  P E T  COM PUTER 

By Tom Rugg and Phi l  Feldman 

D Here are 32 f u l l y  documented pro­
g rams,  ready to run  on your Commo­
dore PET 2001 com puter,  i nc lud ing ap­
p l ications prog rams,  ed ucational pro­
g rams, games , g raph ical d isp lay pro­
g rams , math programs, and more . The 
p rogram i nstruct ions are d etailed 
enough to al low you to modify any p ro­
g ram and sam ple  runs are inc luded .  
P ET users ,  don 't  leave your PET on 
the she l f ,  put i t  to work for you ! 

267 pp. $1 5.95 

P EA N UT B UTTER A N D  JELLY 
G U I D E  TO COM PUTERS 

By Jerry Wil l is  

D T h is book is m uch l i ke a pean ut  but­
ter and je l l y  sandwich : s imp le  but nu­
tr i t ious .  I t  i s  an i ntrod uction to  the hard­
ware of personal com puters that is free 
of techn ical jargo n ;  a com binat ion con­
su mer's g u id e  and tutorial. The funda­
m ental parts of a com puter,  com puter 
lang uages , and personal appl ications 
are covered . I nc luded are case studies 
of peop le ,  the ir  computers and appl ica­
t ions.  I t ' s  a h u morous and pai n less in­
trod uct ion to the wor ld of the personal 
computer. 

207 pp. $7.95 

DIAL YOU R  CHARGE CARD ��Vl�SA�·· 
O R D E R S  TOLL FREE .]. 

800-258·5477 

( in  NH  cal l 924-3355) M on-Fri 9-5 
For your convenience in ordering, please use this page plus the order form on page 137  

BYTE July 1 979 1 6 1 



i n  describ i ng  how h is ideas relate in specific 
ways to actual musical content and the 
d ifficul ties encountered in th is  process. 

Forte's theory is a stri k ing example of 
a series of ideas that grew out of a contin­
uing interaction with computers. In his case, 
as wel l  as that of this author, computers 

Pitch Structures 

Pitch structures are sets of notes related by transposition (see 
Glossary ) .  With in  1 2  tone equal temperament, there are exactly 35 1  of 
them avai lab le .  The BAS IC  program shown in l isti ng 1 generates al l 
p itch structures i n  normal form. Normal form is a method of notation 
that chooses the representation with the small est overal l interva l l i c  
span. I nd iv idual p itch classes are ind icated accord ing to their interval l i c  
d istance from the lowest note. For  example, the major triad (C E G )  
has th ree orderings :  0 4 7 (C  E G ) ,  0 3 8 (E  G C ) ,  and 0 5 9  (G  C E ) .  
The normal form representation wou ld  b e  0 4 7. When two representa­
tions have the same overal l span, the choice is made accord ing to the 
smal lest second, th i rd, etc, i n terval . Some sets, l i ke the augmented 
triad 0 4 8 (C E G#) have the same interva l l i c  pattern for each ordering ;  
these sets a l l  have two or more transposit ions that produce the same set 
of p i tch classes. 

This program is written in T RS-80 Level 1 BAS IC, wh ich a l lows 
mu lt ip le statements to be given in a s ingle l i ne  us ing the colon ( : ) as 
a del imiter. LET is optional in assignment statements, and has been 
omi tted in the program. 

Listing 7 :  Program written in TRS-80 Level 7 BASIC to compute pitch 
structures in normal form. 

5 REM PROGRAM TO COMPUTE PITCH STRUCTURES IN 
6 REM NORMAL FORM 

1 0  FOR 1 = 1  T O  24 : A(I)=O : NEXT I 
20 S=2 : K=1 : L=S-l : M=2 : N=1 : Q=O : A(25)=0 
30 FOR 1=1 TO L :  A(I)=A(10*N+14+1) :  NEXT I :A(S)=K : V=A(2) 
40 GOSUB 2 1 0 :  IF T <> 0 THEN 80 
50 FOR 1=1 TO S :  A(10*M+14+I)=A(I) : NEXT I 
60 Q=Q+ 1 :  PRINT S, Q, : FOR 1=1 TO S :  PRINT A( I) ; :  NEXT I :  PRINT 
70 K=K+ 1 : M=M+1 : GOTO 30 
80 IF V <= A(10* (N+1 )+16) THEN 100 
90 L=S : S=S+l : Q=O : IF S > 10 THEN 1 1 0  

100 N=N+1 : K=A(10*N+14+L)+l :  GOTO 30 
110 GO TO 999 
200 REM SUBROUTINE NRMLFM 
210 P=S- 1 : X=O : T=O 
220 IF A( 1 )=0 THEN 250 
230 X=A( 1 ) :  T=X 
240 FOR 1=1 TO S :  A(I)=A(I )-X:  NEXT I 
250 FOR 1=1 TO S :  A(I+1 2)=A(I) : NEXT 1 :  A(S+13)=1 2  
260 U=A( 14) :  X=X+U : IF X >= 12 THEN RETURN 
270 FOR 1=2 TO S :  A(1 2+1) =A( 1 3+1)- U :  NEXT I 
280 IF A(S+ 12)  < A(S) THEN 330 
290 W A(S+12) > A(S) THEN 260 
300 FOR F=2 TO S :  IF A(F+ 12) < A(F) THEN 330 
310 IF A(F+12)  > A(F) THEN 260 
320 NEXT F: RETURN 
330 FOR 1=1 TO S :  A(I)=A(I+1 2) : NEXT 1 :  T=X : GOTO 260 
999 END 
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figured prominently in the development of 
the concepts employed in formu lat ing the 
theory. Composers h ave sometimes referred 
to these concepts as precompositional i deas. 

I n  my own work (descri bed in "Some 
Combinational Properties of P i tch Struc­
tu res, " Perspectives of New Music, vol ume 4, 
number 1 ,  fal l /w inter 1 96 5, pages 45  thru 
6 1 )  the basic concepts were pi tch,  p i tch  
c lass, p i tch c lass co l lection, and pitch struc­
tu re. A computer was u sed to generate the 
basic sets of al l of these e lements, and then 
to test various operations such as inversion 
and cyc le of fifths equ ivalence. The fact that 
a computer was used in th is work meant that 
my l ist of pi tch structu res generated by the 
computer was one of the first accurate l ists 
ever produced. Howard Hanson 's count of 
d istinct pitch sets i n  The Harmonic Materials 
of Modern Music: Resources of the Tempered 
Scale, I rvington Pub, NY, 1 961 , is incorrect. 
Forte's l ist pub l ished in "A Theory of Set. 
Compl exes for Music, " journal of Music 
Therory, volume 8, number 2, winter 1 962, 
is correct accord i ng  to h i s  defi n i tion, but h is 
defin it ion does not reflect current p ractice. 
I have conti nued to use computers in my 
work, which now i nc l udes computer com­
position as wel l as theory development. 

It is not d ifficu lt  to see that the contin­
u i ng  use of computers in  music theoretical 
work wi l l  have beneficial resu l ts, if on ly 
because i t  wi l l  force the theorists to formu­
late thei r ideas in  more specific terms .  
Such conti nu ing  investigations cou l d  reveal 
and c larify many inadequacies in the theory 
of harmony or tonal i ty as presently stated 
in harmony textbooks. 

In fact, the computerization of the 
pr incip les stated in  any of these books 
ought to point up al l kinds of basic problems 
that are never acknowledged - for example, 
just exactly what the theory exp la ins about 
wh ich music and what that has to do  with 
any activ ity the reader wou ld  be l i kely to 
engage in with respect to e ither the theory 
or the music .  Harmony, as we understand 
it from harmony texts, is s imply the trans­
lation of a piece of music into a different 
notation or vocabu lary - a vocabu l ary 
that is imprecise and overlooks many of the 
most important characteri stics of the music 
itself. The reasons why such a trans lation 
is made and what advantages it possesses 
are uncl ear. Because they have to clarify 
thei r purposes to impersonal machines, 
computer researchers are not able to ignore 
these questions as eas i ly as trad i tional 
ones. 

Musical Analysis 

Computer work in musical analysis h igh ­
l i gh ts the question : what do we real ly want 
to know abou t a piece of music? There are 
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two ways in which computer programs 
attempt to answer this question .  One i s  to 
pose a trad itional question to which we 
supposed ly  know the answer, in the hope 
that the task of carry ing this out on the 
computer w i l l  improve our understand ing ;  
i n  other words, i t  he lps us understand 
musical i n tu it ion. The second way is  to ask 
the computer to solve problems we have not 
yet . understood when tradi tional methods 
have been used . Serious research wi l l  always 
be concerned with questions of th is sort, 
but u n less those of the first sort can also 
be hand led we wi l l  be in doubt about the 
success of the second . 

There h ave been many research projects 
in musical analysis, most of which are 
ongoing and have thus far produced only 
tentative or incomplete resu lts. I n  my 
opin ion,  the most important confl ict in  
th is  area concerns both pu rpose and pro­
cedure : shou ld computers be used to 
examine the characteristics of a s ingle  
work, or rather to analyze the common 
properties of whole bodies of works? 

Some of the most significant resu l ts i n  
musical analysis have been obtai ned by  
theorists who are more interested in  the 
theoretical problems than the musical 
works, and who have analyzed works more 
in order to prove the ir  theories than to 

Encoding Languages 

The fol lowing example shows a l i ne  of music from the Hosanna of 
the Missa A ve Maris Stella by j osqu in des Pnfs encoded for computer 
input in  the IM  L encoding language : 

I =  CLEF  G '  ' = KEY F '  
R 1 1  /R  1 *B l ,H0,/82* C2 Dl ,SAN,/G l l ,NA,/ 

Rl *Cl /C2*B4 A4 *Al l/ 

Keywords ind icating the clef and key signature are enclosed in quo­
tation marks with an equal s ign at the beginn ing. Rests are ind icated by 
the letter R. Notes are ind icated by the letter name (C, D, E, F, G, A, 
B) as read on the staff (people who encode this data must be able to 
read music) .  Fol lowing the letters A through G or R is  a number ind i­
cating  the duration : 1 1  is a breve, 1 is a whole note, 2 is a half note, 
and 4 is  a quarter note. Text sy l l ables are enclosed in commas fol l ow­
ing the note, and the slash (/) i ndicates a bar l i ne; the double slash 
indicates the end of the l i ne. Asterisks ind icate the beginn ings or ends 
of ties. 

HO- SAN - N A ,  H O -

Figure 7 :  Musical excerpt from the Hosanna of the Missa Ave Maris Ste l l a  by 
josquin des Pres (see "Encoding Languages" text box). 
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discover new aspects of the m usic .  I have 
al ready mentioned the work of A l l en Forte, 
who has produced exce l l ent  analysis of 
d iverse atonal works with the assistance 
of a computer. Another example i s  the 
wel l - known "j osqu i n  Project" conducted 
by Professors Arthur  Mendel and Lewis 
Lockwood at Pr inceton Un iversity. Wh i le 
th is  project is remarkable for the sheer 
quantity of music that has been encoded 
for study, al l analytical work has been 
carried out from the standpoint of music 
analysis accord ing to the theoretical prin­
c ip les formu lated by contemporaries of 
j osqu i n .  (See reference 9.  j osqu in  des Pres, 
cl 445-1 521 , was a prominent composer of 
early music . )  Few studies have produced 
resu l ts as successfu l as these. (Some are 
absu rd . See my review of "Two Parameters 
of Melodic Line as Styl istic D iscrim inan ts "  
by David She ldon Lewis a nd  "Some Tech­
n iques for Computer-Aided Analysis of 
Musical Scores" by Donald Margedo 
Pederson in Perspectives of New Music, 
volume  9,  number 2 and volume  1 0, 
number 1 ,  1 97 1 .) 

One of the most t ime-consuming  aspects 
of computer analysis of music has been the 
development of encoding  languages in wh ich 
musical notation can be transcribed for 
computer input. Analytical stud ies h ave 
become studies of musical notation, not 
of sound  or aud i tory experience , and are 
thus open to the objections raised above . 
Many languages have been developed for 
different pu rposes, and many of them 
choose to represent the notational char­
acteristics in very different ways. There 
has been much u nfru itfu l  debate over these 
languages prompted by some researchers 
try ing to get others to adopt their l anguage 
as un iversal . One researcher, Er ic Regener, 
has instead taken the inte l l i gent l i ne of 
wri ting  programs to transcri be other nota­
tions into h is .  

An im portant qual i ty of these languages 
is that each was developed with a d ifferent 
pu rpose in m ind ,  and thus each emphasizes 
d ifferent aspects of the music .  Some lan­
guages devel oped for the purpose of music  
pri n ti ng  ( l i ke DARMS) are necessari ly qu i te 
complex i n  their methods of representing 
spaci ng between notes and other features 
of page layout that are i rrelevant for l an­
guages concerned with analytical work.  
Other languages devel oped for use with a 
specific body of music (l i ke I M L) cannot 
be u sed for other types of music because 
they do not provide methods for encod ing  
features that do not occur in  the  works 
for wh ich the languages were developed. 

The point I would l i ke to make abou t 
these l anguages is that any notation ex­
presses a conceptual structure of the music 
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it represents. Print ing languages are very 
specific about graph ical features because 
those are important aspects of the i n tended 
resu l t. Other l anguages developed for 
analysis represent elements l i ke  p itches 
and rhythms as the basic aspects to be 
exam ined, and provide many ways for 
representing nuances in these domains 
but not others. For another example, 
gu itar notation provid ing only a melodic 
l ine and a basic chord pattern is a remark­
ably effic ient means of ind icating a diverse 
quanti ty of sounds in a few symbols, and 
the symbols convey a sense about the 
irrel evance of certain nuances in the chord 
structure that wou ld be unth inkable in 
other music .  No language cu rrently i n  
existence i s  un iversal ly sati sfactory and 
efficient to represent al l  music that cou ld  
be  transcribed for any pu rpose. Arguments 
abou t encod ing languages show only a lack 
of u nderstand ing of the  'd iverse and even 
cross-d iscip l i nary pu rposes for wh ich certain 
research i s  carried out. 

Sound Generation 

I n  the area of sound generation, com­
pu ters h ave al ready had a significant impact 
on the music of our time, and the future 
i s  even more promising. (An excel l ent  
description of the fac i l i ties needed to pro­
duce music on a m icrocompu ter is contained 
in  Tom O'Haver's article "Audio Processing 
with a M icroprocessor" in  J u ne 1 978 BYTE, 
page 1 66.) To explain the reasons for th is, i t  
is necessary to  review some of  the h istory of 
both computer generated music and e lec­
tronic music, of wh ich computer music is a 
part. 

E lectronic music has been shaped by 
several disparate i nfl uences. H i storical ly,  
the first was the use of nonconventional 
sounds that were previously considered 
to be nonmusica l .  Early works were based 
on the sounds of rai l roads, water dripping, 
and other noises of everyday experience 
and of natu re . Another significant infl u ­
ence was the  avai labi l i ty of  analog el ectron ic  
sound generati ng and mod ifying equipment, 
which is now packaged into devices cal led 
synthesizers. (A th i rd influence, l ess im­
portant than the first two, was the use of 
speech and language in  noncommun icative 
ways. ) Music  based on sounds of nature 
tended to be extremely complex in the 
foregrou nd, whereas music produced by 
electronic equipment often lacked dynamic 
variations in  tonal characteristics. 

Today, these ear ly tendencies have been 
mol l ified as a resu l t  of the experiences 
of many peop le  working with these ideas, 
often in conju nction with computers. 
People have begun to analyze the charac-

temt1cs of nonconventional sounds, often 
by computer, to d i scover and general ize 
the properties of interest in them .  Thus, 
early exploratory use of these sounds has 
now given way to conceptu al thinking 
about them . Such th ink ing  i s  a natu ral 
resu l t  of processes which people must 
employ to generate sounds by computers, 
because users must present information 
to the computer in  concrete ways. A 
computer cannot generate a sound from 
a person 's abstract recol lection of what 
it sounds l i ke. 

Sounds produced by e lectronic music 
synthesizers have evolved from the l ife­
l ess organ -l i ke sounds that contain no 
dynamic variation in tonal characteristics 
to sounds that m im ic l ive musical i nstru­
ments .  A synthesizer is, indeed , a musical 
i nstrument, and it is natu ral that peop le 
wou ld  begin to develop performance tech­
n iques once they are ab le to work with 
them for a whi le .  Such expert performers 
as Wal ter Carlos and l sao Tomita can rou­
tinely produce any qual ity such as v ibrato, 
tremolo, or dynam ic spectral variations. 
They have also devel oped excel l ent  methods 
of im i tati ng specific instruments, particu­
larly woodwinds, brass, and percussion 
(sol o  stri ng sounds are easier to im i tate than 
the l u sh sounds of an enti re stri ng  section ) . 

The trou b le with th is procedure is that 
even expert syn thesizer performers now 
at least partly judge their work not by 
the origi nal i ty of the sounds they produce, 
bu t by their resemb lance to the fami l iar 
sounds of musical instruments. This  i s  in 
complete con trast to computer music 
composers . 

To cause a computer to generate music, 
i t  is necessary for the composer (who is 
actua l ly the performer in th is case) to 
provide a detai led description of the sound 
desired . The description can be anyth ing 
that i s  mathematica l ly suffic ient to cause 
the desired properties to be produced by 
the computer. Any descri bable sound can 
be produced ; the l im i tation is not in the 
capabi l i ty of the computer bu t rather in  
the  abi l i ty of composers to provide adequate 
descri ptions of what they want. A detai led 
explanation of how computers generate 
musical sound is contai ned in Electronic 
Music Synthesis (see reference 3 ) .  

Th i s  factor has been one  of  the primary 
reasons for the recen t  in terest in the analysis 
of sounds of al l  types. Computer music syn­
thesis is th us not l im ited by the comparison 
of the resu l ts produced to any pre-ex isting 
standard. I n deed, composers are encouraged 
to be creative with the qual i ties of the 
sounds they produce, by the very procedu re 
by which they must work . 

Of course, people who work with syn-
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thesizers are not l im i ted e ither ; nevertheless 
it seems that there have been far more 
successfu l el ectronic performances of con­
ventional music recently than there has 
been original music. Part of the reason 
for th is  d ifference is actual ly one of the 
l im i tations of computer music as i t  i s  
produced i n  most s ituations today : the 
lack of immed iacy between performance 
time (at wh ich the input is fed to th e com­
pu ter) and aud i tion time (when the sound 
is produced) . Very few instal l ations today 
have any immed iate p layback faci l i ties 
except for more than a few s imple sounds, 
and real t ime computer music synthesis of 
enti re composit ions is practical ly impos­
s ib le (see reference 3, chapter 9) . 

The inherent difficu l ty in producing 
sounds by computer, together with th e delay 
in heari ng the resu l ts, forces computer 
music composers to evaluate their work 
refl ectively and to th ink carefu l ly  before 
try ing th ings out. Whi le immed iacy i s  
important to the act of performance, i t  i s  
not necessary for the act of composition 
itself, wh ich is a conceptual task. 

An excel lent example of the kind of 
creativity on the sound level made pos­
s ib le in computer music is described by 
J K Randal l  in h i s  arti cle "Operations 
on Waveforms" (Perspectives of New 
Music, vol ume 5, num ber 2, spring/summer 
1 967, page 1 24) .  These ideas are explo ited 
compositional ly i n  Randal l 's Lyric Var­
iations for Violin and Computer, written in  
1 968 and recorded on Vanguard C- 1 0057. 
Randal l  descr ibes several original i deas he 
used to synthesize new timbres from com­
pl ete ly new theoretical princip les . He 
produces sounds in  wh ich th e indiv idual 
consti tuent partia ls (harmon ics of the 
fundamental ) of a tone are operated upon 
just as the p i tch, rhythm, and dynamics 
are in  conventional music. The resu l t  i s  
music of unusual interest in which a l l  
variations of the sounds rel ate in novel 
ways to the structu re of the music. 

The same ki nds of processes in which 
partia ls are treated as pitches were em­
pl oyed in  my compositions entitled 1Studies 
in Timbre, of which there are presently 
fou r .  The first study employs sounds that 
dissolve into others by gl issandos that 
move from one partial to another. These 
are contrasted with other sounds of fixed 
p itch but changing timbre. The second study 
uses instrument-l i ke sounds with transient 
elements in  the attack and variations in 
the steady state portions of the tones. 
The th i rd is based on varying timbral pat­
terns associated with specific musical ·events. 
The typical i n strument produces 1 2  partial s 
that fade i n  and ou t in different ways over 
the cou rse of each tone, correlated to 

amp l i tude and l ocation changes. Contrasts 
between partials of some tones and the 
fundamental frequencies of others are 
em phasized in conju nction with rhythm ic, 
dynam ic, and harmonic properties that 
devel op concom itantly. The fourth study 
uses harmonic series that progress to non­
harmon ic  ones, but which neverthe less 
preserve some abstract ratio between the 
elements, thus producing another k ind of 
d issol ution of a tone into a somewhat 
clangorous sound .  

The  mai n  point of  these considerations 
is to show how a computer music com­
poser is encou raged to · experiment with 
original ideas that often l ead to resu l ts 
unobtainable by any other method of 
music production.  But  since compu ters 
are theoretical ly capabl e  of producing 
any sounds, this is not the on ly beneficial 
or d istingu ish ing resu l t. The fact i s  that 
the same sounds can be produced by 
different descriptions that are based on 
general izations abou t different aspects of 
the sounds .  Thus, the rea l ly important 
point i s  that i t  is the relationship between 
the input and the output which is clarified 
by the process of computer music synthesis. 
Whatever th is may be in  relation to a specific 
musical work i s  in itsel f a concept abou t the 
structure of th at work. 

Musical Composition 

Although I have emphasized the creativ­
ity i nvolved in the other discip l ines d is­
cussed, i t  is obvious that composition is, 
by comparison, the u l timate creative act to 
be delegated to a computer. Many people 
express disbel ief or dou bt that th is can 
real ly  be done successfu l ly .  I bel ieve that 
th is dou bt i s  rooted more in m isunderstand ­
ing of what mus ical composition i tself 
involves rather than of what the computer 
does. Composers may employ mysterious 
methods, but they are even more prone to 
making mysterious explanations of straight­
forward methods in order to preserve their 
com posit ional mystique .  

Any deta i led consideration of musical 
analysis or theory suggests numerous 
avenues of approach to the compositional 
method em ployed . Whether a piece actua l ly 
has been composed accord ing  to the prin­
c ip les that can be abstracted from i ts struc­
tu re i s  not necessar i ly re l evant, and often 
can never be known. I n  recent years, the 
work of Hei nr ich Schenker and post­
Schen kerian analysts has attempted to 
d iscover l arge scale structural properties in  
tonal music wh ich a lmost certa in ly were not  
consciously considered by the composers 
who wrote the music, and which raise 
questions not previous ly posed in the h i story 
of theory. 
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Computer composition can be employed 
as a method of verifying theories and anal­
yses of specific works, especial ly if they 
consist of mu lti l ayered abstractions l i ke 
Schenkerian analysis. These abstractions 
suggest a generative approach starting from 
a background and bu i ld ing through succes­
sive layers of e laboration to the foreground .  
One method of  verify ing such an  analysis 
is to prove that i t  can actual ly regenerate 
the work, at l east in i ts essential structural 
aspects, by a particu lar sequence of opera­
tions. Another method is to change some of 
the background or middleground structure 
or the particu l ar sequence of operations to 
produce new works that can be compared 
with the origi nal . A l though they m ight not 
be intended to be taken seriously as original 
compositions (since their structure is deriva­
tive of another work) , such composi tions 
wou l d  u nquestionably be computer com-
posed music. 

· 

I nstead of us ing th is structu ral approach, 
early work in computer composition · has 
tended to emphasize the sensational aspects 
of "mach ine music" and has been based on 
random and aleatoric methods (see ref­
erence 2) . Very few conditions of the in­
tended music have been specified, with the 
resu l t  that certain characteristics are qu ite 
clearly present  (eg: consonances) or absent  
(eg : d issonances) but the music is otherwise 
aimless and without structure. These facts 
are qu i te obvious when the music produced 
resembles some early style l i ke a Bach 
i nvention, but are less clear when some 
avant-garde sty le is imitated. Nevertheless, 
such experiments (often designated as 
experiments rather than as music) are not 
typical of musical compositional methods 
in  general, nor of computer work i n  th is 
fie l d .  

I n  my own music I have employed 
computer composition in extensive ways 
("Composing by Computer, "  Computers and 
the Humanities, volume 9, 1 975, page 281 ) . 

PET ANALOG 

Nevertheless, the computer does not make 
any decisions that I wou l d  not make myself, 
nor i ndeed that I have not a l ready made 
when it executes my i nstructions;  it merely 
carries out many t ime-consuming calcula­
tions that wou ld  otherwise h ave to be done 
by hand .  Basical ly ,  the program works out 
aspects of the foreground  syntax wh ich 
assure various rhythm ic, harmon ic and 
structu ral properties. All aspects of this 
syn tax are specified by instructions pro­
vided together with the data (p itch classes) 
on wh ich they are carried out. 

Using a program l i ke th is a l lows com­
posers to work more from a background 
perspective than from the foreground .  They 
are able to concentrate on the large scale 
structural properties w i thout being encum­
bered with the foreground  detai l s  that may 
arise from these characteristics; these are 
handled quick ly and automatical l y  by the 
computer. Several d ifferent possib i l i ties for 
working ou t a given passage can be tried 
before any comm itment is made to them. 

Even more important, the process of 
writing  a program to carry out such com­
positional detai l s  forces composers to be 
absolu te ly expl icit about the i r  procedu res 
and intentions. Any errors or incomplete­
ness in the specifications wi l l be exposed 
when a program is executed by the com­
puter. Ad hoc methods that composers 
may use to fix certain passages when they 
don 't work out as expected are not neces­
sary, because it is easy enough to revise 
the program once these problems are 
exposed . The composer's attention is thus 
always d i rected to the most importan t con­
ceptual aspects of the music, and his or her  
abi l i ty to solve problems i n  these areas is 

· fac i l itated . 

Conclusion 

By examin i ng aspects of the fou r  musical 
discip l i nes d iscussed above, we have seen 
many instances where the use of computers 
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Sof't.ware is Provided. A on e  1 ine 

Pf"'09ram i s  all t.hat. is necessar� t.o 

read a channel . 
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@ §  
GPI BIIEEE-4881 RS-ZU: 

INTERFAtE IIIOOULE INTERFAt( MOOULE 

1 - AIM161 

1 - PETMOD 

PETSET1 
- 16 ANALOG INPUTS -8 BITS-100 MICROSEC 

PET AOAPTER -2 IEEE PORTS -1 USER PORT- 1 DAM SYSTEMS PORT 

1 - CABLE A24 - 24 INCH INTERCONNECT CABLE 

1 - MANMOD1 

1 - POW1 

MANI FOLD MODULE- SCREW TERMINALS 
FOR INPUTS, REFERENCE, GROUND 

- POWER MODULE 

PETSET1a lor 110 VAC $ 29� 
PETSET1o lor 230 VAC $ 30� 

Ord•r dirtcl or cOn1�1 your loc•l computtr llort. 

C O N N E C T I C U T  m i c r o C O M P U T E R , I n c .  150 POCONO ROAD BROOKFIELD, CONNECTICUT 06804 
TEL: (203) 775·9659 TWX: 71 0·456·0052 

VISA AND M/C ACCEPTED - SEND ACCOUNT NUMBER, EXPIRATION DATE AND SIGN ORDER. 
ADO $ 3  PER ORDER FOR SHIPPING 8 HANDLING - FOREIGN ORDERS ADD 10% FOR A I R  POSTAGE. 

Circle 78 on inquiry card. 
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Plus 

MlcroSource'" is becoming the chosen business software producer. For all the right reasons. For example, before 
you ever see one of our applications, it's field tested and refined. Another reason is our Operations Manuals. 
They're called the finest in the industry . . .  you never need special training to use MicroSource. One more 
reason: versatility. MicroSource works with different terminals and printers. You can use your favorite terminal, 
and choose between speed or print quality in a printer. Add in the rest of the story - like support, enhance­
ments, low cost - and you get the picture. 

· 

If your dealer stakes his business on MicroSource software, can you afford to do less? 

MoneyBelt - The Money Manager'" LedgerPius - The Company Bookkeeper'" 
A modular in- house bookkeeping package with gen- Also modular, with all the accounting modules of 
eral ledger, accounts payable and receivable, and MoneyBelt, plus inventory, check reconciliation and 
payroll. Buy at your own pace . . .  one at a time or all mailing list. E.ach interacts with the others, but stands 
at once. Less than $8000 (under $200/mo. on a fi- alone, too. A first for Vector Graphic, MZ, Apple and 
nancing lease) for all hardware and first module (sugg. Micropolis disk based systems. Less than $8000 
list). Horizon and other North Star disk based systems. (under $200/mo. on a financing lease) for all hardware 

and first module (sugg. list). 

Other business software packages by MicroSource: AutoScrlbe - The Paperwork Manager'", Bookkeeper ­
The Office Accountant'", TimeKeeper - The Time Accountant'" . 

.. .. . ,..� ,.,.... . .  .,..,.... 
llfll\,1 V�VUI \,� 

1 425 W. 1 2th P l ace • Tem pe,  A rizona 85281 • (602) 894-9247 • Cable:  M I CR O A G E  
Telex:  1 65 033 ( M I CRO A G E  TM PE) 

T h e  fol lowing are trademarks of T h e  Phoenix G roup,  I n c . :  
M icroSource, Autoscribe, Bookkeeper, MoneyBelt, LedgerPius, T imeKeeper. 

DEALERSHIPS STILL AVAILABLE 
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necessi tates a conceptual approach to the 
questions at issue. Wh i le  many projects 
continue to pose problems because of the 
difficu l ty of computer programming, and of 
preparation of data, progress i n  these fie lds 
is nevertheless being made in sign ificant 
ways. There sti l l  remain, and there always 
wi l l  be, gaps between those subjects that 
computer researchers tend to deal with and 
those that trad itional , noncomputer people 
wi l l  choose, partly in the bel ief (from both 

G LOSSARY 

Aleatoric music: music, usually composed by 
computer, in  which a l l  or many of the most 
important characteristics are chosen randomly.  

Analysis: description of  music according to 
certain fundamental properties that are judged 
to be relevant to a given piece, showing how 
different elements in  the work may be related 
by these properties. 

Atonality: music wh ich is not tonal, and where 
a specific attempt is made to avoid reference 
to a key, or when the concept of key is  not 
relevant. The term has two basic uses, specific 
and general : specifica l ly,  i t  describes a body of 
early twentieth century music by Schoenberg, 
Berg, Webern, and others, preceding 1 2  tone 
music (qv ) ,  in  which tonality (qv) was con­
sciously avoided . G enerally, the term is  used 
to describe any twentieth century music 
avoiding tonality that cannot be described 
s imply by other methods. 

Background: musical substructure describing 
large scale properties and relations that may 
not be evident from an inspection of the 
immediate note to note properties, or from a 
superficial auditioning of the music; see fore­
ground. In certain theories, the background is 
considered divisible into several levels. 

Computer music: music employing computers 
at any stage of its composition or realization 
as sound. 

Cycle of fifths equivalence: an operation on a 
group of notes in which each element .is re­
placed by its equivalent on the circle of fifths; 
analogous to inversion (qv) . The circle of fifths 
generates the total chromatic (qv) by starting 
on any note, adding the note a perfect fifth 
(seven half steps) h igher, and continuing this 
process. 

Electronic music: music in  which the sounds 
are produced by electronic means. In a some­
what simplif ied form, electronic music as cur­
rently practiced can be broken down into four 
general areas: ( 1 )  musique concrete, in  which 
use is  made of natural sounds that are recorded 
on tape and modified by recording processes 
or other means; (2) tape music, in which sounds 
are modified accord ing to procedures that may 
be applied to magnetic tape or tape recorders; 
(3) synthesized music, in  which the sounds are 

sides) that some subjects are not suitable 
or poss ib le for computer analysis. Whi le 
important  questions are always d ifficu l t  
t o  answer a nd  sometimes requ i re genera­
tions of work in order to ach ieve accu rate 
answers, they are never impossib le .  We wi l l  
know that we have tru ly  reached a h igh 
state of conceptual th ink ing  when the con­
clus ions of computer research tend to agree 
with those of noncomputer research - both 
wi l l then be operating  on the same level .• 

produced by e lectronic music synthesizers 
(qv ) ;  and (4) computer music (qv), in  which 
the sounds are produced or control led by 
computers. 

Encoding languag e :  a method in  which musical 
notation may be represented in code suitable 
for computer i nput. The most widely .used and 
documented languages to date are I M L  ( I nter­
mediary Musical Language) ,  DARMS ( Descrip­
tive A lphanumeric Representation of Musical 
Symbols), the "Plaine and Easie Code System 
for Musicke," LMT ( Li near Music Transcrip­
tion) , and A LMA (Alphanumeric Language for 
Music Analysis) . 

Foreground: the "surface" of a piece of music, 
including sounds that are s imultaneous or that 
appear in di rect successio n ;  d i st inguished from 
the background ( qv) . 

Gl issando: a continuous sl iding· from one pitch 
to another. 

Half step: the smal lest interval (qv) used i n  
music based on equal temperament (the tuning 
system in widespread use in Western cultures 
since the eighteenth centu ry ) .  Music employing 
smaller intervals i s  said to be microtonal. 

Harmony : a theory describing properties of 
s imultaneous sounds (chords) in tonal music 
(see tonality) .  Chords are expected to moye in  
certain progressions, and dissonances resolve 
into consonances according to various rules. 

I nterval: the distance, measured i n  half steps, 
between two pitches or pitch classes. Tonal 
music also employs another definit ion of i nter­
val ,  based· not on the sound but on the .notation 
for the two notes i nvolved. 

· · 

I nversion: an operation on a group of notes i n  
which each e lement i s  replaced b y  i t s  equiva­
lent on the descending chromatic scale, or 
ascending c i rc le  of major sevenths ( 1 1  half  
steps ) .  ( I n  this formulation,  an ascending 
chromatic scale would be the identity opera­
tion . )  Identity and inversion, a long with cycle 
of fifths equivalence and its inversion (cycle of 
fourths equivalence) are the only si ngle interval 
cycles that generate the total chromatic (qv) .  

Octave: a musical interval of 12  ha lf  steps, 
corresponding to the frequency ratio of 2 to 1 .  
Pitches related by octaves possess a strong 
simi larity, which has been cal led octave 
equivalence. 



Pitch: a single tone in a musical composition. 
Most pitches used i n  m usic are taken from the 
range of the 88 produced by the piano, but 
some extend beyond this range. 

Pitch class: a group of pitches separated by 
any number of octaves . I n  musical theories, 
pitches in d ifferent octaves employ the same 
letter names (C, C #or ob , D, D # or Eb , etc) 
reflect ing the fact that theories are based on 
pitch classes rather than pitches. Pitch classes 
are also often called notes. Whi le  th ere a re 
many pitches, there are only 1 2  d istinct pitch 
classes in  Western music. 

Pitch structure : a set of pitch class collections 
that all possess the same interva l l ic structure, 
so that they are related by transposition (qv) . 
Pitch structure is the basic way that col l ections 
of tones, such as chords, are compared : as 
major triads, m inor t riads, etc. 

Spectrum :  the overtone structure of a sound, 
represented as a series showing the ampl itude 
of each overtone present ; see timbre. 

Structure : any abstract method in wh ich the 
properties of a piece of music can be encom· 
passed . General ly,  a piece is divided i nto several 
sections, each of which has a d ifferent struc­
ture .  Sometimes structure is described in terms 
of a function or purpose at work in an entire 
section, such as i ntroduction, development, or 
statement (of a theme or idea ) .  Sometimes 
structure is described n u merica l ly ,  proport ion­
ally, or  in other abstract ways. 

Synthesizer : a mach ine that generates and pro­
cesses sounds automatical ly ,  used in  the pro­
duction of electronic music. Most synthesizers 
consist of a number of discrete components 
that perform different functions (eg: osci l lators 
that generate tones, f i l ters that modify their 
spectrum ,  etc ) .  Some recently designed syn­
thesizers inci"ude microprocessors, which are 
used as control l ing devices. 

R E F E R ENCES 

1 .  von Forester, H ,  and Beauchamp, J W, (editors). 
Music by Computers, John Wi ley and Sons I nc, 
1 969. 

2.  Hi l ler, Jr, L A; and Isaacson, L M,  Experimental 

Music, McGraw- H i l l  Book Company I nc, 1 959. 
3. Howe, Jr, H S,  Electronic Music Syn thesis, 

W W Norton and Co I nc, 1 975. 
4. Lincoln,  H B ,  (editor) ,  The Computer and Music, 

Cornel l  University Press, 1 970. 
5. Morgan� C P,  (editor),  The B Y TE Book of Com­

pu ter Music, BYTE Publ ications, 1 979. 
6 .  Reti, R, Tonality in Modern Music, Crowel l ­

Col l ier, 1 962.  
7. Sessions, R,  Harmonic Practice, Harcourt, Brace, 

Jovano�ch I n� 1 951 . 
8. Forte, A, The Structure of A tonal Music, Yale 

University Press, 1 973. 

Theory: a set of concepts describing properties 
and relations that can be shown to exist in a 
body of musical l iterature. The most commonly 
known theories today incl ude tonality (qv) and 
1 2  tone music (qv), but there are many others 
that have been described and used by various 
authors. Most theories have origi nated after 
the music they purport to describe has been 
written. Speculativ.e theory origi nates as spec­
ulation, before such music has been written, 
so that its success or fai lure has not yet been 
demonstrated. 

Timbre: musical tone q ua l ity, descriptive of 
the way in  which d ifferent tones may possess 
a similarity not on the basis of pitch , ampl i­
tude, or rhyth m. I n  electronic music, th is term 
is normally used synonymously with spectrum 
(qv) , but in  contexts wherjl it is described q ua l ­
itatively rather than numerica l ly .  

Tonality: a theory describing music wh ich is in  
a key , or a series of keys, usual ly perta in ing to 
music written during the eighteenth and n ine­
teenth centuries. Basic concepts incl ude the 
major and minor scales, triads, and specific 
rules according to which dissonances resolve 
into consonances. Much of the music of the 
twentieth century is based cin an extended 
notion of tonality, in  which some, but not al l ,  
of the basic concepts are employed. 

Total chromatic: any series of notes including 
a l l  1 2  pitch classes. 

Transposition :  the addition or  subtraction of 
a constant interval to each tone in  a col l ect ion, 
moving the set up or down by a u n iform 
amou nt. 

Triad : a chord consist i ng of th ree notes (or 
pitch classes) with a root note, and other notes 
a third and fifth above the root. 

12 tone music: music in which all note succes­
sions, and sometimes other properties a re based 
on sets of orderings of the total chromatic. 

9.  Mall, T, et a l ,  IML-MIR User's Manual, Prince­
ton University M usic Dept, 1 9 72. 

Journals 

Computers and the Humanities, Pergammon Press 
I nc, Maxwell House, Fairview Park, El msford, 
NY 1 0523. 

Computer Music Journal, People's Computer Com­
pany, Box E, 1 263 El Camino Rea l ,  Menlo Park 
CA 94025. 

Journal o f  Music Theory, Yale School of Music, 
New Haven CT , 06520 . 

Perspectives of New Music, Perspectives of New 
Music Inc, Annandale on Hudson, NY 1 2504. 
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Dr G Louis 

OB/G Y N  Department 

St Michael 's Hospital 

30 Bond St 

Toronto CANADA M5B 1 W8 

6809 ! 
MD·690a Single Board Computer 
$239 kit $299 assembled 

5·1 00 Compat ib i l i ty. 
6809 Computab i l ity. 

• 1 K  RAM 
• 10K PROM space 
• M O N BUG I I  monitor incl uded 
• 2400 baud cassette interface 
• 20 1/0 l i nes 
• RS-232 level s hifters 
• Real time clock 
• DMA 
• Paral le l  keyboard input 
• Memory-mapped video output 

• 6809 
16 bit i nternal arithmetic 
Hardware mult ipl ication 
Two stack pointers 
Two i ndex registers 
1 8  address ing modes 
Fully relocatable code 
Five i nterrupts 
Up to three t imes the 

throughput of a 4MHz Z-80 

• Fu l ly S-1 00 compatible .. - - _ _ _ _  - _ ( including 8080 type 1/0) Please rush the fol l owing : 
• A complete system, ready to use. I 0 CPU Card (kit) 

M icroDaSys 
P.O. Box 36051 

Los Angeles, CA 90036 
(21 3) 935·4555 
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I 0 CPU Card (assembled) 
I 

Nom•---------1 Addrus 
Companv•---------

State/ZiP ---------
1 Cil, 

CA residents add 6% 

Circle 220 on inquiry card . 

' 'T iny" Pascal in 8080 
Assembly language 

The p-code i n terpreter, Pascal 
to p-code c o m p i l er,  and p-code 
to 8080-code trans l ator des c r i b­
ed i n  "A ' T i n y '  Pascal  Com p i l er" 
by K i n-Ma n  C h u ng and H e rbert 
Y u e n  (September thru  Novem­
ber 1 97 8  BYT E )  have been 
rew r i tt e n  i n  8080 a s s e m b l y  
l a ngu age. I n  add i t i o n  to pro­
v i d i ng ap prox i m at e l y  two orders 
of m agn i t u d e  i ncrease in speed. 
the object vers ions  r u n  in far 
l ess mem ory.  

To u se the assem b l y  language 
vers ion of tiny Pascal you need: 
an 8080 (or Z-80) m i c rocom p u te r  
system w i t h  n o t  l ess than 1 2  K 
bytes of m e mory (the pack age 
wou l d  r u n  in 8 K bytes but you 
n eed f i l e  space); a copy of the 
art ic les  by C h u n g  a n d  Y u e n ,  
w h i c h  have been re pr i nted b y  
B Y T E  magaz i n e and are ava i l ­
a b l e  for $3 ( BYTE d o c u m e n t  
n u m ber 1 00); a n  e l e m en tary ac­
q u a i n tance w i t h  8080 asse m b l y  
l a n g u a g e ;  t h e  p a c k a g e  o f  
as sembly  l a n g u age m o d u l es .  

Add i t i o n a l l y, i t  i s  des i rab le  to 
have a text e d i to r, a n  asse m b l e r  
that stores l i nes i n  the form:  
length byte, 4 dig it  l i n e  n u m ber, 
space or tab.  text, carr iage 
retu rn,  and a re locator p rogram 
that i s  usef u l  for t a i l o r i n g the 
package to your system .  

The N ybbles L ibrary is a n  inex­
pensive means for B YTE readers 
to share some interesting but 
specialized forms of  software. 
These programs are written b y  
readers with small compu ters 
and printer facilities, and are 
therefore designed for particular 
s ystems. The algorithms and pro­
gramming techniques in these 
programs can be directly used by 
readers with similar equipment, 
or can serve as an inspira tion for 
impro visation on computers of 
different characteristics. 

Potential au thors of such pro­
grams should send us a self­
addressed stamped en velope, 
with a request for a cop y of 
our "Gu idelines for N ybbles 



A uthors. " Pa yment for N ybbles 
items is based on sa les and 
length of  the item. Rates are set 
at the time of  acceptance. 

and come in an attractive folder 
which serves as a cover. 

N ybbles L ibrary programs are 
sent in listing form, printed on 
8.5 by 1 1  inch paper on both 
sides. The N ybbles L ibrary pro­
grams are 3 hole punched for 
collection in loose lea f binders, 

This month "'Tiny' Pasca l in 
8 0 8 0  A ss em b l y  L a nguage" 
(document #1 1 1] has been added 
to the N ybbles L ibrary. Use the 
coupon below to order your per­
sonal copy, at $1 0. 00 (US and 
Canada] or $12 .00 (foreign a ir­
mail] postpaid. 

Please send ___ copies of BYTE Nybble # _____ at $ _____ postpaid. 
Please remit in US funds only. 

____ Check Enclosed 

Bill m y VISA # ____________ Exp Date ------------

Bill m y MC # ____________ Exp Date 

Name ______ __________________________ ___ 

Street ________________________________ _ 

City ------------- State Zip Code 

BYTE Nybbles Library, 70 Main St, Peterborough NH 03458 
Y o u  m a y  photocopy this page i f  you wish t o  keep your BYTE intact.  

I M M EDIATE 
DELIVERY 
Domestic & Export 
DEC LSI -11 

COMPONENTS 
A full and complete 

l ine with software 
support available. 

m •n• Compu1er Supp�•ers .. �nL. 
25 C H A T H A M  R O A D  

SU M M I T,  N EW J E RS E Y  07901 
SINCE 1 973 

Telex 13-6476 

Circle 236 on i nqu i ry card. 

the ULTIMATE in 
CHEAP VIDEO 

BOOK & KIT 
ONLY $42.95 

Don Lancaster s "Cheap 
unlimited options, including: 

* Scrolling · Full performance cursor. 
* Line/Character formats of 16/32, 24/80, 32/64 . . . . 

or almost anything. 
* Graphics - up to 256 X 256 B &W ;  96 X 128 COLOR 

( requires low-cost option modules ) 

* Works with 6502 , 6800 and other micros. 

SPECIAL OFFER: Buy the Kit (upper case alpha­
numeric option included ) & get the Book at 1/2 price. 

IDiA ELECTRONICS, DEPT. 7-B, 1020 W. WILSHIRE BLVD .• OKLAHOMA CITY. OK 73116 · 

I'm Sold, PLEASE RUSH . . . . .  ( ) SEND FREE CATALOG 

( ) TVT·6 5f8 Kit & Cheap Video Cookbook - $42.95 (enclosed) 

( ) TVT ·6 5;g Kit only (book required for assembly) -$39.95 
name: ________________ _ 

address: _______________ _ 

city: state: zip: __ _ 

IDiA ELECTRONICS DEPT. 7-B • 1020 W. WILSHIRE BLVD .. OKLAHOMA CITY, OK 73116 
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Quest 
R oger Chaffee 

POB 7495 
Menlo Park CA 94025 

You are at one end of a vast hall stretch­
ing forward out of sight to the west. There 
are openings to either side. Nearby, a wide 
stone staircase leads downward. The hall is 
filled with wisps of white mist swaying to 
and fro almost as if alive. A cold wind blows 
up the staircase. There is a passage at the top 
of the dome behind you. Rough stone steps 
lead up the dome. 

> GO DOWN 

You are in the hall of the Mountain King, 
with passages off in all directions. A huge 
green fierce snake bars the way! 

> ATTACK SNAKE 

A ttacking the snake both doesn 't work and 
is very dangerous. 

QU EST 

YOU W E R E  WALK I N G  TH ROUG H TH E 
WOODS, AND YOU CAM E ACROSS T H E  ENTRANCE 
O F  A CAV E, COV E R ED W ITH B R U S H .  

P E O P L E  S A Y  THAT MANY Y EARS A G O  A 
PI RATE H I D  H I S  T R E ASU R E  I N  TH ESE 
WOODS, BUT NO ONE HAS EVER FOUND IT.  
IT M AY ST I LL BE H E R E ,  FOR ALL I K N OW .  

W H E N  YOU ANSW E R  A QUEST I O N ,  I LOOK AT 
O N LY TH E F I RST L ETTE R ,  A LT H O U G H  YOU CAN 
TYPE T H E  WHO LE WORD I F  YOU WANT. 

TYPE N ,  S ,  E ,  W, U,  OR D FOR N O RT H ,  SOUTH , 
EAST, WEST, UP OR DOW N .  TYPE P F O R  SCO R E  

YOU' R E  O UTS I D E  TH E CAV E .  
GO S O U T H  TO ENTER.  

WH I C H  WAY? SOUTH 

YOU'R E IN A LOW C H AM B E R .  A T I G HT T U N N E L  
GOES EAST, AND YOU CAN WALK T O  T H E  
SOUTH O R  W EST. T H E R E  I S  L I G H T  
T O  TH E N O RT H .  

WH I C H  WAY? WEST 

YOU ' R E  AT A D EAD E N D !  

W H I C H  WAY? EAST 

YOU' R E  I N  A LOW C H AM B E R .  A T I G H T  TUNN E L · 
G O ES EAST, AND YOU CAN WALK TO T H E  
SOUTH O R  W EST. T H E R E  I S  L I G H T  
T O  TH E N O RT H .  

WH ICH WAY? SOUTH 

Y O U ' R E  AT T H E  H O M E  OF THE G N O M E-K I N G .  
FORTU NATE LY, H E'S G O N E  F O R  TH E DAY 

W H I CH WAY? SOUTH 

YOU CAN'T G O  IN THAT D I R ECT I O N  

Listing 7 :  Sample dialogue from the Quest game. This shows only the first 
few moves. 
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> FEED  SNAKE 

There 's nothing here i t  wants to eat (except 
perhaps you). 

> Y ELL  

Are you trying to somehow deal with the 
snake? 

> YES 

I am prepared to give you a hint, but it will 
cost you 2 points. Do you want the hint? 

The preced ing paragraphs are taken from 
a session I played on  a computer runn ing a 
program cal l ed Adventure, Which has used 
many, many cycles of machine time on 
many, many computers in  the past year or 
two . The original version,  I bel i eve, was 
written in FORTRAN, by W i l l ie Crowther 
{now at Xerox Palo Alto Research Center) , 
and was subsequently modified and rewrit­
ten by Don Woods at Stanford's Artificial 
I ntel l igence Laboratory. 

The version I ran has been bootlegged 
through several generations, and I 'm not sure 
of i ts exact ancestry . I t  requ i res close to 
200,000 bytes of memory on  an I BM 370/ 
1 68. Adventure has been translated i n to PL/ 1 ,  
APL, and BAS I C. I t  is the successor to 
Hunt the Wumpus and the many Star Trek 
games. 

I hope i t  is the precursor of more elabo­
rate games which combine computers with 
fantasy to produce an "electric nove l ," 
which the user and the computer write or  
experience together. Al ready, a few com­
puters around the country are offering  a 
ch i l d  of Adventure cal l ed Zork o r  Du ngeon, 
wh ich has a more sophisticated understand­
ing of Eng l i sh, and a whole new set of prob­
lems to solve and monsters to defeat. Space 
War, wh ich u sed to belong to the "freaks" 
and the "hackers" {in the hours after the 
managers went home) , is now avai l ab le  i n  
your neighborhood tavern for 25¢ per 
enemy starsh ip .  How much longer w i l l  it be 
unt i l  we can each ru le our  own k ingdom and 
rescue our own fair maidens? 

Quest 
There aren 't many personal computers 

yet with 200 K bytes of memory avai lab le, 
and not a l l  of u s  have free or inexpensive 
access to the machines on which Adventure 
can run .  A smal ler computer would requ i re a 
floppy d isk fi l e  for keeping the cave descrip­
t ions, and most users have no hardware for 
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A PU B L I CATI O N  FOR T RS-80 
U S E RS - COV ERS A L L  TRS-80 

CAPA B I L ITY ! 

81-MONTHL Y, SEND $ 1 6. 00 CHECK OR 

MONEY ORDER FOR A 1 YEA R 

SUBSCRIPTION TO: 

80 us 
PO Box 7 1 1 2  
TACOMA, WA. 9 8407 

MASTER CHARGE, V ISA OK - (206) 759-9642 
WA N T  TO CHECK IT O U T  FIRST? SEND $3.00 

tor current sample copy. 

A SELECT CHOICE OF SOFTWARE IS AVA I LABLE 

C P / M® 
LOW - C O ST 
M I C R O C O M PUTER 
SO FTWARE 

C P / M ®  OPERATING SYSTEM: 
• Includes Editor, Assembler, Debugger and Uti l it ies. 
• Standard version for 8080, Z80, or Intel MDS 

(other versions available.) 
• For IBM-compatible floppy discs.  
• $1 DO-Diskette and Documentation. 
• $25-Documentation (Set of 6 manuals) only. 
MAC™ MACRO ASSEMBLER: 
• Compatible with new Intel macro standard. 
• Complete guide to macro applications. 
• $90-Diskette and Manual. 

SID™ SYMBOLIC DEBUG GER: 
• Symbolic memory reference. 
• Built-in assembler I disassembler. 
• $75-Diskette and Manual.  

TEX™ TEXT FORMATTER: 
• Powerful text formatting capabil it ies. 
• Text prepared using CP/M Editor. 
• $75-Diskette and Manual.  
DESPOOL™: 
• Background print util ity. 
• Use with CP/M (version 1 .41 
• $50. D iskette and Manual.  

P.O. Box 579 • Pacific Grove, California 93950 
(408J 649-3896 

Circle 95 on inqu i ry card. 

C i rc le  1 42 on inqu i ry card. 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111!: 
T.D.Q. TAPE DATA QUERY 

_ PET -8 K SO L-IlA TRS-80-LEVEL II 
*FILE MANAGEMENT SYSTEM 

-UTILIZES DUAL AUDIO CASSETTE RECORDERS 

*I NTERACTIVE QUERY LANGUAGE 
-ENGLISH-LIKE COMMANDS 

-POWERFUL INFO RETRIEVAL CAPABILITY 

*COMPUTERIZED BUSINESS & PERSONAL RECORDS 

-CUSTOMIZE YOUR OWN FILE STRUCTURES 

-CREATE & MAINTAIN DATA FILES 

-NO PROGRAMMING EXPERIENCE REQUIRED 

· *IMPLEMENTED I N  BASIC 

T.D.Q. CASSETTE WITH MANUAL & REF. CARD $50.00 
THE FOLLOWING PRE-DEFINED T.D.Q. FILE STRUCTURES 

ARE AVAILABLE TO SOLVE YOUR DATA PROCESSING NEEDS: 
INVENTORY CONTROL $35.00 

- ACCOUNTS RECEI VA B LE $35.00 
ACCOUNTS PAYABLE $35.00 
ORDER PROCESSING $35.00 
CUSTOMER D IRECTORY $25 .00 
APPOINTMENT SCHEDULING $25.00 

EACH WITH CASSETTE AND MANUAL 
SEND SELF-ADDRESSED STAMPED ENVELOPE FOR 

COMPLETE SOFTWARE CA TALOGUE 

SEND CHECK OR MONE Y-ORDER TO: 
H .  GELLER COMPUTER SYSTEMS 

DEPT. B, P.O.  BOX 350 
NEW YORK, NY 1 0040 

(NEW YORK RESIDENTS ADD A PPLICABLE SALES TAX) 

;illlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllfr 

NEW SHAPES 
by Julius Guest 

Is a collection of 1 1 0  orig­
I nal  and fascinating com­
pu ter-generated desi g n s  
created by t h e  a u t h o r  
a n  eight-year period. T h  
desi gns a r e  satisfy i n g  a r t  
creations I n  themselves a n d  
m a y  evoke t h e  resp 
that their titles suggest. 

As each art piece I s  ac­
companied by a mathemat­
Ical formulation a nd pro- .£<=<>-­
gram, the reader may th 
create his own ' N ew S h a pes' 
and derive as much enjoy­
ment from them as the 
author obviouslY d id. 

The designs are reprod u ced In 
color (some I n  ex C i t i n g  solid reverse) on h i g h  q u a l itY art paper. 

Details: 1 7 4  pages, 2 8 cm x 27cm ( l l " x 10112"). (At $ 1 2.00 u.s . 
that's only l l t  per d i a g ra m ! )  Add $ 1.25 postage. I S B N  0-9596384 

I NTR O D U CT I O N  TO P L/1 
& STR U CTU R E D  P R O G RAMM I N G  

R.A. Vowels, Senior Lecturer, R oyal  M e l b o u r n e  I nst. o f  Tech n ol ogy. 
1 9 7 8 ; 3 1 1  pages, 60 d iagrams, I S B N 0-9 5 9 6 384-0-7. 

This book covers an easy-to- Jearn subset of ANSI PL/1. F u ndamen­
tals are emph asized a nd structured progra m m i ng I s  encouraged. The 
book ·contai n s  n u merical a n d  n o n- n u merical worked examples, and 
200 exercises a n d  problems. The versat i l e  subset I s  defined I n  only 
3 pages of syntax d i agrams. S u ited to a one- o r  two-semester cou rse. 
Also app ropriate for self-study. An excel l e n t  reference d ocument-
onlY $5.00 U.S. (Add SOt postage.) 

Contents: ten chapters and six append ixes. Data representation, 
fixed a nd floating- poi nt,  character strings

/ 
L I ST and E D IT-di rected 1/0, 00, W H I LE, declaratio ns, arrays ( I xed and variable 

b o u nds),  p roced u res a n d  fu n c t i ons, b u i l t-I ns, computational error 
detection and correction, ON-u n i ts. 

Order d i rect from p u b l i sher R.A. V owels, 9 3  Park D r ive, Parkv i l l e  
3 0 5 2 ,  Australia. 
Personal checks accepted (If! your currency ) ,  or B a n k  Draft ChecK 
J n  Aust. currency. D iscount: 5 %  for 2 o r  more books. 

Circle 383 on inqu i ry card. BYTE July 1 9 79 1 7 7 



;:- ----

Software 
Too l s  

Have you thought 
about text editing ? 

Our ED-80 Text Editor offers a refreshing new approach for the 
creation and editing of program ahd data files conversationally - and it 
saves money! Its powerful editing capabilities will satisfy the most 
demanding professional - yet it can still be easily used by the inexper­
ienced beginner. 

Look at these 
outstanding features: 

• By fa r the best text ed itor avai lable for m icrocom puter­
based syste m s .  

• Repays its i n itia l cost many t i m e s  over w ith its u n ique 
t ime-saving e d it ing capa b i l it ies. 

• F U L L  SCR E E N  w i ndow displays for v iewing and edit­
ing data a page-at-a -tim e ,  rather than l ine-by- l ine .  

• Forward and backward scrol l ing in  the FULL SCR E E N  
mode. 

• Displays the resu lts of every e d it com m a n d .  

• Com m a n d s  include forward or backward Locate a n d  
Cha nge, I n sert, Delete, Replace, l n l i n e ,  I n put, Pri nt, 
List, Window, Get, Put, Macro, Tabset, Append, Case, 
Sca le,  a n d  D u m p .  

• S i m ple. l ine-oriented com m a n d s  w ith cha racter string 
m a n ipu lation capa b i l it ies. 

• Text may be located by str ing va lue ,  by l ine n u m ber ,  
or by relative l ine n u m ber .  

• G lobal  str ing search a n d  replace capa b i l it ies. 

• Com mands for moving, copying, and merging edit files 
on the sa m e  or d ifferent d iskettes. 

• Self-expla natory d iagnostic messages. 

• Single keystrokes for the m ost com mon ly used com ­
a n d s .  

• Safeg u a rd s  t o  p revent catastrophic u ser errors that 
result in  loss of the edit f i le .  

• Designed for today's h igh speed CRT's,  video mon itors, 
a n d  teletypewriter term i n a l s .  

• Thorough ly field tested a n d  doc u m e nted w ith a U ser's 
M a n u a l  of over 60 pages. 

• Com patib le  w ith existing CP/M edit f i les and der iva-
tive operating system s .  

And remember - in today's interactive programming environment - the 
programmer's most important software development tool is the text editor. 
Our ED-80 Text Editor is working in industry, government, univer­
sities, and in personal computing to significantly cut program develop­
ment time and high labor costs. Why not let ED-80 begin solving your 
text editing problems today? 

� - - - Mai;-;,:
-

�FTWA-; ;.;L�M-;N-;-& -;;;lNG�;- - -· 
1 P. 0. Box 4511, Huntsville, AL 35802 . . .- . . , 
I ED-80 is protected by copyrlcht and lur:.lshed under a paid-up hcense 

. lor use on a single computer system. . . 
I D Please send additional information. I 
I D Send Diskette, User's Manual, and paid-up license agreement . . . . . . . . . .  $99.00 I 
1 Specify SINGLE DENSITY Diskette size . . . . . . . . . . . . . . . . . . . .  0 5" D 8" 1 
I 

D Send User's Manual (credited on purchase of a paid-up license) . . . . . . . . .  $10.00 
I D Check or money order enclosed for . . . . . . . . . . . . . . . . . . . . . . . . . $ ___ _ 

I D Please charge to my credit card . .  . .  . .  . .  . .  . .  . .  0 VISA D Master Charge I 
I Card No. Bank No. Exp.Date ___ I 
I �ME I 
I ADDRESS I 
I CITY STATE ZIP I 
�

I
�

ATUR
E - - - - - - - - - - _ - - _ - - _ - ..:.-� 
SOFTWARE DEVELOPMENT & TRAINING, INC. 

Post Office Box 451 1  -- Huntsville, Alabama 35802 
Dealer Inquiries Welcomed 

® CP/M is a trademark of Digital Research 
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rapid random access outside the computer 
memory. Adventure on everybody's com­
puter i s  sti l l  in the futu re, a lthough i t  is com­
i ng soon.  

I was p lay ing Adventu re at about the 
time Penin su l a  School ,  Men lo Park CA, 
received two Commodore PET 2001 
machines for the ch i ld ren to work with ; and 
the incred ib l e  idea of Adventure on a PET 
was too excit ing to ignore. Adventu re on a 
PET, with on ly  7 1 23 bytes avai lab le for the 
BAS IC program, i s  imposs ib le, but cou ldn 't 
I do someth ing ju st a b i t  l ess ambitious? I n  a 
couple of i ntense work weeks, I wrote a pro­
gram I cal l ed Quest, wh ich ran on the PET.  

Comparin g  Quest and Adventure 

Compared to Adventu re, Quest is a toy, 
in the same measure that the PET is a toy 
compared to larger computer systems. But 
i t  i s  an enjoyab le and even  excit ing toy, in  
the  same ways that the PET can be enjoyed 
by someone who can a lso p l ay with the b ig 
computers. Each system has its own prob­
lems and p l easures. Adventu re, as you can 
see from the opening paragraphs, has some 
novel pro blems for the adventurer to solve, 
and wi l l  proceed accord ing to the adventur­
er's 2 word commands. On the other hand, 
the prob lem you must solve in Quest i s  
basical ly to find  your way around the cave. 
The on ly commands Quest normal ly  u nder­
stands  are six d i rections : NORTH ,  SOUTH, 
EAST, WEST, UP, and DOWN , and even 
there, on ly  the first l etter is examined .  

No huge green snake wi l l  confront  you, 
and even the pi rate, who swoops down to 
protect h is treasure at some point, i s  beyond 
your contro l .  He steals back the treasure 
after you have found it, and the problem 
conti nues : . find the treasure again, and find 
your way out of the cave. To make i t  more 
i nteresting, various passages open and c lose 
accord ing to your progress through the 
game. 

One l im itation which Quest and Adven­
ture share i s  that they never change. Once 
you know how to get past the snake, you 
always know, and once you can find the 
treasure, you always know where it is. A 
friend of mine has suggested having earth­
quakes, which open and c lose passages at 
random. It seems to me, however, that that 
s imply makes a b igger problem of the same 
k ind,  and I wou l d  rather h ave d ifferent prob­
l ems. I n  that respect, both Adventu re and 
Quest are very l im ited. 

I n  a c loser approach to the e lectric novel, 
there wou ld  be no guarantee that the prob­
lems can rea l ly be solved . In a Star Trek 
game, for instance, the fate of the Enterprise 
depends on the random number generator, 
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which can set the starsh ip down i n  the same 
quadrant with fou r  K l i ngon commanders 
and two super commanders, or  cause al l the 
starbases to be overrun by a p lague of trib­
b les. In Adventure and Quest, as in cross­
word puzz les, the sol ut ion i s  part of the 
problem defin ition ,  and you know it  exists. 

tions I thought m ight deve lop.  The ch i l d ren 
who used i t  soon said that they wanted 
poi nts. My own cynical analysis suggests that 
they don 't know whether or  not they 're h av­
ing fu n u nless they keep score, but  perhaps 
there is s imply a need in  al l of u s  to track 
our progress in a quantitative way . I n  any 
case, Quest now awards you one po int  for 
each location that you visit, p lus  up to 25 
for the various checkpoints you pass along 
the way. I n  th is version you can get up  to 66 
points. 

It is poss ib le in  Adventure to do some­
th i ng which .w i l l  ru i n  your chance for suc­
cess. For instance, if you feed the b i rd to the 
snake, you wi l l  never get past the prob lem to 
which the bird i s  the so lut ion .  However, th is 
doesn 't change the basic l im itation .  

An important part of both games i s  the 
descriptions of the locations. These are of 
course not created by the computer, but 
were elaborated over a long per iod by the 
programmer and h is  friends. The topology of 
the Quest cave could be more comp lex if the 
location descriptions were someth ing l i ke 
"YOU ' RE AT LOCATION 28. NOW 
WHAT? ", but that wou ld  spo i l  a good part 
of the game. The descri ptions in Quest have 
been worked out very carefu l ly .  Some of 
them are just for fun,  and some of them 
have h ints about the neighborhood. 

Play ing Time 

Many people who p lay Adventure find 
that it takes them about two weeks of seri­
ous study to get through . The correspond i ng 
t ime for Quest is about two hours, a lthough 
i t  has been done in an hour, and some 
people haven't fin ished after a day of frus­
trating search !  

The  Program 

Quest was written for the PET 200 1 ,  and 
u sed some features of the PET to reduce the 
s ize of the program. The vers ion given here 
has been rewritten in  a s impler d ial ect oi;" 
BASIC, which I be l ieve w i l l  run with m i nor 

Scoring 

The original vers ion of Quest had no scor­
ing at a l l ,  to m in im ize the competitive situa- Text continued on page 786 

Listing 2: Game of Quest in BASIC. 

1 R E M  
2 R E �  
3 R E M  
II R E M  
5 R E I! 
6 R E M 
7 R E M 
8 R E M  
9 R E M 

1 0  R E: M  
, 1 R E I!  
1 2  R E: I! 
1 3  R E I\  
1 11  R E H  
1 5  R E l1  
1 6  R E l1  
1 7  R E I!  
1 8  R E I1  
1 Q  R E M  
2 0  R E II  
2 1  R E !I  
2 2  R E I!  
2 )  R E: l1 
2 11  R E II 
2 5  R E I!  
2 6  R E II  
2 7  R E !'I 
2 8  R E II  
2 9  R £11 
) 0  R E I!  
3 1  R E II 
3 2  R E II  
) 3  R E II  
3 11  R E II  

Q U E S T B Y  RO G E R C H A F F E E  
I N S P I R E D  B Y  W I L L  C R O W T H E R ' S  " A D V EN T U R E " 
CO P Y R I G H T ( C )  1 9 7 8  

P E N I N S U L A  S C H O O L ,  M E N L O  PA R K ,  C A  
P E R M I S S I O N T O  U S E ,  N O T  T O  S E L L  

T H E:  O R I G I N A L  V E R S I O N  O P  T H I S P R O GR A M  W A S  W R I T T E N  O N  A 
COM M O D O RE P ET 2 0 0 1 .  T H I S  V E R S I O N  H A S  B E E N  C O N S I D E R A B L Y  
R E :: O D E D ,  A U D  I S  I N  " P L A I N  V A N I L L A" B A S I C ,  W I T H  T H E  
E X :: E P T I O N  O F  T H E  R A N D O M  N U l1 8 E �  G EN E R AT O R  I N  L I N E S  
6 6 0 0 - 6 8 0 0 , T il E  S T R I N G M A N I P U LA T I ON ,  A N D  T i l E  I F  • • • T H E N  
s r � T E M E N T $  W H I C H  G I V E  A S T A T E M E N T  T O  P E R F O R M  I N S T E A D  O F  
A S T � T E � E N T  N U M B E R  T O  G O  T O .  
V A R l A B L ES U S E D 

N N O D E  ( C A V E )  N U II B E R  
M O  H O V E C O U N T E R  
T C U R R E N T  L OC A T I O N  OF T R E A SU R E  ( - 1  P O R  C A R R Y I N G )  
T 1 , T 2 P I R S T  A N D  S EC O N D H I D I N G  P L A C ES ( N O D E  N U M B E R S )  
!1 6  S A V E S  T H E  M O V E  N U M B E R  W H EN H E  S A I D  N O ,  H E  D I D N T  

W A N T  T O  T A K E  T H E  T R E A S U R E  W I T H H i l1 .  
M M A P  OP I N T E RC O N N ECT I O N S .  

II ( I , J )  I S  N E X T N O D E  F B O II  N O D E  J ,  W H E N  Y O U  G O  
N , E , U , D , W , S  F O R  I = 1 , 2, 3 , 11 , 5 , 6  

B O U N C E S  
T O  G O  T O  N O D E  - 2  M E A N S B O UN C E  B A C K  TO T H B  N O D E  Y O U  

C 11 11  E F R O M .  

F O R C E D  A N D /O R  R A N D O l!  II O V E S  
1! ( 1 , N ) = - 2  !l E A N S  A F O R C E D  HO V E  AS S O O N  A S  Y O U  R E ACH 
N O D E  N .  I N  T H A T  C A S E ,  H ( 2 ,  N )  O F  T H E  T i ll E  Y O U G O  
T O  N O D e  11 ( 3 , N ) . I F  Y O U  D ON ' T  G O  T H E R E ,  M ( fi , N ) 
OF T H E T I I! E  Y O U  G O  TO N O D E ( 5 , N ) , A N D  T H E  R E S T  O F  
T H E  T I M E  Y OU G O  T O  N O D E  ( 6 , 11 ) . 

L isting 2 continued on page 7 80 
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Listing 2 continued from page 1 79: 
3 5  R E M N O D E S  > 1 0 0 : 
3 6  ll E II  
3 7  R E M  
3 6  R E M  
3 9  R E M 
4 0  R EM 
4 1  R E M  
4 2  R E M  

N O D E  N + 1 0 0 M EA N S  NODE N I F  Y O U  DO N ' T  H A V E  T H E  
T ll E A SU R E ,  A N D  NOD E N + 1  I F  Y O U  D O .  
N O DE N + 2 0 0  M E A N S  N O D E  !1 + 1  I F  Y O U  H A V E  T H E  T R E A S U R E  
T H E  S ECO N D  T I M E ,  A ND N O D E  N O TH E R W I S E. 
N O D E  N + 50 0  M E A N S  R U N  TH R O UG H  A D E L A Y  LOOP A N D T H E �  
G O  T O  N O D E  N .  T � I S I S  U S E D  FO B P A L L I N G  D O W N  T H E  
E X I T  C H U T E ,  A N D Y O U  M A Y  W A N T  T O  A D J U ST T H E  D E L A Y  
T I M E  ( L I N E  6 2 5 0 ) . 4 3  

4 4  
4 5  
4 6  
4 7  
4 6  
4 9 
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 6  
5 9 
6 0  
6 1  
6 0  

1 0 0  
1 1 0  
1 2 0  
1 3 0 

1 4 0  
1 5 0 
1 6 0  
1 7 0  
1 A O  
1 9 0  
2 0 0  
2 1 0  
4 0 0  
4 '1 0  
5 0 0  
5 1 0  
5 2 0  
5 3 0  
5 4 0  
5 5 0  
5 6 0  
5 7 0· 
5 6 0  
5 9 0  
6 0 0  
9 0 0  
9 0 5  
9 0 6  
9 0 7  

9 2 0  
1 0 0 0  
1 0 1 0  
1 0 2 0  
1 0 3 0  
1 0 4 0  
1 0 5 0  
1 0 6 0  
1 0 7 0  
1 0 1! 0  
1 0 9 0  
1 1 0 0  
1 1 1 0  
1 1 2 0  
1 4 0 0  
1 4 0 5  
1 4 1 0  
1 4 2 0  
1 4 3 0  
1 4 4 0  
1 4 5 0  
1 4 6 0  
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R E II  
R E M 
R E M  Q $  
R E M  A $  
R E M  A 2 
R E M  A 1 
R E M  p 
R E M  P 1  
R E M  N 9  
ll E M  !1 6  
R E M  
R E M  !1 0  
R E M  A O  
R E M  0 
R E M  I , J 
R E M  w 
R E M  
R E M  s 
R E M  11 9  
D = O  

I N PU T  S T R I NG 
C H A R ACT E !l S  TO M A T C H  I N  T H E  I N PUT R O UT I N E  
N U M D E R  O F  C H A R A CT E R S  I N  A S  

O U T P U T  F R O M  T H E  I N PUT R O UT I N E  . 
P I R AT E  FLAG 1 I F  PI R A T E  H A S  GOT Y O U , 0 OT H E R WI SE 
COU N T E R  FOR P I R A T E  R O U T I NE 
S A V ES O L D  N O D E  I N  M O V E  R OUT I N E ,  F O R  BOU N C E  
S A V ES N O D E  W E  D O U N C E D  F R OM I N  M O V E  R O UT I N E ,  

FOR P R I NT F L A G  
S A V E S  O L D  N O D E  I N  M O V E  R OU T I N E ,  FO R D E A D E N D  
S A V �S O L D  D I R ECT I O N  I N  II CV E  ROUT I N E  
D E a U G  F L A G  ( N O N -Z E R O  T O  P R I N T) 

M I S C .  C O U N T E R S  
T R A V E L F L A G ,  U S ED I N  SCO R IN G .  W ( I ) = 1 I F  H E ' S 
B E EN TO N O D E  I ,  0 OTH E R W I SE 
S C O R E  
M A X I M U M  N U �B E R  O F  NODES 

REM - - - - - - - - - - - --- - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R E M G I V E  ' 8 11 S O � ET H I NG T O  R E A D  W H I L E  I G ET THE D AT A B A S E  SET U P  
P ll i N T  " Q U E S T "  
P ll i N T 
P R I N T 
P R I N T  
P R I N T 
P R I N T  

" Y O U  W E R E  W A LK I NG T H R O U G H  T H E "  
" ii OODS , A N D  Y O U  C A M E. A C R O S S  T H E  E N TR A N C E "  
" O F  A C A V E ,  CO V E R E D W I T H  B R U S H . "  

P R I N T  " P E O P L E  S A Y T H A T  M A N Y  Y E A R S  A G O  A "  
P R I N T " P I R A T E  H I D  Il l S  T R E A S U R E  I N  T H ES E "  
P R I N T  " � O O DS ,  B UT N U  O N E  H A S  E V E R  F O U N D  I T . " 
P R I N T  " I T  M A Y  S T I L L  B E  H E R E ,  FOR A L L  I K NO W . " 
R E A D  11 9 , T 1 , T 2  
R E M D I M E N S I O N O F  W ,  M I S  M 9 ,  I F  Y O U  HA V E  D Y N A M I C  A S S IG N !IE N T  
D I M  W ( 4 2 ) , M ( 6 , 4 2 ) 
R E I'!  R E A D  H A P  I N TO II A R R A Y  

F O R  1 = 1  TO M 9  
!l E A D  N 
IF' I = N T H E N  5 7 0  

P R I N T " D i� T A !J A S E  
S T O P  

l' O R  J = 1 T O  6 
R B A D  M (J , I ) 

!l E X T J 
N E X T  I 

P R I N T  

P R O B L E I'I " I , N  

P R I N T  
P R I N T 
P R I N T  
G O S U B  

" W H E N Y O U  A N S W ER A QU E S T I O N ,  I L O O K  AT" 
" O N L 'i  THE F I R S.T LETT E R ,  A L T H O UG H  'lOU C A N "  
" T Y P E  T H E  W H O L E  W O R D  I F  Y O U  W A NT . " 
7 5 0 0 

R E I'! - - - - - - - - - -- - - - -- - - - - - - - - ----- - - - -- - - -- - - - - - - -- - - - -- - - - - --

N = 5  
11 0 = 0  
11 6 = 0  
T=T 1 
P= O 
P 1 = 0 
F O R  J= 1 TO M 'l  

w ( J )  = 0 
N E X T  J 
P R I N T  
R E I!  D E S C R l ll E  

G O S U D  8 0 0 0  

R E M  - - - - -- - - - - - - - - - ---- - - - - - ---- - - - - - - - - - - - - - - - - - - - - - - - -- - - - -

R E II  M A I N  LOO l' S T A R T S  H ER E  
R E I'!  C O U N T  M O V ES 

11 0 = 1'1 0 + 1  
R E I'!  M O V E  

G O S U B  6 0 0 0  
R E M  C H E C K  FO R F I N D I N G T H E  T R E A S U R E  

G OS U B  2 0 0 0  



1 4 7 0  
1 4 8 0  
1 4 9 0  
1 5 0 0  
1 5 1 0  
1 7 0 0  
1 7 1 0  
1 7 2 0  
1 7 3 0  
1 7 4 0  
1 7 5 0  
1 7 6 0  
1 7 7 0  
1 7 7 1 
1 7 8 0  
1 7 9 0  
2 0 0 0  
2 0 1 0  
2 1 0 0  
2 1 1 0  
2 1 2 0  
2 2 0 0  
2 2 1 0  
2 2 2 0  
2 2 3 0  
2 2 4 0  
2 2 5 0  
2 2 6 0  
2 3 0 0  
2 3 1 0  
2 3 2 0  
2 3 3 0  
2 4 0 0  
2 4 1 0  
2 4 2 0  
2 4 3 0  
2 4 4 0 
3 0 0 0  
3 0 1 0  
3 0 2 0  
3 0 3 0  
3 0 4 0  
3 0 5 0  
30 6 0  
3 0 7 0  
3 0 8 0  
4 0 0 0  
4 0 1 0  
4 0 2 0  
4 0 3 0  
4 0 4 0  
4 0 5 0  
4 0 6 0  
4 0 6 5 
4 0 7 0  
4 0 8 0  
4 0 9 0  
4 1 0 0  
4 1 1 0  
4 1 2 0 
4 1 3 0 
4 1 11 0  
4 1 5 0  
11 1 6 0 
11 1 7 0  
4 1 8 0  
4 1 9 0  
4 2 0 0  
4 2 1 0  
4 2 2 0  
4 2 3 0  
5 0 0 0  
5 0 1 0  
50 2 0  
5 0 3 0  
5 0 4 0  
5 0 5 0  
5 0 6 0  
5 0 7 0  

R E M T R Y  T H E  P I R AT E  
G OS U B  4 0 0 0  

R E M L O O ? U N L E SS F I N I S H E D  
I F  r > O  T H E N  1 4 0 0  
I P  N O S  TH E: N  1 4 0 0  

R E � C A L C U L A T E  S CO R E  
G OS U B  3 0 0 0  
P R I N T  
P R I N T  " CO N G R AT U L A T I O N S ! Y O U  GOT T H E  T R E A S U R E "  
P R I N T  " O U T  I N " ; M O ;  
P R I N T  " M O V ES A N D  Y O U  G O T " S + 1 0 " P O I NTS ! "  
P R I N T  " W A N T TO H U N T  A G A I N ?  " ;  
A $ = " Y N 11 
A 2 = 2  
G O S U B  5 0 0 0  
O N  A 1  G O  T O  : 0 0 0 , 9 9 9 9 , 1 7 6 0  

R E M  -- - - - - - - - - - - - - - - - ------------- - - -- - - -- - - - - - - - - - - - - - - - - - - -
R E I!  POU N D ?  
I P  T < > N  T H E N  R E T U R N  
I P  T < O  l H E N  R ET U R N  
I P  11 6 + 5 > 11 0 T H E N R E T U R N  
P R I N T  " D O  Y O U  W A NT T O  T A K E  I T  W I TH Y OU ?  " ;  
A $= " Y N "  
A 2 = 2  
G O S U B  5 0 0 0  
O N  A 1  G O  T O  2 3 0 0 , 2 4 0 0  
P R I N T  " W E L L ?  • • • • � 
GO TO 2 2 1 0  
T=- 1 
P R I N T  
P R I N T  " O K ,  L ET S  G E T  O U T  O P  H E R E ! "  
R E T U R N  
P R I N T  
P R I N T  " W E ' L L L E A V E  I T  U E R E  A N D  Y OU C AN E X PLO R E "  
P R I N T " S O M E  !l O R E . " 
11 6 = 11 0  
R E T U R N  
R E M - - - - - - -- - -- - - - - - - - -- - - - - - ------- ---- - - - - - - - - - - - - - - - - - - - - -
R E M  SCO R E  
S = O  
I F  T = - 1 T H E N  S = S + S  
I F  P = 1  T H E N  S = S + 1 0  
F O R  J = 2  TO 11 9  

S = S + Ii  ( J )  
N E X T  J 
R ET U R N  
R E I!  - - - - - - - ---- - - - - - - - - - - - - - ------ - - -- - - -- - - - - - - - - - - - - - - - - - - -
R E M  P I R A T E  
I F  N = T 2  T H E N  R E T U R N  
I F  P = 1  T H E N  R ET U R N  
I F  T 1 = T 2  T H E N  R ET U R N  
I F  T < > - 1 T H E N  R ET U R N  

R E I! H E S A T  T H E  E X I T  io'I T II T H E  T R E A SU R E .  Z A P  H i ll .  
R E I!  ( A R R G H .  H O W  D I D  H E  G E T  HE R E ,  AN Y W A Y ? )  

I F  N= 1 6  T H E N  P = 1 6 0  
R E I!  C O U N T  !lO V E S  S I NC E  H I T T I N G  T I G HT T U N N E L  W I T H  T R E A S U R E  

I F  P 1 > 0 T H E N  P 1 = P 1 + 1  
I F  N = 3  T H E N  P 1 = P 1 + 1  

R EI! G I V E H I M  A F� W MOR E !l O V ES , T H EN Z A P  H i ll  

R E T U R N  

I F  P 1 < 1 5  T H E N  R ETU R N  
P R I N T  
P R I N T " S U D DE N L Y  T H E  P I R A TE L EA P S  O U T  O F  T H E "  
P R I N T " G LO O II  A N D  G R A B S  T H E  T RE A S U R E  P R O II  Y O U ! "  
P R I N T " ' H A H ! ' ,  H E  S H O U T S ,  ' Y CU F O U N D  II Y "  
P R I N T " T R E A S U R E ,  D I D  Y O U ? !  WE L L , I ' L L H I D E "· 
P R I N T " I T  B E T T E R  T H I S  T i ll E ! ' "  
P R I NT " A N D  H E  DIS A P P E A R S  I N T O  T H E D A R K N E S S "  
P R I N T " W I T H  T H E  T R E A S U R E . " 
P= 1 
T = T 2  

R E I! - • - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

REM I N P U T  
R E I!  F I R S T  C H A R A CT E R  O F  A 1  I N P U T  S T R I NG I S  CO II P A R E D  W I T H  
R E I! T H E  L ET T E RS O F  A $ ,  A N D  I P  T H E R E  IS A !l A TC H ,  T H E I N D E X  
R E I!  I N  A $  I S  R E T U R N E D  I N  A 1 .  I F  N O  !l ATC H ,  S I Z E ( A $ ) + 1  I S  
R E I!  R E T U R N E D .  
R E I!  G E T  I N P UT S T R I N G  
I N PU T  ;) $  

Listing 2 continued o n  page 182 
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Listing 2 continued from page 1 8 1 :  
5 0 8 0  
5 0 9 0  
5 1 0 0  
5 1 1 0  
5 1 2 0  
5 1 3 0 
5 1 4 0  
5 1 4 5  
5 1 5 0 
5 1 6 0  
5 1 7 0  
5 1 80 
5 1 9 0 
5 2 0 0  
5 2 1 0  
5 2 i O  
5 2 3 0  
5 2 4 0  
6 0 0 0  
6 0 1 0  
6 0 2 0  
6 0 3 0  
6 0 4 0 
6 0 5 0  
6 0 6 0  
6 0 7 0  
6 0 8 0 
60 9 0  
6 1 00 
6 1 1 0  
6 1 2 0  
6 1 3 0  
6 2 0 0  
62 1 0  
6 2 2 0  
6 2 3 0  
6 2 4 0  
6 2 5 0  
6 2 6 0  
6 2 7 0  
6 3 0 0  
63 1 0  
6 3 2 0  
6 3 3 0  
6 3 4 0  
6 3 5 0  
6 3 5 5  
6 3 6 0  
6 3 7 0  
6 3 8 0  
6 3 9 0  
6 4 0 0  
6 4 1 0  
6 4 2 0  
6 4 3 0  
6 4 4 0  
6 4 5 0  
6 5 0 0  
6 5 1 0 
6 5 2 0  
6 5 3 0  
6 5 4 0  
6 6 0 0  
6 6 1 0  
6 6 2 0 
6 6 3 0  
6 6 4 0 
6 6 5 0  
6 6 6 0 
6 6 7 0  
6 6 8 0  
6 6 9 0  
6 7 0 0  
6 7 1 0  
6 7 2 0  
6 7 3 0  
6 8 0 0  
7 0 0 0  
7 0 1 0  

R E I1  USE ON�Y F I RST C H A R ACT E R  
Q S  = L S T ( QS , 1 )  

R E I1  S E A R C H  F O R  T H E  C H A R A CT E R  QS I N  T HE S T R I N G  A S .  I N  T H I S  V E R S I O N  
R E I1 O F  B A S I C ,  M DX I S  T n E  I N D E X  F U N C T I O N , W H I C H  D O E �  E X A C T L Y  T H A T .  

A 1 = N D X ( A $ , Q$ ) 
R E ft  B U T  C H EC K  F O R  T H B  CAS E W H E R E  T H E  C H A R A C T E R  W A S  HOT POU N D  

I F  A 1 = 0  1 H E N  A 1 = A 2 + 1 
R ET U R N  
R EK I F  Y OU R  V E R S I O N  O F  B A S I C  D O ES N -T H A V E  T H B  M D X  F U NC T I O N , B UT 
R E K  DO � S , F O R  I N S T A N C E ,  H A V E A FU N C T ION W H I C H  W I L L P I C K  A 
R E K PA R T I C U L A R  C H A R ACTER P R O I1  A ST R I NG ,  S U C H  A S  11 I D ( AS , l 2 , 1 ) 
B E ll  PI C K I NG T H E  A 2 -T H  C H A R A C T E R  F B O K  A S ,  Y O U  K IG HT U S E  T H E  
R E I1  F O L L O W I NG C O D E .  
R E I!  F O R  1 1 = 1  T O  A 2  
R E I'!  I F  Q $ = !H D ( U , A 1 , 1 )  T H E N  R E TU R N  
R E I!  N E X T  A l  
R EI! A 1 = A 2 + 1 
B E ll  R ET U R N  
R E I!  - - - - - - - - - - - - - - - - - -------- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

R E I'I  K O V E  
R EK R E I1 E II B E B  W H E R E  W E  A R E ,  F O R  BOU N C E. 

N 9 = N  
R E I!  S E T  N 8  T O  A N YT H I N G B U T  Y O U  C A N T  G O  T H AT W A Y  

H 8 = 0  
R EI! A S K  W H I C H  W A Y 

G O S U B  7 0 0 0  
B E ll  R E� E l'I B E R  W H E R E  W E  A R E ,  O R LESS l D E A D  E N D  

I F  N = l T H E N  6 1 2 0  
N O = N  
l 0 = A 1  

P R I N T  
I = II ( A 1 , N )  
I F  I = -2 T H E N  I= N 9  
I F  D < > O  T H EN P R I NT ' D EB U G ' ; N ;  ' TO '  ; I 
I F  I < 5 0 0  T H E N  6 30 0  

R E M D E L A Y  LO OP TO W A S T E  S O I1 E  T i ll E  
I = I - 5 0 0  
F O R  J = O  T O  1 0 0 
N E XT J 

Go ro 6 2 0 0  
O N  1 / 1 0 0  G O  TO 6 34 0 , 6 3 7 0  

R EH N O R I'I A L  ROUT E- -L ESS T H A N 1 0 0  
H = I 
GO TO 6 4 0 0  

R E I'I  H + 1 0 0 .  A D D O N E  I F  C A R R Y I N G  T H E  T R E AS U R E  
H = I - 1 0 0  
I F  T=- 1 T H E N  N = N + 1 
GO TO 6 40 0  

B E H  N + 20 0 .  A DD 1 I F  CA R R Y I N G T R E A SU R E  T H E  S EC O N D  T I I'I E  
H = I - 2 0 0  
I F  T=- 1 T H E N  N= N + P  

I F  H < > 1  T H E N  6 5 0 0  
R E I'! D E A D  E N D .  T U R N I T  SO Y O U  G E T  O U T  T H E  O T H E R  W A Y  

F O B  J= 1 T O  6 
11 (J , N) = 2  

N E X T  J 
1! ( 7 - A O , N ) = .N O 

R E I'I  PR I N T  O U T  T H E  N O D E  D ES C R I PT I O N  
I P  N 8 < > 2  T H E N  G O S O B  8000 

R E I'I  R El'I E II B E R  W E V E  B E E N  n E B E  
V ( N )  =.1 
N B = II  

I F  1! ( 1 , 11 ) < > - 2  T H E N  6 8 00 
B E K  F OR C E D  !'l O V E ,  W IT H  R A N DOl'! D E S T IN A T I O N S  
B E ll  O N  T H I S  V E R S I O N  O F  B A S I C ,  J=- 1 F O LL O W E D  B Y  B II D ( J )  
R EI'I G ET S  Y O U  A N U II BER B ET W E E N  Z E R O  A N D  O N E. 
B E ll Y O U R  V E R S I O N  W I L L  D I F F E R ,  A N D  T H E  N E X T  F I V E  
R EI! L I N ES W I LL H A V E  T O  B E  C H A N G E D .  

I =  II ( 6 , N )  
J = - 1 
I F  11 (4 , N) ) 1 0 0 * R N D ( J )  T H E il  I = ll ( 5 , 11 ) 
J= - 1 
I F  1'1 ( 2 , N ) > 1 0 0 * R N D ( J) T H E N  I = II ( 3 , N ) 

I F  D < > O  T H E N  P R I N T ' D E BU G  B O U N C E  T O ' ; I  
B E ll  H O W  H A V E  A N E W  DEST I N A T I O N .  G O  B ACK A N D  R E DO I T  

G O  T O  6 20 0  
R E T U R N  
R E I'I --- ----- --- --- ----------------- - -- - - ---------------------
R E K  W H I C H  W A Y ?  

Listing 2 continued on page 1 84 
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Circle 53 on inqu i ry card. 

The Best 
MICRO-SOFTWARE 
GENERAL LEDGER • ACCTS . PAYABLE 

ACCTS. RECEIVABLE • I NVENTORY 
PAYROLL 

for TRS • 80 Apple  I I  M i cropo l is 
Vector MZ Exidy Sorcerer Cromemco 

CBas ic-CP/  M M i crosoft-CP/ M 
Buy s imple, effect ive programs designed specif ica l ly for your 

mach ine. Call us once for same week del ivery on a product you 
can use the day you receive i t ,  and two years from now when 
your company is twice as big . And ask about MICROMAX - our 
computer output videotape system . 

TRS • BO: $100/each .  CBASIC-CP/M: $200/each. Apple I I ,  Mi­
cropolis, Vector, Exidy, Cromemco, and Microsoft: $140/each. 

Order today by U . P . S .  
COD. We' l l  pay postage 
and hand l i ng  on Visa, Mas­
tercharge, or prepaid  or­
ders . 
505 Hamilton Ave. ,  Palo Alto, CA 

94301 (415)  32 1 ·2881 

CC.oMPU�AX 
�SSOCIATES, I NC. 

d\QQOOOOOOOOODOOOOOOOOO.W�.D.ill.i.P99.9.99.m.WUm.2U.W.2.9999QIDmooOODDDDDDDDDODODODDDDD:; 

TRS-80 means business! 1 1 
• • •  with CP/M,  CBASIC2 ,  

& appl ications software. 

Announcing . . .  
T H E  G U I DE TO D ESKTOP 
M I C ROCO M PUTER SELECTI O N  

A guide to the selection of a desktop computer that is 
right tor your needs. Over 1 00 pages are crammed with 
features & specifications on models offered by the 
leading suppliers in the industry today. Manufacturers 
such as Radio Shack, Apple, Wang, Tektronix, IBM & 
Hewlett-Packard are included. 

Other features include: 

• a matrix of BAS IC statements with over 250 
entries comparing the capabilities of 8 
different BASIC I nterpreters. 

• a matrix of hardware characteristics comparing 
desktop systems and their associated options. 

• capabilities to consider when determining 
you r  needs & options. 

• space within each matrix to include you r 
choice of system not listed. 

• key elements for development of software which 
can convert from one computer to another. 

TO OBTA I N  YOUR COPY, RUSH $1 3.65 
PLUS $1 .35 POSTAG E AND HANDLING TO: �TLANTIC ANALYSIS C O R PO RATIO N  

5 KOGER EXECUTIVE CENTER o SUITE 2 1 9  o NORFOLK, VIRGINIA 23502 
(8041 461-1 980 

VA Residents, add 4% sales tax 

BUILDING B LOCKS FOR 

MICROCOMPUTER SYSTEMS, 

CONTROL & TEST EQUIPMENT SPECIALIZ ING 
I N  

QUALilY 
CP/M ( "the so ftware b us" ) & C BASIC2 ( the st an- ::;: <.lard for business so rt warc )  b ring  new power and ::;: 
ve rsa t i l i t y  t o  the  T RS-80 fo r pract ical use . ::;: R2 1/0 MICRO­

COMPUTER 
HARDWARE 

CP/M O peratin g  System (w/ Ed itor, Asse m b l e r, 
Deb ugger,  Ut i  I i t ies  & 6 manual  set)  . . . . . . . $1 50 

C BASI C2 C o m oi ler  (w/manua l )  . . . . . . . . . . . .  $ 95 
D ESPO O l Print Spooler (w/m anua l )  . . . . . . . . .  $ 75 
* O sbo rne & Assoc.  PAY R O l l  W/C O ST 

A C CT N G  . . .  : . . . . . . . . . . . . . . . . . . . .  $250 
* O sb o rne & Assoc .  A C CTS. R E C E I VA B l E  & 

A C CTS. PAYA B l E  . . . . . . . . . . . . . . . . .  $250 
*Osb o rne & Assoc.  G E N E R A l  l E D G E R  . . . . . .  $250 

* =CBASIC2 sou rce programs; add $1 5 (each ) fo r 
appl icable 0 & A boo k .  

APH - Se l f-a d m i n istered Automated Patient 
H istory . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 75 

Write/ca l l  for addit ional  software ava i l a ble & F R E E  
"CP/M Pr imer" . 

CA res idents add 6% tax. Visa,  M /C,M/O,Check O K .  

��l.!;-l�l� t� l'!:,. l _!... lSl§. ( 7 1 4! 848-1 922 �� �� 
I S 

8041 N E W M A N  A V E N U E  • S U I T E  208 • H U N T I NGTON BEACH. C A L I FO R N I A  92647 
�omoooooooooooooooooooomomooooooooooooooooooooooom11oooooooooooooooooo"' 

Circle 85 on inq u i ry card. 

2K ROM 2 K RAM 

3 SERIAL PORTS 1 PARALLEL PORT 

0, "···•····· c,,,_, .-.,,,,.,_,, 
TT-1 0  

TABLE TOP MAI N F RAMES 

RACKMOUNT CARD CAGES 

PO WER SUPPLIES, CPU 's, 
MEMORY, OEM VARIATIONS 

Circle 1 20 on inqu i ry card. 

I N DUSTRIAL 
ED UCATIONAL 

SMAll BUSINESS 
PERSO NAL . 

ELECTRONIC 
CONTROL 

TECHNOLOGY 
763 RAMSEY AVE. 

HILLSIDE, N.J. 07205 

(201) 888-8080 
BYTE July 1 979 1 83 



Listing 2 con�inued from page 782: 
7 1 0 0 P R I IIT 
7 1 1 0  P R I N T  11 II H IC H  II A Y ? " ;  
7 1 2 0  A $= 11 N EU D II S P "  
7 1 3 0  A 2 = 7  
7 1 4 0 G O S U B  5 0 0 0  
7 1 5 0 I F  A 1 < 8  T H E N  7 3 0 0  
7 1 6 0  P R I N T  11 11 H I C H  II A Y  DO Y O U  II A NT T O  G O ? "  
7 1 7 0  R E M  G I V E I N S T R UCT I O N S  
7 1 8 0  G O S U B  7 5 0 0  
7 1 9 0  R E M  D ESC R I B E  T H E  LOC A T I O N  A G A I N 
7 2 0 0  3 0 S U B  8 0 0 0  
7 2 1 0  G O  TO 7 1 0 0  
7 3 0 0  I F  A 1 < 7  T HE N  7 4 0 0  
7 3 1 0  R EM C A L C U L A T E  A N D  P R I NT SCORE 
7 3 2 0  3 0 S U B  3 0 0 0 
7 3 3 0  P R I NT " Y O U  H A V E " S " P O I N T S I "  
7 3 4 0  R E M S T A RT AG A I N  
7 3 5 0  G O  TO 7 1 0 0  
7 4 0 0  R E T U R N  
7 5 0 0  R EK ----------- ------------------- - - -- - - ---------------------

7 5 1 0  R E M  S U B R O UT I N E TO G I V E  I N STRUC T I ON S  
7 5 2 0  P R I N T  
7 5 3 0  P R I N T  " T Y P E  N , S , E , W , U ,  O R  D F O R  N ORT H ,  S O UT H , " 
7 5 5 0  P R I N T  " EA S T , W E S T , UP O R  D O W N .  T Y PE P F O R  S CO R E "  
7 5 6 0  P R I NT 
7 5 7 0  R E T U R N 
8 0 0 0  R EM - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - � -- - - - -- - - - - - - - - - - - - -- - - - -

8 0 1 0  R E M  DE S C R I B E  T H E  C U R R E NT L OC A T I O N  
8 0 5 0  I = !  N T  ( N/5) 
806 0 J= N - 5 * I + 1 
8 0 7 0  R EH T H E R E  A R E E NO U G H  S T A T E M E N T  N U MB E R S  H E R E  T O  R AN D L E  N O D E S  
8 0 8 0  R EM Z E RO T H R O U G H  4 9 .  Y O U  W I L L  H A VE T O  A D D  KO B E . I F  Y O U  A DD 
8 0 9 0  R E M N O D ES 50 A N D  B EY O N D .  
8 1 0 0  O N  1 + 1 G O  T O  8 2 0 0 , 82 1 0 , 8 l 2 0 , 8 23 0 , 824 0 , 8 2 50 , 8 2 6 0 , 8 27 0 , 8 2 8 0 , 8 2 9 0  
8 2 0 0  O N  J G O  T O  9 0 0 0 , 9 0 1 0 , 9 0 20 , 9 0 3 0 , 9 0 4 0  
8 2 1 0  O N  J G O  T O  9 0 5 0 , 9 0 6 0 , 9 0 7 0 , 9 0 8 0 , 9 0 9 0  
8 2 2 0  O N  J G O  T O  9 1 0 0 , 9 1 1 0 , 9 1 2 0 , 9 1 3 0 , 9 1 4 0 
8 2 3 0  O N  J G O  T O  9 1 5 0 , 9 1 60 , 9 1 7 0 , 9 1 8 0 , 9 1 9 0  
8 2 4 0  O N  J G O  T O  9 2 0 0 , 9 2 1 0 , 9 2 20 , 9 2 3 0 , 9 2 4 0  
8 2 5 0  O N  J G O  T O  9 2 5 0 , 9 26 0 , 9 2 7 0 r9 2 8 0 , 9 2 9 0  
8 2 6 0  O N  J G O  T O  9 3 0 0 , 9 3 1 0 , 9 3 2 0 , 9 3 3 0 , 9 3 4 0  
8 2 7 0  O N  J G O  T O  9 3 5 0 , 9 3 6 0 , 9 3 7 0 , 9 3 8 0 , 9 3 9 0  
8 2 8 0  O N  J G O  T O  9 4 0 0 , 9 4 1 0 , 9 4 2 0 , 9 4 3 0 , 9 4 4 0  
8 2 9 0  O N  J G O  T O  9 45 0 , 9 4 6 0 , 9 4 7 0 , 9 4 8 0 , 9 4 9 0  
8 4 0 0  I F  T< > N  T H E N  8 50 0  
8 4 1 0  P R I NT 
8 4 2 0  P R I NT " T H E T R E A S U R E  I S  H E R E ! "  
8 5 0 0  I F  T< > T 2  T H E N  8 6 0 0  
8 5 1 0  I F  T 1 =T2 T H E N  8 6 0 0  
8 5 2 0  I F  T 1 < > N  T H E N  8 6 0 0  
8 5 3 0  P R I N T 
8 5 4 0  P R I NT " A  NOT E O N  T H E  W A LL S A Y S "  
8 5 5 0  P R I N T  " ' P I R A T ES N E V E R  L E A V E  TH E I R  T R E A S U R E "  
8 5 6 0  P R I NT " T W I C E  I N  T H E  S A ll E  P L ACE ! 11 

8 6 0 0  R ET U R N 
9 0 0 0  R E I! -- - - -------------------------- ------ ---------------------

9 0 0 1 R E M  F I R S T  D A T A  S T A T E M E N T  I S  N U II B E R  OF N O DES , . A N D  T H E  2 
9 0 0 2  R E I!  H I D I N G  P L A C ES FOR T H E  T R E AS U R E .  
9 0 0 3 D A T A  4 2 , 2 3 , 1 2  
9 o 1 o  D A T A  1 , o , o , o , o , o , o  
90 1 1  P R I N T  " YO U ' R E  A T  A D E A D  E N D ! "  
9 0 1 2  G O  TO 8 4 0 0  
9 0 2 0  D A T A  2 , - 2 , 1 0 1 , - 2 , 0 , 0 , 0  
9 0 2 1 P R I N T  " YO U  C A N ' T  GO I N  T H A T  D I R E C TIO N "  
9 0 2 2  P R U T  
9 0 2 3  G O  T O  8 4 0 0  
9 0 3 0  D A T A  '3 , 3 3 , 2 , 1 , 1 0 , 1 0 6 , 4  
9 0 3 1  PR I N T  " A  T U N N E L  GOES N O R T H-S O U T H . " 
9 0 3 2  P R I N T  " T H E R E  IS A N  OP E N I N G TO T H E  V E S T. " 
9 0 3 7  G O  r o  8 4 0 0  
9 0 4 0  D A T A  4 , 3 , 3 0 , 2 , 1 1 , 2 , 1 
9 0 4 1 P R I N T  " Y O U ' R E O N  T H E  D R I N K  OF A P IT . " 
9 0 4 7  G O  T O  8 4 0 0  
9 0 5 0  D A T A  5 , 8 , 8 , 1 5 , 1 0 , 8 , 1 6 
9 0 5 1 P R I N T  " Y O U ' R E  O U T S I D E  T H E  C A V E . " 
9 0 5 2  P R I N T  " G O  S O U T H  TO E N T E R . " 
9 0 5 3  G O  TO 8 4 0 0  
9 0 6 0  D A T A  6 , 1 6 , 3 , 2 , 1 0 , 2 , 2  
9 0 6 1 P R I N T  " Y O U ' R E  AT T H E  H O ll E  OF T H E  G N O II E-K I K G . " 
9 0 6 2  P R I N T  " FO R T U N A T E L Y ,  H E ' S  G O N E  F O R  T H E  D A Y "  
9 0 6 7  G O  T O  8 4 0 0  

. . 

9 0 7 0  D A T A  7 , - 2 , 1 0 1 , - 2 , 0 , 0 , 0  
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907 1 
9 0 7 2  
907 3 
9077 
9080 
908 1 
9087 
9090 
909 7 
9 1 0 0  
9 1 0 1 
9 1 0 2  
9 1 0 3  
9 1 0 7  
9 1 1 0  
9 1 1 1  
9 1 1 2  
9 1 1 7  
9 1 2 0  
9 1 2 1  
9 1 2 7  
9 1 3 0 
9 1 3 1  
9 1 3 2  
9 1 3 3  
9 1 3 11  
9 1 3 7  
9 1 11 0  
9 1 4 1  
9 � 112 
9 1 4 3  
9 1 11 7  
9 1 5 0 
9 1 5 1  
9 1 5 2  
9 1 5 7  
9 1 6 0  
9 1 6 1  
9 1 6 2  
9 1 6 3  
9 1 6 4  
9 1 6 7  
9 1 7 0  
9 1 7 1  
9 1 7 2  
9 1 7 3  
9 1 7 7  
9 1 8 0  
9 1 8 1  
9 1 87 
9 1 9 0  
9 1 9 1  
9 1 9 2  
9 1 9 3  
9 1 9 7  
9200 
9 2 0 1  
9 2 0 2  
9 2 0 3  
9 2 0 7  
9 2 1 0  
9 2 1 1  
9 2 1 2  
9 2 1 3  
9 2 1 11  
�2 1 7  
9 2 2 0  
9227 
9 2 3 0  
923 1 
9 2 3 7  
9 2 4 0  
924 1 
9 2 11 2  
9 2 4 3  
9 2 4 7  
9 2 5 0  
9 2 5 1 
9 2 5 2  
9257 
9260 
926 1 

P R I N T  " T H E  G NO M E  K I N G  I S  H E R E ! "  
P R I N T ' " YO U ' D  BE�T ER G ET O UT ! "  
P R I N T  
Go r o  8 11 0 0  

D A T A  6 , 1 8 , 1 8 , 1 5 , 1 0 , 1 8 , 9  
P R I N T  "Y.Qfl ' R E  LOST I N  T H E  WOODS . " 
GO TO 8 4 0 0  

D A T A  9 , - 2 , 3 3 , 5 , 1 , 0 , - 2  
G O  TO 8400 

DATA 1 0 , - 2 , 1 0 1 , - 2 , 0 , 0 , 0  
P R I N T  " Y O U ' R E  NOT GOI NG T O  G ET F A R, D I G G I N G "  
P R I N T  "TH ROUGH ROCK. " 
P R I NT 
G O  TO 6 11 0 0  

D A T A  1 1 , 1 , 1 3 , 4 , 2 , 1 , 2  
PRINT "YOP ' B E  A T  T H E  BOTTO !!  O F  A PI T .  A LITTLE" 
P R I N T  " S T R E A II  P LOWS O V E R  T H E  ROCKS H E B E. " 
GO TO 8400 

DATA 1 2 , 3 6 , 2 , 1 , 2 , 1 , 2  
P R I N T  " Y O U ' R E  AT A D E A D  E N D ! "  
G O  T O  6 4 0 0  

D A T A  1 3 , 2 , 37 , 2 , 1 , 1 1 , 1 4 
P R I N T  " Y O U ' R E AT A W I D E  S POT. T H ER E  IS A "  
P R I N T  " SOOTY PATCH W H E R E SOIIEBODY H A S  R ESTED" 
PRINT "A TOR C H  A G A I NS T  T H E  WALL . T H E B E  A R E "  
P R I NT "JAGG E D  BOCKS A B O V E  Y OU . "  
G O  TO 6 4 0 0  

D A T A  1 11 , 1 3 , 1 , 1 9 , 2 , 3 1 , 3 1  
P R I N T  " Y O U ' R E  I N  A C A N Y O N .  HIGH O N  T H E  WALL" 
PRINT " A BO V E  YOU I S  SCRATCHED THE M E S SAG E "  
P RI N T  n ' BI LBO liAS H E R E ' "  
G O  TO 8 4 0 0  

D A T A  1 5 , - 2 , 1 0 1 , -2 , 0 , 0 , 0  
P RI N T  "YOU ' R E  H OT A B I R D .  Y OU C A N ' T  P LY ! "  
P R I N T  
G O  TO 8 4 0 0  

D A T A  1 6 , 5 , 3 3 , 2, 1 0 , 1 , 1 0 6  
P R I N T  " Y O U ' R E I N  A LOll C H A MB E R .  A T I G HT TUI NEL" 
P R I N T  "GOES EAST, AND YOU CAN W A L K  T O  T H E "  
P R I N T  "SOUTH O R  W EST. T H E B E  IS L I GHT" 
P R I N T  "TO THE N OR TH . " 
GO TO 8 11 0 0  

DATA 1 7 , - 2 , 1 0 1 , -2 , 0 , 0 , 0  
P R I N T  " IT ' S  A T I G H T  S Q U E E Z E .  Y O U  CA N ' T" 
P RI N T  "GET PAST W I TH T H E  T R E AS U R E . "  
P R I N T  
G O  TO 8 4 0 0  

DATA 1 8 , - 2 , 1 0 1 , 8 , 0 , 0 , 0  
P R I N T  " I  DON ' T  T H I NK YOU C A N  F I N D  T H E  CAYE. " 
G O  TO 6 4 0 0  

D A T A  1 9 , 2 2 4 , 2 , 2 , 1 4 , 1 , 4 2 
P R I N T  "YOU ' R E AT T H E  T O P  OF A C L III B . " 
P R I N T  " B ELOW YO U A IIESSA G E  S A Y S "  
P R I NT " ' BI L BO liAS H E B E ' "  
G O  TO 8 4 0 0  

D A T A  2 0 , 2 26 , 1 , 2 , 2 , 2 5 , 2  
P R I N T  "YOU ' R E AT T H E  N O R T H  S I D E  O F  1 CHASII , "  
P R I N T  "TOO W I D E  TO J U II P. R I NG I N G  ECHOES P R O !! "  
P R I N T  " B ELOW A B E  T H E  O N LY I NDICATIO N  O F  DEPTH . "  
G O  T O  8400 

DATA 2 1 , 1 , 22 6 , 2 , 2 , 3 8 , 2 5  
P R I N T  " Y O U ' R E I N  X A N A D D .  B ELOW YO U" 
P R I NT " A L P H ,  TH E S AC R E D  R I V E R  R U N S" 
P R I N T  "THROUGH C A V E R N S  M E A S URELES S TO !IAN , "  
P R I NT " DO li N  T O  A S UN L E S S  S EA . " 
GO TO 8 4 0 0  

D A T A  2 2 , - 2 , 3 3 , 1 3 , 5 0 , 2 9 , 3 0  
G o  r o  8 11 0 0  

DATA 2 3 , 2 , 1 , 2 , 3 1 , 2 , 2  
P R I N T  " Y O U ' R E  O N  T H E  L E D G E  ABOVE THE GUI LLOTI N E  BOO!!. " 
GO TO 8400 

DATA 2 4 , - 2 , 1 0 1 , 1 9 , 0 , 0 , 0  
P R I N T  " I  H E A R  T H E  G I A N T  T H E R E ! ! ! " 
P R I N T  "YOU ' D  BETT E R  GO BACK ! "  
P R I N T  
G o  ro 64oo 

DATA 2 5 , 2 1 , 2 0 , 2 , 2 , 1 , 1 9 
P R I N T  "YOU ' R E  I N  T H E  G I A N T ' S  C A V E RN .  BETT ER" 
PRINT " NOT BE H E R E  W H E N  THE GIA NT CO M ES ! " 
GO TO 8 11 0 0  

D A T A  2 6 , - 2 , 6 5 , - 2 , 50 , 1 1 , 1 4 
P R I N T  " Y OU ' R E I N  T H E  Q U ES T  R E S E A R CH A N D" 

Listing 2 continued on page 1 86 

C i rcle 206 on inqu iry card. 

<i � •>me� I fOil mlctoptocc 1101 
dllplay1 

ALTR-2480 

AL T-256 ALT-512 

S1 00 BUS 
Standard TV Monitor Control lers 

ALPHANUMERICS: Transparent Memory insures 
clean video while leaving CPU free to perform 
other tasks. 24 x 80 or 2 pages 24 x 40. 96 ASC I I  
characters with descenders plus 3 2  graphics 
symbols. Normal/inverse video and blink 
available on a per character basis. 

GRAPHICS: 256 x 256 h i g h  r e s o l u t i O n  
monochrome self-contained graphics display 
and a software controlled ALT-5 t 2  provides 5 t 2  
horizontal x 256 vertical or two 256 x 256 images 
al lowing grey scale or h igh speed animation . X-Y 
addressing of memory located in  1/0 area allows 
CPU maximum work space. 

COMBINED: The AL T -256 and AL T-5 1 2  graphics 
boards al low easy connection to the AL TR-2480 
providing fu l l  a l pha/graph capabil r ty on two 
cards. 

Matrox offers a htghly drvcrsrfled selectron of 
modules and PC boards allowmg customers to 
solve drsplay problems rapidly and cost 
effectrvely These ready to use sub-systems are 
avarlable off the shelf .n sell-contarned module. lor 
any u P. or on PC boards. bus compat1ble w1th 
DEC LSI - 1 1 .  POP- 1 1 . Mostek/Protog STD. 
l nte i/NSC SBC Mull 1 bus . Motorola Exorc1ser . 
Custom Desrgns as well as the MTX A 1 & MTX B 1 . 
Alpha c11 1ps - the srngle chop keyboard & display 
controllers - g1vc Matrox the must extens•ve 
d1splay capabll1ty 1n  the mdustry 

<i!i) mohoM electronic ltyttemt 

The Visible Solutions Company 

5800 ANOOVER r?OAD. MONTREAL. QUE. H.JT IH't 

TEL. (514) 481·6838 

U.S. JNL Y. TRIMEX 6UILOING. MOOERS. N Y. 12958 
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Listing 2 continued from page 785: 
9 2 6 2  
9 2 6 3  
9 2 6 11  
926 5 
926 6 
9267 
'1 2 7 0  
927 1 
927 2 
9 2 7 3  
9 2 8 0  
9 2 8 7  
9 2 9 0  
929 1 
929 2 
929 3 
9 2 9 7  
9 3 0 0  
9 3 0 1  
'J 3 0 2  
9 3 0 3  
9 3 0 7  
9 3 1 0  
9 3 1 1 
9 3 1 2  
9 3 1 3  
9 3 1 7  
9 3 2 0  
9 3 2 1 
9 3 2 2  
9 3 2 3  
9 3 2 7  
CJ 3 3 0  
93 3 1  
9 3 3 2  
9 3 11 0  
9311 1 
9 3 11 7  
9 3 5 0  
CJ 3 5 1 
9 3 57 
9360 
936 1 
9 3 6 7  
9 3 7 0  
9 3 7 1  
9 3 7 7  
9380 
9 3 8 1 
9 3 8 2  
9 3 8 3  
9 3 8 11  
9 3 8 5  
9 3 8 7  
9 3 9 0  
939 1 
9 3 9 2  
9 3 9 7  
9 11 0 0  
9 11 0 1 
9 11 0 7  
9 4 1 0  
911 1 1  
9 11 1 2  
911 1 7  
9 11 2 0  
9112 1 
9 11 2 2  
9 11 2 3  
9 11 2 7  
9430 
9 4 11 0  
9 ll 5 0  
9460 
9470 
9 11 8 0  
9490 
9500 
9 5 1 0  
9 52 0  
9 5 3 0  
9999 

P R I N T  " D E V EL O P � E N T  A R E A . " 

P R I N T  

P R I N T  " I ' ft  S O R R Y ,  B U T  V I S I TO R S  A R E  N O T" 

PR I N T  ".A L L O W E D .  Y O U ' L L H A V E  TO L EA V E . " 

P R I N T  

G O  T O  8 11 0 0  
D A T A  27 , 2 , 110 , 2 , 2 , 2 1 , 2 0  

P R I N T  " Y O U ' R E  I N  T H E  C R Y S T A L  P A L A CE. T H E "  

P R I N T  " W A L L S  R E S O N AT E  W IT H "  

P R I N T  " A W ESO ft E  ft U S I C . " 

D A T A  28 , -2 , 6 0 , 2 2 1 , 50 , 1 11 , 1 9  
G O  T O  8 11 0 0  

D A T A  29 , 2 , 11 2 , 2 , 1 3 , 1 , 1  
P R I N T  " Y O U ' R E A T  T H E  T O P  O F  A G I AN T  S T A L A C T I T E . " 

P R I N T  " YO U  C O U L D  S L I D E  D O W N ,  B U T  YO U C O U L D N ' T "  

P R I N T  " C L I M B  B A C K  U P. " 

GO TO 8 11 0 0  
D A T A  30 , 311 , 34 , 2 , 1 , 11 , 2  

P R I N T  " Y O U ' R E I N  A L I T T L E  G ROTT·O .  T H E R E  I S  A" 

P R I N T  · " BO O K  H E R E  C A L L E D  J A N E ' S  F I GHT I N G S H I PS , "  

P R I N T  " D A T E D  1 7 6 3 . " 
GO TO 8 4 0 0  

D A T A  3 1 , 1 11 , 1 4 , 2 3 , 2 , 1 , 2 
P R I N T  " Y O U ' R E  I N  T il E  G U I L L OT I N E  R OO K .  A S H A R P "  

P R I N T  " RO C K  B A L A N C ES P R E C A R I O U S L Y  O N  T H E "  

P R I N T  " L E Da E  A B O V E  Y O U . " 

G O  TO 8 11 0 0  
D A T A  3 2 , - 2 , 1 0 1 , 5 1 6 , 0 , 0 , 0  

P R I N T  " Y O U ' R E  I N  A C H U T E ,  ' SC R A M B L ING DOW N T H E "  

P R I N T  " RO C K S ! N O  W A Y  T O  S T O P ! H A N G  O N ! "  

P R I N T  

G O  TO 8 11 0 0  
D A T A  3 3 , 2 , 1 , 2 , 1 , 1 1 6 , 3  

P R I N T  " T H E  T I G H T  T O N N E L  T O R N S A C OR N E R . "  

G O  T O  8 11 0 0  
D A T A  3 11 , 1 , 3 5 , 2 , 1 , 3 0 , 3 0 

P R I N T  " Y O U ' R E  I N  A L I T T L E  T W I S T Y  KA Z E "  

G O  T O  8 11 0 0  
D A T A  3 5 , 2 , 1 , 2 , 3 7 , 3 11 , 3 6  

P R I � T
.

" Y O U ' R E  I N  A LITT LE T W I S T I N G  M A Z E "  

G O  TO
. 81100 

, 

D A T A  36 , 3 5 , 2 , 1 , 37 , 3 11 , 1 2  , 
P R I N T  " YO U ' R E  I N  A TW I S T I NG L I T T L E  M A Z E "  

G O  T O  8 11 0 0  
D A T A  37 , 2 , 1 , 3 5 , 2 , 1 3 , 2  

P B I 3 T  " YO U ' R E  I N  A T W I S T Y  L I T T L E  MA Z E "  

G O  T O  8 11 0 0  
D A T A  3 8 , 2 , 2 1 , 2 , 1 1 6 , 1 , 2  

P R I N T  " Y O U ' R E  I N  A P R E H I S T O R IC D W ELLI NG. O N "  

P R I N T  " T H E W AL L  A R E  D R A W I N G S  O F  B IS O N  DO N E  I N "  

P R I N T  " R E D  C L A Y .  T H E  F L O O R  I S  S T R EW N  W IT H "  

P R I N T  " D O N ES , T H E  R E M A I N S  O F  A N C I EN T  R I T O A L S . " 

P R I N T  " A  S M A LL T U N N E L  G O ES T H R O U G H  T H E  FLOOR. " 
GO TO 8 11 0 0  

D A T A  3 9 , 2 , 11 0 , 2 , 3 2 , 2 1 , 26 
P R I N T  " Y O U ' R E  I N  A B L A C K  H O L E .  T HE "  

P R I N T  " F O R C E  O F  G R A V I T Y  I S  O V E R W H EL M I II G . " 

GO TO 8 11 0 0  
D A T A  11 0 , 4 0 , 11 0 , 2 , 2 , 40 , 11 1  

P R I II T  " YO U ' R E  I ll  T H E  L A B Y BI NT H E "  

G O  T O  8 4 0 0  
D A T A  4 1 , 11 0 , 40 , 4 0 , 2 , 11 0 , 3 9  

P R I H T  " Y O U ' R E  I N  T H E  L A B Y R I N T H E "  

P R I N T  " IT ' S  V E R Y  D A R K  I N  H E R E . " 

GO TO 8 11 0 0  
D A T A  4 2 , 2 8 , 2 8 , 2 8 , 2 8 , 2 8 , 2 8  

P R I N T  " Y O U ' R E I N  T H E  A S H R A M .  I N C EN S E  I S  H E A V Y "  

P R I N T  " I N  T H E  A I R ,  A N D  A L L  D I R E CT IO N S "  

P R I II T  " S E EM T H E  S A M E . " 

GO TO 8 4 0 0  
R E M  NO !l O D E S  S E T  U P  F O R  T H E S E  V A LU E S .  I P  Y O U  G ET H ER E ,  

R E M  Y O U  H A V E A II I S T A K E  I ll  A D A T A  S T A TE M E NT. 
R E M  

B E ll  

R E I!  

R E I!  

B E ll 

R E I!  

R E I!  

R E I!  

R E M  

E N D  
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Text continued from page 1 79: 
modifications on most mach ines which have 
enough memory to ho ld  it .  The n umber of 
locations has been i ncreased sl ightly , and a 
few surprises have been added to make it 
more i nteresting. The original Quest was 
made for seventh-graders at Peninsula 
Schoo l ,  who were doing a map making u n it. 
For this reason, most of the connections 
between locations work as if they were in 
physical three-d imensional space, although 
there is no requ i rement for this in the pro­
gram. 

The program and the description of the 
cave are wel l  documented by the comments 
in the code, so I won 't go i n to great detail 
here. Besides its description, each location 
has a set  of s ix numbers wh ich give the 
next location to move to, i n  case of a 
move NORTH,  EAST, U P, DOWN,  WEST, 
or SOUTH . Special events, such as the 
pi rate and the treasure, are done in the 
program rather than in the descriptions. 
There i s  a provision in the connection 
codes for an immed iate return to the 
location  you came from,  wh ich is u sed , 
for instance, at the location cal led "YOU 
CAN 'T GO IN THAT D I RECTION." There 
is also provision for d ifferent connections 
chosen according to a random number, and 
for d ifferent connections depending on 
whether or not you are carrying the treas­
u re, and whether or not the p irate has 
found you. 

A Final Statement 

I t  is possib l e  to get through the cave by 
reading the program and decod ing the data 
wh ich defines the connections. If  you do 
that, you wi l l  deprive yourself of the p leas­
u re of final ly find ing your way through. It i s  
a l so possible to "he lp" a friend by tel l i ng 
h im how to get through . I don 't th i nk  the 
easy p leasure of knowing how to get through 
can equal the joy of d i scovering the way, or 
the satisfaction of having d i scovered it, or 
the excitement of being on the way to d is­
coveri ng it. I also don't th ink  that anyone 
who merely p lays Quest can have as much 
fun as I have had i n  writing it, and watch ing 
other people u se it. 
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Techniq ues of Program Structure and 
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by Edward Yourdon 
Prentice-Hal!, 7 9 75 
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As you m ight surmise from the title, 
th is textbook promotes structu red pro­
gramming, des ign, and test ing concepts. 
Although fam i l iarity with current hard ­
ware, systems, or software doctrines i s  
not a prereq u is i te for read er comprehen­
sion, the greatest benefits wi l l accrue to 
those ind ivid uals active in software devel­
opment or maintenance efforts. 

The book's  tone and structu re are es­
tab l ished in the first chapter with a d is­
cussion of the seven most desirab le q ual­
ities of a good program. The program 
should work wel l and accord ing to speci­
fication ;  the sim pl ic ity of design should 
reduce development, test ing, and main­
tenance costs ;  and the program's inherent 
flexib i l i ty should al l ow change th rough 
expansion, mod ification, or u pgrad e. 

Of perhaps more importance to the 
average programmer is the analysis of ten 
practices which commonly . exacerbate the 
debugging prob lem. Also inc luded are sug­
gestions for easing the d ifficu l ties of main­
tain ing or mod ify ing existing programs 
for the maintenance programmer. 

The next chapter deals with top-down 
design, cod ing, and testing. Top-down 
design is the process by which the pro­
grammer identifies the majo r  fun ctions of 
a programming prob lem, and organizes th e 
solution in such a manner that it is recog­
n izab le to both the computer and the 
maintenance programmer. 

Mr Yourdon provides five suggestions for 
successfu l ly  apply ing th is concept. The 
benefits and disadvantages of fl owcharts 
figure prominently  in the arguments for and 
against the concept of writi ng  code con­
currentl y with design ing the top-down struc­
ture. An offshoot of this discussion of top­
down coding concerns how best to display 
modular code : the horizontal and vertical 
approaches have un ique merits which 
shoul d  be considered pr ior to presenti ng  
the code. 

Fol l owing the presentation of the nature 
and advantages of top-down testing, the 

author deals with practical variations of the 
pure approach to top-down design, coding, 
and testing. These modifications are fre­
quently the resu l t  of organ izational problems 
and management compromises. Two of the 
most successful variations discussed are the 
I BM deve loped structured walkthrough 
techn ique and I BM 's h igh ly i nnovative chief 
programmer team concept. 

In Chapter Three, the reader  i s  intro­
duced to the concept of modu lar program­
m ing (precursor to the now popu lar struc­
tured programming techn ique) .  After a 
d i scu ssion of th e character istics of a pro­
gramming modu le, the pros and cons of 
modu larity are detai led. Techn iques for 
ach ieving modu lar programs are of particu lar 
interest, especia l l y  those sections dea l i ng 
w ith decis ion tab les, separate 1 /0 ( input/ 
output) fu nctions, and use of symbo l i c  
parameters. The chapter concludes w ith the 
c losely rel ated subject of general purpose 
subroutines. 

After a review of the h istory and back­
ground of the structu red programm ing 
movement, both the theoretical and prac­
tical aspects of the concept are detai led in  
Chapter Four .  Whi le  analyzing structu red 
programmi ng's objectives and motivat ions 
( in  terms of testing, productivity, c larity, 
and efficiency), Mr Yourdon  h igh l ights 

At last . . .  the mechanical interface! 
Tu rn your e l ectr ic  typewriter i nto a l o w  cost ,  

h igh q ual ity hard c o py pr inter. 

User list 

The all new 
l / 0 Pak from 

Rochester Data, 
I nc . interfaces the keyboard 

of any commercially available 
electric typewriter with any 

computer. The result: low cost , high 
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Write today for more information. 

ROCHESTER DATA 
II 1corporaled 
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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 install them and then forget them. 

No wonder communication line technicians have nicknamed the Datec 32 the 
"heavy duty" acoustic coupler. 

CRYSTAL 

CONTROL 

Crystal controlled trans­
mitter and receiver Insures 
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reliability, even In the 
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BIG EARS 
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effectively seal out vibration 
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but they work 
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tests every PC board by burning-in each one 
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This process reduces the 
probability of field failure 
below 2% for the first 1000 
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the faulty one before 
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operating at 
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the PC board pops out. 
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through nonnal use, and 
it's replaced or repaired 
free with no questions asked 
during the first year. 
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Datec 300 bps acoustic 
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including the new Datec 212 
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OEM inquiries are welcome. 
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significant d iffe rences b etween structured 
and modu lar approaches to program des ign. 
A l though structu red programming is b ecom· 
ing the standard method of ach iev ing modu­
lar programs, the concept invo lves more than 
the s imple conj u nction of "GOTO-Iess" 
programming with the process, loop, and 
b i nary-d eci sion constructs. As w ith most 
evo lv ing techniq ues, there are tradeoffs in  
terms of efficiency, convenience, hardware 
and software requ i rements wh ich concern 
many of those involved with computer 
science. The structured techn ique i s  not a 
panacea for program ming i l l s. 

Mr  You rdon has found that imposing 
structure upon poorly des igned, unstruc­
tured p rograms usual ly resul ts in poorly 
designed , GOTO-Iess, structu red p rograms 
that are a lmost as d ifficu l t  to u nderstand 
and deb ug as the originals. As a resul t, he  
recommend s that experienced programmers 
rework the i r  previously unstructu red code 
only as a means of b ringing the ir  thought 
processes into comp l iance w ith current 
top-down des ign concepts. There are three 
common techn iq ues for restructur ing th is 
cod e, each with its own strengths and weak­
nesses :  the duplication-of-coding technique 
which i s  recommended for programs with 
network or l attice structures; the state­
variable techniq ue wh ich is he lpfu l to the 
maintenance programmer and can be appl ied 
to very comp lex processing programs ;  and 
the Boolean flag techn ique  which is ap­
p l icab le to loop-oriented p rograms. 

The chapter concludes with a d iscussion 
of the app l icab i l ity of structured program­
ming to the currently ava i lab le h igh l evel 
programming, systems implementation, and 
assemb ly languages. ALGOL, PL/ 1 ,  COBOL, 
FO RTRAN and assemb ly languages are 
covered qu ite extensive l y ;  PL/S, BL I SS, PL/ 
360, Burroughs B5500 ESPOL, Project MAC 
EPL, and G E-645 M U LT ICS languages are 
d iscussed in less detai l .  I noted with i nterest 
the author' s claim that FORTRAN and as­
semb ly languages d o  not provide the neces­
sary faci l it ies for structured p rogramm ing. 

In Chapter F ive, programm ing method ,  
system software, and system hardware figure 
prom inently in  the d iscussion of the ele­
ments of programming style wh ich dra­
matical ly affect the cod ing and deb ugg ing 
process. Of part icular note are the questions 
concerning how to best red uce program 
complex ity so as to l im it the introduction 
of errors, and how to construct programs 
so that someone other than the original 
programmer can read and comprehend the 
logic flow. 

The focal po int of the next chapter is 
defensive programming - the practice of 
wr it ing programs in such a way that the 



inevitab le bugs are read i ly  not iceab le to both 
programmer and u ser. Effective argu ments 
are presented against the most common ob­
jections to th is  ant ibugging techn ique. Fol­
lowing the presentation of a comprehensive 
l ist of aspects of a computer program wh ich 
require checking, the author su mmarizes 
n ine useful error-check ing techn iques. Al ­
though many of the antib ugg ing techniq ues 
belong more properly in the rea lm of sys­
tem, rather than program design, the d is­
cussion is val id at both the programming 
and cod ing levels. 

Testing is reviewed in  Chapter Seven. The 
magnitude of th is  effort can reach staggering 
proportions on projects which uti I ize many 
programmers, large numbers of manhours, 
and vast segments of code. Current mod u le, 
system, and acceptance test ing techniq ues 
expose most common types of error. These 
errors are d iv ided into e ight categories : logic, 
documentation, overload ,  t im ing, th rough­
put and capacity, fal lback and recovery, 
system hardware/software, and standard s 
errors. 

It is Mr Yourdon's contention that a pro­
gram is econom ical to test and debug on ly if 
the team programm ing concept is u sed i n  
comb ination with a n  antibugg ing program­
m ing style and an unamb iguou s, structu red 
language. Also, because programmers u se 
slow, ted ious method s and are psycholog­
ica l ly inc l i ned to j ustify their output as cor­
rect, he advocates the removal of the human 
element from the test ing process. I dea l ly, 
the test ing process wou ld  be fu l l y  auto­
mated : the automatic test harness wou l d  
col l ect the test i npu t  from the  automat ic 
test data generator, pass i t  to the program 
be ing tested, and u se an automatic output 
checker to l ist the d iscrepancies. Upon pro­
gram execu tion, the au tomatic test ing moni ­
to r wou ld pr int a report showing the por­
t ions of the program exerci sed by the test 
data. The program wou ld be subj ected to a 
thorough retest ing if it is fu rther mod ified . 
The chapter concludes with a rev iew of 
some of the experimental techn iques cur­
rently be ing evaluated for the i r  ab i l it ies to 
i ncrease program re l iab i l ity. 

Once the ex istence of a bug has b een 
estab l ished , it i s  time to employ the tech­
nique of find ing and correct ing the error, 
known as deb ugg ing. The procedu re i s  more 
art than science, and in Chapter Eight the 
reader is provided with both an explanation 
for 26 common bugs and 1 1  detai led sug­
gestions to assist in the formu lat ion of a 
workab le deb ugging strategy. A terminal­
oriented d ebuggi ng system great ly red uces 
the frustrat ion of us ing memory d umps and 
program traces. The system is  cal l ed DDT or 
Dynam ic Debugging Techniq ue. After de-

scrib ing the general featu res of the process, 
the author expands h i s  exp lanation on the 
cu rrent ly avai lab le stand alone and soph is­
t icated timeshari ng and realt ime packages. 
The chapter concludes with the implementa­
tio n of a s imple version of DDT. 

The fou r  programming exercises in  the 
append ices i l l u strate the principles of pro­
gram design and structu red programming, 
and a l low the reader to apply the techn iques 
presented i n  the book to real prob lems. The 
two management system prob lems are qu i te 
complex and can best be  attacked by  a team 
of th ree to fou r programmers. The master 
file update and tic-tac-toe prob I ems are 
more simple and are suitab le  for ind ivid ual 
programmers. 

This h ighly informative book is packed 
with information for both the commercial 
and personal aspects of programming. The 
book ' s  heavy concentration on the general 
ph i losophy and techniques of good pro­
gramm ing deserves the h ighest accolades. 
Techniques of Program Structure and Design 
should be a part of every ded icated com­
puter user's l i b rary . 

Lee C Matthews 

9659 B Jefferson 

Ellswo rth A F B, SD 57706• 
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This book provides a good introduction to 
the top-down structured programming con­
cept. This concept requ i res, as a first step, 
that a prob lem 's functional specifi cations be 

Top-down Structured 
Programming 
Techniques 

· determ ined. The prob lem is  then refined un­
t i l  that programming code d i rect ly expresses 
the resu l ti ng subfunctions, or modules. The 
authors be l ieve that programmers who use 
the top-down structured methodology are 
more productive, and consistent ly produce a 
rel iable product wh ich works despite con­
t inuous testing or  future mod ification .  The 
book also detai l s  recent programming ad­
vances in the large system, mult iprocess ing 
environment. 

by Clement L McGowan 
and john R Kelly 
Mason/Charter Publishers 
Brown University, 
New York 7975 
288 pages hardback 
$75.95 

Chapter 1 presents an overview of struc­
tu red programm ing with an emphasis on th e 
devel opment of a language-independen t meth­
odology whose principal goal is program 
rel iabi l i ty .  Of special i n terest is the sec­
tion on the importance of developmental 
and modification software ( in  terms of time, 
cost, and rel iab i l i ty) . Fo l lowing a preview of 
the remain ing chapters, the authors d iscuss 
the ir  reason for i l l ustrating programming 
concepts with code fragments in the PL/ 1  
l anguage. 

Chapter 2 emphasizes program rel i abi l i ty. 
The data process ing industry spends a great 

WE'VE GOT YOU COVERED! 
Cover Craft Dust Covers protect your hard­
ware a n d  you r  i nvestment.  Save m a i nte­
nance. downtime and look great. Our Dust 
Covers come in huCldreds of sizes each cus­
tom designed to fit a particular model of termi­
nal. CPU. Line Printer. Floppy Disk. They're a 
proven way to help eliminate dust and dirt 
accumulation. improve system reliability and 
save many times the cost in reduced mainte­
nance a n d  downti m e .  What's more, your satisfaction is 1 00% guaranteed. 
Cover Craft Dust Covers are available from 
your local computer retailer $ 6 95 • $9 95 
or contact Cover Craft. • • 

Can you afford to wait any longer? 

c S9oxYs��er�N�f!FT Telephone (603) 673-8592 
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amount  of t ime and money to insure that 
programs are devel oped with as few flaws as 
poss ib le .  The current doctrine of test ing pro­
grams for rel iab i l i ty is gradual ly giving way 
to a more effic ient method of checking for 
correctness .  F inal ly ,  the DO-W H I L E  con­
struct is introduced by emphasiz ing the 
importance of properly in it ia l iz ing condi­
tional loops, and expl ic it gu ide l ines for pro­
gram ming cond i tional i terat ions are given .  

I n  the  next chapter, the  SEQUENCE and 
I F-THEN -ELSE programming tools  are d is­
cussed . Correctness questions,  which the 
pmgrammer shou l d  pose whi le us ing these 
constructs, are used as an aid in determining 
the functional specifi cations of the program. 
Program specifications m ust be determined 
prior to com mencing the actual cod ing 
process because the authors consider in­
accurate spec ifications to be the most 
important sou rce of software errors. The 
ITE RAT IVE-DO, S E LECT-CASE,  REPEAT­
UNTI L, and LOOP-EX IT I F-ENDLOOP con­
structs are formed by combin ing the basic 
fi gu res . 

Unfortunately ,  the authors el ect to l eave 
the re l ated correctness questions as an 
exercise for the reader, fee l i ng that " . . .  the 
reader is now suffic ient ly aware of the cor­
rectness considerations to properl y examine 
h i s  use of the nonbasic figu re . "  Although 
the authors adm it to writ ing for the com­
puter professional , rather than the mathe­
matician or newcomer to the computer field ,  
I feel they d id the i r  readers a d isservice . 
These correctness questions are vital (with­
out them, the book suffers from a lack of 
comprehensiveness which l im its its usefu l ­
ness to  both the salaried professional and 
computer hobbyist) . Chapter 3 concl udes 
with an in teresti ng section on how to 
impose structure on programs wri tten in  
FORTRAN and COBOL. The examples are 
i l l um inating. 

The advantages of the top-down struc­
tured approach to program design, coding, 
and integration are d iscussed in Chapter 4. 
Top-down segmented implementation is 
compared (somewhat one-s idedly ) with the 
more standard bottom-up strategy. Among 
the advantages discussed is the fo l lowing: 
the effectiveness of top-down structured 
programming in  e l im inating construct errors 
(missing paths, inappropriate path selection, 
and inappropl'iate action under a given 
condit ion ) . The top-down method concen­
trates on the more t ime-consuming and error 
prone aspects of programming d ur ing the 
in i t ial , rather than the fi nal stages of devel­
opment. A structured program has the 
advantage of becoming i ts own pr incipal 
documentation .  And the final advantage, 
especial l y  associated with large systems pro-



grams, is that integration and debugging are 
easier to implement under the top-down 
strategy. The programming techn ique of 
recursion is in troduced in the concl ud ing 
sections of the  chapter. 

The remain ing two chapters and two 
appendices are of less in terest to the com­
puter hobbyist. Chapter 5 examines I BM 's 
innovative "chief programmer team" organ­
ization and i ts managerial approach to the 
operation of software projects. Chapter 6 
provides extended examples of the top-down 
structured approach to program design, with 
the primary focus on paral le l  processes 
(whereby several computations proceed 
e ither s imultaneously on separate processors, 
or by mul tiprogramming on a single pro­
cessor) and mu l ti processing resource man­
agement. The chapter concl udes w i th the 
specification and top-down design in  pseudo­
code, of a hypothetical m ul tiprogrammed, 
mul ti process ing operat ing system. The 
REPEAT-UNT I L, S E LECT-CASE,  and 
LOOP-EX IT I  F-ENDLOOP structured mod­
ules are impl emented in PL/ 1  i n  Append ix A. 
In Appendix B, s ix of the seven structured 
programming constructs are specified in 
360/370 assembly language macros. 

As a resu lt of the omission mentioned 
earl ier, I have qua lms about recommending 
this book as a mandatory reference resource. 
If you are interested in using structured 
techniques to increase your programming 
productivity and rel iab i l i ty, I wou ld  recom­
mend that you get a copy of the book 
through a nearby col l ege or com puter c l ub  
l i b rary and spend a few hours read ing the 
material . I found the authors '  style l ucid , 
al though on occasion I h ad d ifficu l ty fol low­
ing some of their examples due to my 
unfam i l iari ty with the PL/1 language. 

Overal l ,  the book successfu l l y  presents 
the authors ' contention that structured cod­
ing, top-d\)wn design, formal and info rmal 
proofs of correctness, ch ief programmer 
team organizations, and code read ing resu l t  
i n  rel iable, flex ib le  software. I fu l l y  concur 
with thei r bel ief that " . . .  top-down struc­
tured program ming i s  one way to make pro­
gramming the enjoyab le  activity it should 
be." 

Lee C Matthews 
96598 Jefferson 

El lsworth A F B  SD 57706• 

CSUB (Common SUBroutines) 
Developed for North Star DOS and BASIC by Micro Mike's, Incorporated 

CSUB is a mult i·dimensional programming pacl<age. Among benefits CSUB offers both user and programmer are:  

1 .  Non·destructive cursor positioning 

.---------------, 2. Automatic display of error messages or bulletins 

3. Strict control of all data passing between CRT and 

C PU, including: 
Micro Mike's,lncorporated 

PROG RAM LIBRARY 
TIMESHARING 

for t he Horizon-

The only true interrupt-driven, bank 
switching timesharing software available 

for the Horizon. 
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c. Automatic mask and data display 

A one-time fee of $500 (soon to be 
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continuous unlimited access to the 
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PROGRAM LIBRARY. 
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• 
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b. Sequential file accessing 
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BAS IC  B it Twidd l i ng 
Ralph Owens 

POB 202 
Enterprise KS 67441 Nybble functions 

FNU(N) = I NT(A/1 6) 
FNL(N) = A  - 1 6* FNU(N) 

FNA(N) = 1 6*N + FNL(N) 
FN B(N) = FNU(N) + N  

Bit functions 

A contains the value  of the byte. 
N conta ins the value of the nybble. 

Reads upper nybble. 
Reads lower nybble. 

Sets upper nybble to value of N. 
Sets lower nybble to value of N. 

A contains the value of the byte. 
N (0 thru 7) is number of desired bit. 

The fo l l ow i ng are several f u nct ions  
which a l l ow the user  to m a n i p u l ate i n ­
d iv i d u a l  b i ts and nybbles (groups o f  four  
b its) us ing BAS IC .  I l i ke to use these 
f u n ct ions with the P E E K  and PO K E  com­
mands.  

FNQ(N)= INT(A/21 N) - 2 * 1 NT(A/2 f (N + 1 )) 
FNR(N) = A - FNQ(N)* 2 1  N 
FNS(N) = A + (1 - FNQ(N))*2 1 N  

Reads Nth bit. 
Resets Nth bit to zero. 
Sets Nth bit to one. 
Toggles the Nth bit. 

with simulations 
Of many con­
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• wave motion 
• flying objects 
• artificial 

intelligence 
• electronic 

circuits 
• and robot 

motion! 
SIMULATION is a collection of 

\'Oiunu�t 

FNT(N) = FNR(N) + FNS(N) - A  

Progrumm.tnu Tothnlquos 

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. Lifficl<s selection of material furnishes not only background 
information from which the personal computer 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 0-931718·13·9 s 6.00 
Buy this book at your favorite computer book-
store or order direct from BYTE BOOKS. , .. 
Add GO: per book for postage and handlln� �rf(Jt�� 
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H ere are two exa m p l es 
of the u s e  of these f u nct ions :  

1 000 REM F IND  LOWER NYBBLE  VALUE 
1 01 0  A= PEEK(16422) 
1 020 V =  FNL(A) 
1 030 PR INT "VALUE OF LOWE R  NYBBLE 

IS"; V 
9999 END 

2010 A = PE EK(1 6422) 
2020 REM SET E IGHTH B I T  OF DECIMAL 
2030 REM LOCAT ION 1 6422 TO ONE 
2050 A= FNS(8) 
2060 POK E  1 6422, A 
9999 END • 



World Power Systems: A Report 
This spring, World Power Systems Inc of Tucson AZ began "business" with a promotion campaign, ordering goods from sup­

pliers, and soliciting orders and money from customers. It is now known that only a few initial orders were filled (apparently to 
establish credibility), and that money accompanying later orders was simply stashed away. 

Because of this, our industry has received a black eye, and many of us, BYTE included, are apparently out of substantial 
amounts of money. Acting on a tip received April 25, the Pima County Attorney's Office promptly investigated and, within a 
few days, had sufficient evidence of illegal activities to obtain warrants for the arrest of those responsible for the operation. An 
arrest was made, goods were seized and impounded, and others, who were out of Tucson at the time,. are being sought by the 
authorities. 

The question that all of us must be asking is "How can we prevent this from happening again?" 
It would be nice if there were a simple answer. The main things consumers can do are (1) don't send money unless you have 

reason for confidence in the company and (2) promptly report (eg: to postal authorities) anything suspicious. 
· 

What neither consumers nor the media can afford to do, however, is to establish a presumption of guilt. Just because a com­
pany is new does not mean that the media can refuse advertising or that consumers should avoid the company's products. Such 
actions would only lead to stagnation in the industry and possible claims of unfair competition and/ or antitrust violations. In­
deed, since many of the biggest companies in the industry began in founders' homes, such a policy might have retarded the 
development of the personal computer industry by several years. 

BYTE has had, and continues to have, stringent standards on the advertising it accepts. Advertisements have been rejected for 
such reasons as being tasteless, misleading, or having originated from unreliable companies. 

As to reliability, we have to depend in part on readers' input.  Financial reports on advertisers are, unfortunately, of limited 
value. Some financially unstable companies are totally honest, while others, with a superficially impressive report, may turn out 
to be fraudulent.  

At BYTE, any reader's complaints about advertisers are sent to the advertiser along with our request that BYTE be notified of 
what action is being taken. Since there are always two sides to every argument, having a single disgruntled customer would be in­
adequate reason for sanctions against the advertiser. A series of complaints without adequate re�ponse by the company, 
however, is cause for BYTE refusing to run further advertisements by that company . 

In summary, there is no absolute protection in any industry against well-planned and well-executed frauds. Prompt com­
munication between (1) consumers, (2) reputable companies, (3) the media, and (4) the authorities can nip poorly planned frauds 
in the bud and limit the damage that is done. 

T
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e8100 b

y � • ELECTRONICS 

• 5-100 BUS INTERFACE 

• 6 SLOT MOTHERBOARD 

The 8\00 allow� n Rmlio ShHck Tll.S-80 computer to be 
interfaced w the populur S-IOO ilull for rnemory expansion 
and extended 110 capabilities. For example. you can now 
easily add more memory, floppy dis.: systems, PROM 
hoard�. printer interfnces, multi-purpose 110 boards, AC 
device controllcrs.nndu wholeho�t ofothervark<d periph· 
erols 

Thl! 8100 has ill! own built-in 6 slot motherboard which 
includes our unique cflnl guide system which keeps the 
boards in their places. 

The 8\00 has support circuitry and sockcl..!l for eight 16K dymtmic RAM chip�� allowing you to exp..1nd the mem­
OT)' ofyourTRS-80 by JliK without ha\'ingto buy any S-100 
II.AM ixmrls 

• SERIAL RS232/20ma 1/0 
• PARALLEL INPUT AND OUTPUT 

• SPACE FOR 16K DYNAMIC RAM 

• CAN USE LEFT OVER 4K CHIPS 

• LOW COST- PRICES START AT $165' 

• AVAILABLE IMMEDIATELY 

If you purch<O&'<I on c•p<�o.�ion ruemory kit for TRS-HU 
youcouldbe lcft v.-ith cight 4K R1\I\Ichip�and nowhere to 
put them! Well. thcy cun g o i n  the U.AM sockc\il instcad! 
Th<�t'� ri�o:ht. you can usc either ·lK or 16K chitiS and :td· 
dress thcm unywherc you like. 

Th<!8IUU ha�a full llS:.!3:.!12tl m:� serial interface who'!� 
features include; HS'.!:l2 and 20nm curn>nt loop intcrfacc. 
sollware prugr;.�mmubl�" l.mud mte from DC to r, UK baud. 
soflwure programrn;oblr� modem control lincM, on lxmrd 
llH-25 connL't'lor nml much more 

The 8100 nlso hns rm 8 bit pnmllcl input port and 
nn 8 bit para lid output port. Both :1n> latchL-d, h;ov... both 
positive and negativ., �I robe inputs and oulpU\il nnd ha\'1! 
plenty ofdrive cnpahility. 

PRICES START AS LOW AS $185* (S·100 BUS INTERFACE ONLY) 

1429 Maple St. 
San Mateo, CA 

94402 
(415) 573-7359 

Circle 1 69 on inqu i ry card . 

CALL OR WRITE FOR COMPLETE PRICING 
INFORMATION AND MORE DETAILS 

THE 8100 IS AVAILABLE FROM LEADING 
COMPUTER DEALERS OR FACTORY DIRECT 

DEALER INQUIRIES INVITED 
•Extra 5·100 connectors, RAM support. 

liO circtJitryoplional. USA DOMESTIC PRICE ONLY. 

Chris Morgan 
BYTE Executive Editor 

�

ANNOUN���

M IN 1-81 00 
• ELECTRONICS ADAPTER/Mt�H���'b��g 

FOR THE TRS-80* 

MINI-SIZE! 

MINI-PRICE! 

but MAXI-PERFORMANCE! 
H U H  Electronics' 8100 is the established 

leader in S-lOOffRS-80 interfaces. running re­
liabl�· since November 1978 and giving you 
the most features for your dollar. But some 
folks don't need all the KIOO's versatility or 
want something more compact. 

So we created the MINI-8100. The �IINI· 

8100 has the s:.1me proven reliable S-100 Bus 
interface circuitry as it's big brother coupled 
with a 4 slot shielded motherboard. It  con­
nects to the TRS-80 or to the expansion inter-

face and opens up the vast world of S-100 Bus 
products to the TRS-80 owner. 

For those of you who already own an S-100 
mainframe or motherboard. the MINI-8100 

may be purchased without the built-in 
motherboard. (MINI-81005). Just plug it  in 
and go! 

The MJNI-8100 has the same high quality as 
all HUH Electronics products-easy assem­
bly. fully socketed. solder mask and silk 
screen component legend. comprehensive 
manual and design excellence that speaks for 
itself. 

PRICES 
MINI-8100 KIT 

MINI-8100 ASM 

�IINI-81005 KIT 

l\11NI-8100S ASM 

· includes all parts and one S-100 connector - $115 

• SISS 
. s 95 

- $125 

- assembled and tested. includes four S-100 connectors 
- S-100 sized board. plugs in1o mainframe 
- same as :�bove, but assembled :tnd tested 

1429 Maple St. 
San Mateo, CA 

94402 
{415) 573-7359 

ORDERING INFO: The MINI-8100 is availa­
ble from leading computer deakrs or factory 
direct. Please include $4 for shipping and 
handling. CA residents include 6% sales tax. 
We accept VISA or Masten:harge or we can 
ship COD. 

USA DOMESTIC PRICES ON LY. 

DEALER INQUIRIES INVITED 
'TRS·RCI is a Radio Shackli product. 
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Photo Essay: P hysi cal  

H ardwa re of a N ew 

Computer B ackp lane 

by Carl Helmers 

As noted in a recent edito r i a l ,  I am i n  the p rocess of design ing and 
b u i l d i ng a new computer system b ased on the 6809 p rocessor.  It  is my 
i ntention, as th is  design evo l ves, to prov ide a fa i r ly  c o m p lete set  of 
p l ans in the form of an i rreg u l a r  series of arti c l e s  i n  BYT E .  The b u i l d i ng 
and developing of the software systems of homebrew c o m puters is, 
after a l l ,  the basis from w h i c h  pe rsonal  comput ing  has deve l oped. This  
series of  art ic les w i l l  docu m e nt the deve lopment  of  a n  u p -to-date 
d e s i g n  that  u t i l i z es conte m p o r a ry c o m p o n e n ts w h i c h  were 
u nava i l a b l e  to me when I f i rst started bu i l d i ng crude and i m perfect 
homeb rew computers in 1 974. 

The regu l a r i ty of this d o c u m entation w i l l  be dependent u po n  the 
time that is  ava i l a b l e  to engi neer, b u i l d  and test the com ponent parts. 
I w i l l  try to prov ide a n  u pdate on the progress of the project w i th each 
future issue of BYT E .  F rom time to time there w i l l  be gaps in the series 
s i nce, l ike al l  people, I have only 24 hou rs each d ay i n  w h i c h  to work.  
H av ing  issued this  caveat concern i ng the i rregu l ar ity of the i nforma­
t ion,  let u s  turn to the start ing  p o i n t  of m y  docu m entation;  a phys ical  
basis for  a bus oriented homebrew computer.  

The fol l ow i ng is  docu mentation of a key part of a ny homebrew 
computer; its bac k p l ane.  At th is  stage, the c o m p u te r  system is 
depi cted in photog raphs 1 through 5,  w h i c h  I took w h i l e  asse m b l i n g  
t h e  bac k p l a ne on a recent eve n i ng .  F o r  t h e  p hotogra phers a m o n g  o u r  
readers, a l l  these p i ctu res were taken with  a 3 5 m m s i n g l e  lens  ref l ex 
(SLR) camera, h igh ly  stopped down (f/32,  f/22,  depe n d i n g  o n  lens) to 
em phasize depth of f ie ld ,  and u s i n g  lots of l i ght (1 200 W). 

Photo 1 :  This pile of parts represents the beginning of the project's physical hardware assembly. A t  left is a set of 
eight copper rods made from #12 gauge household electrical wire. A fter stripping the insulation, one end of the wire is 
clamped in m y  bench vise, and the other end is clamped in "Vise-Grip" pliers. Five uniform, careful rotations of the 
wire while holding tension s uffice to make the rods as straight as those shown in the photo. This torsion 
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straightening process gives amazing 
results. These rods will be the bus wires 
of the power and ground distribution. 

The matrix for assembly of the 
backplane is one Vector Electronic Co 
#371 9 - 4 "P" pattern prototyping board. 
This board was chosen as standard for 
the new computer because it has a 0. 1 
inch (.254 mm) square grid consistent 
with integrated circuit sockets, and an 
identical 0. 1 inch spacing for the edge 
connector sockets. Thus, the same board 
style that will be used for the assembly of 
the computer modules can a lso be used 
for assembly of this motherboard. 

The final part that is going into the 
ph ysical assembly of the backplane is a 
set of 6 edge connector sockets for the 
circuit modules. The sockets have 72 cir­
cuit connections in two rows of 36 pins. 



Ci rc le 89 on  i nqu i ry card. 

HOW TO BUY 
A BUSINESS 
COMPUTER 
WHEN TO BUY • WHEN N OT TO BUY • 
HOW TO CHOOSE CONSU LT ANTS • DATA 
GATH ERING • PACKAG ED VS CUSTOM 
SOFTWARE • CONTRACTS • Fl NANCI NG 
• WAR RANTEES AND MAI NTENANCE • I NSTA LLATION 
MANAGEMENT AND MUCH MORE . . . . .  

"SUPER BOO K!" DP Consultant, Mercer Island, Washington. 
"I wish I'd had this book before I bought my computer!"TV 
Station General Manager, California. 
" I t's the best book I've seen on the subject. Send me 5 copies 
to send to my clients:" CPA, Orange County, Cal ifornia. 
"I  really learned something from this book and I'm in the 
business. I'm recommending it to my cl ients." DP Consultant, 
Alhambra, California. 

Here's a straight forward approach to business computer 
purchase and installation. It will save you time and money. 
ORDER NOW! If not completely satisfied, retu rn within 30 
days for a full and immediate refund. 

8Y. x 1 1  Softbound • 1 78 pp. • $1 2.95 
Credit Card Orders 1 -805-964-7448 

DDC PUB L I CATI ONS 
5386 Holl ister Ave., Santa Barbara, CA 931 1 1  

Rush __ copies of "Winning The Computer Game" at $1 2.95 
per copy. (CA residents add 6% sa'es tax) 

b 

NAME ________________________________ ___ 

ADDR ESS ________________________________ __ 

Cl TV /STATE/Z I P  __________________________ __ 

0Check 0 MasterCharge O Visa 

Card No. Exp. Date 

FREE Catalog 
New 4-way rel ief from problems with 
minicomputer supplies and accessories. 

, _ 1  ���(��rm��������� as 1 ,.�;�::;.1;·.:�: � :.: ; ; · ; ·:; :;,;:. �; ·::� 
M inicomputer Accessories �� fa:' . . 
Corporation) has a catalog 
of over 800 products. Every­
thing from racks and l ine- I printer paper to connectors 
and cables. Each designed 
to help keep your minicom- / 
puter or word processing 
system up and running. J 2. Hassle-free ordering. l 

l nmac lets you order by -
mail or phone. So keep our 
Summer '79 catalog close. lt makes those once-tough tasks 
like ordering magnetic media easy, fast and foolproof. 
3. Fast shipment of just the quantity you need. 

l nmac ships your order within 36 hours from centers in 
California and New Jersey. In a bind? Call us for many 
special services that insure you get your order to your 
installation within 24 hours. Call now and give us a chance. 
4. Field-proven quality means precision performance. 

l nmac guarantees every product in these 70 pages for 
at least 45 days. And even some for up to ten years. 

Solve problems, send for 
your FREE I nmac catalog. 

130 S.  Wolfe Rd. P.O. Box 9004 Sunnyvale, CA 94086 (408) 737-8700 
c 1 979 International Minicomputer Accessories Corporation 

Circle 223 o n  i nqu i ry card. 

Circ le  32 on  i nqu i ry card. 

SHOULD it be a Heathkit® ? 
Whether you are cons idering the purchase of an 

addi tional peripheral or your firs t computer you 
should know more about Heath� computer products . 
Heathkit® has a continuing comm i tment to sell ing 
well-docume nted c omputer k i ts and s oftware . Are 
they for you? How can you f i nd out? 

Read Buss : The Independent Newsletter of Heath 
Co . Computers , where informati o n  on new products 
is printed as it leaks out of B enton Harbor , not 
held back to suit a marketing plan . Buss is not 
a company-controlled publ i cation , so it can deal 
with weaknesses of Heathk i t� products as well as 
their s trengths . I t  features news of compatible 
hardware and software from other vendors . Every 
Buss issue has candid accounts of experiences of 
Heathkit® owners . Results of their dis coveries , 
wh i ch often include hardware modifi cat i ons , save 
subscribers headaches --and money . That ' s  proven 
by two years ' experience . S o  Buss can guarantee 
a full refund any t ime you ' re not satisf ied . 

Buss is mailed f irs t class ( by airmail outside 
North America ) .  The 24- issue subs cription gives 
you the cho ice of s tart ing with the latest issue 
or w i th available back issues ( about 8 are still 
in s tock ) .  S end $ 8 . 00 f or 1 2  issues or $ 1 5 . 25 
for 24 ( overseas , $ 1 0 . 00/12 ; $ 1 9 . 25/24 US funds ) 
to : Buss 

J25-B Pennsylvania Ave . , S . E .  
Washi ngton , D C  2 0003 

The Indep enden t Ne ws le tter 
of Heath Co. Computers 

'T I N Y' PASCA L 

tor T RS-80® 

& NO RTH STA R® 
Now you too can have Pasca l !  The Chung/Yuen 'T iny' Pascal has 
been specia l ly designed for T RS-80 & North Star owners. The fu l l  
power & elegance of  'T i ny' Pascal is at you r  command. Programs 
written in 'Ti ny' Pascal run at least 4 times faster than the same 
program in  BAS IC !  'T iny' Pascal is a l so a great way to learn 
Pascal Programming, & fun too. 
The minimum system requ i rements a re: Level I I, 16K  for TRS-80, 
& 24K for North Star (specify si ngle or double density). 

S O U R C E  TOO! 

But most important, you a lso get source to 'T iny' Pascal written 
in Pascal with each purchase! You can even compile the com­
pi ler! ( Requ ires 36K for North Star systems, & 32K, Level � I for 
TRS-80). You can customize your own vers1on, or JUst use 1 t  the 
way it is. 
'Tiny' Pascal is a subset of Standard Pascal & i nc ludes: 

RECURSIVE PROCEDURE/FUNCTION, IF-THEN-ELSE, 
REPEAT/UNT I L, 'PEEK & POKE', WHILE, CASE, & MORE! 

(P lus fu l l  graphics for TRS-80 as wel l ) 
Also you can save & load programs. 
You get a l l  this & more, p lus a user's manua l  for $40.00. 

a vailable from: 

P.O. Box 1 628 
Champaign, I L  61 820 

(21 7) 344-7 596 �A ll orders pre-paid, Illinois residents add 5% sa les tax 
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Photo 2: The ph ysica l assembly of the 
backplane begins by noting the fact that 
a single #1 2 guage wire will fit quite nice­
ly between a set of four pins on a 0. 1 inch 
grid. Thus, if we insert a ll the sockets in 
the backplane board, we can drop one 
copper bus connection across four cor­
responding pins of a ll six sockets. The 1 2  
gauge wire size for the buses is just 
slightly larger than the 0. 06 inch spacing 
between the wire wrap socket pins of a 
0. 1 inch grid. This fact causes the pins to 
spread just a bit, locking the sockets in 
place prior to soldering. In this photo we 
show eight bus wires occup ying 32 pins 
of the backplane socket. 

Looking a head to the design of m y  
computer a n d  basing m y  conclusion on 
previous experience, I will need a total of  
four power supply buses. A standard + 5 V is the main power supply, used by most o f  the digita l integrated circuits. 
Ground is the common point for a ll power supplies. Two s ymmetrical supplies o f  - 12 V and + 1 2  V will be used b y  
analog circuits. 

Noting that a s ymmetrical arrangement of the backplane prevents power supply destruction through inadvertent 
reversal of boards, two sets of four buses are used. As we will see later (photo 4], the innermost buses will become the 
basis for the ground distribution grid. 

With four power voltages occupying a total of 32 pins, the 72 pin sockets of the backplane have 40 uncommitted 
pins a vailable for communications between boards. This is more than adequate for a good general purpose computer 
s ystem based on an 8 bit microprocessor, such as the 6809 I will be using with this design. 

Photo ]: Assembly begins with the outermost bus, la ying it down in its niche in the pin forest of all six sockets. It is then soldered 
to each set of four pins, as depicted in this photo. I used a 120 W light-duty soldering gun for th is operation, since the extremely high 
heat carrying capacity of  the copper 
wires made m y  25 W soldering iron im­
possible to use. 

A fter each bus wire is soldered in 
place, the four pins at each socket are 
clipped off just above the copper wire 
and solder bead. This process is repeated 
for each of the eight bus wires assigned 
to the power voltages of the new com­
puter. 

Care must be taken while soldering to 
a void forming a bridge between adjacent 
buses. The last step in soldering a bus 
wire is incomplete in this photo: the wire 
is just resting on the four holes in the tab 
from the backplane's edge connector. 
When soldering this part, be extremely 
careful about forming bridges from one 
bus wire to the next. 
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Photo 4: The completed backplane 
assembly includes a set of jumpers bridg­
ing the symmetrically arranged power 
supply voltages. Six bus wire jumpers 
connect the inner ground buses across 
the socket area. Three heavy  insu lated 
s tra n ded wire j u mp ers crea te a n  
aesthetically pleasing, but electrically 
useless arch form at one end o f  the 
board. 

The bus wires in this photo o f  the 
assembly process have been soldered to 
the edge connector pins corresponding 
to power distribution voltages. Not 
shown at this stage is a set o f  bypass 
capacitors installed between the three 
voltages and ground. On each voltage, 
six 0. 1 JJ-F ceramic capacitors and one 
3.3 JJ-F tantalum electrolytic were in­
stalled for local bypass o f  the power sup­
ply voltages. 

Photo 5: No backplane idea is complete without a discussion of the physica l support of the boards in the fina l 
assembly. Here we show the newly completed backplane together with six boards and a set of 1 .375 inch (1 Ya inch) spacers. 

Readers wishing to duplicate this board should learn from an imperfection I introduced. I f  the boards in this picture 
appear to be a little crooked, rest assured that this is true, and not caused by the wide a ngle lens. The actua l center 

to center spacings I finally used {count 
the holes in photo 4 if  you wish) were 1 . 4, 
1 . 5, 1 . 7, 1 . 4, and 1 . 5  inches! The spacing 
between backplane sockets shou ld  be 
1 . 4  inches, center to center. In my final 
assembly, I will have to use extra washers 
as spacers due to this flagrant indiscre­
tion during initia l  assembly. 

Ph ysica lly, this completes the mother­
board and its power supply electrical 
connections. In part II of this description 
of the p h ysica l assembly of m y  new com­
puter s ystem we will complete the wiring 
of the backplane {by us ing a homebrew 
adaptation of a Vector "Siit-N-Wrap" 
tool to my electric eraser), wooden 
cabinetry which forms a base for the 
compu ter while h iding its power supply 
modules, and the fina l assembly o f  the 
computer s ystem's basic hardware. • 
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Peter G rogono 
73 Roxton Crescent 

Montreal West 
Quebec CANADA 

H4X 1 C7 

Note: The examples of the 
Mouse language which ap­
pear in  the tex t of this 
article have been ital icized 
for the sake of clarity .  
Examples of the language 
appearing on lines by 

themselves have not been 
ital icized, however. 
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Mou se 

A Language for Microcomputers 

This artic le describes Mouse, a computer 
programming language which can be imp le­
mented on most microcomputers. The word 
Mouse is not an acronym, mere ly an appro­
priate description for someth ing sma l l  and 
active. 

There are many avai lable languages for 
microcomputers al ready, so the introduc­
tion of a new language warrants some ex­
p lanation. The justification for Mouse is 
that it i ncorporates many features of h igh 
l evel languages, yet it can be imp lemented 
without the resources needed by most h igh 
l evel languages. More specifical ly, Mouse 
programs demonstrate the use and imple­
mentation of arrays, functions, procedures, 
nested contro l structures, local variables, 
recurs ion, and several methods of passing 
parameters from one procedure to another. 
Mouse also embod ies some of the principles 
of structured programming, in that it uses 
nested, s ingle entry control structures, and 
does not allow unrestricted jumps. None­
theless, Mouse can be implemented on a 
minimal system consisting of a micropro­
cessor, 4 K bytes of memory, and a terminal . 

A l l  of these features cannot be incor­
porated into a s imple language without 
making some sacrifices. Identifiers i n  Mouse 
consist of a s ingle l etter, so that a symbol 
tab le  i s  not req u i red. Expressions are writ­
ten in  postfix notation, which is more 
easi ly interpreted by a computer than the 
conventional infix notation. Parameters are 
passed to subroutines as strings, e l im inating 
the need for complex parameter transmis­
sion mechanisms. Mouse programs are easier 
to write than to read, and it is poss ib le to 
write Mouse programs that are very obscure. 
Although readabi l ity is a h igh ly  desi rable  
feature of a programming language, a lan­
guage cannot be condemned solely on the 
grounds that obscure programs can resu l t :  
witness the  popu larity of APL. The extraor-

d inary thing about Mouse is that so much 
can be achieved w ith such a smal l  amount of 
implementation effort. 

Mouse is descended from an o lder pro­
gramm ing language cal led Musys. I n  1 970 
I was working for E lectron i c  Music Stud ios 
(London ) Lim ited, the company wh ich now 
manufactures the SYNTH I series of electron ic  
mus ic  equ ipment. At that t ime the com­
pany, under the d i rect ion of Peter Z inovieff, 
was exploring the poss ib i l i ti es of us ing min i­
computers to control e l ectron ic music 
instruments. The studio had two D EC PDP-
8 computers, but very l ittl e  software. My 
job was to write software wh ich wou ld  
rel ieve composers of the ted ious chore of 
entering musical compositions in  the  form 
of strings of octal numbers. S ince the o lder 
PDP-8 was al ready connected to a variety of 
d ig ital ly  contro l l ed osci l l ators, fi lters, 
envelope shapers, and other musical equ ip­
ment, we decided to use the newer and 
faster PDP-8 to do the language processing. 
Space was very l im ited : the PDP-8 had on ly  
4 K 1 2  b i t  words of memory, and  a very 
restricted instruction set by comparison with 
today 's m icroprocessors. 

The system that I des igned for the stud io 
enab les composers to write their composi­
tions in a h igh l evel language cal led Musys. 
The heart of Musys is a s imple yet powerful 
macroprocessor. A Musys composition con­
sists of a h ierarchy of macro instructions, in 
which the h igher level macro instructions 
determine the overal l form of the composi­
tion ,  and the low l evel macro instructions 
specify detai l s  such as the pitch and duration 
of the ind ividual sounds. The Musys inter­
preter contained about 700 instructions. 
About 600 add itional instructions were 
requ i red for supporting software, i nc lud ing 
d isk contro l .  The system is described in 
reference 1 .  The idea of us ing a macro­
processor as the basis for a min icomputer 



l anguage occurred to me after I had read a 
paper by the late Christopher Strachey 
(reference 2 ) .  

The remainder of th i s  article consists of  
two main  sections :  the  first describes the 
language Mouse;  the second describes the 
implementation of a Mouse i n terpreter. 

Mouse User's Gu ide 

A Mouse program is a string of characters. 
Blanks may be inserted anywhere in the 
program , but they are ignored by the inter­
preter, except in a few contexts wh ich are 
defined below. The last two characters of 
a program are always $$. The interpreter 
starts executing at the first character of the 
program and processes one character at a 
time unt i l  it encounters the character $, at 
which point it stops. Th is processing 
sequence i s  broken on ly  by specific contro l 
strings : cond itions, loops, macro cal ls, and 
formal parameters. These are described 
below. 

When the interpreter encounters the 
quote character ", i t  prints or disp lays 
characters up to, but not including, the next 
quote character. For examp le, the program : 

"J ACQU E L I N E" $ $  

wi l l  print the message : 

J ACQU E L I N E  

The quoted string may contain blanks, 
which are prin ted, and the exclamation 
poin t  ! that prints a carriage retu rn/l ine  
fe.ed. Thus the program : 

"F IRST L I N E !SECON D  L I N E" $ $  

wi l l  print: 

F I RST L I N E  
SECOND L I N E  

Mouse performs calcu lations us ing a 
stack. An operand pushes a value  onto the 
stack, and an operator removes one or two 
values from the stack and may replace them 
with other values. The question mark ? 
is an operand which tel l s  the interpreter to 
read a number from the keyboard or i nput  
fi le  and push  i t  onto the  stack. The operator 
! removes the top val ue from the stack and 
prints it. (Do not confuse the use of ! as 
an operator with its u se within q uotes . )  The 
fol lowing program reads one number from 
the keyboard and prints i t :  

? ! $ $  

The stack is a last in, first out data structure. 
The program : 

? ? ? ! ! ! $ $ 

reads three numbers and prints them in  
reverse order. For  example, i f  the  input fi l e  
contained : 

45 46 47 

then the program wou ld  pr int :  

474645 

If we wanted them to be printed in the order 
in which they were read, we wou ld  have to 
write : 

? ! ? ! ? ! $ $ 

This program, using the same data as before, 
would print: 

454647 

A decimal integer is another k ind of oper­
and. When the interpreter reads an i nteger, it 
pushes its val ue onto the stack. Th is program 
prints 365: 

365 ! $ $  

We can push two numbers onto the stack b y  
writing them one after the other, with a 
blank in between.  Th is program prints 7 5 :  

5 7 ! " " ! $ $ 

Th is is the on ly context in Mouse where a 
blank character is requ i red; without it, 5 7 
would be read as the s ingle number 5 7. How­
ever, we often insert b lanks into Mouse 
programs to improve their readabi l i ty .  
Furthermore, Mouse does  not  print  l ead ing 
or trai l i ng blanks when it prints a n umber, 
so we must inc lude a b lank string " " 
between print  operators if we want n umbers 
separated in the output. Note also that 
Mouse does not process floating point 
numbers : a l l  operands  have integer val ues. 

Mouse has 26 variables, the names of 
wh ich are A, B, C, . . . z. The name of a varia­
b l e  i s  an operand ,  and when the interpreter 
encounters a variable name, it pushes the 
address of that variable onto the stack .  This 
program prints the addresses of A and T :  

A !  T !  $ $  

The operator . (period) replaces a n  address 
on the stack by the val ue stored at that 
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• IN TEGRA TED FINA NCIA L 
PROGRAMS 

All programs integrate by posting 
financial data to the general ledger 
journals. They are self-guided and 
easy to use. You don't have to be a 
CPA! 

• GENERAL LEDGER 
• ACCOUNTS RECEIVABLE 
• ACCOUNTS PAYABLE 
• INVENTORY CONTROL 
• PAYROLL 

$500 Each Program 
$8 Manual Only 

• COMPLE TE LEGA L BILLING 
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options. 
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$ 1 2  Manual Only 

• MIDA�M Mini DA tabase System 
Design your own file layouts and 
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report, and reformat capabilities. 
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address. If we want to prin t  the value of 
A we write A . ! . 

The assignment operator i s  =. An assign­
ment is perfo rmed in  three steps :  

• An address i s  pushed onto the stack;  
• A val ue i s  pushed onto the stack ;  
• The  assignment  operator i s  appl ied. 

Thus i n  o rder to give the value  1 7  to X we 
write : 

X1 7= 

Th is statement has the effect that X := 1 7  
wou ld  have i n  a Pascal program. S im i larly, 
we write X Y. =  to assign the value  of Y to X 
i n  Mouse. The most common  programming 
error i n  Mouse is to forget the period ;  no 
error w i l l  be reported, but the calcu lation 
w i l l  use the address rather than the value 
of a variable, and the resu l t  w i l l  p robably 
be wrong. 

The arithmetic operators in Mouse are 
+, -, *, and /, denoting add it ion, su btrac­
tion, mu l tip l i cation, and div is ion, respec­
tive ly .  Because operands in Mouse have 
integer val ues, I means d ivide and truncate. 
A Mouse operator i s  always written after its 
operands. The resu lt ing notation i s  cal led 
postfix notation or reversed Po l i sh notation, 
i n  contrast to the conventional algebraic 
notation wh ich is cal led infix notation .  
Postfix notation may be confusing at first, 
but it does have some advantages. The infix 
expression A+B is written in Mouse as 
A.B. + ; the periods sign ify that we are add ing 
val ues, not addresses. One of the advantages 
of postfix notation is that parentheses or  
brackets are not requ i red. The infix expres­
sion A+B*C, in wh ich the mu lt ip l i cation is 
performed before the add ition ,  i s  written 
A.  B. C. *+ in Mouse. The infix expression 
(A+B)*C, in wh ich the parentheses ind icate 
that the add i t ion is to be performed first, 
is written A .B. +C. *. 

It is not hard to trans late expressions 
into postfix notation if you remember 
these two ru les :  

• Operands appear i n  the same order in 
both expressions; 

• Operators are written as soon as both 
operands have been written in fu l l .  

A s  a n  example, consider the conversion to 
postfix form of the infix expression (A+B)/ 
(C-D). F i rst write down the operands in 
sequence: 

A. B. C. D.  



The addit ion is performed after B. , and the 
subtraction after D . .  The d ivision cannot be 
perfo rmed . unt i l  both its operands h ave been 
computed , so the complete expression in 
postfix notation is : 

A.B.+ C. D.- I 

The ari thmetic operators always have two 
operands in Mouse. The infix expression -X 
means 0-X, and it must be written in the 
form OX.-. 

The top val ue in  the stack may be used as 
an anonymous variable. In  fact, we have 
a l ready used the stack in th is  way, in the 
program ? ! $$. Here is a more subtle use of 
this feature : 

A AS= . A6= ! $ $ 

These five steps have the fol lowing effect : 

• A puts the address of A on  the stack; 
• AS= assigns the value 5 to A (this uses 

the stack, but leaves it unchanged ) ;  
• . converts the address of  A to  the  value 

of A, which is 5 ;  
• A6= changes the value o f  A to 6 ;  
• ! pr ints the value, 5 ,  from the stack.  

Care must be taken, of course. I f  you are 
writing programs in th is fashion, you must at 
a l l  t imes know what is supposed to be in the 
stack. The fol lowing example u ses the 
stack to i nterchange the val ues of two vari­
ables, X and Y .  I n  most l anguages this i nter­
change can on ly  be done with a temporary 
variable. For example, in Pascal we would 
write: 

T := X ; X := Y ; Y := T  

I n  Mouse we can write : 

X Y. Y X . = = 

The addresses of A ,  B ,  C, . . . z are 1 ,  2, 3 ,  
. .  26 .  This  means that B ,  for i nstance, can 

be regarded as e ither a variab le in its own 
right, or as the second element of the array 
A. The address of B can be written as e ither 
B or A T+, and i ts value as B. or A T+ . .  A 
general e lement of the array A, wri tten 
A[ l ] in Pascal, can be written as A I.+. in 
Mouse, for 0 ,-;;; I ,-;;; 25 .  Any letter can be 
used in th is way : thu s  K5+ is equivalent to 
P, and Z3-. i s equivalent to W. . You must 
be carefu l not to u se the same address for 
two d ifferent purposes. I f  you decide to 
use A as an array with ten components, you 
cannot u se the variables B, C ,  . . .  j i n  the 
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Write faster in BASIC, FORTRAN, or COBOL 
Docum en t & modify more easily, too 

Human-engineered to do the job better. Y es, you real ly can get f lawless code 
faster, using the  Stirl ing/Bekdorf™ system of software development too ls  w1th 
structu red programming concepts. The 7 8 F2, 78P4,  and 78CI are h u man-engineered 
to reduce in i t ial errors, imp rove d e-bugging speed, and a 1d  concept commun 1cat1on 

F i rst. use  the 78F2 F lowchartrix™to lay out  your  o riginal  concept blocks. T h en 
use it to wr i te  a f in ely deta i led f lowchart. 

54% more logic cells than other flowchart forms, put far more of your program 
on each page. Each F lowchartrix h as a fu l l  77 log1c cel ls ,  not 1 u st 50. Th 1s  saves 
paper, and makes your f in i shed  f lowcharts easier to und erstand. By see1ng up  to 
27 extra steps of a program on each page, you compreh end p rogram flow more 
c l early. You save money and storage space,  too.  

Every matrix cell in the 7 x 1 1  matrix has a specific label to help you track 
branch points. When you wr i te  program documentation, having a separate reference 
point for  each cel l  makes your program much easier to d escribe clearly. 

With Flowchartrix, you don't need a shape template to draw remarkably regular 
logic symbols. G u i d es for t h e  most-used logic symbo ls  are right in each matrix 
cel l ,  to h elp you d raw most standard f lowchart symbo ls  entirely free-hand .  

78P4 Print-Out Designers are next. When you f in ish flowch arting, lay out  the 
pr in ted reports your program wi l l  gen erate. Then  w h en you write code you b laze 
through th e report  generat ion segments r ight along with t h e  rest  of  your program. 

U nique 70 x 160 matrix accommodates even proportional-spacing word processor 
formats. T h e  1 60-co l umn  width can hand le  practical ly any pr inter format. The  
78P4  is b ig, 1 4 Y2 x 22 inch es, because w e've scaled the ce l l  s i ze  to h uman writing 
comfo rt, not  machine p rint. giving nearly twice the cha racter-writing area of oth er 
printout d esign sheets. 

Special 5-column area records the program line number of the code which 
creates each printed l ine. I t  shows, at a glance, exactly which l i ne  of code creates 
each l i ne  of your report, saving hours of  n e ed l ess search t ime  when you must 
change the report format ( and don ' t  you a lways h ave to, sooner or later7 : 

Every sh eet of 78C1 gives you 2 form uses for the price of one. Use ?SCI ' s  
fu l l  28  l i n e  x 80  co lumn  g r i d  a r ea  to  cod e regu la r  program steps. Th en for inter· 
active o r  instruct ional  sections. s imply k eep your ch aracters within the appropriate 
CRT  ind icator l i n es. and  you' l l  automatical ly know w h ere every character w i l l  show 
on your CRT screen. 

28 line x 80 column coding capacity saves you 14 sheets out of every 100, 
compared to 24 - l i ne  forms. 86 sheets hold more program steps than 100 sheets 
of any 24- l ine  form. yet we offer full-size 6mm x 3mm grid blocks to give you 
comfortab l e  wr i ting room and visual space b etween l i n es. 

Works with your CRT display, no matter what brand you own. Equipped for 
both 1 6  line x 64 co lumn and 24 line x 80 co lumn  d isplay formats. 

Ava i lab le  i n  three versions (one for  BASIC languages, one  for F O RTRAN, another 
for C O B O Ll, the  78CI  i s  so powerful  w e  inc lude a 7-page instruction manual  with 
every order. 

Every tool in the Stirling!Bekdorf system is surface-engineered to take both 
pen & pencil without blotching. Ou r tough, extra-h eavy, 22t paper is pure enough 
to use with critical magn etic ink character readers, and gives you crisp. sharp char· 
acters w ith pencil or plastic-tip pen. 

Every part of our system uses eye-comfortable soft blue grids. Al l gr id  ru l ings, 
ti nts. and � iv is ion ru l es are reproduced i n  a special shade of  b l ue, easy on  you r  
eyes even a f te r  hour;  of cont i nuous  programmi ng. I f  you ' re  a professional pro· 
gram m er, you ' l l  particu l arly appreciate our improvem ent over the green l i nes you've 
b een wr it ing on .  

A 3-ring binder is one more  of  our  secrets for  your success. Al l  your  notes, 
logic concepts, f lowch arts. code, CRT layouts, pr int-out  designs, and documentation 
can be  k ept together, i n  order, i n  one p lace. Wh en everything you create stays 
together, d eb ugging and mod i f icat ion is much s imp ler. 

Order your supply of the world's most advanced software development tools 
right now, before you hatch even one more bug. 
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same program. The fol lowing i l l u strates 
these points :  

A7=  BA.= A . !  B . !  A l+ . !  $$  

A 7= assigns the value 7 to  A ,  and  BA .= 
copies the same val ue to B .  Th is value i s  
then pr inted three t imes :  A.!  prints the 
value  of A; B.! pr ints the val u e  of B; and 
A 7+. ! pr ints the value  of A[ l ] .  

Before w e  pass on  to a d iscussion of the 
control structures of Mouse,  we need one 
more concept : clause . A clause is a string 
wh ich contains quoted strings and expres­
sions, which h ave been defined above; and 
comp lete control structures, which are 
defined below. 

Control Structures 

A condition in Mouse is written £[C) ; 
E i s  an expression, and C i s  a clause. The 
condit ion itself is a c lause. E i s  eval uated , 
and if its val ue  is greater than zero, C is  
execu ted . I f  E i s  zero or negative, C is 
skipped. The Pascal statement:  

if X >  0 then Y := X 

becomes i n  Mouse: 

X .[YX .=] 

S ince Mouse d i stinguishes only E > 0 and 
E < 0, more comp l icated expressions must 
be devised for d ifferent condit ions. For 
examp le, X ;;;;. 0 is equ ivalent to X+l > 0, 
and so the Pascal statement :  

if X ;;;;. 0 then C 

becomes in Mouse: 

X . l +[C] 

S im i larly, X = 0 i s  equ ivalent to ( l +X > 0) 
and ( 1 -X > 0), and so Pascal : 

if X =  0 then C 

becomes in Mouse: 

1 X .+[1 X .- [C] ]  

Now, reconsider the  definit ion of clause. A 
complete condit ion E[C] is both a clause 
itself, and contains a c lause, C. Suppose C 
is itself a condit ion, F[D] .  I f  we replace C 
by F[D] i n  the clau se £[C) , we obtain the 
clause £[F[D] ] .  Th is  demonstrates that the 
nested condition 7 X. +[7 X.-[ C) ] of the last 
examp le  is a legitimate Mouse construction. 



A loop i n  Mouse is written :  

where E i s  an  expression and  C 1  and  C2 are 
clauses. Th i s  l oop is a c lause; it may be 
paraphrased as fol l ows :  

START : C 1  

EX IT :  

i f  E � 0 goto EX IT  
c2 
goto START 

I n  other words, the loop is  executed for as 
long as E > 0, and the exit test may appear 
anywhere with in  the l oop . E ither C 1  or C2 
may be omitted . (Et C2) is equ ivalent to 
Pascal :  

whi le E > 0 do C2 

and (C7 Et) is equivalent to Pascal : 

repeat C1  u nti l E � 0 

There may be more than one exit test in  
a loop .  For  example, (C7 Et C2 Ft C3), i n  
wh ich E and F are expressions, i s  al lowed . 

We now consider some s imple Mouse 
programs which u se these control structu res. 
The fol lowi ng program reads a number N ,  
and prints i ts factorial , 1 *2*3* . . .  * N :  

N ? =  F 1 =  ( N .t F F .N .*= NN . 1 -= ) F . ! $ $  

We can shorten the factorial program by 
using the top of the stack instead of the 
variable F. The program then becomes :  

N?=  1 ( N .t N .* N N . 1 -= ) ! $ $  

I n  this vers ion, 7 puts the value one o n  the 
stack ;  N. * mult ip l ies the value on top of 
the stack by N ;  and ! removes the val ue  from 
the top of the stack and prints it. We can 
expand th is  program so that it  continues to 
ask for data u nti l it reads a number which i s  
less than or equal to  zero. Note the nested 
loop: 

( "ENTER A N U M B E R" M?= M .t 
N M .= 1 ( N .t  N .* NN . 1 -= ) 

" FACTOR IAL ( "  M . !  ") = " !  " ! " ) 
$ $  

Here i s  a d ialogue produced by  this program : 

ENTE R A N U MB E R  3 
FACTOR IAL  (3) = 6 
ENTE R A N U M BE R  7 
FACTOR IAL  (7 )  = 5040 
ENTE R A N U M BE R  0 

New 

from DEC 

LA34 DECwriter IV 
$ 1 , 1  gg.oo 

• 1 1 0 or 300 baud, RS 232C serial • Upper/lower case, 9 x 7 dot matrix 
ASCII • 1 0, 1 2, 1 3.2, 1 6.5 characters /inch 

• Friction feed, paper width to 1 5" • 2, 3, 4, 6, 8, or 12 l ines/inch 
• 22"W X 7"H X 1 5W'D, 25 lbs. 

N ew 
from D I A B LO 

DIABL0 1 640 $ 2 ,690.00 

Receive-only $ 2 , 331 .00 
High-quality daisywheel printing at 
45 cps. 

DIABLO 1 650 $ 2 , 779.00 

Receive-only $ 2 ,  41 9 . 00 
Metal daisywheel printing at 40 cps. 

SOROC IQ 1 20 $ 795 . 00 

Teletype 43 $ 999.00 
• RS 232C, 1 1 0 or 300 baud 
• Upper/lower case lull ASCII 
• Pin feed, 12" x 8W' paper 

T.l .  8 10  printer S l  ,695.00 
• 1 50 characters per second 
• RS 232C serial i nterlace 
• Adjustable forms tractor 
• Upper/lower case option $90.00 

• RS 232C, upper/lower case lul l SOROC IQ 1 40 $ 1 , 250.00 
ASCII 

• Numeric keypad, protected fields • RS 232C and 20mA current loop 
• Cursor keys plus addressable • Extensive edit ing features 

cursor • 25th line terminal status display 
• Auxi l iary extension port • 16 function keys (32 with shift) 

To Order: Send certified check (personal or company checks require 
two weeks to clear) including handling* and 6% sales tax if delivered 
within California. 
*Handling: Less than $2,000, add 2%; over $2,000, add 1 %. Everything 
shipped freight collect in factory cartons with manufacturer's warranty. 

M t C RO M A I L  • BOX 3297 • SANTA ANA,  CA 92703 

(7 1 4 )  73 1 "4338 
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The program wh ich fol l ows reads numbers 
i nto an array and then prints them in reverse 
order. A is used as an array index, and B i s  
the array. The input i s  terminated by a neg­
ative number. 

AO= ( BA.+.?= BA.+. l +t AA.l += ) ( A . t  AA.l -= BA.+ . ! ) 
$ $  

We  can improve this program so that it w i l l  
read no  more than 25  numbers, the maxi· 
mum capacity of the array B .  Note the u se 
of two exit conditions in the first loop : 

AO= ( BA.+.?= BA.+.l +t AA.l += 
A.25- [ "ARRAY F U L L ! "  Ot ] )  ( A.t AA.l -= BA.+ . ! } 
$ $  

Macro instructions 

A complex algorithm always has a h ier· 
arch ical structure, and a programming ian· 
guage must provide the means of defin ing 
and cal l ing procedures and functions so 
that programs which have an analogous 
h ierarch ical structure can be written. I n  
Mouse, procedu res and functions are imple· 
mented by macroinstructions. A macro­
in struction cal l i s  written l i ke th i s :  

#M ; 

This is a cal l to macroinstruction M .  There 
must not be a blank between # and the 
macro name. I n  th is  example there are no 
actual parameters. When there are actual 
parameters, they fo l low the macro name 
and are preceded by commas. The fol low­
ing is a call to macroinstruction M with 
parameters X and Y :  

#M,X,Y; 

GenRad needs Trolls ! 
What are Trol ls? 
Trol ls  are a rare breed ofengineer, who 

� 1 can work i n  software as wel l  as 

/ � r;;:;;::::-,. � hardware. At GenRad we design and ' Q rzF2h�'···� --..../ bu i ld  Automatic PC-Board Testers for ' 
. a electron ic manufacturing. Our  support · 

engineers l ike to eat a ch ip  data sheet 
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for breakfast, b readboard the ch ip for 
l unch and debug its software models at 
d i n ner. GenRad tro l ls  are good; as a 
matter of fact, we th ink they're the best ! 

A macro name is a s ingle letter, so a p rogram 
may u se up  to 26 d ifferent macro instruc­
tions. 

Macro defin i tions come between the main 
program and the termi nating $$ .  A macro 
defin it ion starts with the character $ and the 
name of the macroi nstruction, and is termi·  
nated by the character @.  There must not be 
any b lanks between $ and the name of the 
macroi nstruction being defi ned . The defin i· 
tion must be a c lau se, and defi n it ions cannot 
be nested. The fol lowing program uses a 
macroinstruction, M ,  to pr int a message: 

#M ; 
$ M  "A M ESSAG E " @ 
$ $  

Note that the main program code i s  termi· 
nated by $ ,  which introduces the first macro 
defin i tion .  As usual , the entire program is 
termi nated by $$ .  When the interpreter 
encounters #M; in the program, it substi· 
tutes the defi n ition of the macro instruction, 
exclu d ing $M or @. Thus when the program 
above is i n terpreted , it pr ints: 

A MESSAGE 

Each macro i nstruction has i ts own com· 
p lete set of local variables, A, 8 ,  C, . . .  Z. 
Assignments to these variables do not affect 
the values of main program variables. The 
program wh ich fol lows w i l l  p r int the n um ber 
3, despite the assignment to N i n  macro· 
instruction X :  

N3= #X ; N . ! 
$X  N99= @ 
$ $  

A macro defin ition may have up  to 26 
formal parameters, written %A, %8, %C, 
. . .  %Z, with no b lank between % and the 
letter. When a formal parameter is encoun­
tered in  a defin it ion, the actual parameter is 

They help gu ide o u r  customers through 
the somet imes bewi lder ing land of 
testing.  If you th ink that you wou ld 
enjoy this cha l lenging m ix of hardwa re, 
softwa re and human contact, set up a 
meet ing with our  tro l l  leader by 
contact ing Pat Peri l lo, GenRad, Inc., 300 
Baker Avenue, Concord, MA 01 742. Or 
ca l l  Pat (co l lect) at  (61 7 )369-4400, ext. 
332. 

An equal opportunity employer M/F 

� GenRad 
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substituted as a str ing. Macro instruction P 
in the fol lowing program prints the value 
of its parameter: 

#P,3 ; AS= #P,A . ;  #P,A ; 
$ P  %A ! @ 
$ $  

The cal l #P,3,- i s  equ ivalent to 3!, and prints 
3. The cal l #P,A. ,- is equ ivalent to A . !  and 
prints the val ue of A, which i s  5 .  These are 
known as calls by value, because the macro­
instruction can obta in only the value  of the 
parameter. The final cal l ,  #P,A; ,  i s  equ iva­
lent to A I, and prints the address of A. It is 
known as a call by reference, because the 
parameter is an address. Cal l s  by reference 
can be used to retu rn values to the cal l i ng 
program. Macro instruction A in the fol low­
ing program adds the values of its first two 
parameters, and returns the resu lt  as the 
th ird parameter: 

#A,2,3,X ; #A,3,4,Y ; #A,X .,Y . ,Z;  
$A %C %A %B + = @  
$ $  

This program adds 2 a nd  3, giving X,  then 
adds 3 and 4, giving Y, then adds X and Y, 
giving Z.  Note that the actual parameters 
in the last cal l are the val ues X. and Y. and 
the address Z. 

You must know, when wri ting  a macro 
cal l ,  whether the macroinstruction expects a 
value or an address. The device mentioned 
before for exchanging two val ues can be in­
corporated i n to a macroinstruction : 

$ E  %A %B. %B %A. = = @  

I n  th is case, both actual parameters must be 
addresses. To use this macroinstruction to 
interchange the values of X and Y write : 

#E,X ,Y;  

An array can be  passed to a macroin­
struction by the address of i ts first com­
ponent. The fol lowing macroinstruction 
sums %B components of the array %A, and 
returns the resu l t  as %C : 

$5 %CO= NO= 
( %BN.-t %C%AN.+.%C.+= NN . 1 += ) 
@ 

The cal l #5, A,3, Z; would store the value of 
A+B+C in Z.  

A macroinstruction which leaves a val ue 
on the stack acts as a function. We can re­
write macroinstruction A, which was de­
fined above, as a function : 

$A %A%B+ @ 

The cal l #A,2,3; is now an operand wh ich 
leaves the value 5 on the stack. Th is macro­
instruction eval uates the factorial function : 

$ F  N%A= 1 ( N . t  N . * N N. 1 - ) @ 

The clause #F,S,- #F,6; + I prin ts 840 
(=5 !+6 ! ) . 

A macro defin ition may inc lude macro 
cal ls .  Moreover, a macroinstruction may cal l 
itse lf, e ither d i rectly or ind i rectly, so that i t  
is poss ib le to define recursive macro instruc­
tions. The factorial fu nction can be defi ned 
recursively in this way : 

$ F %A [ %A #F, %A 1 - ; * ] 
1 %A- [ 1 ] 
@ 

The character @ acts l i ke a RETURN state­
ment in BAS IC or FORTRAN, and we can 
use it more than once in a macro defin ition .  
Here is a s l ightly shorter version of the recur­
sive factorial macro that exploits th i s  fact :  

$ F %A [ %A #F, %A 1 -; * @ ] 1 @ 

------- VAK-1 M OT H E R BOARD - - - - - - - .. - -

' 
• - ! . . • . ..,' 

PRICE: $129.00 
We also carry the SYM-1 

M icrocomputer w i th manua ls $269.00 
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• Standard KI M-4* Bus 
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Th is defin i tion may be paraphrased in  
A LGOL:  

F {N)  := 
if N > O 
then N * F {N-1 ) 
else 1 

If %A > O, the condit ional c lause is executed, 
and the macroinstruction i s  terminated by 
the @ between the brackets. If %A � 0, the 
val ue 7 i s  placed on the stack and the macro­
instruction is terminated by the final @. 

I f  there is no actual parameter corre­
sponding to a formal parameter, the formal 
parameter is processed as a nu l l  stri ng. 
Actual parameters for wh ich there are no 
formal parameters are ignored. A cal l to an 
undefined macroinstruction is also processed 
as a nu l l  stri ng. These points are i l l ustrated 
by the fol lowing program : 

#T; #T, "A"; #T, "A", "B" ;  
#T, "A", "B" ,  "C" ;  #U ; 
$T "<" %A%B ">! "@ 
$ $  

This program prints :  

< >  
<A> 

<AB> 
<AB> 

In the first cal l ,  #T;, there are no actual 
parameters. In the second cal l ,  #T, "A ";, 
there is one actual parameter, "A ': wh ich 
is printed. I n  the third cal l ,  both param­
eters are printed. I n  the fourth cal l ,  there 
are three actual parameters, of wh ich the 

"SQUARE AND TRIANGULAR N U MBERS" 
( " ENTER A NUMBER" N? = N .  I 

"S(" N . !  ") = " #S,N . ;  ! 
T("  N . !  ") = " #T, N . ;  ! " ! "  ) 

$ S  %A1 - [ #T, %A; #T, %A1  - ;  + @ 1 1  @ 
$T %A 1 - [ #S, %A 1 - ; 3 %A* 1 - + 2/ @ 1 1 @ 

$ $  

Listing 7 :  This Mouse program reads an integer and prints the corresponding 
square number Sn and triangular number Tn. It uses two mutually recursive 
macroinstructions 5 and T. 

" PRIME N UMBERS ! "  N 1  = ( N N . 1  + = #P, N . ; ) 

$ P F 1 = N 1 =  

$ $  

( FF . 1 + = %AF . - I  %AF . /F . *  %A - 1  + [ NO = 0 1  1 ) 
N .  [ %A! " ! "  1 @  

Listing 2: This program prints a list of prime numbers. Macroinstruction P 
determines whether its parameter N is a prime number and, if it is, prints it. 
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th ird, "C", i s  i gnored because there i s  no 
formal parameter %C. The last call is to 
an undefined macroinstruction U, and has 
no effect. 

Now that al l of the control structures of 
Mouse have been described,  we can define 
clause more preci sely .  A clause may be : an 
expression, a l iteral stri ng, a cond ition, a 
loop, a macro cal l ,  or a c lause followed by 
another c lause. Actual parameters and macro 
defi n it ions must be clauses. These ru les are 
not precise enough to formal ly define the 
syntax of Mouse, but  they serve as a guide 
for the Mouse programmer. Their principal 
purpose is to ensure that a l l  of the com­
ponents of a control structure are on the 
same level . They forbid, for examp le, the 
use of ( or [ without the match ing ) or ] at 
the same level in a cond ition, loop, macro 
defin it ion or actual parameter. 

Example Programs 

We conclude this sect ion of the artic le 
with some sample Mouse programs. The 
first program i l l ustrates mutual recursion .  
Two macro instructions are said to be mutu­
ally recursive if each one cal l s  the other. The 
square numbers sn  ( 1 ,  4, 9 ,  1 6, . . .  ) and the 
triangu lar numbers Tn { 1 , 3, 6 ,  1 0, . . .  ) can 
be defined in terms of each other in the fol­
lowing way : 

5 1  = 1 
Sn = Tn + Tn _ 1 for n > 1 
T1 = 1 
Tn = {Sn _ 1  + 3n - 1 )/2 for n > 1  

The program, which appears i n  l i st ing 1 ,  uses 
mutual ly recursive macro i nstructions S and 
T to compute Sn and T n .  

The second program, which appears in 
l isting 2, prints prime numbers. I t  loops 
indefi nitely, cal l i ng macro instruction P for 
each integer N in turn. Macroinstruction P 
prints N ,  if N is prime. The expression 
%A F./F. *%A - 7 +  is equ ivalent to 1 - %A 
mod F.; it is positive only if F d ivides %A 
exactly. The program wi l l  fail when incre­
menting N causes overflow, but  the algo­
rithm is so inefficient that there is l ittle 
danger of this happening. 

The th ird program, shown in  l isting 3, 
uses recursive macroinstruction V to print 
the words of a song. The British and Ameri­
can vers ions of this song are d ifferent, and 
I am not sure that the words printed by the 
program are a correct statement of e ither 
version .  The l im i t  of n ine verses i s  a restric­
tion imposed by the i nterpreter described 
in  this article, not an i nherent l im i tation 
of Mouse. 
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The program which appears in l isting 4 
pr ints the moves requ i red to solve the 
Towers of Hanoi problem for a given num­
ber of d i sks. It uses recu rsion, and demon­
strates the u se of stri ngs as actual parameters. 

( "HOW MANY VERSES?" 
S? = S . l  1 0S . - [ #V, S . 1  + ; I l 

$V %A 1 - [ #N, %A; #B; #W; " , ! "  
#N , %A; #B; " ; I "  #F; " , ! "  
#N, %A 1  - ;  #B; #W; " .  ! ! "  
#V, %A 1 - ;  I @  

$ B " GREEN BOTTLES" @ 
$W "STAN DING ON THE WALL" @ 
$F " I F  O N E  OF THOSE BOTTLES SHOULD HAPPEN TO FALL" @ 

$ N  %A9 - l " N I N E "  
%A8 - [ " EIGHT" 
%A7 - l "SEVEN" 
%A6 - [ "SIX" 
%A5 - [ "FIVE" 
%A4 - [ " FOUR" 
%A3 - l "THREE" 
%A2 - l "TWO" 
% A 1 - l "ONE" 

$ $  

%A [ " N O "  

@ 
@ 
@ 
@ 
@ I  
@ I  
@ I ­
@ I 
@ I  
@ I @ 

Listing 3: Macroinstruction V calls macroinstructions 8, W, F, and N to print 
one verse of a song, and then calls itself recursively to print the next verse. 
The number of verses is limited to nine, but the interpreter is quite easily 
modified to enable the program to print more verses. 

"TOWERS O F  HANOI !HOW MANY DISKS?" D ?  = 
D .  l #H, D . , " LEFT" , "RIGHT " , "CENTER"; I 

$ H  %A l #H, %A 1  - , %B, % D , %C; 
" MOVE " % B  " TO " %C " ! "  

$ $  

#H , %A 1  - , %D , %C, %B; I @  

Listing 4: The famous Towers of Hanoi problem. The program prints a list 
of the moves required to solve the problem for a specified number of rings. 

" B U BBLE SORT!" #P,A; 

$P " HOW MANY N U M BERS?" N ?  = N .  2 6 - l "TOO MANY!" @ I  
" ENTER " N . !  " N UMBERS!" N N . 1 - = 
#F,M , O , N . ,  %AM . + ?  = ;  
" I N PUT ARRAY ! "  #F, M , O , N . ,  %AM . + . ! " " ; " ! "  
# B ,  %A,O,N . ;  
"SORTED ARRAY! "  #F, M , O, N . ,  %AM . + . !  " " ; " ! " @ 

$ B  #F, I , % B 1  + , %C ,  
#F,J, %C, I . ,  

%AJ . 1 - + . %AJ . + . -
[ #E, %AJ . + ,  %AJ . 1 - + ;  I ; ; @ 

$ F  %A % B = % C %A . - 1  + 
l ( %C %A . - 1 + I %D %A %A . 1 + = ) @ I 

( %A . %C - 1 + I  %D %A %A . 1 - = l @ 

$ E  %A % B . %B %A . = = @ 

$ $  

Listing 5: This is the most elaborate Mouse program presented in this article. 
The main program contains one macro call (#P,A;) only, and so all 26 vari­
ables at the lowest level can be used to store an array. The program sorts 
the array using the bubble sort algorithm, and then prints it. 
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The last p rogram, shown in l i st ing 5, is 
the most elaborate. It reads an array, prints 
it, sorts it i nto ascend i ng sequence, and 
prints the sorted array. The main program 
prints the t it le and then cal l s  macroin struc­
t ion P to do everyth ing e l se. The add ress of 
A i s  given to P, and since no variables are 
used i n  the main program, al l 26 compo­
nents of array A can be u sed to store the 
input data. Thus, the program can sort u p  
to 2 6  numbers. The program makes 
extensive use of macro instruction F, wh ich 
s imu lates a for statement. The effect of a 
cal l to F i s :  

for %A :=  %B to %C do  %0 

If  %B > %C then the index variab l e  %A wi l l  
be decremented rather than incremented . 
Macro instruction E i s  the exchange macro­
instruction introduced earl ier. Macroinstruc­
tion B does the actual sorting in two nested 
loops, us ing the bubb le sort algorithm .  

I mplementation 

The Mouse interpreter i s  presented i n  
l i st ing 6 i n  the  form of  a Pascal program . I t  
i s  not intended, however, that Mouse should 
be imp lemented by that program. L i sting 6 
is i ntended to be a machine independent 
guide to the imp lementation of Mouse in 
assembly or mach ine language. Accordingly, 
the explanation which fol lows contains h ints 
as to how the Pascal statements can be trans­
lated into mach ine language. Numbers i n  
parentheses refer to l i ne  numbers in l i st ing 6 .  
Some explanation o f  the meaning o f  the 
Pascal statements i s  given here. ( I f  you need 
more, consult e ither J ensen and Wirth {refer­
ence 3) or my book (reference 4) ) .  

The program starts with a head ing ( 1 ) .  
Th i s  l i ne merely states that the program i s  
cal led Mouse and that i t  u ses two fi les, 
I N PUT and OUTPUT. L ines 1 2  thru 1 8  
declare the global variables o f  the program. 
G lobal variables can be u sed anywhere in a 
Pascal program, even in su broutines. The 
first five declarations ( 1 2  thru 1 6) define 
arrays. P ROG is  an array of 500 characters 
used to store the text of the Mouse program. 
The components of P ROG are written 
P ROG[ 1 ] ,  P ROG(2]  . . .  P ROG[500]. DE FI ­
N IT IONS is  an  array of 26 integers. Each 
nonzero component of D E F I N IT IONS 
forms an i ndex for the start of a macro 
definition i n  the array P ROG. The array 
CALSTACK is the stack u sed for calcula­
tions. The array STACK i s  the main stack, 
used to store the status of the program 
during the expansion of a macro cal l ,  a 
formal parameter, o r  a loop. Each compo­
nent of STACK is  a variab le of type 



F RAM ETYPE .  Th i s  type is defined in l i nes 
5 thru 9 .  A F RAM ETYPE variable has th ree 
components :  TAG, POS, and O FF. A TAG 
has one of three values :  MAC RO, PARAM, 
or LOOP; these values can be coded as 0, 
1 ,  2, or -1 , 0, + 1 . POS and OFF are both 
integers. The most convenient way to repre­
sent STACK is as a block of 20 un its, each 
unit hav ing three words. With in  a u n it, the 
word requ i red i s  addressed by its offset : 0 
for TAG, 1 for POS, and 2 for O F F. For 
example, the address STACK [N) .O F F  (the 
address of component O F F  of the Nth u n it) 
is ST ACK+3* (N-1 )+2. F inal ly, the array 
OAT A is u sed to store the values of both 
local and global variables of the Mouse 
program. The sizes of the arrays are 
adequate for s imple Mouse programs, 
includ ing al l programs in th is art icle. The 
cho ice of array sizes i s  d i scussed below 
in greater detai l .  

Lines 1 7  and 1 8  declare global scalar 
variables. CAL is  a pointer to CALST ACK;  
i t  i s  an  index for the  next free stack word . 
LEVEL performs the same function for 
STACK, the main stack.  C HPOS is a pointer 
to the array P ROG ;  i t  i ndexes the character 
cu rrently being processed. The current 
character i tself i s  stored in CH .  Assum ing 
that a single byte is u sed to store a character, 
and two bytes are used to store an i nteger, 
global data for the interpreter occupies 
1 248 bytes of memory. 

L ines 20 thru 84 defi ne the sub routines 
used by the interpreter. The function N U M  
(20 thru 2 3 )  maps letters i nto integers. The 
Pascal function ORO means s imply ordinal 
value of. The ord i nal value  of a character i s  
its ASC I I (or other) code.  For  example, i f  
the code for A i s  65 ,  then O RO( 'A')  = 65. 
Thus, NUM ('A')  = 1 ,  NUM ( 'B ' )  =2, and so 
on. The i n terpreter assumes that the letters 
have consecutive codes, and h ence that 
NUM ('Z') = 26. The function VAL performs 
a s imi lar task for d igits. V AL ('O ' )  = 0, VAL 
( '1 ' )  = 1 ,  and so on .  In  mach ine  language, 
these fu nctions can be imp lemented by a 
single in struction which subtracts the appro­
priate constant from the character value .  
The procedure G ETCHAR (30 thru 33) 
increments the character pointer CHPOS 
and sets CH to the next character in the 
array PROG . The Mouse program is accessed 
by means of th is procedure on ly .  

PUSHCAL (35 thru 38) and POPCAL (40 
thru 43) are used to store and remove values 
from the calculation stack CALST ACK.  The 
parameter of PUSHCAL i s  the value  wh ich is 
to be pushed onto the stack.  The value  
returned by POPCAL i s  the value removed 
from the stack.  In a mach ine l anguage imple­
mentation, these values can be passed in  a 
register. PUSH (45 thru 5 1 ) and POP (5 3 

Listing 6: The Mouse interpreter expressed as a Pascal program. 

1 program MOUSE (input,output); 
2 
3 type 
4 TAGTYPE = (MACRO,PARAM,LOOP);  
5 FRAMETYPE = 
6 record 
7 TAG : T AGTYPE; 
8 POS,OFF : integer 
9 end; 

1 0  
1 1  var 
1 2 PROG array 1 . .  500 of char; 
1 3  DEFINITIONS array 1 . .  2 6  of integer; 
1 4  CALST ACK array 1 . .  2 0  of integer; 
1 5  STACK array 1 . .  20 of FRAM ETYPE; 
1 6  DATA : array [ 1 . .  2 6 0  1 of integer; 
1 7  CAL, CHPOS, LEVEL, OFFSET,  PAR N U M ,  PARBAL, TEMP : integer; 
1 8  CH : char; 
1 9  
20 function N U M  (CH : char) : integer; 
2 1  begin 
2 2  N U M  : = ord(CH)  - ord ( 'A ' )  + 
2 3  end; 
2 4  
2 5  function VAL ( C H  : char) : integer; 
26 begin 
2 7  VAL : =  ord ( C H )  - ord ( ' O ' )  
2 8  end; 
29 
30 procedure GETCHAR; 
3 1  begin 
3 2  CHPOS : = CHPOS + 1 ;  CH : = PROG!CHPOS1 
33 end; 
34 
3 5  procedure PUSHCAL (DATUM : integer); 
36 begin 
3 7  CAL : =  C A L  + 1 ;  CALSTACK !CAL1 : = DATU M 
38 end; 
39 
40 function POPCAL : integer; 
4 1  begin 
42 POPCAL : = CALSTACK[CAL1;  CAL : =  CAL = 
43 end; 
44 
45 procedure PUSH (TAGVAL : TAGTYPE);  
46 begin 
4 7 LEVEL : = LEVEL + 1 ; 
48 STACK[LEVEL1 . TAG : = TAGVAL; 
49 ST ACK[LEVEL1 . POS . - C HPOS; 
50 ST ACK[LEVEL1 . O FF . - OFFSET 
5 1  end; 
52 
53 procedure POP; 
54 begin 
5 5  CHPOS : = STACK ILEVEL1 . POS; 
56 OFFSET : =  STACK [ LEVEL1 . OFF; 
5 7  LEVEL : =  LEVEL - 1 
5 8  end; 
5 9  
6 0  procedure S K I P  ( L C H ,  RCH : char); 
6 1  var CNT : integer; 
6 2  begin 
6 3  CNT : = 1 ;  
6 4  repeat 
6 5  GETCHAR; 
66 i f  CH = LCH 
67 then CNT : = CNT + 
68 else if  CH = RCH 
6 9  then C N T  : = CNT - 1 
70 until CNT = 0 
7 1  end; 
7 2  
7 3  procedure LOAD; 
74 var THIS, LAST : char; CHARNUM : integer; 
7 5  begin 
7 6  for CHARN U M  : = 1 t o  2 6  d o  DEFINITIONS[CHARNUM1 : = 0 ;  
7 7  CHAR N U M  : = 0 ;  T H I S  : = ' ' ; 
7 8  repeat 
7 9  LAST : = THIS;  read(TH I S ) ;  
8 0  C H A R N U M  : = CHARN U M  + 1 ;  PROG [CHARNUM1 : = THIS; 
8 1  if (THIS in [ 'A'  . .  'Z' 1 )  and (LAST = ' $ ' ) 
8 2  then DEFIN ITIONSIN U M (THIS)1  : = CHARN U M  

Listing 6 continued on page 270 
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Listing 6 continued from page 209: 

8 3  
8 4  
8 5  
8 6  
8 7  
88 
8 9  
90 
9 1  
9 2  
9 3  
94 
95 
9 6  
97 
9 8  
9 9  

1 00 
1 0 1  
1 02 
1 03 
1 04 
1 0 5 
1 06 
1 07 
1 08 
1 09 
1 1 0 
1 1 1  
1 1 2  
1 1 3  
1 1 4 
1 1 5  
1 1 6  
1 1 7  
1 1 8 
1 1 9 
1 20 
1 2 1 
1 22 
1 23 
1 24 
1 2 5 
1 26 
1 2 7 
1 28 
1 29 
1 30 
1 3 1  
1 3 2 
1 3 3 
1 34 
1 3 5 
1 3 6 
1 3 7 
1 38 
1 3 9 
1 40 
1 4 1 
1 42 
1 43 
1 44 
1 4 5 
1 46 
1 47 
1 48 
1 49 
1 50 
1 5 1  
1 5 2 
1 5 3 
1 54 
1 5 5 
1 56 
1 57 
1 58 
1 59 
1 60 
1 6 1  
1 62 
1 63 

until (THIS = ' $ ' ) and (LAST = ' $ ' ) 
end; 

begin 
LOAD; 
CHPOS : = 0 ;  LEVEL : = 0; OFFSET : = 0; CAL : = 0; 
repeat 

GETCHAR; 
case CH of 

• •
• ' ] ' ,  ' $ ' : ;  

' 0 ' , ' 1  ' , ' 2 ' / 3 ' , ' 4 ' , ' 5 ' , ' 6 ' , ' 7 ' , ' 8 ' , ' 9 ' : 
begin 

TEMP : =  0 ;  
while CH in  [ '0'  . .  ' 9 '  1 do 

begin 
TEMP : =  1 0  * TEMP + VAL(CH ) ;  GETCHAR 

end; 
PUSHCAL(TEMP);  CHPOS : = CHPOS - 1 

end; 

' 7 '  : begin 

' I '  

' + '  

' * '  

'I' 

read (TEMP ) ;  PUSHCAL(TEMP) 
end; 

write(POPCAL : 1 ); 

PUSHCAL(POPCAL + POPCAL); 

PUSHCAL( - POPCAL + POPCAL) ; 

PUSHCAL(POPCAL * POPCAL); 

begin 
TEMP : = POPCAL; 
PUSHCAL(POPCAL div TEMP) 

end; 

PUSHCAL(DATA[POPCAL]) ;  

begin 
TEMP : = POPCAL; 
DATA[POPCAL] : = TEMP 

end; 

repeat 
GETCHAR; 
if C H  = ' ! '  

then writeln 
else if CH * ' " ' 

then write(CH)  
until CH = ' "  ' ;  

' [ '  i f  POPCAL :5 0 then SKIP( ' [ ' , ' ] ' ) ;  

' ( '  PUSH(LOOPl;  

' I ' if POPCAL :5 0  
then 

begin 
POP; SKIP( ' ( ' . ' ) ' )  

end; 

' ) '  C H PO S : = STACK[LEVEL] . POS; 

' #' begin 
GETCHAR; 
if DEFINITIONS[N UM (CH ) ]  > 0 

then 

end; 

begin 
PUSH (MACRO ) ;  
C H POS : = DEFINITION S[NUM(CH)] ;  
OFFSET : = OFFSET + 2 6  

end; 
else SKIP( ' #' , ' ; ' )  

Listing 6 continued on page 2 7  2 
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thru 58) perform s imi lar fu nctions for the 
main stack, but they are more compl icated 
because each stack entry h as three words. 
The data p laced on the stack by PUSH con­
sists of the parameter, T AGV AL, and the 
values of the two global variables, CHPOS 
and OF FSET. The procedure POP restores 
the values of CHPOS and O F FSET but 
ignores the stacked val ue  of T AG . 

The procedu re SK IP  (60 thru 7 1 ) i s  u sed 
to skip over nested pai rs of characters. For 
examp le, S K I P ( ' [ ' , ' ] ' )  is u sed to skip over 
cond itional c lau ses. S K I P  u ses a local vari­
able CNT to count occurrences of left and 
right brackets so that it can correctly skip 
over sequences such as : 

[ . . . [ . . .  ] . . .  ] 

On entry, SK I P  assumes that the first 
character, [, in the example, h as been 
read, so CNT is in itia l ly  set to 1 .  Subse­
quently, [ i ncrements CNT and ] decrements 
CNT. The procedu re terminates when CNT 
= 0.  Th is procedure is u sed for sk ipp ing 
over [ . . .  ] ,  ( . . .  ) ,  and # . . .  ;. 

The procedure LOAD (73 thru 84) has 
two functions :  it reads the program from the 
i nput fi l e  i nto the array P ROG ,  one charac-

. ter at a t ime; and it stores pointers to macro 
defin i tions i n  the array D E F I N IT IONS.  I t  
uses local variables TH IS ,  LAST, and 
CHARNUM (74) , and it i n itial izes a l l  com­
ponents of the array DE F I N IT IONS to zero 
(76) ,  so that the i nterpreter can later recog­
nize a cal l to an u ndefined macro. LOAD 
recognizes a macro defi n it ion by the se­
quence $<Jetter> and the end of the pro­
gram by the sequence $$.  

In  this version of the interpreter, both 
the Mouse program and its input data are 
read from the system input fi le. If you 
have aux i l iary storage, such as d isks or 
cassette tapes, i t  i s  probably better to 
store the Mouse program there. I f  you use 
d isks or tapes, READ(TH IS )  on l i ne  79 
wi l l  cal l a procedure that reads one charac­
ter from the chosen device. I t  is much 
easier to develop a Mouse program if it 
is stored on  an external medium where 
it can be attacked with a text ed itor, 
rather than key ing it d i rectly into mem­
ory. Alternately, if you have room in  mem­
ory, you can elaborate the procedu re LOAD 
into a Mouse editor, rather than using it 
s imply as a loader. 

The main  program begins at l i ne  86. 
I n itial ization consists of load ing the pro­
gram (87) and setting various global var iables 
to zero (88). The rest of the interpreter 
consists of a single repeat statement (89 thru 
1 97) .  The body of the repeat statement 
contains two statements: G ETCHAR (90), 
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Listing 6 continued from page 27 0: 

1 64 
1 6 5 ' @' be�n 
1 6 6 POP; SKIP(' #' , ' ; ' )  
1 67 end; 
1 6 8 
1 6 9 ' % ' begin 
1 70 GETCHAR; PARNUM : = N U M (C H ) ;  PUSH(PARAM) ;  

1 7 1 PARBAL : = 1 ;  TEMP : =  LEVEL; 
1 7 2 repeat 
1 7 3 TEMP : = TEMP - 1 ;  
1 74 case STACK[TEMP] . TAG of 
1 7  5 MACRO : PARBAL : = PARBAL - 1 ;  
1 7 6 PARAM : PARBAL : = PARBAL - 1 ;  
1 7 7 LOOP : 
1 7 8 end 
1 7 9 until PARBAL = 0; 
1 80 C H POS : = STACK[TEMPJ . POS; 
1 8 1  OFFSET : = ST ACK[TEMP] . OFF; 
1 8 2 repeat 
1 8 3 GETCHAR; 
1 84 if CH = ' #' 
1 8 5 then 
1 86 begin 
1 8 7 SKIP( ' #' , ' ; ' ) ;  GETCHAR 
1 8 8 end; 
1 89 if CH = ' , ' then PARN UM : = PARNUM - 1 
1 90 until (PARNUM = 0) or (CH = ' ; ' ) ;  
1 9 1 if CH = ' ; ' then POP 
1 9 2 end; 
1 9 3 
1 94 ', ', '; • : POP 
1 9 5 
1 9 6 end 
1 9 7 until CH = ' $ '  
1 9 8 end. 

PET WORD PROCESSOR 

This  program permits com posi n g  and pri nting letters, 
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insert l i nes, delete l i nes, move l i nes and paragraphs, 
change stri ngs, save onto cassette, l oa d  from cassette, 
move u p ,  move down, p r i n t  a nd type. 
The CmC Word Processor Progra m  add resses an RS-
232 p r i n ter through a CmC pr i nter adapter. 
The C m C  Word Processor p rogra m is ava i l a ble for 
$29.50. Add $ 1 .00 for postage and handl i ng per order. 
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and a case statement (91 thru 1 96) wh ich 
selects an action accord ing to the character 
obtained by G ETCHAR. The repeat state­
ment, and hence the interpreter, terminates 
when CH = '$ '. The operation of the i n ter­
preter can therefore be described solely in 
terms of the action taken for each character 
retu rned by G ETCHAR. The case statement 
can be imp lemented by comparing CH  to 
each legal character in turn .  A jump tab le 
addressed by the ord i nal val ue of CH is  more 
efficient, but  it may u se more memory .  

The characters (b lank ) , 1 ,  and $ require no 
action by the  interpreter (93) .  I f  the charac­
ter is $, the repeat statement terminates, 
otherwise control retu rns to G ETCHAR (90) 
wh ich gets the next character. 

If  the character i s  a d ig it (95), th is d igit 
and succeed ing d ig its are read, and the val ue 
of the corresponding number i s  accum u lated 
in TEMP (97 thru 1 01 ) . The value of TEMP 
is  then pushed onto the stack ( 1  02) . The 
interpreter has now read one character past 
the last d igit, which it has to do in order to 
recogn ize th e end of the number, so the 
character pointer i s  backspaced (1 02) . If the 
character i s  a letter (1 05 and 1 06) , i ts 
add ress N U M (CH )+OF FSET is pushed onto 
the stack. If O F FSET = 0, the address of A 
is 1 ,  the add ress of B is 2, and so on.  (The 
u se of OFFSET wi l l  be explai ned later. ) The 
remai n ing operand is ? ( 1 09 thru 1 1 1 ) , 
which reads a number from the input  fi le  
and pushes i ts val ue  onto the stack .  The 
Pascal statement READ (TEMP) reads a s igned 
number from the input fi le, having skipped 
over lead ing b lan ks. 

Lines 1 1 3  thru 1 3 1 defi ne the actions 
taken when an operator has been read . 
Operators use the calcu lation stack 
CALST ACK. The character ! ( 1 1 3) pops the 
top value off the stack and prints it. The 
Pascal statement WR ITE (POPCAL : 1 )  
pri n ts the val ue of POPCAL without lead ing 
or trai l i ng  b lan ks .  1. I f  b lan ks are requ i red 
to separate numbers, they must be expl ic itly 
coded in the Mouse program. 

The arithmetic operators ( 1 1 5  th ru 1 24) 
remove two operands  from the stack, apply 
the appropriate operation, and push the 
resu lt  onto the stack. Note that the second 
operand i s  on top of the stack, but must be 
used after the first operand in the noncom­
mutative subtraction and d ivis ion operations. 
The Pascal operator div means "d ivide and 
truncate" ( 1 23) . The operator . (period ) 
replaces the address on the stack by the 
corresponding component of the array 
OAT A ( 1 26). The assignment operator (= ) 
uses the add ress and value on the stack to 
update a component of the array OAT A 
( 1 28 thru 1 3 1 ) .  

A l l  o f  the operations on  CALSTACK are 
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coded us ing the subroutines PUSHCAL and 
POPCAL. They can be coded more efficient­
ly without these subroutines. For example, 
the action requ ired for d ivision can be 
written :  

CAL := CAL - 1 ;  
CALSTACK[CAL]  := CALSTACK[CAL]  
d iv  CALSTACK [CAL +1 ] 

The advantage of using the subroutines 
PUSHCAL and POPCAL is that they can 
check for stack u nderflow (CAL < 0 i n  
POPCAL) and stack overfl ow (CAL � 20  i n  
PUSHCAL), al though these checks are not 
shown in th i s  l isting. 

When the double quote character " i s  
encountered , the i n terpreter prints successive 
characters up to, but  not inc lud ing, the next 
quote character ( 1 33 thru 1 39) .  The Pascal 
procedure WR ITELN writes a carriage retu rn/ 
l ine feed to the output fi le, and WR ITE (CH) 
wri tes the s ingle character CH. 

The l eft bracket [ introduces a condi­
tional clause. The value on top of the stack 
is removed and examined .  If it is positive 
and nonzero, no action i s  taken, and the 
i n terpreter proceeds to execute the bracketed 
clau se. If the value  on the stack is zero or 

its ytes 
ooks. arga1ns 
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negative, the i n terpreter sk ips to the matchi ng 
right bracket ] . The use of the procedure 
SK IP  enables the i n terpreter to process 
nested cond itions correctly .  

Loops are imp lemented by l i nes 1 43 thru 
1 51 .  The effect of the left parenthesis ( is 
s imply to push a stack frame of type LOOP 
onto the main stack. Th is  stores the current 
value  of CHPOS on the stack .  ( I t  al so stores 
the cu rrent value  of O FFSET, but  OF FSET 
is not used for loops. ) When the interpreter 
encounters the up arrow symbol (t) ,  it 
removes and exam ines the value  on top of 
the calcu lation stack.  If th is  val ue is posi tive 
and nonzero, there is noth ing  to do ,  bu t  if i t  
i s  zero or negative, the i n terpreter  must exit  
from the loop. I t  does th is  in two steps 
( 1 48 ) .  F i rst, the main stack i s  popped . This 
restores the value of CHPOS, wh ich now 
points to the l eft paren thesis ( at the be­
ginn ing  of the loop. Then the procedure 
SK I P  is used to skip over the body of the 
loop and leave CHPOS pointing to the 
closing  right parenthesis ). This is a sl ightly 
inefficient method of term inating the loop, 
because the enti re body of the loop is  skip­
ped, rather than just the section from t to ) .  
When the right parenthesis i s  encountered 
during the execution of the loop, CHPOS 
is set to the stacked val ue POS, wh ich causes 
the interpreter to j ump back to the opening 
parenthesis. The stack i s  used for loops to 
al l ow loops to be nested .  

The rest of the case statement, l ines 
1 53 th ru 1 94, handles macro expansion 
and parameter su bstitution. When the 
i n terpreter encounters the character # ( 1 53) ,  
i t  reads the character which fol lows. Th is 
character shou ld  be a letter ( 1 54) . If there 
is a defi n i tion for the macroinstruction 
(DE F I N IT ION S [ N U M (CH) ]  > 0) , the i n ter­
preter pushes a MACRO entry onto the 
main stack ( 1 58) and assigns new val ues to 
CHPOS ( 1 59) and O F FSET ( 1 60) .  CHPOS 
now points to the first character of the 
macro defin ition. The effect of add ing 
26 to OF FSET is to a l locate 26 local var­
iables in the array DATA for the use of 
the macro. The address of the local variable 
A is  N UM( 'A')+OFFSET (see l i n e  1 07 ) ;  i n  
the  mai n program th i s  i s  1 ,  i n  a macro­
instruction cal led from the main program i t  
i s  27 ,  and so on. I f  there i s  no  defi n ition for 
the macroinstruction,  the interpreter skips 
to the semicolon which term inates the 
cal l ( 1 62) .  The procedure S K I P  m ust be used 
to find  the semicolon because the actual 
parameters of the macro cal l may inc lude 
macro cal ls . The interpreter cont inues to 
process the macro defin ition unti l  it encoun­
ters an @, at which point i t  pops the main 
stack ( 1 66). Popping the stack resets OFFSET 



Circle 93 on i nquiry card . 

25 START-AT-HOM E  
COM PUTER BUSINESSES 
I n  "Low Capital, Startup 
Computer Businesses" 

CONSULT I N G  • PROGRAM M I N G  • M I CRO COMPUTER 
OPPORTUN I TIES • SOFTWARE PACKAGES • FREELANCE 

WRITING • SEMINARS • TAPE/DISC CLEAN I N G  • FIELD 
SERVICE • SYSTEMS HOUSES • LEAS I N G  • SUPPLIES • 

PUBLISH I N G  • HARDWARE DISTR I B UTORS • SALES 
AGENC I ES • USED COMPUTERS • FI NDER'S FEES • 
SCRAP COMPONENTS • AND MORE . . .  

Plus - ideas on moonl ighting, going 
ful l-time, image building, revenue 
building, bidding, contracts, marketing, 

p rofessionalism, and more. N o  career 
tool like it. Order now - if not completely 
satisfied, return within 30 days for full  
immediate refund. 

• 8'h x 1 1  ringbound • 1 56 pp. • $20.00 

Phone Orders 901-761-9090 

DATASEARCH 
incorporated 

4954 Will iam Arnold Road, Dept. B, Memphis, TN 381 1 7  

Rush m y  copy o f  "Low Capital Startup Computer Businesses" at $20. 

NAME/COMPANY -------------
ADDRESS _______________ _ 

CITY/STATE/ZI P --------------
0 Check Enclosed 0 VISA 0 Master Charge 

--------- Exp. Date -------

EASYSOFTW ARE 
for your APPLE 

Let your APPLE teach you 
FRENCH, GERMAN, ITALIAN, andSPANISH 
Each package contains more than HXX> French, German, 
Italian or Spanish words and their English equivalents. You 
may answer in French, German, etc. or English either by 
multiple choice or by fill-in. The programs keep track of cor­
rect and incorrect responses and sort words according to their 
difficulty. 

Then enjoy COMPUTER ART new beautiful symmetrical 
high resolution color designs. An almost infinite number! 
Endless hours of enjoyment. Don't get high and start 
watching these! 

t---------------- - - - - - ------------------------

( ) FRENCH $25 Name _____ _ 

( ) GERMAN $25 Address 

( ) ITALIAN $25 City _____ _ 

( ) SPANISH $25 State 
( ) Ill ART $10 Zip 

Send check or money order to: 

EASYSOFfW ARE 
PO Box 84305 

Veterans Adm Br 

Los Angeles CA 90073 
·--------------------------------------------· 

Circle 1 03 on inqu i ry card. 

--­' . 

r-----·· .__. ':------------C-ir_
c
_
l e

_
3
_

7
_

2
_

o
_

n
_

i
_
n
_
q
_
u
_
i ry __ 

c

_

ar

�

d. 

l r --. 1 
lP8aiS - [)8t8 fJVPCJllP8t illal 

ANNOUNCES MICROCOM PUTERS SOFTWARE 
FOR O H I O  SCI ENTI FIC, 

APPLE II, A N D  NORTH STAR. 

OHIO SCI ENTI FIC (C1 ·P, C2·4P, C2·8P) 

* Interest on Loans . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 6.00 
*Checking Account . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 8.00 
• Luna Lauder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 6.00 
*Star Treck 8K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 6.00 
* Hangman 8K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 8.00 
• Basic Tutor Series . . . . . . . . . . . . . . . . . . . . . . . . . . . . $29.00 

APPLE I I  

* File Management System . . . . . . . . . . . . . . . . . .  32K $60.00 
*Word Processor . . . . . . . . . . . . . . . . . . . . . . . . . .  32K $60.00 
*Step By Step . . . . . . . . . . . • . . . . . . . . . . . . . . . . .  1 6K $39.95 

N ORTH STAR 

* Inventory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $25.00 
*Medical Bill ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $25.00 
* Payroll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $25.00 

WE HAVE THE MOST SOPHISTICA TED LIBRARY OF SOFT· 
WARE FOR THESE MICROCOMPUTERS IN STOCK. SEND 
$ 1 . 00 FOR SOFTWARE CATALOG OR CALL OUR TOLL FREE 
NUMBER (BOO) 327-8455. 
PLEASE S PECI FY D ISK OR TAPE VERSION AND 
COM PUTER MODEL. 

Trans-Data Corp. 
1 61 Almeria Avenue 

Coral Gables, Florida 331 34 

M I CROPOLIS SO FTWARE (MOD II) 
W H Y  

D o  you need the CCA 
DATA MANAGEMENT SYSTEM? 

BECA U S E  
With this powerful system, 

You 're in control 
• YOU decide on the files you need (Name & Address. 

AIR. AlP. Payroll. Inventory, Customer l•sts. etc.). 

· YOU choose the names for the files and all  
of the data fields in  the files. 

· YOU let the OMS assist you in  maintaining 
your files using YOUR field names. Records 
can be added , updated , deleted, inspected, 
or scanned for in  any file. 

· YOU let the OMS sort your files as needed. 

· YOU select the report or mai l ing label format, 
selecting t i tle, fields, total ing,  sub-total ing,  
edit ing and more. 

Stay in control ! 
Order the CCA Data Management System today! 

Only $ 1 50.00 - Comprehensive Documentation 

Creative Computer Application,.s 
Deater 22 1 8  Glen Canyon Road -������s Altadena, CA 9 1 00 1  · · · '  

(2 13 )  798-4529 

Circle 84 on inqu iry card . BYTE July 1 9 79 2 1 5  



correctly, but  i t  leaves CHPOS pointing at 
the macroinstruction name. The cal l  tel 
SK I P  ( 1 66) moves CHPOS past the macro 
cal l so that processing can continue. 

The most d ifficu lt task for the interpreter 
is processing a formal parameter ( 1 69 thru 
1 92) .  F irst, the i nterpreter reads the param­
eter name and sets P A RN U M to the corre­
spond ing numeric value (1 70). For example, 
if  it reads %A , PARNUM is  set to 1 .  A new 
entry i s  created in the main stack. The next 
problem is to fi nd, in the stack, the stack 

# A , 3 ;  $A # B , % A ; (.Ci> $8 % A ! (.Ci> $ $  

1 1 POS TAG OFF LEVEL 

• PAR A M  4 I • PAR A M  3 
M A C R O  2 6  2 

M A C R O  0 I 

Figure 7 :  The interpreter has read the formal parameter %A in the call #B,A ; 
and is looking for the actual parameter 3. Level 7 of the stack, shown at the 
right, contains a pointer to the corresponding macro call #A ,3 ; . The inter­
preter finds this pointer by searching the stack for a MA CRO frame matching 
the PA RAM frame at stack level 4. 
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tndependently �.
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and Includes a fllp-pnnt operatmg mode for tao• vtewtng, and ready lines provide 
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frame created by the correspond ing macro 
cal l .  This wou ld  be easy if the cal l frame 
was at the top of the stack, but  th i s  is not 
necessari l y  the case. 

Consider the s i tu ation shown in figure 1 ,  
which shows a s imple Mouse program and 
the main stack duri ng its execution.  The 
interpreter reads #A , creates the stack frame 
at level 1 ,  and moves CHPOS to $A . I t  then 
reads #B, creates the stack frame at level 2 ,  
and moves CHPOS to $8.  Now i t  encounters 
%A , creates a PARAM stack frame at leve1 3, 
and sets CHPOS to the actual parameter. 
The actual parameter is %A ( i n  the cal l  
#B,%A;) and so  i t  creates a new stack frame 
at level 4. Now the interpreter has to find 
the actual parameter correspond ing to th is  
%A . 

I n  order to do th is it must locate the 
stack frame at l evel 1 ,  wh ich contains a 
pointer to #A . I t  can find the correct frame 
by us ing the fact that MACRO and PARAM 
frames in  the stack are nested . (The situa­
tion i s  s l ightly more compl icated when an 
actual parameter conta ins a macro cal l ,  but 
the same strategy works. ) The search i s  
implemented by l i nes 1 7 1 thru 1 79 of the 
i nterpreter. LOOP frames on the stack are 
ignored ( 1 77 ) .  

When the  interpreter has fou nd the  cor­
rect stack frame, it sets the values of CHPOS 
and O F FSET from it ( 1 80 and 1 81 ) .  The 
stacked val ue of OF FSET must be  u sed 
because variables in an actual parameter 
belong to the l evel of the macro cal l ,  not to 
the level of its defin it ion. CHPOS now 
poi nts to the name of the macro in the 
macro cal l .  The interpreter finds the correct 
parameter by counting PARNU M  commas 
( 1 82 thru 1 90) .  

The counting process i s  comp l i cated by 
two factors. One i s  that the actual param­
eter may contain macro cal l s ;  th i s  con­
tingency is  handled by S K I P  ( 1 84 thru 1 88 ) .  
The  other compl ication i s  that there. may be  
no actual parameter correspond ing to  the 
formal parameter. In this case, the interpret­
er wi l l  encounter a semicolon ( 1 90 ) ,  and 
must pop the stack frame that it j u st created 
( 1 9 1  ) .  

A n  actual parameter i s  term inated by 
either a comma or a semicolon.  The action 
of the i n terpreter i s  simp ly  to pop the main 
stack ( 1 94) . 

I mproving the Implementation 

The Mouse interpreter that is presented 
here has been pared to the bare essent ial s .  
I t  i s  complete and  accu rate, and  was u sed 
to test the example programs of l istings 1 
thru 5 .  Mouse is easier to u se, however, if 
the interpreter does some error checking. 
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Some of the errors wh ich it can easi ly detect 
are l isted here : 

• Stack underflow and overflow (both 
stacks) . U nderflow is always the resu lt  
of an error in the Mouse program; 
overflow may be due to an error in 
the Mouse program, but it  i s  more 
l i kely that the stack i s  not large 
enough for the program. Checks for 
u nderflow shou l d  be i ncorporated i nto 
POP and POPCAL, and checks for 
overflow shou l d  be i ncorporated i nto 
PUSH and PUSHCAL.  

• I l legal characters. The  i n terpreter 
shou ld  check the program for i l l egal 
characters; this can be done du ring 
loading. 

• Division by zero. TEMP = 0 at l i ne  
1 22 .  

• I l l egal address. The value  o f  the stack 
at l i ne 1 26 should satisfy 1 .;;;; POPCAL 
.;;;; O F FSET+26;  the same test can be 
made at l i ne  1 29 .  A stricter address 
check wou ld  be preferable,  but is not 
easy to devise, s ince a macroinstruc­
tion can access the variables both a't 
its own level and at lower l evels by 
means of parameters. 

• Context errors. The characters # and 
% must always be fol lowed by a letter. 

• Undefined macroi nstruction or m i ssing 
actual parameter. These wou l d  be re­
garded as errors i n  a stricter imp lemen­
tation of Mouse.  

A tracing opt ion is a powerful a id to 
debugging Mouse programs. The easiest way 
to trace the execution of a Mouse program i s  
to  make the  interpreter d i sp lay the  valu e  of 
each character it processes. This can be done 
by inserting WR ITE(CH)  after GETCHAR 
at l i ne  90 of the i nterpreter ( l i st ing 6 ) .  I t  is 
also u sefu l to trace the resu lts of assign­
ments. This can be done by pr int ing the 
value of TEMP at l i ne  1 29 .  

The size of  the  arrays ( 1 2 thru 1 6) can 
be adjusted to suit you r  requ i rements. Most 
expressions can be evaluated with a smal l 
stack of two or three entries, and you may 
find it surprising that CALST ACK has space 
for so many entries. The reason is that some 
recursive macroinstructions (such as S and T 
in l ist ing 1 )  create an entry in the calculation 
stack at each level of recursion, and CAL­
STACK must be large enough to hold these. 
The array DATA makes the poorest use of 
space; 26 words are al located at each l evel of 
macrocal l .  This implementation a l lows ten 
cal l i ng  levels, wh ich is not as generous as 
it sounds if you are using recursive macro­
instructions. You can reduce the space 
requirement to ten variables (A,B . . .  j )  



at each level ,  by changing l ine  1 60 to 
O F FSET := O F FSET + 1 0 . Note that a 
macroinstruction with no local variables 
needs space in  the array STACK but not i n  
the array DATA, so recu rsive macros such as 
S and T in  l i st ing 1 ,  V in  l isting 3, and H i n  
l isting 4 ,  are l imited on ly b y  the size of 
the arrays STACK and CALST ACK.  

Improving the Language 

It is easy to add features to Mouse .  A 
random number generator is u sefu l ,  particu­
lar ly for programm ing games. Probably the 
s implest method is  to use a u nary operator 
which mu ltipl ies the number on the top of 
the calculation stack by a real random num­
ber R such that 0 < R < 1 ,  truncates the 
result, and i ncrements it .  If the character : 
(colon ) is used to denote the operator, then 
6: wou l d  l eave a simu lated die throw on the 
stack. 

The most severe restriction of this partic­
ular version of Mouse i s  that it cannot 
process character data. A more powerfu l 
version of Mouse can be obtained by redefin­
ing ? and ! so that they read and write a 
single character. The d isadvantage is that 
macroinstructions are then requ i red to read 
and print numbers - not a large price to pay 
for the greater general i ty ach ieved. 

It is qu ite easy to add a case construction 
to the language. The fol lowing syntax i s  
su itab l e :  

Each Ci is a clause. When the  interpreter 
reads <, it performs the fo l lowing actions :  

• sk ip  to the matching > and push a 
CASE frame onto the main stack ;  

• return to <; 
• if E � 1 ,  then scan the clause l i st u nti l  

the (n-1 )th comma is  encountered, 
otherwise pop the stack.  If the charac­
ter > is encountered du ring th is  scan, 
then E > n, and the case c lause is 
nu l l  or i l lega l .  

The action for comma, wh ich is already 
defi ned to be POP, i s  correct. This construc­
tion wi l l  select and execute one of the 
clauses C1 ,C2 . . . en , according to the valu e  
o f  E .  I t  i s  very easy to write a random sen­
tence generating program in  a vers ion of 
Mouse to which a random number generator 
and a case construction have been added.  

The fac i l it ies for annotating Mouse pro­
grams are very l im ited. Strings in quotes may 
be u sed in the main program outside loops. 
These serve as comments to the program 
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text and also as a guide to progress when the 
program is runn ing, since they are printed by 
the interpreter. The interpreter ignores text 
between macro defi nitions, so macroinstruc­
tions can be titled.  However, these methods 
use up valuable space in the array PROG. A 
better solu tion is to use a special sym bol 
such as ' (apostrophe ) , or a pai r of symbols 
such as { and } , and to modify the loader 
so that it  does not store comments in 
memory . 

Conc lusion 

Mouse i s  s imple enough to be imple­
mented on a sma l l  computer system in a few 
days, yet it is rich enough to give insight i nto 
the mechanisms used by much higher level 
languages. The Mouse interpreter can be 
used by itself or as part of a larger system.  
The General Purpose Macrogenerator is 
considerably more powerfu l than Mouse, 
but nonetheless I th ink that Strachey's 
appraisal of the GPM provides an apt 
conclu sio n :  

I t  has been ou r  experience that the 
GPM, whi le a very powerful tool in 
the hands of a ruthless programmer, is 
something of a trap for the unsophisti-

cated one. I t  contains in itself al l the 
u ndesirabl e  features of every possib le  
mach ine code - in  the sense of invit­
ing end less tricks and t ime-wasting 
though fascinating exercises in inge­
nu ity - without any of the i rritating 
ad hoc features of real machines. I t  
can a lso be almost impenetrably 
opaque, and even very experienced 
programmers i ndeed tend to spend 
hours s imu l ating its action when one 
of their macro defi n ition s  goes wrong. 
Fu rthermore, it i s  remarkably good at 
us ing up  mach ine t ime - fortunately 
the programs written for it are u sual ly 
rather short. • 

R E F E R E NCES 

1 .  G rogono, Peter, "MUSYS: Software for an 
Electronic Music Studio," Software: Practice 

and Experience, volume 3 ,  1 973, pages 369 

thru 383. 

2 .  Strachey, C, "A General Purpose Macrogener­
ator," Computer Journal, vol u me 8, 1 965, 

pages 225 thru 241 . 
3. Jensen, K and N Wirth, PASCA L  User Manual 

and Report, Springer-Verlag, 1 976.  

4 .  G rogono, Peter, Programming in PASCAL, 

Addison-Wesley, 1 978.  
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WE SHIP FROM STOCK - EVERYTHING FACTORY FRESH, FULLY WARRANTEED 

WE ARE KNOWN FOR O U R  PROM PT, COU RTEOUS SERVICE 
TELETYPE MODEL 43 TTL . . . . . . . . . . . . . . . . . . . . . . . . . .  $985 

RS232 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 ,085 
(We stock Teletype Paper and Ribbons) 

DEC LA 34 
High quality, hard copy, dot matrix printer. Plug compatible substitute 
for the Teletype 43. RS232 included at no extra cost . . . . . . . . .  $ 1 , 1 59 
HAZELTI N E  1500 assembled . . . . . . . . . . . . . . . . . . . . . . . . . .  $945 
1510 . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 ,085 

Also available with French. German or Danish character sets. 

MAR I N C H I P  SYSTEMS M9900 CPU 
The Complete, Compatible 1 6  bit C P U  for the S-100 Bus 

Kit Assem bled 
M9900 (includes software) . . . . . . . . . . . . $550 $700 

We configu re systems to suit your individual requirements. 

M O D E M  
Originate/ Answer. The "CAT" from Novation . . . . . . . . . . . . . . .  $190 

HARD DISK CONTROLLER From Kanan . . . . . . . . . .  $1 ,550 
S-100 compatible; plugs into S-100 mainframe, controls 1 -4 drives. 

We Also Carry: 
• PER SCI • FUJ ITSU HARD DISK D RIVES • TEl MAINFRAMES • 

• TAR B ELL CONTROLLERS • I NTERTUBE • SOROC • 
• IMS AND OTH ER MEMORIES • TELL US OF YOU R  NEEDS • 

• WE CAN O BTAI N  MANY ITEMS AT LOW COST • 
To Order: $ 1  2 shipping for Terminals. $4 shipping for other items. 24 hr. 
shipping upon receipt of certified check or money order. Personal checks: 
allow 1 0 days. Credit cards: 4% charge. NY residents add tax. 

* WE EXPORT TO ALL COUNTR I ES * 
OVERSEAS CALLERS USE (212) 448-6298 ONLY 

WE CAN ADAPT MOST EQU I PM ENT FO R 220v, 50Hz 
We have no reader inquiry number. Please call or write. 

JOHN D. OWE NS ASSOC IATES, INC. 
147 NORWOOD AVEN U E  

STATEN ISLAND,  N EW YOR K  10304 
DAY, EVENING, WEEKEND, HOLIDAY CALLS WELCOME! 

(212) 448-6283 (212) 448-6298 

computc!r* 
SO FTWAR E  

FO R B U SI N ESS 
includes: 

* M a i l i n g  L i st 

* G e n e ra l  Led g e r  

* Pay ro l l  

* P h o n e  D i re c t o ry 

* C u s t o m e r  I n fo rm at i o n  

* I nv o i c e  W r i t e r  

* I nv e n t o ry 

* C h e c k  W r i t e r  

* C o m p l e t e  B u s i n ess Syste m  

* M as t e r  B u s i n es s  Syste m 

A vailable Soon W o rd P rocessor 

2224 N .  U niversity, Peoria, I I .  61 604 
Phone 309/686-9352 

" T rademark of App l e  Computer Co. I n c .  

Circle 376 o n  i n q u i ry card . 

Circle 3 1 6  on inqu iry card. 

CATC H T H E  S- 1 00 BUS! 
OU R  

LIST SPECIAL 
PRICE CASH 

PRICE 

l msai " 8080 " 750 . 00 625 . 00 
l msai M I O (two para l le l , one serial , 

one control & Tarbe l l  tape 
cassette port 

S S M  5B-1  M usic Synthesizer 
Board Kit 

I M C  PR0- 1 Dual Extender  Card 
Th i n ker  Toys Discus I I  - Dou ble 

Dens ity Dis k System 
S . D .  Systems Versaf loppy D isk  

Contro l ler  K i t  
S . D . Systems 32/64K 

M emory Board Kit 

Call for Our Prices o n :  

1 95 . 00 1 50 . 00 

1 50 . 00 1 25 . 00 
39 . 00 33 . 00 

1 1 49 . 00 977 . 00 

1 59 . 00 1 35 . 00 

1 4 1 . 00 1 20 . 00 

Cromemco, IMSAI ,  Vector Graphic, North Star, Sanyo, 
Hazeltine, I M C  plus Most Other Major Lines. 

Subject to Available Quantities • Prices Quoted Include Cash Discounts. 
Sh ipp ing & Insurance Extra . 

Bus . . . S - � (] (] "  . n C .  
Add ress . . . 7 White Place 

Clark, N .J .  07066 
I nterface . . .  201 -382· 1318  
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Includes: Mainframe cabinet. mother board. power 
supply, fan. CPU. 1 6 K  static RAM. and choice of 1/0 
card. . $1294.29 
Other packages available. 

1 6K STATIC RAM BOARDS - SS50 
Gold Bus connectors - DIP switch controllable 
addressing. write protect and enabeling of each 4K 
block. Tested at 2 MHz. . .  Assembled $298.13 
Above but sockeNed and with software control registers. 

Assembled $368. 16 

These are factory prime ch1ps from same shipments we use m 
our professional quality boards. 
Add $ 10 handling on orders under S200. 

WORD PROCESSOR Avoid work processor 
converted from other system. Hard to load 
object file & cannot store text in disk. Ours is 
specifically designed for the TRS-BO. Written in 
BASIC. No special hardware and text limit. $39. 

INVENTORY While others use inefficient 
sequential file, we use 9-digit key for fast on-line 
random access. Reports give order info, 
performance summary, etc. $39. 

MAIL print report & labels sorted by any field. 
Random access, special buffering technique. 
$35 

DATA BASE MANAGER You can maintain a data 
b a s e  & p r o d u c e  r e p o r t s  w i t h o u t  a n y  
programming. Define fields, types, screen & 
report formats on-line. Almost use up the 
required 32K memory. $49. 

KEY RANDOM ACCESS UTIL hashing, blocking, 
buffering, auto 1/0 error retry. Put your disk into 
optimal use. $ 1 9 .  

ACCOUNT manage client accounts & account 
receivable. Remark fields for general use. 
Automatic billing & transaction recording. 32K 
req. $59. 

Full documented. Fast delivery. Our competitors 
offers $99 cassette word processor, $90 'on 
memory' inventory, inflexible mail system. 1 6K 
data base. 

I ntel 8080 Microprocessor I nstruction Set 

Symbo l 

A 
B, C, D, E, H , L 
F 

PSW. 
rp 

PC 
M 
r, r 1 , r2 

data 
addr, dat a 1 6  
pp 
n 
cc 

( ) 
-(SP) 
(SP)+ 

+--

A 
v 
v­
+ 

I n  my work with the 8080 m icropro­
cessor, I have found the accompanying 
instruction set summary very usefu l .  The 
instructions are grouped in five tables ac­
cord i ng to funct ion, with a single l ine sum­
mary being given for each instruction . In 
add it ion, there i s  an exp lanatory table of 
nomenclature and sym bols .  The order of 
the i n structions i s  the same as given in the 
Intel 8080 Microcomputer Systems User 's 
Manual. The method of tabu lation makes 
it very clear wh ich registers and flags are af­
fected by the execution of each instruction . 

R S C l i st P h D ,  Scientist, 
Electronics Group, Dept of Scientific and 
Ind ustrial Research ,  POB 2225, Auckland 

N EW ZEALAN D . •  

Meaning 

8 bit accumul ator 
8 bit general pu rpose registers 
Condition code flags Z, S, P, CY, AC ( Zero, Sign,  Parity , Carry, and 

Auxi l i ary Carry ) 
1 6  bit Processor Status Word (compris ing  A and F )  

One o f  t h e  register pai rs B represent ing BC 
D represent ing D E  
H representi n g  H L 
SP represent ing 16 b it stac k pointe r  

1 6  b i t  program counter register 
Memory l ocation whose address is in H L 
One of the registers A, B, C, D, E, H, L, or M 

bit m of the register r 7 6 5 4 3 2 

8 bit data quantity 

1 6  bit address o r  data quantity ( n ote : low byte is stored first) 

8 bit port number 
Restart number 0 thru 7 
One of the condition code tests N Z  

z 
N C 
c 
PO 
PE 
p 

indirect reference 
stack push operation 
stack pop operation 
is repl aced by 
is exchanged with 

M 

boolean N OT (bar above symbol ) 
boolean A N D  
boolean OR 
boolean Exclusive - O R 
addition 
two's com plement subtraction 

not zero 
zero 
no carry 
carry 
parity odd 
parity even 
plus 
minus  

z = 0  
z = 1 
CY= O 
CY= 1 
p = 0  
p = 1  
s = 0  
s = 1 

0 



Data Transfer Group 

Flags affected Registers 

z s P CY AC affected Bytes Op code Operands Meaning Action 

r2 MOV r2 , r 1  Move register r 1  to register r2 r2 +- r1 
2 M V I  r ,  data Move i m mediate data r +- data 

rp 3 LX I rp, data 1 6  Load register pair· i m mediate rp +- data 1 6  
A 3 LDA add r Load accumulator d i rect A +- (addr) 

3 STA addr Store accumulator d i rect (addr) +- A  
H L  3 L H LD add r Load H L direct HL +- (addr) 

3 S H LD add r  Store H L d i rect (addr) +- H L  
A LDAX rp* Load A indirect A +- (rp)  

STAX rp* Store A ind irect ( rp)  +- A 
H L, DE XCHG Exchange HL with DE HL ++ D E * B  or D only 

Arithmetic Group 

.J .J .J .J .J  A , F ADD r 

.J .J .J .J .J  A, F 2 A D I  data 

.J .J .J .J .J  A ,  F A D C  

.J .J .J .J .J  A, F 2 ACI data 

.J .J .J .J .J  A ,  F SUB r 

.J .J .J .J .J  A ,  F 2 S U I  data 

.J .J .J .J .J  A, F S B B  r 

.J .J .J .J J  A, F 2 S B I  data 

.J .J .J  .J r, F I N R  

.J .J .J  .J r, F DCR 
rp I N X  rp 
rp DCX rp 

.J H L, CY DAD rp 

.J .J .J .J .J  A, F · DAA 

TERMINALS 
FROM TRANSNET 

ASE ' 
FULL OWNERSHIP AND LEASE PLANS 

PURCHASE PER MONTH 

Add register A +- A + r  
Add i m mediate A +- A +  data 
Add register with carry A +- A +  r + CY 
Add i m medi ate with carry A +- A + data + CY 
Subtract register A +- A - r  
Subtract i mmediate A +- A - data 
Subtract register with borrow A +- A - r - CY 
Subtract i m mediate with borrow A +- A - data - CY 
Increment register r +- r + 1  
Decrement register r +- r - 1  * 
I n crement register pair rp +- rp + 1 *binary subtraction 
Decrement register pair rp +- rp - 1 * 
Add register pair  to H L H L  +- H L  + rp 
Decimal adjust accum ulator The 8 bit numbe r  i n  A i s  adjusted 

to form two 4 bit BCD digits. 

N EW !  

DESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS. 

779 Line Printer T imer 
Works with TRS-80® and 

Centron ics® 779 Line Pri nters 
Turns Motor on and off 

Automatically 

LA36 DECwriter I I  . . . . . . . . . . .  $1 ,595 $ 1 52 $ 83 $ 56 
LA34 DECwriter IV . . . . . . . . . .  1 , 295 1 24 67 45 
LA1 20 DECwriter I l l ,  KSR . . . .  2 ,295 21 9 1 20 80 
LS120 DECwriter I l l ,  RO . . . . .  1 , 995 1 90 1 04 70 
LA1 80 DECprinter I ,  RO . . . . . .  1 ,995 1 90 1 04 70 
VT1 00 CRT DECscope . . . . . . . 1 , 695 1 62 88 59 
VT132 CRT DECscope . . . . . . .  1 ,895 1 81 97 66 
Tl745 Portable Termina l  . . . . .  1 , 875 1 79 98 66 
Tl765 Bubble Memory Term . .  2 ,795 267 145 98 
Tl81 0 RO Printer . . . . . . . . . . . 1 ,895 181  99 66 
Tl820 KSR Printer . . . . . . . . . .  2,395 229 1 25 84 
ADM3A CRT Terminal . . . . . . .  875 84 46 31 
QUME Letter Qual ity KSR . . . . .  3 , 1 95 306 1 66 1 1 2  
QUME Letter Qual i t� RO . . . . . .  2 ,795 268 1 45 98 
HAZELTINE 14 10  CRT . . . . . . .  895 86 47 32 
HAZELTINE 1 500 CRT . . . . . . .  1 , 1 95 1 1 5  62 42 
HAZELTINE 1 520 CRT . . . . . . .  1,595 1 52 83 56 
DataProducts 2230 . . . . . . . . . .  7 ,900 755 410  277 
DATAMATE Min i  F loppy . . . . . .  1 ,750 1 67 91 61 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
1 0% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPH ERAL EQUIPMENT 
ACOUSTIC COUPLERS • MODEMS • THERMAL PAPER 

RIBBONS • INTERFACE MODULES • FLOPPY DISK UN ITS 
PROMPT D ELIVE R Y  • EFFICIENT SERVICE 

TfiANSNET CoRPORATION 
2005 ROUTE 22, UNION, N.J.  07083 

201-688-7800 
Circle 373 on inquiry card . 

No software or hardware changes needed. 
Saves motor life and power. Just solder 3 
wires and mounts inside printer. Dealers 
wanted, inquire on company stationery, 
also O . E . M .  and service accounts wanted . 
$75 .00 complete with one year warranty . 
Make checks payable to: 

Digital Tim ing Devices 
4306 N .E. 6 Ave. 

Ft. Lauderdale,  FL 33334 USA 
Phone # . (305) 561 ·3757 

Division of O. S. S. /. 

® These are registered trademarks for Radio Shack & Centronics. 
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Flags affected Registers 

z s P CY AC affected 

.J .J .J  0 .J A, F 

.J .J .J  0 .J A, F 

.J .J .J  0 0 A, F 

.J .J .J  0 0 A, F 

.J .J .J  0 0 A, F 

.J .J .J  0 0 A, F 

.J .J .J .J .J  F 

.J .J .J .J .J  F 

.J A, CY 

.J A, CY 

.J A, CY 

.J A, CY 

A 

.J CY 
CY 

Flags affected Registers 

z s P CY AC affected 

PC 
PC 
PC, SP 
PC, SP 

PC, SP 
PC, SP 
PC, SP 
PC 

Flags affected Registers 
z s p CY AC affected 

SP 
SP 
SP, rp 

.J .J .J .J .J  SP, A, F 

H L  
SP 
A 
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Bytes 

1 
2 

1 

2 

2 

2 

Bytes 

3 

3 

3 

3 

Bytes 

1 
2 

2 

Logical Group 

Op code Operands Meaning 

ANA r AND register 

AN I data AND immediate 

X R A  Exclusive - 0  R register 

X R I  d ata Excl usive -O R immediate 

O RA OR register 

O R I  data OR immedi ate 

CMP Compare register 

CPI  data Compare immediate 

R LC Rotate left 

R RC Rotate right 

RAL Rotate l eft through carry 

R AR Rotate right through carry 

CMA Complement accumulator 

CMC Complement carry 

STC Set carry 

Branch Group 

Op code Operands Meaning 

JM P addr J u mp 
Jcc addr Conditional j u m p  
C A L L  addr Call 
Ccc addr Conditional cal l  

R ET Return 
Rcc Conditional return 
RST n Restart 
PC H L  Jump H L indirect 

Stack, 1/0, and Machine Control Group 

O p  code Operands Meaning 

PUSH rp* Push register pai r  
PUSH PSW Push processor status word 
POP rp* Pop register pai r 
PO P PSW Pop processor status word 
XTH L  Exchange stack top with H L  
SPH L Move H L  to SP 
I N  PP I nput 
OUT PP Output 
El Enable interrupts 

D l  Disable i nterrupts 

H LT Halt 

NOP No Operation 
* B, D ,  or H only 

Action 

A +- A II. r  
A +- A 11. data 
A +- A ¥ r  
A +- A "'V" data 
A +- A V r 
A +- A V d at a  

( Z  = 1 if A =  r)  
A - r 

(CY = 1 i f  A <  r) 
( Z  = 1 i f  A =  d ata) 

A - data 
(CY = 1 i f A <  data) 

An + 1 +-An .Ao+-A7 ,CY+-A7 
An +-An+ l  ,A7+-A0 ,CY+-A0 
An+l +-An ,CY+-A7 . A0 +-cY 

An +-An+ 1 ,CY+-A0,A7+-CY 

A +- A  
CY +- CY 
CY +- 1 

Action 

PC +- addr 
PC +- addr (if cc true) 
-(SP) +- PC, PC +- addr 
-(SP) +- PC, PC +- addr ( i f  cc 

PC +- (SP)+ 
PC +- (SP)+ ( if cc true)  
-(SP) +- PC, PC +- 8n 
PC +- H L  

Action 

-(SP) +- rp 
-(SP) +- A,  F 
rp +- (SP)+ 
A, F +- (SP) + 
H L  +--> (SP) 
SP +- H L  
A +- ( pp )  
(pp)  +- A  

true) 

Enable inte rrupts after execu­
tion of next instruction. 
Disable interrupts after execu­
t ion of this instruction.  
Stop the processor (may be 
started again only by i nterrupt 
or hardware restart ) .  
N o  operation i s  performed. 



Headwind 
Progress Made 

In "Computer Assisted F l ight Planning " 
(March 1 979 BYTE, page 206) ,  the author 
d id, indeed, identify a problem su ited for 
the computer. One aspect of the artic le is 
unclear and I would l i ke to suggest a so l u­
tion to the headwind/tai lwind l im itation de­
scribed by the author. 

The u nclear aspect of the arti c le relates 
to the two pass system. Such a system is not 
real ly necessary as the author has al ready 
solved the problem. The drift equation is the 
exact solution of the velocity vector triangle 
for the crab angle (angle at wh ich the plane 
must be turned so that the resu l tant forces 
of the wind and airplane produce travel i n  
the desired d i rection ) . I n  other words, the 
drift plus the true course heading yie lds the 
true heading to be taken. The given equation 
i s  i nstructive in that al l e lements are inc luded 
for students to icjentify. However, for pro­
grammable calculators with very l im ited 
program steps, this equation can be short­
ened by us ing the identities : 

si n (-x )=-sin (x ) 
and 
sin (x±1 80)=-sin (x) . 
This yie lds :  

drift= s in- 1 [wind · ( · d )'l 
true x Sin Win -true� 

where wind direction is defined as the d i­
rection from wh ich the wind is com ing. 

The author, in solving the velocity vector 
triangle for the ground speed, uses the Law 
of Sines. This introduces the l im itation that 
the equation cannot be used for d i rect tail 
wind or head wind s ituations, s ince a non­
physical answer resu lts from d ivision by zero 
(s in (O) = 0) .  The use of the Law of Cosines 
avoids this problem and y ie lds :  

GS = J(T AS )2+W2 -2 (W )  (TAS )  cos (WD - T C - CA) 

where : 

GS ground speed, 
T AS = true air speed, 
W wind speed, 
WD wind d i rection (the d irection from 

which the wind is coming) , 
TC true course head ing, 
CA crab angle • 

Bruce Ronald Fiene 
Commercial P i lot ,  A S M E L  I nstru ment 

408 Big Stone Dr 
Xenia O H  45385 

64KB MICRO PROCESSOR 
MEMORIES 

• S- 1 00 - $695. 00 
• LSI 1 1  - $750.00 

Cl-5 1 00 64K X 8 

I 

Cl-1 1 03 32K X 1 6  

Cl-6800 64K X 8 

C l-8080 64K X 8 

• SBC 80/1 0 - $750.00 
• 6800 - $750. 00 

C l-51 00 - 64K x 8 on a s i ng le  board. 
P lugs d i rect ly i nto the  I M SA I ,  M I TS, 
TDL,  SOL and most other S- 1 00 Bus 
computers .  No wait states even with 
Z80 at 4M hz. A d d ressable in 4K in­
crements. Power req u i rement 6 watts. 
Pr ice $695.00. 

Cl-1 1 03 - 8K words to 32K words in  a 
s ing le  opt ion s lot .  P lu gs d i rectly i nto 
LS I  1 1 ,  LSI  1 1 /2, H 1 1  & PDP 1 1 03. 
A d d ressable i n  2K i ncrements u p  to 
1 28K.  8K X 16 $390.00. 32K X 16 $750.00 
qty .  one.  

C l-6800 - 1 6K B  to  64KB on  a s ingle 
board.  P lugs d i rectly  i nto Motorola's 
EXORcisor and compat i b le  with the 
eva luat ion  modu les. A ddressable in  
4K increments u p  to 64K. 1 6KB $390.00. 
64K B $750.00. 

Cl-8080 - 1 6KB to 64KB on s ing le 
board. P lugs  d i rectly i nto I ntel's M DS 
800 and SBC 80/1 0. Add ressable i n  
4 K  increments up  to 64K. 1 6KB $390.00. 
64K B  $750.00 

Tested and b u rned- in .  F u l l  year warranty. 

Chris/in Industries, Inc. 
Computer  Produ cts D iv is ion 

3 1 352 V i a  Col inas • Westlake Vi l lage, CA 9 1 361 • 2 1 3-991 -2254 

Circle 47 on inqu i ry card. 
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Subroutine Parameters 
W D Maurer 

U niversity Library Bldg 

Room 634 
George Washington U niversity 

Washington DC 20052 

If you 've written computer  programs in  
any l anguage, you must  be  aware by now 
what a su broutine is, although you might 
not have written any. The basic concept of a 
sub routine is present  in all computer l an­
guages, although every language implements 
it a b i t  d ifferently from the others. I n  sys­
tems based on the 8080, the 8085, or the 
Z-80, you write CALL SUB  to cal l the sub­
routine cal led S U B. On the 6800 and the 
6502, it ' s  J S R  SUB, wh i le in BAS IC i t's 
GOSU B  a where the first statement of the 
subroutine SUB  is on l ine number a. But re­
gard less of the language, the concept is the 
same :  you have someth ing in  your program 
that you want to do more than once. I t  may 
be looking up an element in a table;  it may 
be printing ou t a l ist; it may be making an 
access to a data structure; but whatever it is, 
you need i t  at various times in  you r pro- · 
gram. You don't want to have to write out 
the same instructions over again every time 
you need that particu lar job to be done, be­
cause th is is wastefu l of memory space. So, 
therefore, you group together the in struc­
tions that do this job into a subroutine, and 
then, at any point that you want the job to 
be done, you put in an instruction to call the 
su broutine. When the subroutine i s  fin ished, 
i t  returns to the point  immed iately fol lowing 
the place where i t  was cal l ed ;  and th is  i s  also 
done differentl y  in  d ifferent programming 
languages - one writes RETU RN in  BAS IC, 
RET for the 8080 and Z-80, and RTS (re­
turn from subroutine) for the 6800 and 
6502. 

All th is is fine if  the job you want to do 
repeatedly i s  exactly the same every time 
you want to do it. But, in practice, th is  is 
usual ly  not the case. For example, if you are 
looking up  an element in a table, you are 
probably looking up a different element 
each time. If you are multip lying two 1 6  bit 
quantities - a very common subject for a 
smal l system subroutine - the quanti ties 
you are mu l tip ly ing are probably not the 
same from one mu ltipl ication to the next, 

and the resul t  i s  also p robably  not the same 
variable. This  i s  true even though the logic 
of mu l tip l i cation does stay the same. I t  i s  
th is that has led to the idea of subroutine 
parameters, the subject of th i s  arti c le. 

Parameters 

I n  appl ied mathematics, there is a con­
cept of parameter which wi l l  be fami l iar to 
those smal l system users who have back­
grounds in engineering or physical science. 
Consider, for example, the graph of a fu nc­
tion. You are usual l y  express ing y i� terms 
of x, but  if you are constructing the graph of 
a c irc le, i t  is sometimes more u seful to intro­
duce another variable e to represent the 
angle, and then to express both x and y in 
terms of 8. The variable 8, in this context, is 
cal led a parameter. I n  computer  p rogram­
m ing, however, whether on l arge systems or 
smal l ones, the word "parameter" has a 
more general mean ing, and one wh ich does 
not requ i re any knowledge of appl ied math­
ematics; it is s imply any variable wh ich is 
used by a su broutine, and wh ich is suppl ied 
to that subroutine by the p rogram that cal l s  
it. 

Parameters of su broutines are related to 
arguments (sometimes also cal led parameters 
or formal parameters) of functions. If you 
have a fu nction f(t} or g(a, b) or h(x, y, z} , 
then t, a, b, x, y, and z are the arguments. 
On a computer, th e val ue  of a fu nction is 
computed by a su broutine, and this must be 
considered as one special k i nd  of subroutine. 
Some languages al low you to use functional 
notation for fu nctions ;  thu s  h(x, y, z) m ight 
be F N H (X,  Y, Z) in  BAS IC, for example 
(provided that the defi n ition  of h was s imple 
enough) .  I n  assembly l anguage, h owever, one 
general ly u ses the same instructions (CALL, 
J S R, or whatever) , whether one i s  cal l i n g  a 
su brouti ne to calcul ate the val ue  of a func­
t ion, or a more general su broutine. 

Those who work with b ig computers have 
laid out a considerable amount of term inol­
ogy deal ing with parameters and how they 
are suppl ied, or passed, to a subroutine by 
the program that cal l s  it (and sometimes vice 
versa) . One of the purposes of th is  artic le is 
to l ay out th is terminology for the smal l  sys­
tem u ser so that he or she wi l l  not h ave to 
reinvent the wheel . It should be emphasized 
th at, for a l ong time, mathematicians be-



l ieved that there ough t  to be a s ingle concept 
of parameter that wou ld  work wel l in all s it­
uations. G radual ly we have come to real ize 
that there are at least four, and p robably a 
good deal more,  reasonable implementations 
of parameter passi ng. These wil l be detailed 
in what fol lows. 

Two Examples 

To i l l u strate why the concept of p'ara­
meter d iffers from one s ituation to another, 
let us consider two s imple subroutines: an 
output subroutine and a mu l tipl ication sub­
routine. The output sub routine wi l l  be cal led 
OUTPUT(X) ,  and its job wil l  be to output 
the character X. The mu l tipl ication subrou­
tine wi l l  be called M U LT1 6( 1 ,  J .  N ) ,  and its 
job wi l l  be to mu l tip ly the two 1 6  b it  quan­
tities I and J ,  produc ing the resu l t  N .  The 
problem we are to solve i s  how to cal l OUT­
PUT(Z), OUTPUT(Q), and so on, for various 
characters we wish to output, and s imi larly 
M U LT1 6(A, B, C), M U LT1 6(U ,  V, W) , and 
so on, for various mu l tipl ications we wish to 
perform. 

Consider first the case of the output sub­
routine. Suppose that i n  th is  su brou tine 
there is a variable cal l ed X .  In order to out­
put Z, for example, we move Z to X j ust be­
fore cal l i ng OUTPUT. The same sort of th i ng 
wi l l  work for Q, or any other character we 
wish to outpu t. Th is  method of pass ing para­
meters is known as cal l by val ue. I t  may be 
defined more formal ly as fol l ows. Suppose 
we have a subroutine such as OUTPUT(X),  
where X stands for any parameter, such as Z 
or Q, that might actual l y  be supp l ied .  Here Z 
and Q are cal led the actual parameters, and 
X is  cal led the formal parameter. Then cal l 
by val ue consists of: 

1 .  Moving the value  of the actual para­
meter to the formal parameter. ( I f  
there i s  more than one formal para­
meter - as in the case of a fu nction 
h(x, y, z} - then they must al l be 
moved . }  

2. Cal l ing the  subrout ine .  

In  assembly l anguage i t  is very common 
for X, in a s ituation such as the above, to be 
a regi�ter. Then al l we have to do i s  to load 
the register before we cal l the subrout ine ;  
the su broutine assumes that Z,  or Q, or 
whatever stands for X,  i s  i n  that register. (On 
the 8080, the Z-80, the 6800, and the 6502, 
the most common register used for th is  pu r­
pose i s  the A register, al though I S IS ,  the 
operating system for the l nte l l ec, which i s  an 
8080 based system, uses the C register.} 

I f  we now look at M U L  T1 6, h owever, we 
can see without too much trouble that cal l 

by val ue doesn 't work. Let u s  see why not 
by laying out a specific example. Suppose 
we are cal l ing M U LT1 6(U ,  V, W), where 
M U LT1 6 has been defi ned as a su broutine 
with parameters I ,  J ,  and N. That is, I ,  J ,  and 
N are the formal parameters, whi le U ,  V, and 
W are th e actual parameters. To use cal l by 
value, we wou ld  first have to move the 
values of U, V, and W in to I ,  J ,  and N. That 
is, U wou ld  be moved to I ;  V wou ld  be 
moved to J ;  and W wou ld  be moved to N .  
Now w e  wou ld  cal l th e su brou tine; and th e 
subroutine, we are assuming, mu l t ipl ies the 
1 6  b it  quantities I and J and sets N equal to 
the resu lt. 

What is wrong with th is? Si nce we were 
cal l i ng M U LT1 6(U,  V, W), what we presum­
ably wanted was to mu lt ip ly the two 1 6  bit 
num bers U and V, and set W equal to the re­
su lt. I t  is not too hard to see that we d id ,  
actual ly, mu lt iply U by V, because we set  I 
equal to U, and J equal to V, and then we 
mu ltip l ied I by j .  But what happens to W? 
We set N equal to th e resu lt  of mu lt ip ly ing 
U by V ;  but we d id n't set W equal to any­
th in g. (We also, earl ier, set N equal to W -
an unneeded and useless operation. )  The 
general s ituation here is that whenever we 
have a formal parameter that i s  set to some 
new value  by a su brouti ne, call by val ue  w i l l  
not  work ; the formal parameter wi l l  not  be  
set to the new valu e  (or to any new val u e) .  

Because o f  th i s, people who work with 
big computers came up with th ree alterna­
tive methods of pass ing parameters. The 
first of these is known as ca l l  by val ue  and 
resu lt  (or sometimes, i nformal ly ,  as "copy­
restore") .  The second is known as call by 
reference (or sometimes "cal l by address" or 
"cal l by location") .  The th ird i s  known as 
cal l by name. We shal l take up each of th ese 
in tu rn. 

Cal l by Value  and Resu lt 

Cal l by value and resu l t  i s  a rather 
straigh tforward way of fix ing the bug in  cal l 
by val ue that should be evident from the 
preceding d iscuss ion. I n  fact, what we 
wanted to do in our M U LT1 6 subroutine 
was as fol l ows: 

1 .  Set I equal to U and J equal to V. 
2. Cal l the su broutine (wh ich mu l tip l ies I 

by J ,  giving N ) .  
3 .  Set W equal to N .  

I n  other words, there are two parameter­
pass ing operations - one just before the sub­
routine starts, the second one after i t  end s ­
and one is the reverse of the other. I n  the 
first operation, we move actual parameters 
to formal parameters. I n  the second opera-
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tion, we move formal parameters to actual 
parameters. The parameters we move the 
first t ime are the ones that are used by the 
subroutine ;  the parameters we move the sec­
ond time are the ones that are set by the 
su broutine. 

But how can we tel l  wh ich parameters are 
u sed and wh ich ones are set? I t  won 't always 
be the case that the first two are used and 
the last one is set (if there are th ree al to­
gether). They might all be used, or two of 
them might be set, or any number of possi­
ble combinations. Again ,  there is more than 
one reasonable solution to th is  problem. 

The sol ution chosen by the designers of a 
number of computer l anguages in wide­
spread u se by the American mi l itary estab­
l i sh ment (N EL IAC, JOV I AL, CMS-2) was to 
bu i ld  the d istinction between used and re­
tu rned parameters into the syntax of the lan­
guage. I n  other words, when you cal l a sub­
rou tine in any one of these languages, you 
wou ld  have to specify, i n  some way, wh ich 
of these you intended to be used and wh ich 
you intended to be returned. (JOV I AL, for 
example, u ses a semicolon ; we wou ld  speak 
of M U LT1 6(U ,  V; W) , for example, where 
the semicolon separates the used parameters 
U and V from the returned parameter W.) 
Th is certain ly solves the problem, although 
on ly if you are going to use cal l  by val ue and 
resu l t, at the cost of making l i fe a trifle more 
compl icated for those who don 't want to 
have to worry about how parameters are 
passed. 

The oth er solu tion, chosen by I BM, i s  to 
regard a/1 parameters as both used and re­
tu rned at al l times. This may seem a bit 
wastefu l ,  but in fact, compared to cal l by 
reference (to be described below) ,  i t  is more 
efficient, most of the time. It does, however, 
lead to some strange and unusual resu l ts, the 
most famous of which may be i l l u strated as 
fol l ows. Suppose we have a subroutine 
D (X, Y), where X and Y are the formal para­
meters, and suppose that this sets X to zero 
and does not change Y. Now suppose that 
we cal l D (L, L) .  Of course, we wou ld  l i ke 
th is  to set L equal to zero. But see what 
happens : 

1 .  S ince X and Y are treated as both used 
and retu rned, our first step is to set X equal 
to L and Y equal to L. 

2 .  Now we cal l the su broutine, wh ich sets 
X equal to zero and does not change Y. 

3. F inal ly ,  we return the actual para­
meters. F i rst we return X by setting L equal 
to X.  S ince X is now zero, this will set L 
equal to zero, wh ich is exactly what we 
wanted .  But now we retu rn Y by setting L 
equal to Y. Since Y is sti l l  th e original value  
of L, th is wi l l  u ndo the previous resu lt, and 

the final outcome wil l be that L is the same 
after cal l i ng D as i t  was beforehand! 

The behavior i l l u strated above can be 
avoided s imply by setti ng  L 1 equal to L and 
then cal l ing D ( L, L 1 ) , rather than D ( L, L ) .  
I n  general , when us ing ca l l  by val ue  and re­
su l t, with al l parameters u sed and retu rned, 
one shou l d  never use two actual parameters 
which are the same. The problem above 
actual l y  happened to a student of this 
author, who wrote a b ig FORTRAN pro­
gram that ran on the C DC 6400, a computer 
us ing cal l by reference - to be descr ibed be­
low - but mysteriously fai led to ru n on the 
I BM 360, a computer  us ing cal l by valu e  and 
resu l t. Many hours of analysis traced the bug 
to a su broutine call l i ke D (L, L) above. 

Cal l  by Reference 

Call by reference, h istorical ly, preceded 
call by value  and resu l t, although it was not 
k nown by that name at that time. The idea 
of cal l by reference i s  to give the su broutine 
the addresses of i ts parameters, rather  than 
their val ues. Then, when the subroutine 
e ither  uses or sets one of its formal para­
meters, it does so by making a reference to 
that add ress. Let us see how this wou ld  work 
on a small system : 

1 .  On the 8080, you can load the H L  reg­
i ster pair with the address of the parameter 
a with the instruction LX I  H, a just before 
cal l ing the subroutine. Then, in the subrou­
tine, if you need to l oad th is  parameter i n to 
any register r, you can use MOV r,M ;  if you 
need to operate on it arithmetica l ly, you can 
u se ADD M, SUB  M, ANA M, and the l i ke ;  if 
you need to set it to a new value  wh ich is 
now in register r, you can use MOV M,r. I f  
you need the H L  register pair for other pur­
poses in you r routine, you can do an XCHG 
if you don't need the DE register pair, or 
you can PUSH H wh i l e  you use HL and POP 
H afterward. If there are two parameters, 
you can load one i n to HL with LX I  H ,  a as 
before, and load the other one into BC or 
DE. If there are several parameters, you can 
push the i r  add resses onto the stack before 
cal l ing the su broutine, and pop them back 
with in the subroutine. 

2. On the 6800, you can load the X regis­
ter with the add ress of the parameter a with 
the i n struction LOX # a  (where the # speci­
fies an immediate add ress ing instruction) 
just before cal l ing  the subroutine. You can 
now use indexed add ress ing instructions to 
man ipu late the parameter by load ing it 
( LDAA O,X or LDAB O,X ) ,  storing it (ST AA 
O,X or STAB O,X ) ,  or perform ing arithmetic 
operations such as ADDA O,X or AN DB O,X. 



I f  there is more than one parameter, you can 
move the addresses of al l the actual para­
meters to fixed locations with in the su brou­
tine before cal l ing i t. The subroutine can 
then load each of these into the X register 
when needed, after wh ich any of the in­
dexed instructions d iscussed above may be 
used. 

3. On th e 6502, there is a general method 
involving load ing  th e X register, j u st before 
cal l ing the su brouti ne, with the address of a 
table of add resses of actual parameters. That 
is, we execute LOX # a  where we have 
written ( in  page zero) : 

DFB  
D F B  
DFB  
D F B  
D F B  
D F B  

U M O D  256 
U/256 
V MOD 256 
V/256 
W MOD 256 
W/256 

for example, defin ing a byte for the low 
order address and then for the h igh order 
address of each of the parameters U, V, and 
W. One can then make reference to the 
actual parameters by in dexed ind i rect ad­
d ressing: LOA (O,X)  for U, LOA (2,X) for 
V, and LOA (4,X)  for W. Th is is perfectly 
general, s ince LOA ( load) can be replaced by 
ST A (store), A DC (add with carry) ,  CMP 
(compare), AND, and so on .  

4. On the Z-80, you can (as always) 
m im ic the 8080, or you can use registers I X  
and I Y  to contain the add resses of para­
meters. 

An additional advantage of call by refer­
ence is that it all ows you to h ave, as a para­
meter, the name of an array. For  example, 
you m igh t be writi ng  a su broutine to com­
pare two character strings to see if they are 
the same. There wou ld  be two parameters, 
namely the two character strings. I f  you 
u sed cal l by val ue, you wou l d  h ave to move 
these entire strings into new l ocations just 
before cal l i ng  the su brouti ne. Th is wou l d  be 
wastefu l of both t ime and space, and is, i n  
fact, never done ;  even systems that use  cal l  
b y  value  o r  call b y  value  a nd  resu lt, i f  th ey 
al low array names as parameters, u se cal l  by 
reference (or cal l by name, to be d iscussed 
below) for these. Thus you wou l d  only be 
passing, from the program to the subroutine, 
the two string  starting  addresses; that is, for 
each string, the add ress of i ts first byte .  

One important sou rce of confusion, when 
call by reference is u sed, h as to do with how 
to return a parameter. A large number of 
programmers try, when they are writi ng a 
subroutine, to h ave it put i ts answer "some­
where" and then fu rnish the main program 
with the add ress of where that "somewhere" 

is. This never works, because the main pro­
gram has no way of using that information. 
It  is not up to the subroutine to tel l  the 
main program where the information is to be 
retu rned ; it is up to the main program to tel l  
the su broutine where to return the informa­
tion, and then the su broutine must return 
the information to that point. In particular, 
the su broutine wi l l  never be right if it re­
tu rns a parameter to a fixed location.  When 
writing a subroutine, if cal l by reference is 
used, it shou ld be remembered that th is  sub­
routine can be cal led more than once, with 
d ifferent actual parameters each time, and 
therefore, when it changes the val ue  of one 
of its actual parameters, that change must be 
made by storing th is new value  in an indexed 
location - where the index is normal ly the 
H L  register pai r on the 8080, the X register 
on the 6800 and 6502, and (possib ly) the I X  
o r  IY  register o n  the Z-80. 

Cal l by reference is, i n  general, more in­
efficient than cal l by value  and resu l t, partic­
u larly if we make reference to a parameter 
ins ide a loop. One techn ique that has been 
tried on big computers, and works rather 
well for subroutines that take large amounts 
of time, is address mod ification. Th i s  i n­
volves storing the add resses which are passed 
as parameters d i rectly i nto the in structions 
that use them. Unfortunately, th is  techn ique  
i s  inapprop riate in most microcomputer sys­
tems, where the instructions are in read on ly 
memory and thus cannot be modified as the 
program is  ru nn ing. It shou l d  also be men­
tioned that on some systems which use 
both cal l by reference and cal l by value  and 
resu lt, the second of these is imp lemented 
as a special case of the first. That is, i t  is 
always the addresses, or references, that 
are passed (so that there is only one kind of 
standard subroutine protocol rather than 
two), but, whenever cal l by val ue and resu lt  
is to be used, the su broutine - rather than 
the main program - performs the setting  of 
formal parameters to actual parameter val ues 
and vice versa. 

Cal l  by Name 

This brings us, fi nal ly ,  to cal l by name ­
the easiest to define, and yet th e h ardest to 
understand, of the better known parameter 
pass ing methods. For years, cal l by name 
was a pons asinorum among big computer  
software people;  that i s ,  th e way of d istin­
gu ish ing the b righ t from th e dumb,  or the 
"with-it" from the "not-with- it, " was 
whether you understood cal l by name. 
Lately there has been a b it  l ess interest in 
cal l by name among practical computer  
people, s ince, al though it was used in 
ALGO L 60, one of the first b ig computer 
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languages ( in  both senses - big [ computer 
l anguages] and [ big computer] languages) , it 
has not been u sed i n  most languages devel­
oped s ince then. But an u nderstanding of it, 
and of some of the problems that arise with 
i t, is sti l l  essential to th e amateur as well as 
the profess ional compu ter scientist. 

Cal l by name is  defined as fol l ows. Sup­
pose I have a su broutine with a formal para­
meter X .  Suppose I call th is su broutine, with 
actual parameter Y. Then cal l by name im­
pl ies that the su broutine i s  executed as if we 
had gone th rough it and substituted Y for 
every occu rrence of X.  

There is one important proviso to the 
above, which may be i l l ustrated as fol lows. 
Suppose that in th e subroutine we have 
A =  B ·X .  Suppose now that the actual para­
meter is not Y, but rather U+V. { I t  is qu ite 
perm issi b le to cal l SUB {U+V), for example, 
where S U B  is th e name of a subroutine.) 
Now we wou ld l i ke to proceed as if A =  B·X 
real ly  means A =  B· {U+V) ; but if we substi­
tute U+V for X, as in  the above defin ition, 
we obtain A =  B ·U+V, wh ich is not qu ite the 
same. Therefore we need to change the defi­
n i tion so as to specify the in sertion of paren­
theses. On the other hand, it shou ld also be 
cl ear that we do not want to insert parenthe­
ses al l the time. For example, the variable A 
cou ld  have been the formal parameter, 
rather th an X. I n  this case, the actual para­
meter cou l d  not be U+V, because then 
A =  B·X wou ld be interp reted as 
{U+V) = B ·X,  wh ich makes no sense. But 
suppose the actual parameter is Y, just as be­
fore; we sti l l  don't want to write (Y) = B ·X 
{with parentheses) i n  BASIC or any oth er 
algebraic language. Therefore the rule is that 
the actual parameter is substituted for the 
formal parameter, inserting parentheses 
wherever syntactically possible {th is is the 
ph rase used in  the defin i tion of ALGOL 60) . 

So long as the actual parameters are not 
express ions l ike U+V {or l i ke A ( l ) ,  wh ich 
cou ld be either a subscripted variab le or a 
reference to a fu nction) , cal l by name is al­
most identical to cal l by reference. There­
fore, in studying the differences between the 
two, we have to look at the general rules for 
hand I ing actual parameters which are expres­
sions. These are that an actual parameter 
cannot be an exp ression {other than a s ingle 
variable, either subscripted or not) when the 
corresponding formal parameter is returned, 
as we have i l l u strated above with the formal 
parameter A and the actual parameter U+V ; 
and, of cou rse, a formal parameter can never 
be an expression. 

Suppose now that in ou r su_broutine we 
have S = S+X, where X is  a formal para­
meter, and the correspond ing actual para­
meter is A ( l ) .  {Th is is a s impl ification of an 

actual examp le  given with the defin i tion of 
ALGOL 60.) Therefore S = S+X becomes 
S = S+A { I ) .  But now suppose th at we want 
to do th is for I =  1 to 1 0. That wou l d  be, 
presumably ,  a way of add i ng  the numbers 
A{ 1 ) th rough A ( 1 0) ,  if  S were original l y  set 
to zero. If we use cal l by reference, however, 
th is won't work. I n  call by reference, the 
address of the actual parameter - in th i s  
case, the add ress of  A(  I ) - wou ld  be  given to 
the su br()u tine. When the subroutine does 
S = S+X, it wou ld  get X from the location 
wh ich has that address. But  that location is a 
constant location - the location ,  in fact, of 
A ( l )  where the variable I has whatever value 
it had before the su broutine was cal led .  Th is 
means th at we add X ten times, whatever X 
is, and in th is  case we add the same val ue of 
A ( l )  ten times, rather than add ing  A ( 1 )  
th rough A ( 1 0) .  

How would we implement  call b y  name? 
I n  the above case, when th e su broutine  does 
S = S+X, it has to h ave a way of find ing  out 
whether  X wi l l  stand for a d ifferent variable 
each time. Therefore i t  loads S and then cal l s  
a su brou tine to fi nd the  val u e  of X,  wh ich it 
then adds and stores the resu lt  i n  S .  This 
means that i t  i s  the address of the start of 
this subroutine that i s  passed, rather than 
the address of X i tself as in call by reference. 
{Th is  is known as J ensen 's device, after a 
programmer at Regnecentralen, or the 
National Computer Center of Denmark, who 
used it in implementi ng  ALGOL 60.) We 
shou ld  remark that there is another enti rely 
d ifferent  way of implementing  call by name, 
which is to replace each call to a su broutine, 
separately, by the subrou tine with the sub­
sti tutions performed as d iscussed above. This 
won ' t  work for A LGOL 60, because it won't 
work, in general , for recursive subroutines, 
and it also takes up qu ite a bit of. space if the 
subroutines are long. 

Cal l by name is considerably less efficient 
than the other methods we have d iscussed, 
wh ich is a big reason for its general decl ine .  
Nevertheless, it has its own u nexpected ad­
vantages. Let us consider a su broutine  l ike 
D (X, Y), wh ich we d iscussed earl ier, but th is 
t ime suppose that i t  s imply uses X and does 
not use Y, and let us call D (A, F (B)) ,  where 
F (B) is a reference to a fu nction.  Suppose 
fu rth er that th e calcu lation of F (B) (for 
some reason) gets th e computer i n to an end­
less loop . I f  we u se call by name, then, s i nce 
we never u se Y, we have no occasion to call 
the su broutine that calcul ates Y - that is, 
we never call F ( B) .  If we use call by val ue, 
however, the first th ing we do is to set X 
equal to A and Y equal to F (B ) .  The resu l t  i s  
that we get i n to the  endl ess loop, i n  this 
case, if we use cal l by value,. but not if we 
use call by name. • 



A 11Ti ny" Pascal 

Sou rce C reato r 

Thomas W Phillips MD 
RD 1 - 5 5 1  

Chenango Lake Rd 
Norwich NY 1 38 1  5 

I wou ld l ike to thank you for pub l i sh ing 
"A 'T i ny' Pascal C o m p i l e r" by K i n-Man 
Chung and Herbert Y u e n  (Septem ber, 
October and November 1 978 BYT E) .  I 
now have the com p i l e r  work i ng w i thout 
problems on my 8080 system (Alta i r  with 
No rth Star D i s k) .  I t  is a fas c i n at ing way 
to learn about com p i l ers and Pasca l .  

I a m  not s u re how M r  Chung and M r  
Yuen create the i r  Pascal sou rce programs; 
however, l i st ing 1 s hows m y  m ethod of 
creating the Pasca l sou rce. E d it ing is easy 
with N orth Star BAS I C .  

Listing 7 

1 00 DATA ' ' ! CALCU LATE SQUARE. 
1 1 0 DATA " VAR A , B : INTEGER; 
1 20 DATA " BEGIN " 
1 30 DATA " READ ( B # ) ; " 
1 40 DATA " A: = B * B; " 
1 50 DATA " WRITE ( 1 3 , 1 0) ;  
1 60 DATA " WRITE ( B # , '  SQUARED IS ' 

A #, 1 3 , 1 0) ; " 
1 70 DATA " CALL ( %0 8 00) 
1 80 DATA " END. " 
1 90 DATA " "  
200 DATA " XX ' "  
2 1 0  D I M  A $ ( 1 00) 
220 A$ = " " 
2 30 OPEN # 1 ,"A" 
240 READ A $  
2 5 0  I F  A $  ( 1 , 2 )  = "XX" T H E N  2 9 0  
2 6 0  WRITE # 1  , A $ , NO E N DMARK 
270 A$ = " " 
280 GOTO 240 
290 CLOSE # 1  
300 CHAIN " PASCAL " 
READY 
RUN 

PASCAL & PASCAL 2 

P-CODES STARTS AT 0000 

0 $A . 
0 ! CALCULATE SQUARE .  
0 VAR A,B: I NTEGER; 
1 BEGIN 
1 READ ( 8 #) ;  Listing 7 continued o n  page 232 

WITH Y O U R  LEV E L  II T R S - 8 0* 

TRcopy is a cassette tape copying system that lets 
you SEE what your computer is reading. 

COPY ANY CASSETTE TAPE•• 

With the TRcopy system you can copy any TRS-
80 Level II cassette tape whether it is coded in 
Basic or in machine language. You can also copy 
dntu created by programs and you can copy assem­
bler listings. 

YOU CAN SEE THE OATA 

As the tape is being loaded, you can SEE the 
actual data byte-for-byte from the beginning to the 
end of the program. Up to 320 bytes are displayed 
at one time. ASCIT characters are displayed on the 
first line and hexadecimal code is displayed on the 
foliO\ving two lines. Data Is displayed exactly as it 
is input including memory locations and check sums. 

IDENTIFY PROGRAMS 

With TRcopy you can identify programs on cas­
sette tapes without written dOl.'Ufllentation because 
you can SEE the filename. If you forget to label a 
tape, you can use T Rcopy to display the tape contents 
and identify the cassette. 

VERIFY CASSETTE TAPES 

With TR copy you can verify both the original tape 
and the tape copies. You can make certain that your 
machine reads the original tape correctly and that it 
makes byte-for-byte copies. T Rcopy also counts as 
it reads giving you the exact length of the data. 

MAKE BACKUPS FOR YOUR PROGRAMS 

Now you can make backup copies of your valuable 
programs. �·:I any times a cassette that you make will 
load better than one that i s  mass produced. The 
original can then be kept as a backup in case the 
copy is damaged. 

�AKE COPIES OF YOUR SOFTWARE 

If you a1·e in the software business you can use 
T Rcopy to make tested copies of your programs for 
sales distribution. T Rcopy produces machine lan­
guage tapes that are more efficient than those pro­
duced by the assembler itself. 

RECOVER FAULTY DATA 

With T Rcopy you can experiment with the volume 
and level controls and you can SEE what the computer 
is reading--even if your computer wi ll not read the 
data tlu·ough normal read instructions! In this way it 
is possible to read ami copy faulty tapes by adjusting 
the volume control until you SEE that the data is 
Input properly. 

SIMPLE - FASCINATIN G - FUN 

TRcopy is not only a practical utility program. It 
i s  also n fascinating graphics program that lets you 
SEE, for the first time, cassette data as your com­

puter i s  reading it. And it's as simple as 1-2-3. 
Just load, verify and copy. You will now be able to 
use cassette tapes with confidence knowing that 
T Rcopy is there when you need it. 

The TRcopy system is a m;.tchine hmguage program 
with documentation explaining tape leaders, sync 
bytes, check sums and other formatting conventions. 
Wilh the Tlh:opy system, you can SEE what you are 
doing! 

�I 
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Circle 78 on inqu iry card. 

KIM ANALOG INPUT 
Analog to Digital Conversion Syste m for the KIM Compute r 

Give Lhe KIM Lhe abi�i�� La sense• 

n.easure., and control t.he wor�d around 

it. wit.h DAM SYSTEMS n.odules . Just. F-lu9: 

t.he KIMSETl inLo the KIM lo set. 16 
channels o1"" a n a l os  inPU t.. . Screw 
t.Prn1inals are F1""ovided 'f'or each channel 

so YOU can hooK uF- .....icr!:::lst..icKs. POt..s .. or 
what.ever �OF-riat..e sensors '!::Kllll have· 

1-AIM161 

1- KIM MOD 

KIMSET l 
- 16 ANALOG INPUTS · 8 BITS - 100 MICROSEC 

KIM ADAPTER · 1 USER PORT · 
1 DAM SYSTEMS PORT D ,8.,.) ,[1-�'!�� pr· � ��-c::=J A � :� 6 : :1�isu�E 

p£T llll'ERrACE �: WODUL£ • db \ - CABLE A24 - 24 INCH INTERCONNECT C.ABLE 

n 0� G - �"';,� - q:�=�� :�����:£·;:" 1 - MANMOOI - �;�:����,��m�,.:g�'ci',:;�';.'t,'"
A
l' 

(.__g!J \.:>) 1-POW1 - POWER MODULE tu .. 11mw.cE �!.�L�M w� ���tt��D : ���10 LEV£L 
K I M SET1a for 1 1 0 YAC $ 28� 

Each o1" l.he 16 anal OS inF-U t.s • in 

\.he ranse o1" 0 t.o 5 . 12 val t.s,. is 

converLed t.o a decin.al nun.ber bet. .. ween 0 
and 255 < 20 n.i l l ivol t..s Frer count. > .  

Conversion t.in.e is 1 0 0  n.i.crosconds. 

KIMSET1e for 230 YAC $ 29� � TRQWOO =�� BPANORI o.d., di .. ctor conla<;l yow local compullf SIOII, 

rRs eO INTERfACE U C O N N E C T I C U T  m i c r o C O M P U T E R , Inc.  
ETC Ol��y����l[ E.!6���iR 150 POCONO ROAD 

The Kl MMO[I provides one user POrt.. 
as uell as a [lAM SYSTEMS por t.. 0 0  Sot' Lt..l<Jr e  is Pf"ovided. 

Listing 7 continued 
from page 23 7 :  

4 A:  = B * B; 
8 WRITE ( 1 3, 1 0 ) ;  

GPIBI1EEE-4IIBI RS-Z3Z 
INTERFACE ioiOOULE INTERFACE ioiOOULE 

1 2  WRITE (B#, ' SQUARED IS ' ,A#, 1 3 , 1 0 ) ;  
34 CALL( %0800) 
36 END.  

PCODTR & PCODTR2 
* * * P-CODE TO 8080 TRANSLATION 
PAS .LIB = 1 AOO 
P-C ODE = 0000 
8080 OUTPUT = 0800 
STACK START ADDRESS = 8000 
STACK END ADDRESS = AOOO 
2 REFERENCES 
2 ACTUAL LABELS 

BROOKFIELD, CONNECTICUT 06804 

TEL: 1203) 775-9659 TWX: TLX: 7104560052 
VISA AND M/C ACCEPTED - SEND ACCOUNT NUMBER, EXPIRATION DATE AND SJGN ORDER. 
ADO ! 3  PER ORDER FOR SHI PPING fl HANDLI NG - FOREIGN ORDERS ADD 10% FOR AIR POSTAGE 

0 0809 09 OF 1 2  1 8  1 A 1 D 20 2 6  2 C  2 F  3 5  3 8  3 E  4 1  
1 5  0847 4 D  5 3  5 9  5 F  6 5  6 B  7 1  7 7  7 D  8 3  8 9  B F  5 2  5 8  
30 0 8 5 B  6 1  6 4  6A 6 D  7 3  7 6  7 9  
0 FORWARD REFERENCES 
P-CODE . .  37 INSTRUCTIONS 
8080 . .  1 21 BYTES 
P-CODE:8080 = . 8 1 7 5 6 7 5 7  
* END TRANSLATI ON * 
READY 
BYE 
* LF PAS . LIB  1 AOO 
* JPOBOO 
? 1 
1 SQUARED IS 1 
? 2  
2 SQUARED IS  4 • 

---- ---------------------------------,.-------------------------------------

FOR PET. TRS 80, COMPUCOLOR. 

music and sound effects to your 
computer. Includes DEMO PROGRAM, SOUND 

COMPOSER (to create your own BASIC sound subroutines) 
and instructions. Unit has volume control, earphone jack, 
connectors. 1 year warranty. $29.95 for PET & TRS-80 
Level II. $39.95 For Compucolor II (includes Diskette). 

SOUNDWARE SOFlWARE FOR 8K PET! 
Compatible with all CB-2 sound devices. Features sound. super 
graphics. instruction booklet. 90 day warranty. 
1 .  ACTION PACK-Breakthru (8 versions) ITarget / 
Caterpillar 
2. THE ClASSICS-Checkers (8 versions) I 
Backgammon I Piano Player 3. WORD FUN-Speller (4 versions) IScramblel 
Flashcard 

$9.95 per pack. More sound programs coming: TRS-80 
and Compucolor, too! 
To Order: Send to CAP Electronics. Dept. B . 1884 Shulman Ave . . 
San Jose. CA 95124. or call (408) 371-4120. VISA/ Master Charge 
accepted. No charge for shipping when payment is included. Please 
add 15% for C.O.D. Calif. residents add 6% tax. 
Prices subject to change v.rithout notice. 

DEALER & DISTRIBliTOR INQUIR IES WELCOME 
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FllCCCHSUL 
A CCMPU'l'En St1MULA'1'1CM DAME 

A long time ago, in a galaxy far, far away, there was a planet . 
This planet was very much l ike the Earth at the time of Jul ius Caesar: 
A time of some technical abil ity, but more a time of vaunting ambition ; 
a time of desiring not only to see the other side of the h i l l ,  but to 
conquer it as wel l .  

There are 2 1 0  provinces on t h e  PROCON S U L  world o f  various sizes , 
types and resources. Each player starts with four provinces and vies 
with the other players, the weather, the possibility of revolt or plague 
in  bui ld ing an economy and an empire .  The goal? To conquer more 
than half of the provinces on the PROCO N S U L  world . 

PROCON S U L  is a true simulation game . Each player has control 
over farmers, artisans and basic workers and can assign them to 
various tasks, assign them to another labor category, move them to 
other provinces or draft them into the mi l itary. The player can manipu­
late the production and distribution of the commodities produced by 
the labor u n its. I n  a battle not on ly are the relative sizes of the oppos­
ing forces taken into consideration , but the morale and experience of 
each army as wel l . 

PROCON S U L  is $ 1 . 50 per turn, with turns every three to fou r 
weeks. Cost to enter a PROCON S U L  game is $ 1 0 ,  which includes a 
$4 setup fee, the first four turns,  and a copy of the rules . Individual 
copies of the rules are available for $ 1 .00 ,  which wil l  be credited to 
anyone who then decides to play in  a game. Games are start ing all the 
time and there are no long delays about getting i nto one. 

For further information , or to join a game write to: 

NIX OLYMPICA 
PROCONSUL 

P.O. Box 33306 
Phoenix, AZ 85067 

Circle 286 o n  inqu i ry card. 



Digital Introduces LSI-11/23 
and PDP-11/23 Microcomputers 

I 
This new m icrocomputer called the 

L51-11/23 from Digital Equipment Corp, 
1 46 Main 5t, Maynard MA 01 754 has the 
funtionality and software compatibi lity 

Design, Build and Test Circuits With 
BredBord Kits 

These BredBord kits are prototype 
design aids developed to s impl ify circuit 
design and bui lding, and testing and 
wiring without patch cords or solder. The 
8 BredBord kit models are assembled on 
heavy duty, glass epoxy boards, copper 
clad on each underside for ground plane. 
They feature color coded, insulated bin­
ding posts and rubber mounting feet; 
and a designated number of test points 
and capacities for multi-p in  dual-in-l ine 
package integrated c i rcuits. Each of the 
kits i s  made to i nterface with meters, 
scopes and other devices. The packages 
are produced in  three types to accept 
d ifferent Bred Bord sizes. For further in-· 
formation, contact Herman H S mith I nc,· 
81 2 Snediker Av, Brooklyn NY 1 1 207. 

Circle 624 on inquiry card . 

.. 

of a m idrange m i n icomputer, yet it con­
sists of two 5.2 by 8.9 inch (1 3.42 by 22.61 
em) boards and backplane. A rack moun­
table, packaged version, the PDP-1 1 /23, 
has also been announced. Both versions 
can run the RSX-1 1 M  and 1 1 5  operating 
systems that were previously available 

only on m id to high-range PDP-1 1 m ini­
computers. 

The L51-1 1 /23 features 256 K bytes of 
memory capacity. It uses the full instruc­
tion set of the PDP-1 1 /34 m in icomputer, 
and software supported memory seg­
mentation and protection features of the 
RSX-1 1 M  and 1 1 5  multitask ing, multi­
user operating systems. The LS I -1 1 /23 
has the same small size c i rcuit boards as 
the L S I -1 1 /2, which perm it  easier place­
ment in instruments and specialized 
systems. The L51-1 1 /23 has an optional 
floating point processor i ntegrated cir­
cuit. 

Besides accommodating RSX-1 1  M and 
1 1 S  software, the L SI-1 1 /2 3  a n d  
PDP-1 1 /23 run a l l  software developed for 
the L S I -1 1  fam i ly  without modif ication.  
This inc ludes the RT-11 operating system 
and high level languages such as BASIC, 
FORTRAN IV and FOCAL. The L51-1 1 /23 
is at least twice as fast as previous LSI -1 1  
family members. 

The system is plug compatible with 
the entry l evel LS I -1 1 /2 .  It is also soft­
ware compatible with the L S I -1 1 /2 and 
PDP-1 1 m i n icomputers. 

In 1 00 unit  quantities, the L S I -1 1 /23 
and PDP-1 1 /23 are priced at $1 ,758 and 
$4,500 respectively. The s ing le  unit price 
of the PDP-1 1 /23 is  $6,800. A new pro­
grammable read only memory board for 
$300 and programmable read only 
memory programmer for $1 ,975 have 
also been introduced. 

Circle 623 on inquiry card 
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Circle 31 3 on inqu i ry card. . 
TRS-80 LEVEL II AND DOS 

COMMAND PROCESSOR 'COMPROC' ***NEW PRODUCT*** ........... . 
Automatically load and execute any sequence of System and/or 
BASIC programs and data from power up . 
Command files created, saved, and edited in BASIC. 
Sophisticated options include interactive prompting and substitutional 
parameters. Allows non-computer personnel to easily execute programs. 

RENUMBER WITH 'REMODEL'· MERGE WITH 'PROLOAD' .............. . 

REnumber any section or an entire program. 
MOve program segments. DELete program lines. 
All line references readjusted as required. 
COMBINE programs with renumber and merge. 
LOAD or SAVE any portion of program from tape. 

GENERAL SUBROUTINE FACILITIES 'GSF' ......................... . 

COiiection of fast easy-to-use machine language routines. 
IN-MEMORY SORT with multiple variables and keys . 
SORT 1000 ·Element array in 9 seconds. 
ARRAY read/write to tape, compress/uncompress/move data. 
SCREEN scrolling, save screen displays, and more ................ . 

DISK SORT PROGRAM 'DOSORr . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .  -
SORT/MERGE multi-diskette sequential files. 
MULTIPLE variables and keys. User input/output sort exits. 
Includes GSF machine language in-memory sort, etc. 32 or 48K. 

COPY SYSTEM TAPES WITH 'COPSYS' ........................... . -- Dealer Inquiries Invited 
REMODEL Order TS21D at $24.95 
REMODEL + PROLOAD Order TS22D at $34.95 
GENERAL SUBROUTINE FACILITIES Order TS25D at $24.95 
DISK SORT PROGRAM Order TS26D at $34.95 
Must specify 16, 32, or 48K on above. System house discounts. 
COMMAND PROCESSOR (DOS ONLY) Order TS27D at $1 9.95 
COPSYS (Not DOS) Order TS24D at $14.95 
For TAPES that TEST best Otder 10 ea at $14.95 

E::.. RACET ..::3 Check. VISA. M/C. C.O.D. E COMPUTES ""3 Calif. residenls add 6% 
702. Palmdale Oran e CA 92665 714 637-5 1 

XCDMP 
INCOR·PORATED 

9915-A Businesspark Ave., San Diego, CA 92131 • (714) 271-8730 

234 BYTE July 1 9 7 9  Circle 395 on inqu iry card. 

Circle 303 on inq u i ry card . 

Need Intelligence in your 
488 Instrumentation System ? ? ? 

I 
Get it·with your favorite S-1 00 computer 

and the P&T-488 Interface Board. 
The P&T-488 Interface Board g ives your S-1 00 computer the 
ability to be a talker, listener, or control ler  on the IEEE-488 
instrumentation bus. Three software packages are available: 1) 
Drive� for North Star DOS/BASIC 2) Driver for CP/M which can 
be used by M BASIC or C BASIC 3) Driver for d i rect assembly 
level program ming (for generating customized systems.) Price of 

the P&T-488, assembled and tested with any 
one of the software packages, is $400. 

PICKLES & TROUT 
P.O. BOX 1206, GOLETA, CA 93017, (805) 967·9563 

.. 
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Systems 
XVI16K STATIC RL1N\ 

KIT $285 
�r 

tr
th� �t��� rb:. ��� s�:i���� 

capability, addressable in 4K blocks. 
FR4 silk scr eened PC board with 
solder mask on both sides! The 
lowest price TRUE static ram board 
in its class. 

• IEEE 5-100 Compatible. 
• True sraric operation 
• Requires only +5 volls 
• 450 ns 
• Fully bullere/:1 

Bareboard $27.00 

Cotrfcn11o Q::mr.:uter Systems 
S-100/Apple Prototyping Board 

�!�OOi�:�ds 
1h�!d

a11
°�i����y 

uncommited except for 4 mul­
tiple voltage regulator pads. 
High density hole configura· 
tion . On board ground bus. 
DOuble sided, plated thru FR4 
PC board. Accept 14, 1b, 18, 
24, 28, and 40 pin IC's. 

Cat No. 1604 S25.00 5-100 Soldertail 
Cat No. 1605 25.00 S-100 Wirewrap 
Cat No. 1609 21.00 S-100 Etch 
Cat No. 1607 21.00 Apple Soldertail 
Cat No. 1606 21.00 Apple Wirewrap 
Cat No. 1600 18.00 Apple Etch 

8" FLOPPY $8.50 
BOXOF2 DISKS BOX OF 1 0 FOR $37 

• IBM compalible 
Colt No. Type Description • Single density 

1145 ffi3l-1000 32 sector holes, one index hole. 
1146 FD34-1000 lnllm:hangeable with IBM 32,3740, 

3540, 3no, 3790, or equivalent 

Systems 
M9900 16 Bit Mini for the S-100 Bus 

• With PASCAL Assembler, Linking loader, 
Brings the most powerful Text Editor, and interactive 
single chip CPU available to· debug. The powerful pascal 
day th� TMS9900 · to the compiler is only S150 more! 
S-100 bus and supports 11 w1th Move up to a 1b bit machine 
powerful software Included and the power of PASCAL 
w1th the CPU board are D1sk without losing the economy 
Operating SYftem, BASIC, and selection of the S-100 bus. 

Cat No. 1379 kit $550 
Cat No. 1379-A assembled and tested $700 
Cat No. 1394 documentation only $20 

�:: ��: n� ������
o

bt
l
;;7�

150 

Problem Solver Systems 
• Pe����

ne
,� s���r:�

u
��

e
e
d 

,:;s� Streaker 
���ic���r e��1ron�ee":r��ding Motherboard 

• Eac� oilers unchallenged re­
liability, versatility, and 
price advantage! 

• Only the finest-grade, lire 
retardant glass-epoxy PC 
material is used in board 
construction. 

• Alf boards ar� solder-flowed 
to assure uniform solder 
qUalitY, virtually eliminating 
weak solder joints. 

• 40 hour burn-in 
• Exc/usi"e ''Blitz-Test" 

Plac�s boards ar maximum 
specified conditions for one 
hour. 

• S tringent production stan­
dards allow only the sur­
vival of the fittest. 

Circle 170 on inqu i ry card. 

• lmsai compatible 
• Factory assembled and lested 
Available in 12 or 22 slot 
versions. Standard 5-100 bus 
compatible. Features connec· 
tors with gold plated bifur· 
cated • contacts. Each signal is 
surrounded by ground plane. 
Chassis compatible with 
IMSAI. No isolation hardware 
required for mounting. 
Cat No. 1451 12 slol $99 
Cat No. 1452 22 slot 5159 

Order by type no. TTLs Type Price 
TMS9900 S4S.OO Order by type no. 
BOOB 4.00 Type Price 7400 .1S 7483 8060A 7.00 8212 52.40 6820/6520 6.95 7401 .20 748S BOBS 15.00 8214 4.9S 6B21 6.9S 7402 .20 7486 6BOO 10.00 8216 2.SO 6828 11.95 7403 .20 7489 Z80A 9.00 8224 3.9S 68SO 8.SO 7404 .20 7490 1802 17.50 8224-4 9.SO 68S2 8.9S 740S .20 7491 6S02 11.50 8226 3.9S 6860 9.9S 7406 .30 7492 8228 4.9S 1822CE 16.9S 7407 .30 7493 8238 6.50 1852CE 9.9S 7408 .20 749S 8251 &.50 1861CE 9.95 7409 .20 7496 Shugart Stl-400 8255 6.50 1854 13.?5 7410 .20 i4107 6810 6.9S 

Minifloppy Drive 
7413 .35 74109 

13.95 7414 .60 74121 
13.95 7416 .25 74122 $295 45.00 7417 .2S 74123 
45.00 7420 .20 74126 
45.00 7423 .25 74132 ���1e 

"d:n��. 
s
;r�;���: 7425 .25 74145 

7426 .25 74151 Requires power supply. 7427 .25 741Sj .60 
C.1t No. 1154 5295.00 7430 .25 74154 1.00 

7432 .25 74155 . . 70 Order by type no. 7437 .25 74157 .60 \€rbotm Type Price 7438 .25 74160 .85 

5 1/4" Diskettes 21l02-250 1.25 7440 .20 74161 .75 
21L02-450 1.10 7441 .70 74163 .7S $27box of 10 
21l02-650 .85 7442 .so 74165 .9S 
2114L-200 8.SO 7443 .so 74166 1.2S 
2114l-300 8.00 7444 .2S 74170 1.60 

C<al No. Type Use 2114l-450 7.SO 7445 .7S 74HJ 1.10 1147 Soft sector TRS-80, Apple T MS4044-450 7.SO 7446 .7S 74174 .8S 
1148 ·Hard, 10 hole North Star TMS4045-300 7.SO 7447 .65 74175 .70 
1149 Hard, 16 hole Micropolis 4116-200 11.00 7448 .75 74176 .80 

4116·150 1).00 7450 .20 74177 .7S 
1101 1.50 7451 .20 74180 .65 

California Computer Systems 7453 .20 74181 1.75 
7454 .20 74191 .9S 

16K Memory $70 
7460 .20 74192 .7S 
7470 .30 74193 .75 

Add-On 7472 .25 74221 .8S 
Order by type no. 7473 .35 74251 .80 

For APPLE. TRS·BD. Ex10v 7474 .3S 74365 .6S 
E"erything you need! 7475 .4S 74366 .6S 
Installs in minutes, no 7476 .3S 74367 .65 
special tools, no solder· 7481 1.20 74368 .6S 
ing! 250 nsec. 
Cat No. 1156 

SpeCial Pur pose ICs '\Joltage Regulators 
Order by type no. 

Type Type Descriplion Price Equal to Vollage Case Prtce 

AYl-1014 UART 0.00 7805K LMJ40K·5 +5 T0-3 $1.40 
AY3-1013A UART 5.00 7812K LMJ40K-12 +12 TO·.! 1.40 
KR2376-ST ASCII Keyboard encoder 9.SO 7815K LM340K·11 +15 T0-3 1.40 2513 Character gen, up case 9.50 7818K LM340K·18 +18 TQ.J 1.40 FD1771BO·l Floppy Disk controller 37.00 

LM340K·l4 FD1791B Floppy Disk Controller 47.00 7824K +24 T0-3 1.40 
BR1941L Baud r.1te generator 
TMS6011 High speed UART 
9SH90 350MH7. prescaler 
11C90 6SOMHz prescaler 
nos Stopwatch 
6571AP Character gen 
7207A/720& Frequency counter 
MC14410 T ouch Tone Encoder 
7107 LED DPM chip 
8038 Voltage Coni Osc 
MC14411 Baud rate generator 

� 
CMSOOO 
Computer 
Mainframe 
Includes cabinet, 18 amp 
power supply, 5·100 STREA· 
KER-12 (12 slot motherboard), 
and dual disk provision, with ����es

po
fiter 

di���r�Y-
in�in;���� 

panel with no modifications. 
The CMSOOO is fan cooled, 
has AC line filter to eliminate 
EMI, and is fully assembled 
and factory tested. Power and 
reset switches are located on 
front panel. 
Cat No. 1450 $549.00 

9.SO 7805T LM340T·I +5 T0-220 .95 s.so 7812T LM140T·12 +12 T0-220 .95 12.00 
17.00 7815T LMHOT·1S +15 T0-220 .9S 
17.50 7818T I M \40 1 '" +18 T0-220 .9S 
11.00 7824T LM140T -24 +24 T0-220 .95 24.00 7905K 8.00 
11.00 

4.00 
10.00 

Systems 
Minidisk Drive 
for TRS-80 
Accesses twice as fast as the 
Radio Shack drive, plus offers 
40 tracks as opposed to 35! 
Includes case, power supply, 
and cables. Completely assem­
bled and tested, ready to plus 
in ar.td go! Simple modification 
to use as second drive! 
Cat No. 1375 MINIDISK 

DRIVE 5395 
Cat No. 1396 4 DRIVE 

EXPANSION-CABLE 515 
Cat No . .1147 Verbatim Diskettes 

for above-box of 10 for 

-I T0-3 1.7S ·12 T0-3 1.7S 
·15 T0-3 1.7S 
·24 TQ.J 1.75 

Send for 
FREE CATALOG 

Featuring 
The .best selection of computer 
accessories add-ons, factory 
fresh IC's, led's, semi's, soft· 
ware, PC aids, prototypins 
aids, books, test equipment, 
and more! Always updated! 
Dozens of new products e"ery 
issue! 

Pay by check, COD, Visa, or Mast�rcharge. 
Order by phone or mail. Please include phone 
no. USA add $1.50 for shippinx/handling, or 
52.50 ·for air. Foreign add $2.00 for surfacr, 
$5.00 •for air. COD's add 85c. All items guaran· 
teed satisfaction for 120 days! 
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I 11 BASICs from BlifS 

D BASIC, From the Ground Up by David E. Simon. · 
. 

This book Is a good introduction to computing and the BASIC la�guage for anyone, regardl?ss of their background. Dav1d 
Simon assumes you have no previous programming experience and no familiarity with computmg concepts. From the ground 
up, he builds on the fundamental concepts and teaches each part of the BASIC language In turn. Examples illuminate each 
step and six fully solved problems are included. This Is the ""beginner's book'" In BASIC we at BITS have been lookmg for. 

222 pages $8.95. 

0 THE BASIC WORKBOOK- CREATIVE TECHNIQUES FOR BEGINNING PROGRAMMERS by Kenneth Schoman, Jr. 
This book contains lecture notes, exercises and problems for people learning BASIC. In a hands-on workbook style, Ken· 

neth Schoman covers statements, loops, functions, variables, Input/output and strings. Simulation and plotting are intro­
duced. The examples and problems are runnable In virtually any version of BASIC. If you're learning BASIC, complement your 
studies with this book! 117 pp. $5.95 

0 BASIC WITH STYLE: PROGRAMMING PROVERBS by Paul Nagln and Henry Ledgard. 
'"Programmers can and should write programs that work the first time.'" This statement may sound Idealistic to t hose 

accustomed to long hours of debugging. Yet, it"s the theme of this book - a unique collection of '"proverbs'" or rules and 
gu idelines for writing more accurate error-free programs. Newly rewritten, this book now emphasizes structured program­
ming and all examples are in BASIC. 134 pp. $5.95 

0 BASIC BASIC, 2nd EDITION by James S. Coan. 
If you're not already familiar with BASIC, James Coan's Basic BASIC is one of the best ways to learn about this popular 

computer language. BASIC (which stands for Beginner's All-Purpose Symbolic Instruction Code) is easy to learn and easy to 
apply to many problems. Basic BASIC gives you step-by-step instructions for using a terminal, writing programs, using loops 
and lists, solving mathematical problems, understanding matrices and more. The book contains a wealth of I l lustrations and 
example programs, and is suitable for beginners on many d ifferent levels. It makes a fine reference for the experienced pro· 
grammar, too. 256 pp. $8.95. 

0 ADVANCED B�SIC by James S. Coan. 
Advanced BASIC Is the companion volume to James Coan's Basic BASIC. In this book you'll\earn about some of the more 

advanced techniques lor programming in BASIC, i
'
ncluding string manipulation, the use of Illes, plotting on a terminal, 

simulation and games, advanced mathematical applications and more. Many useful algorithms are covered, including some 
clever sorting techniques designed to reduce program execution time. As with Basic BASIC there are many i l lustrative exam­
ple programs included. BASIC doesn't have to be basic with Advanced BASIC! 184 pp. $8.95 

0 BASIC AND THE PERSONAL COMPUTER by Dwyer/Crltchlleld. 
A fascinating book covering many areas of Interest to the personal computer user. Alter giving an in-depth course in 

BASIC, which can be covered in 8 hours, the book discusses microcomputer hardware, graphics, word processing, sorting, 
simu lation and data structures. This Is an easy to read text that Is useful lor the beginner and Informati ve lor the advanced 
user. 438 pp $12.95 

0 THE LITTLE BOOK OF BASIC STYLE by John Nevison. 
Structure, style, correctness, maintainabil ity. Attributes of good programming are getting much attention, and well they 

should. When one considers what we invest in programs, their manageability and efficiency become very Important. Here 
these concepts are explained, along with 19 rules and many examples In BASIC to help Improve your programming style. 

151 pp. $5.95 

0 SOME COMMON BASIC PROGRAMS by Lon Poole and Mary Borchers, published by Osborne and Associates. 
At last, a single source for all those hard to find mathematics programs! Some Common BASIC Programs combines a 

diversity of practical algorithms in one book: matrix multipl ication regression analysis, principal on a loan, integration by 
Simpson's rule, roots of equations, operations on two vectors, chi-square test, check writer, geometric mean and variation, 
coordinate conversion and a function plotting algorithm. These are just some of the many programs included. For only $8.50 
you can buy the kind of programs previously available only as part of software math package systems for large scale com­
puters. All the programs are written In a restricted BASIC suitable for most microcomputer BASIC packages, and have been 
tested and debugged by the authors. 192 pp. $8.50. 

0 BASIC WITH BUSINESS APPLICATIONS by Richard W. Loll. 
This book focuses on the BASIC language and its application to specific business problems. The book is divided into two 

sections. Part one introduces the BAS
.
IC language and the concept of logical flowcharting. Part two presents problems and 

possible solutions. Topics include: Interest rate calculation, break-even analysis, loan rates, and depreciation. Exercises at 
the end of each chapter give a greater understanding of BASIC by actual programming. This book Is a great aid to the begin· 
ner wanting to learn BASIC without having a technical or scientific background. 284 pp. $11.50. 

0 BASIC COMPUTER GAMES: MICROCOMPUTER EDITION edited by David H. Ahl. 
Here are 102 classic computer games, every one in stand2rd microcomputer BASIC; every one complete with large, legible 

listing, sample run and descriptive notes. Al l  the classics are here: Super Star Trek (one of the most challenging versions 
anywhere), Football (two versions), Blackjack, Lunar Lander (three versions), Tic Tac Toe, Nlm, Life and Horserace. 

188 pp. $7.50 

0 GAME PLAYING WITH BASIC, by Donald D. Spencer. 
You'll enjoy the challenge of competing with your own computer. Games described include: 3-D Tic Tac Toe, Nlm, Roulette, 

Slot Machines, Magic Squares, Keno,_Morra, Baccarat, Knight's Magic Tour, and many others. The style Is non-technical, and 
each section gives complete rules for the game, how it works, i l lustrative flowcharts, and example outputs for each program. 
The last chapter contains 26 games for reader solution, including Hexapawn and Poker Dice. 166 pp. $7.95. FOR YOUR CONVENIENCE, PLEASE 

USE ORDER FORM ON PAGE 137 

Mon-Fri 9-5 

DIAL YOUR CHARGE CARD ORDERS TOLL-FREE 800-258-5477 IT InC (in NH call 924-3355) 

Books to erose the impossible PO& 428, 25 Route 101 West, Peterborough, N.H. 03458 • 
-VIS4" -
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5-100 32K (uses 2114) 
ASSEMBLED Kit 
450ns. 599.00 450ns. 
250ns. 699.95 250ns. 
Bare Board 49.95 
Bare Board w/all parts Jess mem. 

5-100HIK (uses 2114) KIT (exp. to 32K) 
ASSEMBLED 450ns. 279.00 
450ns. 325.00 250ns. 299.00 
250ns. 375.00 � 
Bare Board 49.95 . 
LOGOS IBK I 
ASSEMBLED . 
450 ns. 169.95 KIT 450ns. 125.95 
250ns. 189.95 250ns. 149.95 

Bare PC Board w/Data $21.95 
Now over 1 year successful field experience 
"Special Otter" Buy (4) SK 450ns. Kits S 117.00 

FLOPPY DISK DRIViii?S � 
1 VISTA V-80 MINI DISK 

_, 
FOR TRS-80 

* 23% More Storage 
Capac1ty - 40 Tracks 

*Faster Drive· 8 
2 o�ie�t:J�m:dl�����s 395

•
00 

4 Drive Cable Add $39.95 
2. VISTA V-200 MINI-FLOPPY SYSTEM 

* 204K Byte Capacity* w/CPM, Basic"E" 
*One Single Sided, § 

Double Density Drive V·200 
* One Double Density 899.00 

Controller w/Case & P.S. 
Add to your EXIDY, 
HORIZON, etc, 

3. VISTA V-1000 FLOPPY DISK SYSTEM 
* (2) Shugart 800-R 8" Floppy Disks 
*Controller Card, Cable, § 

Case & P.S. ·1 000 
* CPM & Basic "E", 1899.00 

Instructions & Manual 
4. MPI B51·5Y<'c 40 tracks ........ 279.00 
5. Shugart SA40Q-5'1<', 35 tracks .... 295.00 
6. Siemens/GSI FDD100·8 8" ...... 375.00 
7. Shugart 800/801 R 8" 495.00 
8. PERSCI Model277 Dual.. ..1195.00 

* Bank Selectable * Uses 4115 or 4116 
200 ns. 

* Write Protect * Power 8VDC, ±16VDC 
* Phantom * Lowest Cost/Bit 
Expando32 Kit(4115) Expando64 Kit (4116) 

8K 5179.00 16K $248.95 
16K $229.00 32K $369.00 
24K $299.00 48K $469.00 
32K $349.00 64K 

* Memory Mapping * Low Power 
* Phantom * Assembled & tested 
Recommended by Alphamicrosystems 

8K Static 
16K Static 
32K Static 

250 ns. 450 ns. 
$209.00 $189.00 
$449.00 $399.00 
$799.00 $699.00 

ANADEX PRINTER 
Model DP-8000 compact, impact. parallel or 

serial. Sprocket feed, 80 eels, 
84 lines/min., bi-directional. 
New only ..... $895.00 

MOTOROLA UORCIS!R COIIPATIBL• . 
9600 MPU Module w/6802 CPU ........ $495.00 
9601 16 Slot Mother Board ....... ....... . 175.00 
��g� �

a
S?o�����:r� ��d8. �-��� -�-���.1� :: i �8:88 

9604SwitchmodeSystemPowerSupply . .. 250.00 
���� g��� :K

o
k
otrg�t��i� �·-�·.:·.�: .... as.?R 

9620 16 Channef Parallel 1/0 Module ."."."2fi5.oo 
���� ��

r
��������� 1�o����

o · · · ·. · ·. ·. ·. ·. '295.oo 
9627 16K Static 450ns.... . .. 495.00 
9630 Card ExtAnder. . .. . . . . . .. . . . .. . . . .. 68.00 
9640 Multiple Programmable Timer 

....... 395_00 
9�56 r�

m
c?;!1�ner· b"UPiex· ii8�i8i ·riO .... ... 395.oo 

96103 32/32 1/0 Module .............. . .  275.00 
96702 32 Point Reed Relay Module ... .. 350.00 
8800 BARE BOARDS 
9620·0 ...... ' .. $45.00 9603·0... . .. 27.00 
9626..0 .... ..... 45.00 9600... . .. 55.00 
�gg?-�:::·:·:::::�6:88 ���g� :::::·· ·::§�:88 

AMI EVK System in Stock 

PET TO S·1 00 ADAPTER 
Allows Pet!TAS 80 to be int£trfaced to 
popular S-100 Bus. 
Pet to' S-1 00 Kit . .. . $189.95 

���"g'o����-icio.Hi..iiia·1·aa·t<ii . . m�gg 
Assembled... . .... $355.00 

TARBELL FLOPPY INTERFACE 
* ZB0/8060 S 100 Compatible * Uses CPM 
Assembled for Shugart .•.• SAL& $221i1,00 
Assembled Other Drives... .. . $269.95 
Klt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S179.95 
Bare Board .. ... $36.95 (Doc. Add S 1 0.00) 

,.Oir. �00 C:PM A<l<l rooo OQc"'"""';"""' A(lol 520(](1 
Vista Double Density SYO' Controner 
Assem .. . . . .......... ....... .... S299.00 

SO Versa Floocv Klt .. . ........... $159.95 SO Versa Floppy Assembled.. . •. Sl 69.95 
Tarbel Casselte l/0 Kit ...•• ••.... $115.00 Sale * 1771-QI FloppyChip •.... $27.95 

BYTE USER 8K EPROM BOARD 
* Power on Jump * Reset Jump 
Assembled & Tested .... ............. $94.95 
Byteuser Kit ........... .............. 564.95 
Bare PC Board ....................... $21.95 
Special Offer: Buy 4 kits only $59.95 each 
MR-8 8K W/1 K Ram . ... ... ..... ..... $99.50 
MR-16 16K w/1 K Ram . .... ... ...... $99.50 
EPM-1 4K 1702 ....... . .......... $59.95 
EPM-2 2708 or 271 6 Eprom . ....... $69.95 
Z·80/Z·80Al8080 CPU BOARD 

*On board 2708 * 2708 included (450ns.) 
* Power on jump * completely socketed 
Assembled and tested . $185.00 
Kit.............. .. .. $129.95 
Bare PC Board ....... .. ... ......... $ 34.95 
*For 4MHz Speed Add $15.00 
8080A Kit .......... .. .... S 99.95 
8080A Assembled.. . $149.95 

5-100 MOTHERBOARD SPECIAL 
8 slot expandable w/9 conn. 
reg $69.95 . . .. . . . . .. .. . . . NOW 552.95 

TARBELL FLOPPY CONTROLLER 
Card assembled and tested for use with Shugart 
Drives $ SALE PRICE only $229.00 

�
-
���T���

d 
CAT'" %27 

ACOUSTIC MODEM� 
����r� Originate sZ 

ACOUSTIC COUPLER SPECIAL 
AJ MODEL A30 
SPECIAL PURCHASE 
OF SURPLUS UNITS 
AVAILABILITY LIMITED $29.95 

DATA BOOKS o COMPUTER BOOKS 
1978 IC Masler ........ 49.95 lnlel MCS 80 Men\lal ... .• 7.95 
NSC m Dala .. .•...•••• 3.95 In lei MC5 40 Manual. •. .. 4.95 
NSC LJr���ar ••.... ! ........ 4.95 AMD 80BOA Manual. .... • 5.95 

�� ���� � -��-�� ��: i:� �P Msg�(�r g:��-�-� : ;::; 
NSC Memory .... •..••... 3.95 Gl MO StLSI Oala ... 4.95 
I ntel Dalabook ..•........ 4.95 Harria Analog Oalabook .. 4.95 
Intel MCS 85 Man ual ..•.. 7.50 Tl Linear Control Data .. . . 3.95 
t .. ua • OIBOAM. BOOK& • &AU 

Ret. lal• 

:�:�� :� ���: ��:?::· 
. :::: : :� �:�; 

80BOA Programming.... . • .  � 7. 75 ragop������7r!o�.::: .......... . . ........ .. . :. : : :::� �:�; 
Vol. II Some Real Microproceswrs w/Binder . ••.. � 27.50 
Vol. Ill Some Real St�pporl Devices w/BI"nder. . .. 20:-QQ. 18.50 
lntro to Mir;rosVol.111.. . . . •. ••..•.. '20-:GQ.. 18.50 
&AU • DIUTHIUM COifPU"I"WA BOOKI • IAL. 
UnderstaMII"lg Comp\llers ..•...•.. ... ..... ..•... "lt.'M- 7.95 
BOBOMicrocomputer E�penments . ............... T3:'9io- 11.95 
Beg!nnmg BASIC . . . . • • . .. • . . . . . .... '!':94. 8.95 
Beolnnors G lossary & Gt�lde ................. ...... tt:'9l- 5.95 
Pean\11 Butter & Jelly Gt�ido 1o Computers ..• ...... "1":91- 6.95 
8080 Machine Langt�age Prooramming •..••..•... "1":91- 6.95 
Home Comput&rs Vol.! Hardware .. . • .•.......•. '1':9i- 6.95 
Homo Computers Vol. 11 SoUwaro .........•...... � 11.95 
Starshlp Simt�latO< .. . •...••..•......• 'l':9fi- 6.95 

P. 0. BOX 17329 Irvin�. vpu1unuca '�'' • .J 

Circle 4 on inauiry card. 

.. 

DYNAMIC RAMS 
416/4116 16K(16P�nl .... . 1 2.45 
5A,IC..I 8 416 "s . . . . . . . .• . . . • . . . 89.95 
4115 8K(16Pin) . .. . .... ..... . 6 .95 
40� 4K • 1 (18 P•nl ... ...•.. 4.25 
4060 4K • 1 (22 Pon)... . .. 4.95 
4096 4K • 1 !1 6 P,n)..... . 3.95 
2104 4K• I (!SPin)... . . . .  4.7 5 
4027 4KJ I !16Pin) •..... .... 4.95 
5261.. 1.95 IIOJ .. 1.95 
5262 .. .. 1.95 400{1L .. . 4.95 
5270 .. .. 4.95 6605, .. • 7.95 
5280 .. .. 4.95 6604 ..•. . 4.95 
5290 12.45 6002.. 1.50 

PROMS 
2106 995 
2708·6 1 50 
17f)2A 3 9 5  
t702A·G J 50 
2716·5V 59.!:15 
2716·5V 12V 4000 
2758 5.Y 2995 
5203A0 II 95 
5204AQ 995 
6834·1 1295 
IM 5610 295 
SALK 8223 3:1 • 8 ........... 2.811 
82St15512x8(TS) ........ .  16.95 
625123 32 I 8 .... . •.... 2.5() 
62512fl256x4 ........ ..... 3.50 825129 256 � 4 (TSI.... . ... 3.50 
825130 512 � 4 10C) .... . ..... 6.50 
NSC OM7578 32 � 8 .•....•... 2.95 

CHARACTER GEN 
251 3.00115\/'tUppel . 
2513·00515\/'tlower . ..  
25tJ·A0MJ !5VI Lower .. 

MCM6571 .. 
MCM657tA 
MCM657<1 
MCM6575 

UARTS/USRTS 
TR16028 15V. 12\'1 
AY5101 3t5V. �NI 
AY51014A/151 � �' tiiVl 
AV5t015A.It8&3t:OVI 
TM5 6011 t5V. 12Vl 
IM6402 
IM6403 
2350USRT 
1671BA$.uos 
IALI: TAi4728 
BAUD RATE GEN 
MCt441 I 
4702 
W01941 

9.50 
1095 
14.95 

10.75 
10.75 
14.50 
""' 

J9S 
"' 
6.9 5 
"' 
5.50 
7.95 
8.95 
995' 

2495 
. •  IJ.IJ!I 

11.95 
1·19':> 

(t'ofo 
KEYBOARD ENCODERS 
AV5·2376 1375 
AY5·.'1600 13 75 

H00165 .. ...... .. ...... . .. 9.95 
74C922 . • • . . . . . . . . . • . . . . . . . . . . 9.95 
74C923 . .. ...... ............ 9.95 

AID CONVERTERS 
8700 8bl Bon.1.ry 
8701 lObo! Bon:uy 
ti7038!MI TS 
9400 V�tlo Frcrt C..Mw 
8750 3·112 0�<1•' BCD 
1408L!>flhol 
tii08Ltlllt"t 
OACOI A/0 

OISPLAYS/OPTO/LED'S 
1ft 7 SEQMI!NT • CALC • CLOCKS • 
OL 704 ICCJ. OL 707 tCA! 300" Rea.. .. • .99 

FNO 357 tCCl . 357" Red .• . , .. 99 
FND 500/503 ICCI.500" Red .99 
FNO 5071510 ICN sao· RL'<I 99 
FNO 8001803 1CCt 600" Red. . . ... 1 .75 

FNO 807/810 !CAl 600" Red.. . 1 75 
!":AN 3062 500" Green . . . . .. . . . . . . . .. t I 5 
HP5082·1"731 \CA),300"Red... • ..... . 99 
9 O.g• l Bubble t.lln• CalC. Otsplay... . 99 
9 DOO•I  Panaple1 D•splay .400" . . . . . . . . . . . . . . 99 
90ogol Fluorescenl .300". . . . . .. . . . . . . . 99 
MA1003 12V At�IO Clock M odule .. 15.D5 
Be!Cilor MA1003 W/Red Foll er .. . ..... 4 .95 
MAI002A LEO 1 2  ht. Clock Module ..•..••. 10 .95 

1ft HI!X EHSPLAYS 1ft ENCODED DISPLAYS 1ft 
:.f> 5082·7340 Red He.tdeclmal .. . ... .. 15.95 
HP 5082·7300 Red Nymerie ............... 1 4,95 
TIL 306 Numer ic  w/logic . . . . ...•.••. 8.95 
TI L 308 Number wllogic . . . .... 8.95 
TIL 309 Number w/Logoc... . . ...... 8.95 
Tll311 He1adeclmal.. . .. 12.95 
MAN 2A .320" Red Atpha·Numerc.. . . . . 5.95 
MAN lOA .270" Red Aipha·Nvmeric . . . . . . • 8 9 5  

• La O' •  1ft OPTOISOL.ATERS • 
LEOS Red. Yellow. G•een 185 . . ... 511,00 
MCT 2 Photo XSTR HFE 250. 30V . . . ... .. ,99 
4N25 Photo XSTR HFE 250. 30V . . .. . . • . . . .  I ,29 
4N33 Photo Darlington............ . ........ 1.75 
FPT 1 108PholoXSTRFia1 Lense . . IIALE411 00 

ATTENTION KIM USERS 
KIMSAI-e�pansion to S·100 ... 125.00 Kil/165.00 
KIMSI to KIM ConnectO!" ....••.. •.... "5.75/pail 
KIM 1 6502 Single Boord Compul&r .•.•.. 179.00 
KIM I POONer Supply •......•....•........... 59.95 
KIM Memory Plus· (consists of 8K Ram. 

8K2716 Eprom, Programmer.VO etc.\ ... 245.00 
KIM SOFlWARE 
• Please pacilage(casselle\12 games. 18.95 
• He lp Ed•tor pactc.age (cassette) . . • . . . . . . 18.95 • HelpMailing LIS1 pkg.(cassette) .. ....•• 16.95 • Help lnloRetrova1pkg.(cassette) . ...••• 16.95 • t-.hcrochess lca sse 11e) .. •........... ... 16.95 • Mieroald A ssemblyiOosassem/ECiolor ... 27.95 • Mcroa•d Source Losting (Cassette). . •• 27,95 
• Tiny Basoe l or KIM (paper lepe) . . . . . . • . 10.95 

COMPUTER SPECIALS 

HoPiot P1o11er o"'ff\ 1��1o 
HoPtot Dogotozer .,.., 795.00 
E"'dyw/32K 1395.00 
Atlplellw/161< 1195.00 

Compucolor II w/16K 1695.00 
TEl PT20811 avaol1 4995.0 0 
r.romemco Sys I l l 5990.00 

CommOdore Pet 795 00 
Soroc 101120 995.00 
ADMJA As.sem S\1� 00 
Te!etyiH!43 1349 00 
Cen!roniCs P·l �95.00 
CennonoesS-1 59500 

SAL I! 
99900 
735.00 

119500 
1045.00 
1595.00 
3995.00 
5J950C 

765.00 
i:l�500 
829.00 

1150.00 
395Cr0 
52500 

MONTHLY IC SPECIALS 
LF13�JfETAnloaMul:o8bit • . 8 95 
ICM7208 Seven OeC<Jde CO<Jnler . . . .. . I 7.95 
ICM7207 Osco!l.!llor Controller_. ... 6.95 
ICM7045 Prec,s•on Sta/WaiCh f,mer 22 95 
! CL7107 3'1 Oog•t AJO ILEOI 14 95 
ICL6211 Voltage Relerencl!. 1 .95 
LM390 Baltery QP. Audo o Amp 3/1.00 
LM 1830 Fluod Detector . J/1 00 
LM1850GrO\IndFauiiiC .. . 311 00 
LM 1800 Pnase Lock Looo FM Steroo. 311 00 
LM I 820 AM Rndo o.. 311 00 
053625 Dual M os Sense Amp.. .. 2 50 

411995 10147EO..Ram---:-:-:-9.96 t48811489 . 21199 NE561 ... ........ 5.oo· 
22 Pm SIT Sockel 10/ 1 00 LF356HBiFet . . 311.99 8223 Prom. 2.9� MCM14505 ...... 8.95 633\·1 Prom 1 9� 74589 ......... 3/1.99 
MK5014 Calc 211 99 74107N .... .... 8/1.99 
74141N 311.99 75452N ........ 8/1.99 

8PmS"T 17 
1..1 Pm 51 20 
16 Pm51 22 
16 F-,nS1 Jt 
20 p,, s "T 3� 
12 Pon S f 35 
24 P on S1 ..lt 
28 Pm 51 ..19 
-'OPm S I 6J 

TEXTOOL ZERO 
INSERTION FORCE 
SOCKETS 
16 PinS 5.50 
40Pon5)0.25 

24 P1<1 S7.50 

NAKEDPCBOARDSALE 
Z·BD CPU (Ithaca).. ..$34.95 
8080ACPU ..... ....... .. . 34.95 
8K S!a1c RAM (logos). . 21.95 
16K Stalic RAM!21141 . • . . 211.95 
32KSiatoc RAMl21141. ... 49.95 

Flope:ry 1(0 [Tarbell) ... . .. 39.95 
Cas s e ttei/O[Tarbe"\. . . .29.95 
8KEP10m(2708)..... 21.95 
1702 Epro m Board .... ... . 30.0C 
2708/2716 Eprom(ltl\acal . . 34.95 
2708/2716Eprom(WMC) . 30.00 

RealtomeCiock ... •..... 34.95 
ACPPro1o Bd. (3M Conn.!. 27.95 
Vector 8600 P.oto. .. ... 19.95 
Vector 8803 1 I slot MB.. 29.95 
ACP E.o.tender w/Conn... 15.95 

Videalnterface(SSM) .. . .  27.95 
Pa,altel1nterlacelSSMI •.•• 27,95 
13 Slot Molherbrd(WMCJ32.95 
9Siot MOihe•BoartSM'M Cl 2995 
8SiotMo!her{clPOindablet . 34.95 

WAVEFORM 
GENERATORS 
8038 Fufl(;locn G e n  3 95 
MC-l02<l VCO 2 45 
LM566VCO . 1 75 
XR:!206 F"n ctoon Gcl\eralor 5.25 

FLOPPY DISK I/O 
1771-()18"&M•n•IIOoiJY 2795 
t�Pd372 Nee Flopp� 49.95 
1781 DualfiO(Ipy 3995 
1791 Dual FIOOPY 44.95 

TV INTERFACES 
P••OO·Ver\er .... •• ,. .. 8-50 
TV· I VIdeo Inte rlace . . . 8.95 
Mocroverter . . . . . . . . . • . • . . . . 3500 

Ml.R Modvlalor . . .. 35.00 

ATTENTION 
PET USERS 
BElSI-pet 8Jp;lnSion to 5100 

................. 105.00 1<.1!/160.00 
PEl Connector Kit. Includes (4) 
Connecto ra for memory e�pan:;ion. 
IEEE 468 110. cassette 110 and 
parallel userpott ....•.....• 7.95/s e t  
V1deo8ulle' 

cconver1s 10 Sid VIdeo) • . • �. 2�.95 
Pelvn o a lM\ISJC Board) .. . . . 29.95 
Combo (V!Cieo & Petun oa) . . 49 95 

Beeper (s•gnals tape lood) . . .  24.95 

ATTN TRS 80 USERS 
20/40 Pon Memory Exo . Conn 

. ... . . . .... .. 57,95 
16K Merr.ory Add-on wllnst. 89.95 
Vosta VBO Mon ollo ppy. . •. . . •  395.00 
40TrackOOSPatchonOisk . . .  10,95 
4 OliVO Cable for vao... . . 39.95 
Centroncs779w/Traclor . 1 179.00 
Centronoes 701 B.d!lecf ... 157900 
ANAOEX OP8000 . • ... . ... 995.00 
M>ert>-P 1�me as Owck P11nterJ 

. . .• . 
·
····-· 395.00 

\.AOieto l)lug,nEJpanslonl/0 39.00 
Power51fiP(60\Itfels), ..•... 17.95 
St�rge St�opressor/Filter ..•. 2395 
Mocrosoll For1ran on Dosk .. 325 00 
Elect•< Pt>nc•l on Cusene . .  99.00 
Etect"c Penc:ol on Oosk . 1 50,00 

f.�����
r
o6

R
t�a���:!�i 

. .  ·
.
·
.
• � ;�:� 

MocroChess.lca!'>settel . 19.95 

TV CHIPS 
AV36��� &Gome•c;-..,. ���� UG� 
AY:I8�1EGam••9iW �9� 
AV:I8�1�C:D'O' c;,...,r�o• 1 9 � 
AYJ.t60,:J-1 AOAG,IUGIII'I e'J� 
AV:I8�1Won&,Oa.o,_ 9!10 
AY:I8606-IW.,...,.,a.o"'• 9!10 
�V:II&O I · I i'in«<••"!< G0111... ��� 
AV:IMiHI·1 IOO.me.Cn!<o .. 1161� �!>0 
Ulfi6 1 �Go!<>" Coo>• M�• .1 9� ���'?,<>;""���;�;-�·�·· ·�;� 
"'"'�ll'0 1 11 T\1 S.no:�Go-" 9.95 
"'"'�lfi9 p,�..,..&Je · .1'15 
lt.l\8.119 Ar �o�:..s.o l�"" 1 "4� 
�"'�r•OONSCC:.,... 1"\IC...mo· .. .. � �:--�:!?:..:�.:f:;:,. '" 

LM2917" 225 741N·14 .... ."1011.99 All Shiprmnu FCM or UPS. D•d�n 
g��� -

f
.
2M 

9.9; :19 �:::::::::��::: :':,'��1�do:!, =:r ;�oo��
nd

!':f2�� 
ATTENTION 
APPLE II USERS 
Applellw/16K 
16KUpQradeKot 
FlopoyO•skllw/1n1erlace 
floppy D•sk 11 

Fumwl'"t!C3rd 

SI04!>UO 
899!> 

59500 
49500 
•aooo 

h�ndllr>Q & potll�. M'"l�lch�t91/8ank· 
amuoU«</COD aa:eptftl w/25'lio d�JIO"'· 
Cllilo,,;, Re11denn � 6% u•. Fore1'1" 
Orden.cld 8"4 handling. All pam prime 

factory luted 9"�rantetd. Same day 

�Add.35C«'fttfoi"Ditl. 
At•IOJ•I PllCH'IJ may v.lly I!< Mil Ma1! O.d�>i 
Proc•riiJ All p rocong suh111Cf·IO chall{JQ 
w.1hot�l notoce 

Phone (714) 558-8813 Retail Store Open Mon. -Sat. 
Located at 1310 "B" E. Edinger. 
Santa Ana, CA 92705 TWX: 910-595-1565 
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Key-to-Disk S oftware Available for 
M i crocomputers 

A new key-to-disk software ( P 1 -
KTDS) ,  designed to run on 8080 and 
Z-80 m icrocomputers, h as been an­
nounced by Phone 1 ,  POB 1 5 22 ,  Rock­
ford I L 6 1 1 1 0. The software supports 
fou r video term inals, fou r floppy disk 
drives, l ine pr inter, and 3 780 commu ni­
cations. The P 1 -KTDS package al l ows 
up  to fou r video users to define and se l ­
ect  as  many as fou r screen formats per  
user. Each format may contain as  many 
as 40 user specified fie l ds. Constant 
data fie lds m ay also be specified. 

I n  addition to data entry , data 
verification is also inc luded as a feature 
of the system .  Verification i s  d one on 
each fiel d specified as a verify fie ld  
whenever the  verify option is enabled. 
Each of the fou r  users has a separate 
disk d rive that stores the formats and 
data records for the particu lar  video 
assigned to the d rive. 

The P 1 -KTDS software is cu rrently 
sh ipping on Phone 1 's P 1 -5 Data Con­
cen trator product wh ich u til izes the 
8080 m icrocom puter, 8 2 1 4  and 8259 
i n terrrup t  control l e rs, 825 1 te rminal and 
printe r  control l e rs. My l ar decals ,  which 
attach to the front edge of the video 
keytops, gu i de the user in efficiently 
entering data. 

P 1 - KTDS sou rce modu le on CP/M 
or F DOS I l l  com pati ble disk, l im ited  
use l icense, users m anual ,  and fou r  sets 
of keyboard decals are priced at $2,500. 
The users manual is avai l able separately 
for $35 .  

Circle 6 2 9  o n  inquiry card. 

Software for the M icropolis F l oppy 
D i sk System 

The Basica l ly S peaking Co has 
announced the avai labi l i ty of software 
for the Mic ropolis five inch fl oppy disk 
systems. Statpak incl udes the abi l i ty 
to create a data file and to d o  mu l tip l'e  
statistical analyses on a data base. 
Available statistical functions inc lude 
Ch i Square, analysis of variance and 
l inear regression. 

G radebook al l ows school teachers to 
use their computer as· a gradebook. 
Mu l tip le  classes are a l lowed , as wel l  as 
m issing assignments, excused absences, 
and addition and de letion of student 
records. A grade figu ring progtam cal led 
Reportcard is inc luded.  
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SOFTWARE 

Business Software Packages 

A l ine of 21 fu l ly  integrated and 
au to-chaining business software packages 
is avai lable from Univair I n te rnational, 
1 03 2 7  Lam bert I n ternational Airport, 
St Louis MO 63 1 45 .  Some of the m ajor 
programs inc lude General Ledger, Ac­
cou nts Payable, Accou n ts Receivable ,  
Payrol l ,  l nveotory,  Dental Management 
System, Medical Management System,  
Real Estate M ul ti-List, I nsu rance Agency ,  
Credit Union, Data Base Management, 
and Word Processing. Al l  p rograms are 
ru n under CP/M or I M DOS with com­
mercial BASIC and 31 K by tes of pro­
grammable mem ory. A system of au to­
matic chaini ng, posting, file backups, 
and u pdates is incorporated. 

The cost of each program on an eigh t 
inch soft-sectored fl oppy d isk is $395 .  
Compl ete sou rce code and  operators 
manual are provided.  Programs are 
also avai lable on five i nch N orthstar or 
five inch M icropol is disks. 

Circle 630 on inquiry card. 

Software for the Apple II Com puter 

Softape, 1 0756 Van owen St, North 
Hol lywood CA 9 1 605 has an extensive 

_ se lection of software avai l able for the 
App le  I I  computer. One such program , 
Appl etal ker accepts voice or aud io 
information through the cassette input  
port, digitizes the information, and 
stores it in num bered tables in the 
com puter's memory. The stored infor­
mation can then be played back using 
the App le 's on board speaker. 

Apple-L is'ner al l ows the user to 
com municate with the Apple  II com­
puter  via spoken words. By using a cass­
ette recorder and microphone, App le  
Lis'ner wi l l  listen for the  words or 
ph rases i t  has learned and respond u nder 
program control .  

For more information o n  these and 
other App le  I I  programs, write to 
Softape at the above add ress. 

Circle 631 on inquiry card. 

The Personal Accounts Ledge r (PAL)  
program keeps not  on ly  a checkbook 
ledger, but a saving's l edger, a smal l  
business ledger, and an investment 
ledger, and al l ows these ledge rs and 
their  accounts to be fu l ly  integrated. 
Selected account prin ting is also sup­
ported .  

T h e  price i s  $ 4 5  for a Micropol is 
MDOS (Model I or I I )  or  Micropol is 
CP/M disk and documentation. The 
documentation incl udes fu l l  i nstructions 
for use, suggestions for modification, 
and complete l istings. For further in ­
formation contact Basical ly Speaking, 
7 1 9  Anna Lee Ln,  B loomington I N  
47 1 0 1 .  

Circle 632 on inquiry card. 

8080 Sim ulator for the 6502 

Now avai lable in a K I M-1 version, the 
8080 S imu l ator for the 6502 processor 
executes the enti re 8080 i nstruction set. 
A l l  internal 8080 registers are main­
tained ,  ready for convenient examin­
at ion or m od ification of their contents. 
In i ts m in imum configu ration on the 
K I M-1 , the 8080 S imu lator supports 
register single step ,  p rogram counter 
s ing le step and run modes. I t  a lso offers 
an input  and an output  port, breakpoint 
operation,  and rejection of i l legal op­
codes. 

The 8080 S imu l ator runs in less than 
1 K of memory,  leaving u p  to 224 bytes 
of 8080 programming  space on an 
u nexpanded K I M -1 .  The S imu lator m ay 
be relocated in read on ly memory and 
can be adapted to other 6502 based 
systems. 

Well su ited to all but time sensitive 
app l ications, the 8080 S imu l ator m ay 
be used to assist in the design and 
testing of 8080 software, used as a 
train ing aid or used for running most 
8080 appl ication software. The pack­
age consists of a K I M-1 format cassette 
tape, a user m anual and a complete, 
com mented  assembly level source and 
object l isting. The price is $ 1 8  p lus 
$ 1 .50  for postage and h and l ing. For 
fu rther information ,  contact Dann 
McCreary, 4758 Mansfie ld St  #2 B,  
San Diego CA 92 1 1 6 . 

Circle 633 on inquiry card. 

Word Processing System for Z-80 
Based Computers with North Star Disk 

The Wordsmith is a word processor 
for Z-80 based compute rs with N orth 
Star fl oppy disk systems, an RS-232 ter­
m inal and a Diabl o 1 620 or equivalent 
printer. I t  p rovi des complete cu rsor con-

- trol ,  block m ovements, string searches 
and alterations, insertion and deletion 
of text, and other ed iting functions 
through the u se of control com m ands. 

Print formatting commands are en­
tered along with the text and a l low 
the format to be changed while the 
printing is taking p l ace. The format 
commands inc lude right justification, 
setting of m argins, automatic paging 
and headers, fou r  types of paragraphs, 
insertion of variable data into the text, 
and operator instructions. Form letters 
are easi l y  produced, each one person­
al ized for the recipien t, th rough the use 
of sim ple text commands. Disk fi l e  
creation,  del etion and  updating are han­
.d led au tomatical ly .  

The Wordsmith is-p riced at $299 .  For 
fu rther i nformation contact South west 
M icro-Systems, POB 20088, Riverside 
CA 925 1 6 . 

Circle 634 on inquiry card. 



ITHACA AUDIO 
THE OEM MARKETPLACE 

Assembled 
Added at 

and 
Ithaca 

Tested 
Audio . 

Field-proven 
reliable engineering 
Over 1 5,000 boards worldwide prove Ithaca 
Audio provides the quality and reliabil ity you 
demand. 
Ithaca Audio Boards are fully S-100 com­
patible, featuring gold edge connectors and 
plated-through holes. All boards (except the 
Protoboard) have fully buffered data and 
address lines, DIP switch addressing, solder 
mask and parts legend. 

• Z-80 CPU Board still the most power­
ful 8 bit central processor available. Featuring 
power-on-jump, provision for on-board 2708. 
Accepts most 8080 software. , 

A&T 4 mHz 
A&T 2 m Hz 

B lank PC 

$205.00 
$175.00 
$ 35.00 

• Disk Controller Board controls up 
to 4 single or double sided drives. Supported 
by a host of reliable software packages: 
K2 FDOS, Pascal, Basic and complete diag­
nostics. 

A&T 
Blank PC 

$1 75.00 
$ 35.00 

• K2 FDOS Disk software in the DEC 
tradition. Includes character oriented text 
editor (TED), File Package (PIP) ,  Debugger 
(HOT), Assembler (ASMBLE), HEXBIN,  1 
COPY, System Generator (SYSGEN) and 
more. Command syntax follows Digital's 
OS-8/RT-1 1 format. First in  a family of high 
level software. Basic and Pascal available 
now. Soon-to-be-released Fortran. 

K2 Disk $ 75.00 

• Video Display Board features the 
full 1 28 upper/lower case ASC I I  character 
set. Easy-to-read 1 6  l ine x 64 character 
format can be displayed on an i nexpensive 
video monitor or modified TV set. I ncludes 
TTY software. Add our powerful K2 FDOS to 
create a versatile operator's console. 

A &T $145.00 
Blank PC $ 25.00 

• 8K Static RAM Board High speed 
static memory at a reasonable cost per bit. 
Includes memory protect/unprotect and 
selectable wait states. 

A& T 250 ns $195.00 
A& T 450 n s  $1 65.00 

Blank PC $ ·25.00 

• 2708/271 6  EPROM Board I ndis­
pensable for storing dedicated programs and 
often used software. Accept up to 16K of e 
2708's or 32K of 271 6's. 

A& T ( less EPA OMs) 
Blank PC 

2708 EPROMs 

Circle 1 91 on i n q u iry card. 

$
$ 95.00 

25.00 
$ 1 1 .00 

The leading manufacturer of blank S-1 00  
boards i s  adding a new wrinkle-now all their  
boards are available assembled and tested. 
"This is a natural progression for the com­
pany" according · to Mr. James Watson, 
President. "Actually we've been supplying 
assembled and tested for some time to our 
volume customers and OEM's, particularly 
those overseas. Our production staff is now 
fully up to speed, so just about everything is 
avai lable from stock." The company sched­
uled 6 months to phase in assembled and 
tested to allow time to build base inventories, 
before offering the boards to the public. "We 
feel tlilis is quite important. A lot of companies 
have earned themselves a bad name in  this 
business by announcing products they can't 
really deliver. We simply won't do that." Mr. 
Watson further explained that Ithaca Audio 
intends to remain leader in  blank boards and 
expects to release a minimum of 6 new 
designs by August, which wil l  be offered both 
blank and assembled and tested. 

Memory Prices 
Tumble 
Ithaca Audio first to break 
1 �/Byte Barrier 
By cutting prices for 32K of RAM to $319 
Ithaca Audio becomes the first computer 
vendor ever to offer high speed memory for 
less than a penny a byte. Commenting on the 
announcement, Steve Edelman, Director of 
Eng ineering said "Just a few years ago 
people were wishing for a penny a bit, and 
even now memory for most large computers 
costs about 2¢/byte and that's only in 1 
Megabyte chunks." In fact it's the relative 
modest capacity of the 32K board that makes 
it so interesting. Users need not buy the full 
64K to take advantage of the low price per bit. 
Furthermore, the board is available both as a 
kit and assembled and tested. 
Delivery is stock to two weeks. Pricing is: 

• 32K kit $319 
• 32K A& T $359 
• 64K kit $645 
• 64K A& T $695 

8" Disk Drives 
Shugart compatible Memorex 550's are in  
stock. 
Single and double density compatible, 330K 
bytes capacity with our control ler or use your 
own. 
Either way $456 

Protoboard Universal wire-wrap board 
for developing custom circuitry. Room for 
three regulators. Accepts any size D I P  
socket. 

Blank PC $ 25.00 

Paseai/Z Read}' 
The first Pascal Compiler for the Z80, and the 
fastest Z80 Pascal ever is now ready. Over 
one year in development, Ithaca Audio was 
obviously pleased with the results. "We really 
have o u t performed t h e m "  states Jeff 
Moskow, Director of Software Engineering, 
beaming over the recently released bench­
marks, in  which Pascai/Z averaged better 
than five times the speed of a recent P-code 
implementation. 

"Pseudo-code means a vendor only has to 
supply one .compiler to lots of people using 
lots of d ifferent machines, and that makes his 
life very easy, but it also means users' pro­
g rams execute significantly slower. There­
fore, we chose to write a native compiler that 
delivers fast re-entrant ROMable code, with 
no need for an intermediate language and 
interpreter. That's where our speed comes 
from." As a matter of fact, Pascai/Z is often 
twenty times as fast as UCSD's implementa­
tion and may well be faster than dedicated 
Pascal machines such as the recently 
announced Western Digital Pascal Micro­
engine.'" Unl ike the Microengine, Pascai/Z 
does not requ i re any new special CPU 
hardware and has the added benefit of com­
patibility with existing Z80 software. 

Operational requirements of Pascai/Z are 
the Ithaca Audio K2 Operating system and 
48K of memory during compiles. The output 
is standard Z80 Macrocode which is l inked 
and run th rough the Ithaca Audio Macro­
assembler. Binary fi les may be as small as 
2.5K, or even less if the full l ibrary is not used. 
The compiler, including the Macroassembler, 
is available on an 8" K2 floppy disk. Price 
including ful l  documentation is $1 75.00. The 
Macroassembler is available separately for 
$50.00. Delivery is from stock. 

More Software: 
For those that don't requ ire the speed of a 

compiler l ike Pascai/Z, Ithaca Audio also 
offers the convenience of BASIC. BASIC/Z, 
an extended version of TDL's Super Basic, 
runs in slightly over 1 2K and is suppl ied on an 
8" K2 disk for $75.00. 

SAVE Even More -
When you buy your software as a package 

K2 and Pascai/Z $225 
SAVE $25 

· K2, Pascai/Z and Basic/Z $275 
SAVE $50 

For technical assistance cal l  or write to: 

ITHACA 
AUDIO 
P.O.  Box 91 
I thaca, New York 1 4850 
Phone: 607/257-01 90 
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Home Computer From Bally 

The Bally Comp u te r  System contains 

the bu i l t-in "Bal l y  B rain," a m icro­

processor that h as a 1 2  K byte memory. 

Each 'optional B al l y  Videocade cassette 

adds up to 8 K additional bytes. Also 

bui l t  i n to the system are a five fu nction, 

ten memory register calculator, 256 

color display variations, stop-action 

pause control, and autom atic shu t­

off. The u ni t  is avai lable in two p l ayer 

and four pl ayer m odels and h as a 1 6 ,000 

dot pictu re im age. With three arcade 

games and a 24 key calcu lator b u i l t  i n ,  

t h e  t w o  p layer m odel h as a retail price of 
$299.95 and the four p layer m odel is 

$329.95.  Both an optional Bally BAS I C  

programming cassette and a n  audio 
cassette i nterface are priced at $49.95. 
For further information contact Bally 
Consu mer Products Div, 1 07 5 0  W G rand 
Av, Frankl in  Park IL 6 0 1 3 1 .  

Circle 639 on inquiry card. 

M i crocomputer Offers Pascal i n  
Programmable Read Only Mem ory 

This new m icrocomputer  designed 
for use w i th Pascal is being m arketed by 
Control Systems I nc, D rawer E E ,  
Wil l iamsburg VA 2 3 1 8 5 .  T h e  U DS 4 7 0  
offers Pascal i n  programm able read 
only mem ory as an alternative to as­
sem bly language and BAS I C  for l ow and 
medium vol u m e  appl ications where 
power and fast development are im­
portant. They make avai l able a version 
of UCSD Pascal specifical l y  designed for 
read only mem ory and programm able 
read only m em ory operation for use 
in dedicated appl ications when the 
development cycle wou l d  be slow with 

MISCELLANEOUS 

assembly language. The Pascal in pro­
gram m able read only memory feature 
makes high level program ming as easy 
as assembly langu age programm ing. A 
Pascal p rogram is compiled ( instead of 
assem bled ) and com piler output (P-code) 
is burned into program mable read only 
memory and erasable read only mem ory. 

The U DS 470 is a rack mountable 
system designed for industrial environ­
ments (high temperature, vibration, etc ) . 
It cu rrently uses the 6 8 00 m icropro­
cessor, bu t can be u pgraded to the 6 809 
or 6 8 000 when they become available. 
The UCS D  system was designed to be 
mach i ne independent. UCS D 's 2 .0 
version .is cu rrently being supplied, bu t 
the 3 .0 version wil l  be used when 
UCSD releases it. The standard U D S  
4 70 package includes a processor with 1 
K bytes of programmable mem ory and 
2 K bytes of erasable read only mem ory ; 
serial 1 /0 (input/ou tput) port with 
automatic reset and VCC monitor; 48 
K bytes programm able memory ;  16 K 
by tes erasable read only memory ; 5 i nch 
double density floppy disks with inter­
face; 5 V power supply; and a case. The 
app roxim ate price of the standard U DS 
4 70 is $4000. 

Circle 640 on inquiry card. 

�here Do New Products Come From ? 

The information printed in the 
new produas pages of B YTE is 
ob tained from "new product" or 
"press release " copy sent by the 

promoters of new products. If rn 
· our judgment the information 

migh t be of in terest to the per-
so.ndl computing experimen ters 
and homebre wers who read 
B Y TE, we print it In some form. 
We openly solicit releases an,d 

photos from manufac turers and 
- suppliers to this marketplace. The 
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information is prin ted more or 
less as a first in first out queue, 
subject tq occasional priority 
modifications. While we would 
not knowingly print un true or 
inaccurate data, or data from 
unreliable companies, our capa­
city to evaluate the products 
and companies appearing in the 
"What's New?" feature is neces­

sarjly limited. We therefore can­
not be responsible for product 
quality or company performance: 

North Star Word Processor With Extras 

I DSWO R D  is a comprehensive word 
processing package avai l able in North 
Star BAS IC Version 6 ,  under North 
Star disk operating system release 4.0. 
Prompts are given as com p l e te English 
sentences, and responses are accepted 
as words, rather than nu m bers. I mbed­

. ded comman ds are not requ ired since 
I DS WO R D  formats the text interactively. 
Some of the features are insertion, 
deletion, and block moves of text; 
global searches; com plete text editing 
on video termi n al or printer; control 
of margin size and j ustification ; merging 
of up to ten files; sorting and prin ting 
of mail ing labels. 

Block ed iting capabil ity on the 
video term inal is avai lable by a l i n ked 
l ist of al l  l ines of text i n  memory,  
coupled with  fu l l  cursor control over 
the e n tire text display. The amount 
of text i n  memory is automatically 
adjusted to the avai lable memory.  
About 25 pages of text m ay be stored 
on a single density disk. Longer docu­
ments may be developed and printed 
in segmen ts. 

I DS WO RD wi l l  run with one or two 
disk u n i ts. I t  is presently configu red 
to run with the Soroc, Lear Siegler 
A DM-3a, Hazeltine, and l n tertube ter­
minals, and the I B M  Selectric, Qume, 
Diablo, and Spinwriter p ri n ters. I DS.­
WO RD is a m od u l ar system starting 
at $ 1 25 for the basic configu ration.  
The complete word processor is priced 
at $ 245 for the video screen edit capabi l ­
i ty,  or  $ 2 2 0  for  the editi n g  on the 
printer  capabi l ity. The form letter, 
labels, name and address file mainte­
nance, and sort modules are $ 5 0 .  For 
further information, contact CW Ap pli­
cations, 1 7 76 E j efferson St,  Rockville 
M D  2085 2 .  

Circle 6 4 1  o n  inquiry card. 



Sankyo Magnetic Card Reader 
•se 

These Sankyo I / 0  units are capable of storing and retrieving over 
400 characters of data in under two secords. 
The fiexability of this device lends itself to numerous applications. 
As an input reader to a computerized security system, the com­
puter has the ability of identifying the card holder and admitting 
only those individuals who are authorized to enter the premises 
during specified time frames. The device is also suitable for 
maintaining customer information files, or any other application 

, where small amounts of information must be quickly entered into 
I a data processing system. 
Accepts 211 by 4 1 1  HP style mag-cards. ( Similar to bank cards. ) 
Motorized feeder pulls the magnetic card across the four channel 

head. NEW cost $200. Full documentahon 

T,. laronou. so.rty Univ•e 1710 Hollerith ki"J'DOetd UMmbly 
'' now 1v1illble lrom C:.l<lorn<l lndvtlllll lor Oflly S24.M 
Th1 ldnl �ompv111 inpvl d.-.ice lor ltcovnllnll 1nd 
m1them11id•nt... Th1 numeric �IYI 111 piiCid on 1� lower 
1111ee ron to resemblt 1 '"' �..,. lddlng m.tenirle. Thll 
lormll 11lows on1 MIIOfd �11c dill lfltry. 

Plugs directly into you Apple II. 
Allows you to enter numerics. 
punctuation and upper case alpha 
characters, all from the data 
entry pad. Sold assembled in 
walnut finished enclosure. 

COLOR • GRAPHICS• SOUND 

Certified Digital 
CASSETTES 

Won•! drop a B I T !  

• 
DISKETTES '5.50 

Binch Soft<IBMl 11· 8 inch 32 sector 
Mini Soft sec. 
Mini 10 sector 
Mini 16 sector 

• As you may be aware, publishers 
require advertisers to submit their 
ad copy 60 to 90 days prior to ' 'press'' · 
date. That much lead time in a volatile 
such as memory circuits, makes it extremely 
to project future cost and availability. 
To obtain the best pricing on memory we have made 
volume commitments to our suppliers, which in turn 
affords us the opportunity to sell these circuits at the 
most competitive prices. Please contact us if you 
if you have a demand for volume state of the art mem­
ory products. 

S TA T I C 
21L02 450nS. 
2 1 L02 250nS. 
2 1 1 4  1Kx4 450 
2 1 1 4  1Kx4 300 
4044 4Kx1 450 
4044 4Kx1 250 
4045 1Kx4 450 
4045 1Kx4 250 
5257 low pow. 

1 -31 32-99 100-5C -999 1K+ 

. B9 1. 49 1. 1 9  
1 .  69 1.  49 
6.  95 6.  50 
B .  95 B .  50 
5 .  95 5.  50 
9 .  95 9. 50 
B .  95 B.  50 
9 .  95 9. 50 
7 .  95 7. 50 

1. 05 
1 .  45 
6.  25 
B.  00 
5.  00 
9. 00 
8.  00 
9 .  00 
7 .  05 

. 9 5  
* • 

6.00 5 .  75 

* 
6.  75 6. 45 

SPECIAL CIRCUITS 
24. 95 

9 .  95 
22.  50 

* 
49. 9 5  

AY5 - 1 0 1 3A UART 4. 95 
Floppy Disc Controllers 

WD 1 7 7 1  single D. 39. 95 
WD 17B1 Double D 65.  00 
WD 1791 D/ D 3740 * 

E P R O M S 1 - 15 1 6 - 6 3  64+ 

1702A 2K 4.  95 4 .  50 . 4.  00 
2708 BK �. 95 9. 50 9 .  00 
2 7 1 6  5v 1 6K 49. 95 45. 00 42. 50 
2532 32K 

Ougif\.11 C.Otl Wll 13a5. UIICI bill gu111nllld In ���ell1<1l 
�oodit<on. Compllll •llh dOC:vn141nllllon . 

51024 
PLUS SHIPPING 

Mtr.�u&. 
Rehll . . . .  
•u95 

..G.J Shugart Associates 
SASOO·R Floppy Disk Drive 
The most cost effective way to store data proc­
essing information. when random recall is a 
prime factor. fhe SABOO is fully compatible 
with the IBM 3740 format. Write protect cir­
�uitry. low maintenance & Shu gart quality. 

CALIFORNIA DIGITAL 
16 Bil 8086 

S-100 CPU Board 
DigiCAST 
A/V-100 

Directly addresses one megabyte. 
8 bit unidirectional & 1 6  bit bi­
directional. 4K of static memory 

on board. 00 

R.F. M ODULATOR 
s2995Broadcast both 

1 audlO and VLdtO 
on your existing color 
television. Recommend-
ed for the II. 

These used data terminals were originally designed for chain store inventory con­

trol and order entry systems. The operator enters the inventory control number • . 

merchandise on hand and the unit price. After all pertinent d?-ta has be
.
en entered rnto 

the recorder. the main warehouse is telephoned. the handset LS placed rn the acoustic 

coupler and all the recorded information is transmitted back to the master computer. 

With a little imagination and one of these portable entry systems, you should be able 

to exchange programs and computer information with associates across the country. 

All units were removed from service in working condition. Original cost $2,500. 

Each system comes complete with: 

•Portable Cassette Drive Unit 
•Removable Entry Keyboard 

with LED Display 

•Five Gould non NiCads 
•Acoustical COupler 
•Battery Charger 

It's not often that California D i.gital ven­
tures into the distribution of consumer pro­
ducts, but we have rescntly come accross 

a product that appears s o  unique that we just had to add it 
to our product line. This Is the System X-10 manufactured 

by the B SR turntable company. T his spa�e age system will re­
motely control My light or appliance in your home or ofhce .

. 
C omm

.�
d sig­

nals are transmitted from the command console over your extsting wtrtng. 
From your bed or easy chair you can control up to 16 different electrical de­
vices inside and outside your home. U se the System X-10 to control your 
stereo, television or any light £ixture on the premises. 

The basic sampler package comes complete with command console, battery 
operated ultrasonic controller, one each of the appliance module, lamp mod­
ule and wall switch. T he basic package is priced at only $99.50 Additional 
modules arc available for $13. 95 each. 

pi 

14 
16 
24 
40 

wire wrap low proflle 
u. 25 50 ea. 25 50 

17< 16 15 
37< 36 35 18 17 16 
38 37 36 19 18 17 
99 93 8S 36 35 34 
169 155 139 63 60 58 

KYNAR;m 



I 
EPROM Bul letin Shows Erase Times 

An i n-depth techn ical bu l letin show­
ing erase t imes and energy characteristics 
for various popular erasable read on ly 
memories is avai l able at no charge 
from Adco Electronics, 2 1 8 2  DuPont,  
Su ite 222,  I rvine CA 9 27 1 5. It  con tains 
two charts which m ake i t  easier for the 
user to be su re of p roper erasure of 
u l traviolet ( UV) erasable programm able 
read only memories. The brochure, 
Ultraviole t Erasing of EPROMS (# 
A78286) ,  h as been prepared by the 
engineering staff of S pectronics Corp 
to take the guess work out of making 
su re that various programmable read 
only memories are empty of data. By 
quick ly determ ining the specific energy 
level needed and requ i red exposure 
time, the user can select the correct U V  
sou rce. 

Circle 643 on inquiry card. 

The Complete Motorola M icrocomputer 
Data L ibrary 

The Comple te Mo torola Microcom­
puter Data Library presents technical 
data for m icrocomputer design and 
implementation. It is d ivided into three 
basic segments, each fu rther  subdivided 
in to su bordi nate product categories. The 
three segments are : 

• m icrocom p u ter components-
microprocessor and m icrocom­
p u ter un i t  comp onents, together 
with interface and periphera l  
components to implement micro­
computer  systems, 

• memory p roducts-basic memory 
components and add-in and add­
on memory subsystems for com­
puter appl ications, 

• m icrocom puter devel opment sys­
tems  and su bsystems-support 
p roducts (hardware and software) 
to design m icrocom p u ter  systems;  
board-level su bsystems for system 
implementation. 
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PUBLICATIONS 

Miniature J oystick Catalog 

Measu rement Systems Inc  announces 
pu blication of their new 1 6  page catal og, 
Miniature joysticks. These joysticks are 
used for cursor positioning of m any 

.
displays inc lud ing interactive te rminals ,  
computer aided drafting, and radar sys­
tems. They are also used for mechanism 
positioning such as microcircu i t  pro­
duction equipment and vehicle control .  
These joysticks are offered for control o f  
one, two, o r  three axes. They are offered 
in commercial, industrial and mil itary 
grades. For further information contact 
Measu rement Systems Inc, 1 2 1 Water 
St, Norwalk  CT 06854. 

Circle 642 on inquiry card. 

Wintek Corp Offers New Catalog 

This catalog contains a 6800 based 
single board computer p lus  1 5  support 
and in terface modu les on industry stan­
dard 4�2 by 6)1, inch cards for process 
con trol and data acqu isition. Addition­
al l y ,  6800 deve lopment systems, resident 
and cross assem biers, and compi lers are 
l isted.' For  further information con tact 
Wintek  Corp, 902 N 9th St, Lafayette 
IN 47904. 

Circle 644 on inquiry card. 

The organization within each of these 
basic segments is by device fami l ies and 
appl ication groupings rather than in al­
phanumeric sequence. Therefore, a com­
prehensive table of contents p rovides 
the reader with a sequential l isting of 
the chapter by chapter  content of each 
segment. 

The book is priced at $6. For fu rther  
informaNon write to  Motorola Semi­
conductor Products I nc, POB 29024,  
Phoen ix AZ 85036. 

Circle 645 o n  inquiry card . 

Buyers Guide Offered Free  of Charge 

This  buyers guide of m icrocomputer  
software, accessories, and suppl ies i s  
avail able from Wal l ace E lectronics Inc ,  
492 1  N Sheridan Rd,  Peoria IL  6 1 6 1 4. 
Software and accessories for the App le  
I I  and  T RS-80, as  we l l  a s  a wide range of  
computer supp l ies, are l isted on these 
sheets. The guide is updated weekly. The 
buyers guide is free of charge, al though 
.50 shou ld be inc luded to cover postage 
and handl ing. 

Circle 646 on inquiry card. 

Personal I nformation Management 
System 

Personal Information Management 
System describes a d ata base manage­
ment program designed fior personal use 
on such smal l  computer. systems as the 
Radio Shack TRS-80 Level I I , or other 
systems using a M icrosoft com patible 
BAS I C  l anguage. Along with complete 
sou rce l istings of the p rogram and com­
prehensive operating instructions, this 88 
page book discusses the m icrocomputer 
and its p oten tial for personal use. A ddi­
tional ly ,  15 comprehensive appl ications 
of the p rogram are i l l ustrated in  detai l .  
The pub l ication is designed for th e 
compute r  novice a lthough the program 
may be benefic ia l ly used by anyone. 
The book is priced at $9.95. For fu rther 
information con tact Scelbi  Publ i cations, 
POB 1 33 PP STN, M ilford CT 06460. 

Circle 64 7 on inquiry card. 



Assembled and Tested $259.95 e Complete Unit with 4K 

� of Memory and Video Driver on Eprom assembled 
.,, 

and tested $339.95 

kit$ 19995 . · - · . ...... ........ · . .. .... -...... ---.;. · 

OPTIONAL: • Sockets $ 1 0 . 00 • 2K Memory $30.00 • 4K 
M�mory $60.00 • Video D river Eprom $20 .00 • Text 
Ed1tor E prom ( I ncludes Video Driver $75.00) 

S- J 00 Plug-In • Parallel Keyboard Port 
On board 4K Screen Memory (Optional ) .  On board 
E p ro m  ( O ptional)  for V i d e o  D river or  Text Ed itor 
Software . 

Up and Down Scrolling through 
Video Memory 
Reverse Video, B l i n king Characters. 

Display: 1 28 ASC 1 1  Characters 64 X 32 or 32 X 
1 6  Screen format (J umper Selectable) .  7 by 1 1  Dot 
Matrix Characters. 

15 M H Z  DUAL TRACE 

Portable 
Scope 

MODEL M�S��--��.J��� 
• Battery or A.C.  Operated • External and I nternal Trigger 
• Time Base-. 1 m Sec./Div.  I nto 21 Cal ibrated Ranges • 
3% Accu racy • I nput l m pedence 1 M O h ms • Complete 
with I n put Cabl_es, Battery and Charger. 
OPTIONAL: • Leather Case $45 .00 • 1 0: 1  Probe $27 .00 
(2 for $49. 00) 

MS- J 5 Single Trace Scope $299. 

32- K  Static R A M  s499. KIT 
• S-100 P l u g - I n  • K i t  i nc l udes P.C. board , a l l  parts 

and assem bl y  man ual • Uses 2 1 1 4 L, 450 nS. 
I. C. soc kets - $20.00 

P.C. BOA R D  BY S-1 00 CO. 

16-K Static R A M  s249. KIT 
• S-1 00 P l u g - I n  K i t  i n c l udes P.C. board , al l parts and 

assem b l y  manual.  Uses 2 1 1 4 L  450 nS. 
Soc kets - $1 0.00 

Add $40.00 for 300 nS (4M H z) RA M S  
P . C .  BOA R D  BY WA M EGO 

z - s o  C P U s 1 2 5. K I T  
• S-1 00 P l u g - I n  K i t  i n c l u d es P.C. boards, al l parts 
and assembly manual .  
FEATURES: 2MHz o pe rat i o n  • S-1 00 p l ug- i n  
· · Power-on j u m p  • O n  board p rov i s i on for 2708 

(opt ional at $1 2.95). 
P.C. BOARD BY ITH ACA A U D I O  

American or European TV Compati­
ble (CRT Controls Programable) 

Dealer Inquires Invited 

ASCII Keyboard Kit $77. 
' 0 -� " A , 0 � ,, t!/ • . c � 

Q' �· �· " ., ,, 6 f.: " ·· 

_,_, ·' ;:.,' " " ·"'"' 

- ,. 1:· v " " " I ' 

Assembled and Tested $93.00 
• Single + 5V Su pply • Fu l l  AS C I I  Set ( U pper and Lower 
Case) • Paral lel  O utput • Positive and Negetave Strobe • 
2 Key Rol lover • 3 User Definable Keys • P . C .  Board 
S ize: 1 7-3/ 1 6" X 5" • Control Characters Molded on Key 
Caps • Optional Provision For Serial O utput 
OPTIONAL: M etal Enclosure $27.50 • Edge Con . $2.00 • 
Sockets $4.00 • U pper Case Lock Switc h $2.50 • S hift 
Reg ister ( For Serial O utput) $2.00 

Dealer Inquiries Invited 

· Apple II 1/0 Board Kit 
Pl ugs i nto S lot of M other Board 

• 1  8 Bit Paral lel  O utput Port ( Expands to 3 Ports) • 1  I n put 
Port • 1 5 mA O utput Cu rrent S i n k  or Source • Can be 
used for peri pheral equ i pment such as printers, floppy 
d iscs, cassettes ,  paper tapes, etc. • 1 free software l isti ng 
for SWTP PR 40 or I B M  selectric . 
PRICE: 1 I n put and 1 O utput Port $49.00 

1 I n put and 3 O utput Ports $64.00 

Dealer Inquiries Invited 

SHIPP ING $3.50 I California residents add 6% sales tax 

I . 

ELEClRONICS WAREHOUSE Inc. 
1 5820 H awth orne B o u l evard 

Lawndale ,  CA 90260 
(21 3) 370-5551 



Visible Computer Supply Offers Free 

General Catalog 

Visib le  Computer S upply Corp, sup­
pl ier  of data processing suppl ies and 
accessories, is offering their 1 1 6  page 
1 979 i l lustrated catalog featu ring more 
than 2800 p roducts. Their product l ine  
covers binders and accessories for 
printout storage, systems and program­
ming aids, a complete l ine of magnetic 
media and related handling and storage 
systems, m i n icomputer accessories, video 

. terminal stands, keypunch fu rniture and 
accessories, word processing supplies, 
microform retention and retrieval sys­
tems, and pressure sensitive labels. For 
further information contact Visible 
Computer Supply Corp, 3626 S tern D r, 
S t Charles I L 6 0 1 74. 

Circle 648 on inquiry card. 

Apple Software Directory 

Over 700 software programs for the 
Apple computer have been compi led in­
to the Apple Software Directory. All pro­
grams are l i sted alphabetically so that 
the same type of program produced by 
several sources can be compared. 
Listings include description, memory re­
qu irements, price, format and the 
source. A l l  sources are l isted with ad­
dresses. 

The d irectory . is printed in two 
volumes. Volume 1 covers busi ness and 

· uti l ity programs. Volume 2 covers games 
and entertainment programs. Each is  
priced at  $4.95. For  more information, 
write WIDL Video, 5325 N Lincoln, 
Chicago IL 60625. 

Circle 649 on inquiry card. 
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Publication Lists 32 BASIC Programs 
for the PET 

· 

32 BASIC Programs for the PET Com­
puter by Tom Rugg and Phi l  Feldman is 
precisely that. . .32 ful ly documented pro­
grams that are ready to run on an 8 K 
byte Commodore PET 2001 computer. 
The reader does have the option of mak­
ing changes to these programs. This 267 
page book covers appl ication, educa­
tional, game, graphic disp lay, mathe­
matical and miscellaneous programs. 
The book is priced at $1 5.95. For further 
information, contact Di l i th ium Press, 
PO B 92, Forest Grove OR 971 1 6. 

Circle 650 on inquiry card. 

Software Magazine Devoted to Radio Shack TRS-80 

Owners of Level II Radio Shack computers wi l l  appreciate SoftSide, a magazine 
devoted to providing games and l ight appl i cation software in  Level I I  BASIC.  Owners 
other personal computers using Microsoft BASIC wi l l  also 
f ind programs that can be readi ly  converted for their 
systems. 

The particu lar emphasis of the magazine is s imulation 
games. Readers of recent issues have been able to play 
footbal l ,  race a c l ipper ship around Cape Horn, rule a f i f­
teenth century Italian city-state or chase wild animals on a 
photographic safari. Light appl ication programs are also 
publ ished, and have included an income tax program and a 
personal finance program complete w ith graphic pictures 
of checks on the screen. H ints for T RS-80 programmers 
regularly appear in  various places throughout the 
magazine. 

Softside is publ ished monthly and is available by sub­
scription for an annual rate of $1 5.  A special cassette edi­
tion which includes the magazine and al l  the monthly pro­
grams in machine readable form is available for $38 for a 
six month subscription. For further information contact 
SoftSide; Publications, PO B 68, Mi l ford NH 03055. Circle 651 on inquiry card . 

New Book Features Self-Contained 
Programming Problems 

Circle 652 on inquiry card. 

Etudes for Programmers by C.harles 
Wethere l l  is a col lection of large scale 
problems for learning by doing. Each 
problem includes a real world back­
ground discussion of appropriate pro­
gra m m i n g  tech n iques, detai led re­
quirements for correct solutio{l, exten­
sions, and annotated bib l iography. Two 
of the problems are completely solved 
by the author. The solutions concentrate 
on good programming techn iques, mea­
suring the quality of the program and the 
output, and poss ible extensions of the 
problem. They are models of what solu­
tions to any programm ing job should be, 
and they contain many practical h ints 
about writing good programs. 

Additionally, this 200 page book of­
fers references to sources for program­
m ing information and further reading 
about problem subjects. It inc ludes a 
complete set of four projects for a pro­
gramming language course: macro-inter­
preter, compi ler, relocating loader and 
computer s imulator. 

Etudes for Programmers is priced at 
$1 2 .95. For further information, contact 
Prentice-Hal l  I nc, E nglewood Cl iffs NJ 
07632. 
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II PET'' $7.95 USED only 
$559 

• 1 4 K  ROM Operatmg system 
• 8K RAM Memory 
• g·· Video Monitor 

• Built m Keyboard 
• Digitally controlled tape 

Today·s best value •n personal computers. along w1th the latest 
m ·peripherals. are always in stock at the COMPUTER FACTORY. 

P ET B U SINESS . 
SYSTEM 

The PET is now a truly sophisticated 
Business System with the Floppy 

Disk and Printer · which makes an 
�� ,,;- _� <"' � �  � . ip , · �� � r• I ,' : ��\�-�� � 

Operating System ' 
• Upper/ Lower Case and 

Graphics 
• Full Sized Business Keyboard 
• Full Screen E(hting 
• Operating system will  support 

mu1t1ple Languages J BASIC 
res1dent) 

• Mach1ne Language Mon1tor 
• BK ROM Expans1on Sockets 
• 9 .. CRT 

• 360 K Bytes Storage . 
• High Speed Data Trans'fer 
• Plugs into IEEE Port 
• 6504 Microprocessor 
• BK ROM Operatmg System 
• BK ROM Encoding and 

Decoding 
• 4K RAM 
• Uses Single or Dual sided 

Diskettes 

S I N G LE D R IVE 
FLO PPY U N IT 
2041 $895 

-

PET 
MUSIC BOX 

Add music and sound 
effects to your · 

programs. Compose. 
play, and hear music on 

· your pet Com:rletaly 
. sell-contalne (no 

wiring). Free 3 
programs Including Star 
Wars theme, sound 
effects, etc. S39 . 

• Mounts inside the PET 
• Third-Octave 

audio spective analysis 
• Complete with software 

and documentation 
• Replaces equipment costing 

thousan
::
d,::.s,::o�f �7�:-::-�-=��=--=-:--::--=:---

• Automatic turn-on and card feed 
• Ideal for marking test scores 
• Accepts any length card 
• Perfect for schools & business ---...... 

Apple's 
Moving 

Average 
Plot 
Program 

This super advanced full function program wilt allow 
you to create text from PET or terminal keyboard. 
• INSERT • DELETE • CENTER • UNDERLINE • 
FULL SCREEN EDITING • MOVE LINES OR 
BLOCKS • SAVE TEXT ON TAPE • AUTO PRINT 
FEATURE . . . .  $45 

This fantastic program disk allows the statistician, 
mathematician, trader in stocks, money or 
commodities, the ability to maintain 30 database 
series of up to 300 values and plot 3 different moving 
averages of a series at the same time, in 3 different 
colors. Files can be updated, deleted, changed, 
extended, etc. 
A sure value disk at only $401 
Word Processing For Apple on disk 

--

The COMPUTER FACTORv·s extensive CENTRONICS : . . . . . . .  . 
inventory and wide selec:tion of computer AXIOM (Parallel) 
printers assures you of  finding the printer AXIOM (Serial) . . . . . . .  . 
best suited for your needs and rRENDCOM . . . . . . . .  . 
specificatcons. The fol lowing printers work INTEGRAL DATA . . . .  . 
well with �II known personal computers. QUME or DIABLO . . . .  . 
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Answer and Originate Acoustic Coupler 

The AC-31 2 answer/originate acoustic 
coupler operates at  300 bps. The device 
i s  1 03 Western E lectric compatible and is 
switch selectable between origi nate and 
answer modes. When in  the answer 
mode, this unit wi l l  generate the answer 
tone necessary to com m u n icate with 300 
bps originate only couplers and modems. 
The AC-31 2 inc ludes a s ingle p lugable 
printed c i rcuit  board for ease of f ield 
u pgrad ing to 1 200 bps operation and 
field service. Standard l ight em itting 
d iode d iagnostic indicators are a lso 
featured. The AC-31 2 answer/origi nate 
modem is pr iced at $295. For fu rther in­
formation, contact Digicom Data Pro­
ducts I nc, 1 440 Kol l  C i rcle, Su ite 1 08, 
San J ose CA 951 1 2 . 

Circle 6 5 3  on inquiry card. 

Interface T RS-80 to 
Summagraphics' Bit Pad 

Summagraphics Corp has announced 
the avai lab i l ity of an interface for the 
company's digitizer, the Bit Pad, which 
a l l ows connection to the Radio Shack 
TRS-80 m icrocomputer. This new i nter­
face permits the entry and transfer of X,Y 
coordinate values for graphics and data 
entry appl ications from the Bit Pad to 
the TRS-80 computer. 
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PERIPHERALS 

Real Time Calendar and Clock for Apple I I  Computer 

Mountain  Hardware has announced 
the Real Time Calendar and C lock for 
Apple II computers. The Apple C lock 
keeps time and data in  1 ms increments 
conti nuously for over one year. Ca len­
dar, clock, and event timer functions are 
easily accessed from BAS I C  using rou­
tines contained in  on board read only 
memory. Some of the features of the Ap­
ple Clock include crystal control, on 
board rechargeable battery to keep the 
clock running during computer down 
times; software for calendar and clock 
routines as well as an event timer con­
tained in on board read only memory; 
and an interrupt feature which can be 

The interface is priced at $1 75, and a 
cassette containing software is provided. 
Data is transferred from the Bit Pad i n  
groups of five bytes. The interface is con­
tained in  a smal l  separate box that con­
nects to the Bit Pad and the TRS-80. The 
i nterface a l lows use of a l l  other TRS-80 
accessories. For further information, 
contact Summa graphics Corp, 35 Brent­
wood Ave, Fairfield CT 06430. 

Circle 6 5 5  on inquiry card . 

programmed to make eff ic ient use of 
computer time. Sample appl ications i n­
c lude progra m m i ng a morning pr intout 
of appointments; date of transactions; 
creati ng games in  which e lapsed time is 
important; and time events. The Apple 
Clock can be added to Mounta in  H ard­
ware's l ntrol Remote Control System for 
real t ime control and monitoring of 
remote devices over regu lar  AC wiri ng. 

The price of the Apple Clock is $1 99 
assem bled and tested. For fur�her infor­
mation, contact Mountain H ardware 
I nc, 300 H arvey W Blvd, Santa C ruz CA 
95060. 

Circle 654 on inquiry card. 

Compact low Cost Alphanumeric 
Printers 

The Dig iTec 641 0 and 6420 sma l l  
desktop printers p r i n t  20 columns of 
a l phanumeric characters. S ixty-four d if­
ferent characters •are prod'uced in  a 5 by 
7 dot matrix. The printer can easi ly 
replace teletypewriter termina ls  in  ap­
pl ications. that don't need 80 column 
capabi l ity. An internal m i c roprocessor 
makes these new printers rel iable and 
easy to interface. The Model 641 0 pro­
vides a serial i nterface to RS-232C and 20 
mA current loop systems at 1 1 0  bps. The 
Model 6420 works with 8 bit para l le l  bus 

. systems at up to 1 000 characters per se-
cond. They both use the ASC I I  input for­
mat. The s ingle un i t  pr ice is $395. For fur­
ther information and specia l  O E M  i nfor­
mation, contact Un i ted Systems Corp, 
91 8 Woodley Rd, Dayton OH 45403. 

Circle 6 5 6  on inquiry card. 
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ElectrolatDs 
POB 6721, Stanford, Ca. 94305 

N E W 
CATALOGWE 

ra-a1 ��-MJ 1•· 4 I B•••A•<RICARO ' 
l'm?Q! 

In Cuiiloudu' 4 1 5·32 1 ·560 1 
L l.'' " ''' "' 800·22 7·8266 
TLX: 345567 

Crystals 
Integrated circuits 
Keyboards 
Lasers 
LSI-1 1 
Media 

FLOPPY SYSTEMS 
8" Siemens FDD12(}.8 Drive 
A l l. S iemen's options inclu ded 
in th is d r iv e  w h i c h  can be con� 
f igured hard or soft and single 
or dou ble density. ( Others give 
o n l y  stripped u n it) $399.00 

"Power One" Model CP206 
Floppy Power Unit. For two 
drives going fu l l -out, and pass­
ably more on Jess severe service. 
2.BA@24V, 2.5A@5V, 0.5A@-5V. 
Beau tifu l qual ity. $99.00 

II 
DISKETTES (Standard) 

8" Boxed 10 $39.00 
5\4'' Boxed 1 0  $34.95 

Tarbell ("It Works") Interface 
( I nc ludes cable set tor 2 drives) 
$265.00 B U T  O N L Y  $21 9.00 
with pu rchase of two drives. 

Cable Kits 1 0' with 50 con d. 
cable and connectors and also 
M o lex c o n nectors and power 
cable: F o r  on� drive: $27.50 
For two drives: $33.95, and 
for three drives: $38.95 

Used Sylvania 12" Video Moni­
tors. Composite video 15mhz, 
1 15vac, 50/6 0hz New Tube. As 
shown $ 1 09 OEM style without 
case: $99, Anti-glare tube option 
add $ 12. Specify p4 or p39 

ESAT 2008 
BI- L I N G U A L  8Dx24 
C O MM U N I CATI N G  
T E R M I N A L  

RAMs 
S-1 DO Components 
Z-80 Components 

E L E CTRO L A BS is proud to annou nce appointment as 
D I ST R I B UTO R by C I I- H oneywell Bu ll. 

P R I C E  BREAKT H R O'U G H  o n  SUPERDISK 10 MBY!  
General purpose controller (requires 2 parallel I/O ports) 
S-1 00 Controller ( DMA) . . . . . • . . . . . . . . . . . . . . . • . .  

" R L-01/RK-05" surrogate . . . . . . . . . . • . . • . • . . . . .  

(transparent to RT, RS, RX)  

$3495.00 
1 500.00 

995.00 
1 900.00 

SO FTWA R E :  (CP/M Compatible) 
SUPE R D O S  1 
(Z-80) . . . . .  $695.00 
M I C R O D OS 1 
(TRS-80) . . .  $1 99.00 

Power supply (switching) 
. • . . . . • • . .  $395.00 

E nclosure (desktop) 
. . . . . . . . . .  $ 99.00 

5%" 
M I N I- F LOPPY 

D R I V E  
$299.00 

- single or double dens­
ity - quick access time 
- high reliability & 
durability . 

Mini-floppy CABLE KI T :  
for T RS-80 or your 
Tarbell controller. 

$24.9 5  

Removeable Media Cartridge Drive 

Daisy Wheel Pri nters 
Gume Spri nt 3\45 

New ! 

Print wheels $8.95 Ribbons $5.95 

O E M  Style mechanism $1 399.00 

:�;:: :;.�� =:· ::::�!:;�::�� .:� =·i\:i' .1i! ��:1r=;:1:.:'t::.::�,;�:;· .:��� 
·., .;•• '•)' :, !If ill :<tl'!l �- : I•! •H 1° i:t:'•:\;�1 
:!: = :1;:: · :�;;;;:;; :�� :: :t� :�;:�r�:� \� :;:l::��Y.i;r �� ::;:�::(i;:. \I) 

Scrolling, full cursor, bell, 
8x8 metrix, 1 1  D-1 9,200 
baud, Dual Font Appli­
cations. Arabic & Hebrew, 
Multilingual Data E ntry, 

�;l��i��:·:;! ���i��:�:��: l�:;�!t:;�::i���·�:· :::�-:;, 

l�:�l;���;:!��:l:.�i?iii�.l!�;:�;:l: i�!�.ii(W!:�;:;::l:;P.:l:i �t;�:::l , 

Forms Drawing, Music I nstruction, Specialized G raphics (e.g. G ames Chem ical Plants 
Switchyards) $349.00 We carry keyboards, cases, power supplies, ;tc., enough to m�e 
an en tire system. 

Circle 1 1 5  on i n q u i ry card . BYTE July 1 97 9  247 



Associative Computer Memory 
Available from Semionics 
Associates 

Content addressable or associative 
computer memory is avai lab le  from 
Semionics Associates, 41 Tunnel  Rd, 
Berkeley CA 94705. Ca l led R E M  (recogni­
tion memory), it differs from conven-
tional memory by el iminating serial sear­
ching. An item m ay be accessed s imply 
by being named. REM can be written i n­
to and read from l ike  ordinary memory, 
but has para l lel processing functions, in­
c luding six types of  recognize and 
multiwrite. The recogn ition operations 
replace serial  searching, while m u ltiwrite 
a l lows the processor to write i nto mu lti-

NEW OLD 
"BUYERS-SELLERS-TRADERS-READERS" 

COMPUTER PRODUCTS RIA MARKET 
e Want to BUY, SEU or TRADE COMPUTER 

lliMS? Hardware, Software, Anyware?? 
e Want to READ WHERE to GET ITEMS?? 
• Don't want to WAIT 3, 4 or 5 MONTliS for your 

AD to APPEAR?? 
e Want WORLD-WIDE• CONTACT POTENTIAL 

with INTERESTED PATRONS?? 
e Want REASONABLE RATES?? 
+ We PUBLISH and SEND the ADs VIA 1st 

CLASS MAIL WITHIN 3wks of RECEIPT. 
+ We PROVIDE WORLU-WIDE• CONTACT. 
+ ADs ••RUN ONE TIME FOR ONLY $6.75 or 

BLOCKS of 3 TIMES EA FOR $18.00. ''lAd =r:: of 100 dwmrcters··O..recten' include pooc· ::�acterf.""· for looQer ADs . .... 100 chorocters. add u!' 

+ RECEIVE AD PUBLICATIONS ONLY-RATE: 
17.5013 issues, $14.40118 issues lsa1t 1st class 10 US & CAl 
!outside US & CA rate: add 11.50 to 9 issue RATE ll1d 13.00 10 
18 issue RATE - � sont VIA AIR MAIL · sond U.S. f1l1dsJ 
'!Per AD response!. 

SEND CHECX OR MONEY ORDER TO: 

"KING FLEA" 
P.O. Box 2256 

Pocatello, 10. 83201 

' . Circle 201 on inquiry card. · 

NEW 32K EPROM/RAM MEMORY CARD 

SS-50 
BUS 
5V 
only 

OSO P/R-32K . . . . . . . . . . . . . . . . . . .  127.00 
2716 EPROMS & TMS 401 6  2K x 8 Static RAM. 
4 Independent BK memory blocks. Size 9" x 51\". 

OSO 2 1 14-16K . . . • . . . . . . . . . . . . . . . . . . . .  127.00 
16K Static RAM memory cerd using the 2 1 1 4  or TMS 4045 

l K  x 4 Static RAMS. Size 9" ' 51\", 
2 Independent BK memory blocks. 5V only. 

NEW OSO U P  8255 IC & MI . . . . . . . . . . . . . . .  1 1 4.00 
Universal parallel interfece c11d for Both the SWTP 30 pin 110 
BUS IMI & the OSO 27 pin BUS ICI. Utilizes INTEL'S 8255 
PROGRAMMABLE 1/0 chip. Willi wrap aree for full UTILIZATION 
of the 8255. Card size 51\" x 5" IMI, 51\" x 41\" ICI. 

AU cards are bare board with edge connectors & Data. 

DIGITAL SERVICE & DESIGN 
P.O. BOX 741 MIC & 
NEWARK, OHIO 43055 VISA 

Ohio residents add 4.5% sales tal. 

Circle 101 on inquiry card. 

I , 

·. 

MErvlORY 

pie locations with a s ingle instruction. In ­
d ividual  bit mask ing may be appl ied to 
a l l  of the operations, inc luding ordinary 
(location accessed) read and write. A 
data processing system with these func­
tions is known as a CAPP (content ad­
dressable para l le l  processor). Ideal for 
pattern retognit ion and i nformation 
retrieval appl ications, it  is  a lso capable 
of perform ing para l lel arithmetic opera­
tions. 

5emioriics' f irst product is a n  add-in 
recognition memory for m icrocomputers 
having the 5-100 bus. C al led REM 5-100, 
the board converts the m icrocomputer 
to a C A  PP by adding new instructions to 
the instruction set of the processor. T he 
board is organized to make these addi-

MORE INNOVATIONS! 
FROM 

P.S. SOFTWARE HOUSE 
FORMERLY PETSHACK 

PET'" INTERFACES 
N f. W !  
PET t o  CENTRONICS INTERFACE S98,00 
PET to PARALLEl INTERFACE ""'" �V 8A � SU0P1Y S7• 9� 
PET to 2nd CASSETTE INTERFACE $<199!1 

PET'" SCHEMATICS 
FOR ONL V S2• 9!1 YOU GET 2• x JO Khemaroc ot r�Pu �·a plus O"<�:��l� schtl<n<lr<:' ot rne Vodeo 
Monrrcw 8nd hue FIKO<d-c!< l)lua complete Parr, rayour . .:111 .Kcurately �nd 
PII'"Stakonqf)o dfawnto rr.e m"IVItSlr»ta� 

PET'" ROM ROUTINES ��;vOos������ ol aH 1 ROMS olu't odentrtlfld $ub<OUtrne entry 
I)Oittls V<OeOMon.to< KayO<U<droutr<>e TapeReo<:Oidllnd Prayb.llck routrne Rer11 
Trme CIOCk.etc To l!'flt<:a rou •earaai1D � OU< OWOO MKI'>rne la<>QU&ge 
Monrtor P<ogram loryour PETu:��ogtlle -lrftiO••d .:�nd v>deo dr$01ay 
Voucan r.averhf, Mon.IClo p<ogr;�morr cllssena rOi only $9 9 5 e•tra 

SOFTWARE: 
M01 0tSASS!M8L lR 1 1 1 9� 

M ... <ll!IIG liS I Foo U�••un•t I >I '"""'��- oi!IJII� ,rhun• ,g 9!> 

MAC .. I�I lANGUAGl MQ"'r!QII W"1�M�' ""'"C'><1" S�•� w • t .rl,.. ,g 9� 
8UOG!T N!W "'r"ll ''�' ' "' IL"' "'�t Chr• •• Ui"'·"" ·" "•·�Ur•t ' ' �  9!> 
STARfR[I( All t"""'""""'""'"H"" ''" '"'' P( I �W..,•.o1 C,r.o11n,, , '' 9!> 

Send lot 01/1 lrn SOFfWARE BROCHURE Du,., "'0.,., ..,M:Otll4l 

P.S. SOFTWARE HOUSE 
P.O. Box 966 Mishawaka, JN 46544 

.... _ ..... � ........... �.�-�.'.;;�:����,��;�.�;,� .......... � ........... .. 
Circle 295 on -l nguiry card. 

.. � ................. 1.· 
Cirple _284 on inquiry card. 

tiona! instructions possible without any 
alteration to the processor. 

Recognition memory is organized in  8 
bit  words and 256 word R E M  records. I t  
is  a static memory w i t h  a n  access t i m e  of 
200 ns for a s ingle memory location, and 
recogn ize or m u ltiwrite t ime, for al l  R E M  
records o f  4 p.s. T h i s  t i m e  does not in­
crease with s ize of memory . In a system 
with mult ip le  R E M  boards, a l l  of these 
are accessed i n para l le l  during a recog­
n ize or m u ltiwrite operation. 

The REM 5-100 add-in recognition 
memory board has a capacity of 4 K 
bytes and is priced at $345. 

Circle 657 on inquiry card. 

6800 DEVELOPMENT PAC I 
•CONTROL MODULE-single board 

computer 
, 

• 1 6K RAM MODULE-16K 8-bit bytes 
•RS232 I NTERFACE-switchable rates 
•CASSETTE I NTERFACE-300/2400 

baud 
•FANTOM-II monitor/debug ROM 
•EDITOR/ ASSEMBLER-on cassette 
•CARD RACK, BACK PLANE, POWER 

SUPPLY 
•$895 ,,, WIIITEI I Corp. 

Phone: 31 7-742·6802 
902 N. 9th St., Lafayette, IN 47904 

Circle 389 on inqu iry card. 

64K RAM BOARD 
The Zs-SYSTEMS 64K RAM board is dOSigned to op­
erate Ill any Z80 based microcomputer having S-100 
bus. It uses 16K dynamic RAM ch.ips, & features: 

- Board select 
- Bank select 
- Transparent on-board refresh 
- 2 or 4MHz operation (w/ no wait state) 
- Memory disable 

Compatible with Cromemco system 
Fully assembled, burned ill, & tested 

Available from stock to 60 days Aa low as $500.00 iD quantities of 100 
Price of one . . . . . . . . . . . . . . . . . . . . .  $649.00 
PC board only . . . . . . . . . . . . . . . . . . . . $59.00 
With 16K RAM . . . . . . . .  . $359.00 

Plus shipping charges 

Zs SYSTEMS 
PO Box 1847, San Diego, CA 921 12 

(714) 447-3997 

CirCle 401 on Inquiry card. 



SOliD STATE SALES . 
A PICTURE MA Y BE TAKEN B Y  OUR CA MERA, 

STORED IN A COMPUTER IN REA L  TIME A ND THEN 
DISPLA YEO ON A CRT A T  A N  A FFORDA BLE PRICE 

VI DEO COM PUTER 
PROCESSING 

SYSTEM 
GRAY LEVELS 

OUR VP1 VIDEO S YSTEM CONSISTS 
OF THE FOLLOWING KITS: 

T H E  CAM ERA WILL TAKE B ETWEEN 

THIS R EM A R KABLE V P-1  COM PUTER/ 
I NTERFACE KIT HAS THE FOLLOWI N G :  

1 5  A N D  1 00 FRAM ES/SECO N D. 
T H E  CAM ERA CONN ECTS TO T H E  
PROCESSOR WITH SEVEN L I N ES. T H I S  
I N CLUDES VIDEO A N D  T I M I N G  SIG NALS 

• CCD 2020 SOLID STATE V I D EO CAM ERA 
KIT ASS E M B LED & TESTED . . . .  $499'' 

_V P-1 COM PUTER/VI DEO I NTERFACE • 
SYSTEM (3 BOAR DS) ASS E M BLED & F EATU RES APPLICATI O N S  

• I T  PRODUCES C O M POSITE V I D E O  
OUTPUT I N  A 1 28 x  1 28 MATRIX 
FROM A D I R ECT M O N ITOR C O N N EC­
TION USING 8K OF M EMORY 

• CONTINUOUS SURVEiLLA NCE 
• I N SPECTION O F  MOVI NG PARTS 

WITH PROPER STROB I N G  
V I S U A L  GRAPHIC I N PUT T O  A 
COM PUTER 

TESTED . . . . . . . . $99900 
• ASS E M B LE D  8K M E MORY BOARD 

(OPTI ONAL) . . . . . . . . .  $235" 
• T H E  SYSTEM USES A STA N DA R D  

S 1 00 BUSS 
• WILL N OT TIE U P  COM PUTER 

SOFTWA R E  WHEN NOT ADD RESSED 
• IT DISPLAYS CONTIN UOUSLY 

W H EN NOT ADD RESSED 
• IT MAY PRODUCE PSEUDO COLOR 

AN D/O R G RAPH ICS (UP TO 16 G R EY 
LEV E LS, 4 BIT B I N A RY) 

• CHARACTER bR PA TIERN 
RECOGNITION 

• P I CTU RES MAY BE TAKEN D I R ECTLY 
FROM A TV WITHOUT ELECTRICAL 
CON N ECTIONS 

• T H E  I NTER FACE KIT MAY BE USED 
SEPARATELY AS A 1 28 x 1 28 

THIS VI DEO COMPUTER KIT 
CAN WORK WITH THE GE, 
REDICON, OR ANY OTHER 
128 x 128 SENSOR CAMERA 

16 LEVEL GRAPHIC DIS PLAY 

REG ULATED 
POWER SUPPLI ES 

POWER SYSTEMS # PS t 1 1 1  
t t 5-230v sotso c v .  in sv oc "' 35A aut . �������m���DltfllB�ElJ. 6''�< 16¥-."x 1 5%" 26 lbs. shipping weight $55.00 

POWER SYSTEMS # PSt 106 
1 1 5-230V S0/60 cy. in 1 2v DC at 15A out. 
S"x 1 6Y.."x 5" 1 9 1bs. shi pping weight. 
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ceo 202C 1 0 0 11 1 0 0  lma'}& 5erJSOr . .  5 1 4 5.00 

V E R I  PAX PC BOARD . . . . . . . . . . . .  $ 1 6.95 
Our new P rototypi ng is n hi density 4 Y. "' 11 6'/,"'  

�inglc sided 1 /1 6 "  epo11y bon rd. I t  wll l  hold 40, 24, 1 6 (34 units) ,  1 4  + 8 p in I C 's. There a re 
tiHCO busses, <-5V, grountt and a floatiny buss . 
There is a pad for a T0·220 regulator. There is a 
22 pi n

F
e

P
d �QQpn

HQTQ'r�i1�-� �6'" SP<�ci n g: .$ _50 

REO, Y E LLOW, G R E E N  
L A R G E  LEO's. 2'' .  . . . 6/S l .OO 

TIL·1 1 8  OPTO-ISOLATOA . . .$ .75 
MCT-6 OPTO ISOLATOR . . . . . .  $ .80 
1 WATT ZENERS : 3.3, 4. 7 ,  5.1 , 5.6. 9.1 , 

1 0 , 1 2 , 1 5 , 18, or 22V . .  6/5 1 .00 

U N I V E R SAL 4Kx8 MEMORY BOARD KIT 
$69.95 

32·2 1 02· 1 fully buffered, 1 6  address l i nos, on 
board decoding for any 4 of 64 pages. standard 
44 pin buss. may be used w ith F -8 & K I M  

TRANSISTOR SPECIALS 
2N62JJ.NPN SW I T C H I NG POWER S 1.95 
MR F-8004 a CB RF Transistor NPN S .75 
?NJ "/ 7 2  NPN So T O  3 S 1 .00 
2 N J 546 PNP GE T0-3 . . S . 75 
2 N4 �00 I'NP ::;, I 0 � S 1 00 
:?N508G PNP S• TO 9 :?  ·1 S 1 00 
2 N 3 1 3 7  N P N  Si R F , 
:?N39 1 9 NPN So TO 3 R l  
2N 1 4 20 NPN S i  TO 5 
2N3 7G l NPN S •  TO 66 
2N:?n:tl'IPN S• TO 1 S 
2NJ05S NPN 5, T 0 3 
2 N3004 NPN S• TO 9? 
2N3906 PNP So T O  92 

7N 529G NPN S1 T 0 - 220 
2N610'J PNP S1 T U 220 :lNJiiJ O I'NP S• TO � 
MPSA 1 3  NPN Si. 

TIL IC SERIES ;::; ·'" 
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. ' t$, SOLI D STATE SALES WE SHIP OVER 95% Terms: FOB Cembrt., Mass. Send 25� for our catalog featunng 
, OF OUR ORDERS THE Send CMck or MoneyOrder. TranSIStors and Rect•hers P O  BOX 74 8 � lncludo Poaa..oa, Minimum 145 Hampsl"l�re St cambndge Mass 

• • DAY WE RECEIVE THEM Order SS.OO,CCID'SI20.00 ' ' 
SOMERVILLE, MASS 02143 TEL. 16171 547-7053 

Circ le  340 on i n q u i ry card. BYTE July 1 97 9  249 



S9FTWARE 

Disk Operating and File Management System for 6800 Microcomputers 

assigned an activity value as a parameter 
of the file name, and the user may 
thereby l ist or display only the file 
directory entries at or above the activity 
level specified in the D I R  (d i rec tory 
l isting) com m and.  

I N D E X  is suppl ied o n  two 5 inch 
disks together with a users m an ual for 
$99.95.  F or further information contact 
PerCom Data Co, 3 1 8  Barnes, Garland 
TX 75042. Circle 658 on inquiry card. 

T h is d isk  operating and· file m an age· 
ment  system , called I N D E X  ( I n terrupt 
D riven Executive) , execu tes faster than 
m ost systems because the console and 
other 1/0 ( input/outpu t) devices are 
serviced by i n terrup t  requests instead 
of by pol l ing. I N DE X  supports u nl i m i ted 
disk com m ands. A user can expand 
I N D E X  by adding u ti l i ty commands 
and driver routines. These reside on 
disk and are loaded i n to mem ory only 
when needed .  With I N D E X ,  fi les can be 

I N D E X  handles both ASC I I  and 
binary files, and disk files are automat­
ical ly  created,  al located and de-allocated. 
Fi les are referenced by names, and file 
name parameters are addended for name 
extension, drive n u m ber, directory level 
and a file protection flag. 

The I N D E X  operating system soft­
ware also features a routine for copying 
files onto a disk. The console in terface 
segment of I N D E X  software supports 
any standard serial ASC I I  term inal.  I t  
featu res program interrupt  for runaway 
programs; operator start, stop and 
skip display control ;  interrupt-serviced , 
typed-ahead character queue buffer;  
and a secondary l ine editing queue 
buffer. 

I N D E X  versions are avai lable for the 
PerCom L FD-400, Sou thwest Tech nical 
Products' M F-6 8, Smoke Signal B road­
casting Com pany's B F D-6 8 disk systems, 
and M otorola's EXO Rciser developmen t 
system . 

New Self-Merchandising Software 
From Computerland 

Compu terland is now m akjng per­
sonal  computing software available 
through all partic ipating Computerland 
stores. SoftSpot is a custom designed, 
self-merchandising f ixture offering off­
the-shelf programs for personal f inance, 
time budgeting, education, games, stock 
analysis, stock portfol io evaluation, and 
more. SoftSpot programs start at  $7.95. 

Customer education about personal 
computers and their appl ications are of­
fered through MainBrain.  Books, self­
study cassettes and video tapes, and " in  
person" lecture programs are avai lable 
from well known publ ishers. MainBrain 
has self-service instructions to assist 
customers in  making their own choice of 
multimedia educational products. 

For further information contact Com­
puterland, 1 4400 Cata l ina St, San Lean­
dro CA 94577. Circle 525 on inquiry card. 

PET SPECIALS LIST SALE KJM-1 $159 (Add S30 for Power Supply) SYM-1 $229 
$139 
$199 
$325 
$ 99 

PET 1 6N 16K ful l  size graphics keyboard $ 995 
PET 1 68 1 6K ful l  size business keyboard · $ 995 
PET 32N 32K ful l  size graphics keyboard $1295 
PEl 328 32K ful l  size business keyboard $1295 
PET 1 6S 1 6K smal l  keyboard, integral cassette $ 995 
PET 32S 32K smal l  keyboard, integral cassette $1295 
PET 8K 8K smal l  keyboard, i ntegral cassette $ 795 

PET 2040 Dual Disk Drive - 343,000 bytes $1295 $ 
PET 2040A Single Disk Drive - 171 ,000 bytes $ 895 $ 
PET 2022 Tractor Feed Printer $ 995 $ 
PET 2023 Pressure Feed Printer $ 849 $ 
PET C2N External Cassette Deck $ 95 $ 

ASK ABOUT EDUCATIONAL DISCOUNTS ON PET 
IEEE • RS232 Printer Adaptor for PET $ 59.50 
BETSI PET to S-100 Interface & Motherboard $119.00 
PET Connectors • Memory (8K) $ 2.95 

- Parallel or  IEEE $ 2.25 
- Cassette Port $ 1 .60 

Personal ln.formation Management System-
Scelbi $ 8.90 

Protect-A-Pet dust cover 
EXS 100 Floppy Disk Control ler for PET 
PET 6550 RAM 

$ 9.95 
$299.00 
$ 1 6.20 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

Write for PET Software List 
MICROCHESS for PET (Peter Jennings) 
PET 4 Voice Music Board (MTUK� 1002-2) 
M usic Software (K-1002-3C) for PET 
CmC Word Processor program for PET 
Bridge Challenger program for PET 

$ 17.90 
$ 49.00 
$ 19.00 
$ 25.00 
$ 13.50 Minimum Order $1 0.00 

BAS-1 Microsoft ROM Basic for SYM 
Memory Plus 
SEA-16 New 1 6K Static RAM 
Seawell Motherboard-4K RAM space 
KTM-2 Synertek Keyboard and Video 

Interface with Graphics Capabil ity 
North Star 16K 4MHz RAM Kit 
RAM 16 4MHz 1 6K Static S-100 RAM 
2114 L 450 ns 4K Static RAM 
271 6  EPROM (5 volt) 

BOOKS 
Programming the 6502 (Zaks) 
6502 Appl ications Book (laks) 
6500 Programming Manual (MOS) 
6500 Hardware Manual (MOS) 
First Book of KIM 

(FOR 
KIM 
SYM 
AIM) 

Programming a Microcomputer:6502 (Foster) 
Basic for Home Computers 
Programming in PASCAL (Grogono) 
Hands-On Basic with a PET (Peckham) 

$290 
$245 
$309 

$ 6.95 
. $45.00 

$ 9.90 
$ 1 1 .90 
$ 6.50 
$ 6.50 
$ 8.90 
$ 8.90 
$ 5.90 
$ 9.90 
$10.50 

3M "Scotch" 8" disks 
3M "Scotch" 5" diskettes 
Verbatim 5" diskettes 

SALE 
1 0/$31 .00 
1 0/$35.00 
1 0/$28.50 

(Write for quantity pricesJ 

Cassettes (all tapes guaranteed) 
Prem ium qual ity. high output lownoise in 5 screw 
housing with labels: 

C-10 10/5.95 50/25.00 1 00/48.00 
C-30 10/7.00 50/30.00 1 00/57.00 Play and reply bridge hands against the PET 

Graphics Util ity Package for PET 
Stimulating Simulations 

$ 13.50 
$ 13.50 WRITE FOR 6502 AND S-100 PRODUCT LIST 

10 PET programs on tape 
Kite Fight - Michael Riley 

2 player action game 

250 July 1 979 © BYTE Publications Inc 

$ 7.95 A B Com pute rs 1 1 5 E. Stump Road 
Montgomeryville. PA 1 8936 
(21 51 699-8386 

Circl_e 1 on inquiry card. 



RCA Cos mac Super Elf Computer $1 06.95 
Compare features before y o u  decide to b u y  a n y  teet ,  monitor select and single step. Large. on 
other computer. There is no other computer o n  board displays provide output and optional high 
the market today that has all the desirable bene· and low address. There is a 44 p1n standard 
fits of the Super Elf for so little money. The Super connector for PC cards and a 50 pin connector for 
Elf is a small single board computer that does the Quest Super Expansion Board. Power supply 
many big things. It is an excellent computer for and sockets tor al l  IC 's are included in !he price 
training and for learning programming with its plus a detailed 127 pg. instruction manual which 
machine language and yet it is easily expanded now includes over 40 pgs . of software info. in· 
with additional memory, Tiny Basic, ASCII  eluding a series of lessons to help get you started 
Keyboards, video character generation , etc. and a music program and graphics targel game. 

The Super Elf includes a ROM monitor'for pro· Remember. other computers only offer Super Ell 
gram loading . editing and execution with SINGLE features at additional cost or not at all. Compare 
STEP for program debugging which is  not in- before you buy. Super Elf Kit $106. 95, H i gh 
eluded in others at the same price. With SINGLE address option S8.g5, Low address option 
STEP you can see the microprocessor chip opera· $9.95. Custom Cabinet with drilled and labelled 
ting with the unique Quest address and dala ous plexiglass front panel S24.95. NiCad Battery 
displays before, during and a Her executing in· Memory Saver Kit S6.95. All kils and options 
structions. Also . CPU mode and inslruction cycle also come completely assembled and lested . 
are decoded and displayed on eight LED indicator 
lamps. 

An RCA 1861 video graphics chip allows you to 
connect to your own TV with an inexpensive video 
modulator to do graphics and games. There is a 
speaker system included for writing your own 
music or using many music programs already 
written . The speaker amplifier may also be used 
to drive relays for control purposes. 

A 24 key HEX keyboard includes 16 HEX keys 
plus load, reset, run, wait, input, memory pro· 

Questdata . a 12  page monthly sof1ware publica· 
tion for 1802 computer users is available by sub· 
scription for $ 1 2.00 per year. 

Attent ion Elf Owners 
New p roducts i n  hardware and software 
coming soon. 

Tmy Bas1c cassette $ 1 0. 00 , on ROM $38 .00. 
original Ell kit board S1 4.95 . 

Super Expans ion  Board with Cassette Interface $89.95 
This is truly an astounding value! This board has 
been designed to allow you to decide how you 
want it optioned. The Super Expansion Board 
comes with 4 K  of low power RAM fully address· 
able anywhere in 64K with built-in memory pro· 
teet and a cassette interface . Provisions have 
been made for all other oplions on the same 
board and it fits neatly into the hardwood cabinet 
alongside the Super Elf . The board includes slots 
for up to 6K of EPROM (2708, 2758. 27 1 6  or Tl 

, 2716) and is  fully socketed. EPROM can be used 
for tbe monito r and Tiny Basic or other purposes . 

A IK Super ROM Monitor S19. 95 is available as 
an on board option in 2708 EPROM which has 
been preprogrammed with a program loader/ 
editor and error checking multi fi le cassette 
read/write software ,  (relocatible cassette file) 
another exclusive from Ouest. It includes register 
save and readout . block move capability and 
video graphics d river with blinking cursor. Break 
points can be used with the register save feature 
to isolate program bugs quickly , then follow with 
single step . The Super Monitor is written with 
subroutines allowing users to take advantage of 
monitor functions simply by calling them up. 

Auto Clock Kit $15.95 
D C  clock wnh 4·.50" displays. Uses National 
MA·1 0 1 2  module with alarm option. Includes 
light dimmer. crystal timebase PC boards. Fully 
regulated. comp. instructs . Add S3.95 for beau· 
tiful dark gray case. Best value anywhere. 

RCA Cosmac VIP Kit $229.00 
Video computer with games and graphics. 
Fully assem . and lest. $249.00 

Not a Cheap Clock Kit $14 .95 
Includes everylhing except case. 2·PC boards. 
6-.50" LED Displays. 531 4  clock chip, trans­
former. all components and full instructio ns . 
Orange displays also avai l . Same kit w/.80'' 
displays. Red only. $21 .95 Case $ 1 1 .75 

60 Hz Crystal Time Base Kit $4.40 
Converts digital clocks from AC line frequency 
to crystattime base. Outstanding accuracy. Kit 
inclu des: PC board, tC, crystal. resistors , ca· 
pacitors and trimmer.  

· 

Improvements and revisions are easily done with 
the monitor. If you have the Super Expansion 
Board and Super Monitor the monitor is u p  and 
running at the push of a button. 

Other o n  board options include Parallel Input 
and Output Ports with full handshake . They 
allow easy connection of an ASCII keyboard to the 
input port. RS 232 and 20 rna Current Loop for 
teletype or other device are on board and if you 
need more memory there are two S-100 slots for 
static RAM or video boards. A Godbout 8K RAM 
board. is available for $1 35.00. Also a 1K Super 
Monitor version 2 with video driver for full capa· 
bi lrty display with Tiny Basic and a video interface 
board .  Parallel 1/0 Ports S9 . 8 5, AS 232 S4.50, 
nv 20 rna 1/F S1 .95,  s-100 S4.50. A 50 pin 
connector set with ribbon cable is available at 
$12 .50 for easy connection between the Super 
Elf and the Super Expansion Board. 

The Power Supply Kit for the Super Expansion 
Board is  a 5 amp supply with multiple positive 
and negative voltages $29.95. Add $4.00 fo r  
s hip ping . Prepunched frame S 5 . 0 0. Case 
$ 10 . 00 . Add S 1 .50 for shipping . 

Digital Temperature Meter Kit 
Indoor and outdoor. Switches back and forth . 
Beautiful. 50" LED readouts. Nothing like it 
available. Needs no additional parts for com· 
plele. full operation. Will measure - 1 00 to 
+ 20 0  F. tenlhs of a degree , air or liquid . 
Very accurate. $39.95 
Beautiful woodgrain case w/bezel S11.75 

NiCad Battery Fixer/Charger Kit 
Opens shorted cells that won'! hold a charge 
and !hen charges !hem up. all in one kit wlfull 
parts and instructions. S7.25 

PROM Eraser Will erase 25 PROMs in 
15 minutes . Ultraviolet .  assembled $34.50 

Rockwell AIM 65 Computer 
6502 based single board with full ASCII keyboard 
and 20 column thermal printer . 20 char. al· 
phanumeric d isplay . ROM monitor, fully expand· 
able. $375 .00. 4K version $450.00. 4� Assem· 
bier $85. 00 . 8K Basic Interprete r S t OO.OO.  
Power supply assembled i n  case $60.00. 

• 

P.O.  Box 4430X Santa Clara, CA 95054 
Same day shipment. First line parts only. 
Factory tested . Guaranteed money back. 
Quality IC's and other components at lac· · 
tory prices . 

INTEGRATED CIRCUITS 
1 7  LMJ79M ll lMJBON 
19 LMJBI 
23 lt.\382 
1 7  LM703H 
63 lM709H , 1 7  LM723H/N 

1 39 LM7JJN 
20 LM74 1CH 
50 LM7411/ 

5.00 
1.00 
1.60 CD4585 1 ·60 C040192 40 74COO 28 74(04 
� �fc:� 3S 14C20 25 74CJO 

1.1 0  
3.00 

.28 

.33 

.28 
1 10 

.18 
.28 

will call only: (408) 988-1640 
· Ave . 

25.00 
\2,95 
9.95 

12.95 
12.50 

CLOCK MOOULES Complele alumctoci.s 
re�y to !"look up 'llrlh lranslormer alld 
SW11ches. Very COillPiiCI ""rill .50" and 
84" digits. 

MA101l2A, C or E  .so· 
IOZPJ Truslormer 
MAID1DA. C nr E .84' 
102P2 Trudorl'llfr 

7.SOOnt 
NOON 
7402N 
740�N 
7409tl 
7411JN 
i414N 7420tl 
7422/1 
7430N 
N42N 
7�4511 
74<17N 
744BN 
745{1N 
7474N 
747511 
7485N 
748911 
7�90N 
7492N 
H93N 
749!1tl 
74100N 
74107N 
7412\N 
74123!1 M25N 74145N 
7415CN 
741SIN 
1415�N 
74157N 74 161 N 
74L62N 
74 16:1N 
74174N 
7417511 
i'4190N 
74192N 
7419JN 
H22 1N 
74298N 
7•1365N 
1-1366N 
74367N 

69 LM747H.N 60 LM7J811 -�� �!Ei� 
: �� H�i� 
j_� �:E:�� 

1 ·95 IC SOCKETS 
1:�� Solder Tin Low Prolile 

Special tr.�nstormer and tl1 
twilchet when purchuad 
w/modute 

MA1DDJ ur mDdute .3" 
69 LM1303N 
1 7  LM\304 � LMI305 
49 LM\307 u� �: '.rf � �� �-� 16 .16 2a 42 

gruo rruor. dlsplay 
88 LM\310 2.0Cl LM\458 
4J lM\800 ·47 HCI75 1 75 74CI92 

, 35  ta 21 36 sa 
1.65 20 29 4() .57 

RESISTORS y, wan 5% 
tDpertyge 03 1000per rype 012 

J3 lM1a12 
�3 U.lla89 i� �1g�J 1 :�� ��g� 

2 00 3 ltvrt •vr •r1� golO 
3 00 t• p�� 2S 

25 per rype .025 l&lprrte pac� 
lOOper type 015 5per �flle 6.75 

69 LM2 1 1 1  90 LMZ9Cl2 .75 2 1e"w! l• o.� .... zo KEYBOARDS 

29 LM39001i 
34 LM39DS 
59 LMJ9DON 
39 MCI 4�8V 

,69 /lESSON 95 NES5SV 
69 NE556A 

1 _75 74C922 
_61 74C923 

-�� HHH 
·" 

79 

1 . 95 
5.50 
5.50 
6.95 
6.95 
695 

WIRE WRAP lEVEl 3 
PIN PIN 
14 .25 24 .86 

:� ���� � : -� 
UART/FIFO 

LEOS 
RedT018 . 15 
G!ee:1. Yellow T018 .21l 

1 00 llE565A. 1.00 
ISO 120 
5.00 
5 00 

INTERFACE 
8095 .95 AYS- 10 13 5.50 ��':'e� �;!ge. Yellow JYmbO :� 69 IIE566V 8096 .95 AYS-1014 r.� �:� :-!� ::�.":r�����Ko!:sJei,1 /17 11[567V 

.a7 li£5708 8097 .95 3341 

HlSOilnl HLSOON 
74l502N 
74LSO.:N 
74LS05N 
7�LSOBN 
7o�tS10N 
74LS13N 
74LS14N 
74LS20N 
HLS22N 
74LS28N 74LSJON NLSJJN 74LS36N HLSWI 
74lS75N 
7�LS90N 
7Jl59JN 
74lS95N 
74LS107N 
74LSI12N ��t�i�i� 
74lS 1JfiN 
7JLS151 N 
7�LS155N 
74LS151t l 
Hl5162N 
" 
1.\ 
74 " 
7JLS367N 
LINEAR 
CA3045 
CA:KI46 
CA3081 
CAJOB2 
rt����lj AH 
lMJOSH 
LM307N 
LI.I308U 
LMJO!IH 
LM3091< t LMJIHirN 
LM317lllt 
LM318 
LM3201{-5 LJ-13231(·5 
LM3201(·12 
lM3201t-15  
LMJ20T·5 
LMJ20T·8 
lM3201- 1 2 
LMJZOT-15 
LM3241l 
LM339N 
LM340'<·5 
l/.1340'<·8 
tM340'<· 12 
LM340K· 15 
LMJ.CG'<-24 
LM3.SOT·S 
lM340T-a 

t���H� 
LM340T·Ia 
LM340T·24 
L M34JH 
LM3!10 
tM370 
LM377 

.a7 /1[5718 .96 78LOS 90 78L08 
1 15 79L05 

87 78MO� 
as 75108 

1 55 75491CN 
1 ,65 75492CN 

.95 75�94CN 

60 
.60 
.10 
" 1 75 

.50 
55 
89 

8098 
8!09 
BTIO anJ 
8T2.0 
8T2J 
8T2.t 
8T25 
8T26 
8T28 95 

.95 

15 
15 
15 
15 

A lo O COHVERTER 
4.50 

1395 
1 5 9 5  
1 3 9 5  
9,95 

BT07 
8T98 

.95 
1.25 4 50  3.00 
5 50 
J IO 
3.50 3.20 
1.69 
175 
169 
1.69 

MOS!MEMORY RAM 2101- 1 3 95 
2102-1 .95 
2102AL·4 1.60 

25 ICL7103 
25 1Cl7 107 JO 8702 
.90 
·" 
.15 
" 
15 
39 
30 

l iS 
,, 
5 1  
5I  

1 89 
35 
35 
35 
71 

.35 
67 

.67 
67 
" 

.91 
·" 

l OG 1 95 
67 

1 35 

CMOS 
C034001 Farr 
C04000 
C0400t 
C04002 
CO.S006 
C04007 
CD4008 
C04009 
C04010 
C040 1 1 
C04012 
C041)13 
CD4014 
004015 
CO�OI6 
C04011 
004018 
CO�OI9 
C0�020 
C04D21 
C04022 
C0J023 
C040N 
C04025 
CO.S026 
C0�027 
CDJ028 

90 C04029 
.67 C04030 

1 80 C04035 
I 90 C0�040 
2 95 C04042 35 C04043 

87 CD4044 
.35 C040�6 89 C04D49 

1 !5 C040!10 
1 50 C04051 

90 C04060 
2 92 C04066 
1.35 C04(168 
1 60 C04069 
6 95 C04070 
I 60 C04071 
1 .60 C04072 
1 60 C04073 1 60 C04075 
I SO C04076 
1 60 C04078 
1 1 5 C04081 
I 55 C04082 
1 35 C041 1 6  
1 35 C04490 
1 35 CD4507 
I 35 C04508 
1 35 CQJSIO 
I 25 COJS I I  
1 25 CD4515 
I 25 C04516 
I 25 C04518 
1 .25 C04520 
1 25 CD4527 
4 50 C04528 
7 50 C04553 1 1 5 C04l66 
3.00 C04583 

"' 9.50 
1qs 
17.95 

2Tl02· 1 1 18 
21Rl2 1 25 
2104A-4 ! 9:, 
21078 4 95 2 1 1 1· 1 3 75 21 1 2·2 3.95 

.50 2 1 1 4L·3 6.75 

. 1 6 4 1 1 6  10,95 
21 25138 6.30 
21 MM5262 �0 

1 10 MM5280 3.00 
21 MM5320 9 95 
21 �11.15330 s 94 
39 PO�I\0·3 4 00 

.39 P04110·4 5 00 

.2J PS I01l 13 95 

.21 4200A 9 95 
36 62S25 2.90 
86 91LOZA I SO 

.86 H00165-S 6 95 
36 MM57100 4 50 .94 GIAYl85!){H 9 95 

.94 MCM6511A 9.95 

.2 1 9368 3 50 
1,02 4100 10 00 
1 02 4 16 16.00 

" 
1 1 
75 

.11 
1.51 

36 
" 

1 .02 
.11 

1.02 
1 .02 

,7 1  
63 

.63 
1 67 

36 
.36 

113 
1 .42 

.7 1  

.40 
40 
40 
11 

.11 

.11 
11  

1.75 
.40 ,1 1  
.1 1  
47 

5.�0 
1 00 ' " 
1.02 

" 
151 
1 10 
1.02 
101 
1 51 

.79 
3 50  
2,25 
4.50 

CLOCKS 
MM5309 
M'-15311 MM5312 
MM5313 
w.t5lt4 
MPI\.5315 
MM5316 
MM5318 
MM5369 
MMS841 
MM586S 
CT700t 
CT7002 
OT7010 
CT70t5 
MMS375AAIN 
MM5375A8/N 
7105 
7107 
7108 
7109 
OS0026CN 
OS0056CN 
Mt.t53104 

J OO 
3 60 
4,80 
3.60 "' 4.00 
>.00 
3.61) 
2. 10 

14, 45 
7.95 
5.80 

10.95 
8.95 
8 95 
3 90 
. ... 

16.50 
7.50 

15.95 
"' 
3 75 
3 75 
150 

MICROPROCESSOR 
6800 1 7 50 
6802 24.9� 
8080A wHh data 8.95 
8085 27 0D 
ZOOA 19 75 
a?1 2 2.90 
a2t4 a oo  
8216 2 90 
6224 2,90 a228 5 35 8251 8.50 
8253 1 0 00 
8255 9 25 
8257 19.50 8259 19 50 1802CP ptas. 1 3 95 
H1020P plas 1 7 95 
186\P 1 1 50 
COP1802CO 19.95 

Multi-volt Computer Power Supply 
8v 5 amp, = 18v . 5 amp. 5v 1 . 5 amp, - 5v 
.5 amp, 1 2v . 5 amp , - 1 2  oplion . :c 5v. = 1 2v 
are regulated . �it S29. 95. �it with punched frame 
S34.95 . Woodgrain case $ 1 0.00 . 

Video Modulator Kit $8 .95 
Convert your TV set into a higH quality monitor 
w1thout aHecting normal usage. Complete kit 
with full instructions. 

2 .5  MHz Frequency Counter Kit 
Complete kit less  case S37.50 30 MHz Frequency Counter Kit 
Complete kit less <.ase S47.75 
Prescaler kit to 350 MHz S19.95 

79 IC  Update Master Manual $35 00 

Complete IC data selector, 2500 pg. master ref· 
ere nee guide. Over 50 .000 cross references. Free 
update service through 1 979. Domestic postage 
S3.50. Foreign $5 .00 . 1978 tC Master closeout 
$ 1 9.50. 

PROM 
170� 
N82S23 N825123 
N82S126 
11825129 
N82SI31 
11825136 
11825137 
2708 
OM8577 
611J 
27t6TI 
2716 1nttl 

3.95 
195 
3,50 
3 75 
3 75 
3 15 
8,75 
8.75 

10,50 
1.9<l 
1.00 

29.50 
4800 

CONTINENTAl SPECIAlTIES in stotk 
Comole\e�neol bruclb01rd1est eQurp. 
MAX-100 8 dlgit Fttif. Ctr. S\21.95 
OK WIRE WRAP TOOLS In ctock Porta�te Mulllmetll S\8.011 
DIGITAL THERMOM£TER S41.50 
8�1t oper. Generiii Durpouor medoeal 
32 -2JO F. Oispo$1ble probe cover 

��pac�
c����cl�ll�h�������

A
�srd c1� 

COMPUTER BOARD KITS 8K RAM Snard K� 
4K EPROM Kif 
l/O �rii Ki: 

CRYSTALS E.rtEOder Bo.ardwlconnector I MHz 
1 MIU 
4 MHz 

uo ' "  
•.25 Ad�rooat Orwe KI S MHz 

10 MHz 
18 MHz 
20 MHz 
32 MHz 
32768 MHZ 
1 8432 MH! 
3 5795 t.IHz 
2 0 100 MHz 
2.097152t.4Hl 
2.4576 MHz 3.2768 MHz 
5.0688 MHz 
5.185 MHz S.7143 MHz. 
6 5536 MHz 
14.318ta MHz 
18 432 MHz 
22. 1 18-I MHI 

4-25 SPECIAL PROOUCTS j � �c"'�::,� S1opw�tcll Timer 
T.SO �:� Swf��i ��� Pushbutton ·
-�� ug ��ra

d
il
e'u�l���;,65-5 6.95 

�:�� =�e� 8�: ��1 OC to s MHz �-� �:lca
1i;

,:;�� ��ft� tO.�� 
4.50 Panttronlcs lODA Loglc 
4.50 Anatyl:er KII S235.00 

CONNECTORS 

4.50 Modei 10 Triggt!l 
4.50 Upander Kll US Model t SO Bus 
4.50 Graboer K!l 
4 50 Slnclalr 3'h 01glt 

Multi meter 

44 pln edge 2. 75 
Ctock Calendlr Ktt 
TRANSFORMERS 

5229.00 

$369.00 
ssus S2J.95 

IOO ptn edge 4.50 
IOO pin e<�ge WW 4.75 

6V 3DO ma 3.25 
12 Von 300 rna transformer 1.25 
t 2.6VCT600 ma 3.75 

kEYBOARD ENCODERS 12V 250 rna v.1n plug 2 95 
AVs-2376 Sl2 50 12V CT 250 fTI.I v.·all llfU!I 3,50 
�rE9�? ' ��-� ��� r2 ��p":an lliUO u� 
7<4C923 5,50 12V6 oamp 12 95 
H0016S·S 6.95 

IC Tut Cilpt I RM .55 8�c� .55 
10 " " 

Keyer 8043 14.50 

CA .270 2.90 
CC . \25 .39 

CAJCA .JOO I ,OO 
CC .JOD \.25 
CA .JOO t.OO 

CA.rCC .S00 \ ,90 

comp wlspet /sot� 

TRANSISTORS 
2N1893 
2N2222A 
2N2369 
2N2904A 
2N2907A 
2N305l 
2N3638 
2N36J3 
2N3904 
2N3906 
21l305S 
2N4400 
2N4401 
2N4•:02 

CA!CC ,600 1.95 
CC .600 1 .9S 
CC ,357 :0 CC/CA . 500 1.35 

.40 

. 18 
30 
20 
15 
,, 

CC/CA .SOO .90 
CCiCA .aoo 2.20 

llP31 
TIP33A 

15 
" 
18 
1 8  TILJ\ 1 Hu 

.69 COMPUTER GRADE CAPS .25 1600 m1� 200V , 75 2000 mld 4SV 20 3200 sov 60 5500 25V 
1 00  5800 .SOV 

6100 .sov 0 Coonetlon RSl32 6100 SOV 
25 Pin Submrnra1ures noo 50V 
0825P 2.95 8000 55V 08255 3.95 10000 20V 
CoYtl I SO 12000 30V 
RS232CompleteSet 6.50 35000 25V 
OE9P 1 50 55000 25V Of9S 1 95 SZOOD 15V 0A15P 2. 10 60000 40V 0A1SS 3. 10 76000 40V 

12'0000 lOV 

.60 .80 
1 ,75 
175 
1 .00 

.60 ·" 
9.51) 

4,50 
1.50 
1.50 
2.50 
3,00 
3.00 
3 00 
1.50 
1.50 
1.50 
3.50 s.oo 
5.00 6.00 
6.00 
6.00 
6.00 

Stopwatch Kit $26.95 
Full six digit battery operated . 2-5 volts . 
3. 2768 MHz crystal accuracy. Times to 59 
min . . 59 sec . . 99 1/tOlJ sec. Times std. ,  split 
and Taylor. 7205 chip, all components minus 
case. Full instruction s. 

Hickok 31f2 D igit LCD Multi meter 
BatUAC oper. 0 . 1 mv-1 000v . 5 ranges. 0 .5% 
accur. Resistance 6 low power ranges 0. 1 
ohm-20M ohm. DC curr . .  01 to 100ma. Hand 
held, 1/z" LCD displays, auto zero, polarity, over· 
range. $74.95. 

S-1 00 Computer Boards 
8� Static RAM Kit Godbout 

1 6K Sialic RAM Kit 
24� Static RAM �it 
32K Dynamic RAM �it 
64K Dynamic RAM Kit 
8KI16� Eprom �il (less PROMS) 

$ 1 35.00 
265. 00 
423.00 
31 0 .00 
470.00 
$89.00 

$139.00 Video I nterface Kit 
M otherboard S39. Extender Board $8.99 

TERMS: $5.00 min. order U.S. Funds, Calif residents add 6% tax. 
FREE S d 1 1 NEW 1979 

" 

BankAmericard and Master Charge accepted . : en or your copy o our 

Shipping charges will be added on charge cards. OUEST CATALOG . Include 28c stamp . 
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- 7400 TTL -SH1410H .. 29 
SH74nH .29 '"'"""' .16 SN7473N .35 SN74160N .89 

SN7401N .18 SN7474N .35 SJ.I74161N .89 
SN7402N .18 SN7475N .49 SN74162N 1 .95 
SN7403H ·" SN7476N .35 SN74163N .89 
SN740'N .18 SN7479N 5.00 SN74164N .89 
SN7405N .20 SN7480H .50 SN74165N .89 
SH7406N .29 SN7482N .99 SN74166N 1.25 
SN7407N .29 SN7483N .59 SN74167H 1 .95 
SH7408N .20 SN748.5N .19 SN74170N 1.59 
SH74a!m .20 SN7486N .35 SN74172N 6.00 
SN7410N .18 SN7489H 1.75 SN74173N 1.25 
SN7411N .25 SN7490N . .'5 SN74T74N .89 
SN7412N .25 SH7491N .59 SN74175H .19 
SH7413H ·" SN7492N . .'3 SN7417&i .19 
SN7414N .10 SN7493N . .'3 SN74177H .19 
SN7416N .25 SN74!HN .65 SN74179N 1.95 
SN7417N .25 SN7495N .65 SN74180H .19 
SN7420N .20 SN7496N .65 SN74181N 1.95 
SH7421N .29 SN7497N 3.00 SN74182N .19 
SN7422N .39 SN74100N .89 5N74184N 1 .95 
SH7423N .25 SN74107H . 35 SH741BSN 1.95 
SN7425H .29 SN74109N .59 SH74186H 9.95 
SN7426N .29 SN74116N 1.95 SN74188N 3.95 
SN7427N .25 SN74121N .35 SN74190N 1.25 
SN7429N .39 SN74122N .39 SN74191N 1.25 
SN7430H .20 SH74123N .49 SN74192N .19 
SH7432N .25 SN74125N . .'9 SN74193N .19 
SN7437N .25 SN74126N . .'9 SN74194N .89 
SH7438H .25 SN74132N .15 SN741Wi . 69 
SN7439N .25 SN74136N .75 SN74196N .89 
SH7440N .20 SN74UIN .19 SN74197N .89 
SN7441N .89 SN74142N 2.95 SN74196N 1.49 
SN7442N .49 SN74143N 2.95 SN74199tl 1.49 
SN7443N .75 SN74144N 2.95 SN745200 .'.95 
SN7444N .75 SN74T45N .19 . SN74251N 1.19 
SH7445N .15 SN74147N 1.95 SN74279N .19 
SN7446N .69 SN74148N 1.29 SN74283N 2.25 
SN7447N .59 SN74150tl .89 SN74284N 3.95 
SN7448N .19 SN74151N .59 SN74285N 3.95 
SN7450N .20 SN74152N .59 SN74365N .69 
SN7451N .20 SN74153N .59 SN74366N .69 
SN7453N .20 SN74154N .99 SN743671j .69 
SN7454N .20 SN74155N .19 SH74368N .69 
SN7459A .25 SN74156N .19 SN7ii390N 1.95 
SN7460N .20 SN741Sm .65 SN74393N 1.95 

CO.'OOO .23 C/MOS C04070 .55 
CO.'OOI .23 004071 .23 
C0.'002 .23 C0.'028 .89 C04072 . .'9 
C0.'006 1.19 CD4029 1.19 C04076 1.39 
CD4007 .25 C04030 .49 C04081 '.23 
CD.'009 . .'9 C0.'035 .99 C04082 .23 
C04010 . .'9 C04040 1.19 C0.'093 .99 
C04011 .23 C04041 1.25 C0.'098 2.49 
C04012 .25 C04042 .99 MCI4409 14.95 
C04013 .39 C04043 .89 MC14410 14.95 
C04014 1.39 C04044 .89 MCI4411 14.95 
C04015 1.19. C04046 1.79 MC14419 4.95 
C04016 .49 C04047 2.50 MCI4433 19.95 
CQ.4017 1.19 C0.'048 1 .35 MC145G6 .75 
CO.'<l\8 .99 C04049 . .'9 MC14507 .99 
C04019 .49 C04050 .49 MC14562 14.50 
C0.'021l 1.19 C04051 1 .19 MC14SB3 3.50 
C0.'021 1.39 C04053 1.19 C0.'508 3.95 
C0.'022 1.19 C0.'056 2.95 CD4510 1.39 
CD.'023 .23 CD4059 9.95 C04511 1.29 
C0.'024 .19 C04060 1.49 C04515 2.95 
C04025 .23 C04066 .19 C04518 1.29 
C04026 2.25 CD.'068 .39 C04$20 1.29 
CD4027 .69 C0.'069 .<5 C04566 2.25 
7<COO .39 74COO 74C16J 2.49 
74C02 .39 74C164 2.49 1.'00.' .39 74C65 2.49 74C173 2.60 
"""' .49 7.'C90 1.95 74C192 2.49 
74CIO .39 7.'1:93 1.95 74C193 2.49 
74CT4 1.05 1.'C95 1.95 74C195 2.49 
14C20 .39 74C107 1.25 74C922 5.95 
74C30 .39 74C151 2.90 74C923 6.25 
74C42 1.95 741:154 3.00 74C925 8.95 
1.'C.'6 2.49 74CI57 2.15 14C926 8.95 
74C73 .89 74C160 2.49 80C95 1.50 

4 74 .89 74CI61 2.49 80C91 1.50 
78MG 1.75 L IN E A R  lM710H .19 

LMI06H .99 LM711N .39 
lt.I300H .60 LM340K·18 1.35 LM723NJH .55 
LM301CNIH .35 LM3401<·24 1.35 LM733N 1.00 
LM302!t .75 I.M340T·S 1.25 LN739N 1.19 
LM304H 1.00 LM340T.S 1.25 LM741CN/H .35 
LM305H .60 I.M340T·8 1.25 LM741-14N .39 
LM307CH/H .35 LMJ(OT-12 1.25 LM747N!H .19 
LM306CN/H 1.00 I.M340T·15 1.25 LM748NIH .39 lM309tl 1.10 LM340T·T8 1.25 lM1310N 2.95 
LM309K 1.25 LM340T·24 1.25 LM!458CNJH .59 
LM310CN 1.15 LM358N 1.00 MC1488tl 1 .39 
LM3l1NJH .90 LM370N 1.95 MC1489N 1.39 
LM312H 1.95 LM313N 3.25 lM1496H .95 
LM317K 6.50 LM377N .'.00 LM1556V 1.75 
LM318CN!H 1.50 "'"""' 1.25 MC1741SCP 3.00 
LM319H l.:lll LM380CN .99 LM21 11N 1.95 
LM320K·S 1.35 LM38TN 1.79 LM2901N 2.95 
LM32UI<·5.2 1.35 LM382N 1.79 LM30S3N 1.50 
LMl20K·12 1.35 NESOIN 8.00 LM3065N 1 .49 
LM320K-15 1.35 NE510A 6.00 LM3900N(3401) .49 
LM3201H8 1.35 NE529A <.95 LM390511 . 89 
LM320K·24 1.35 NES31HN 3.95 LM3909N 1 .25 
LM320T·5 1.25 NE536T 6.00 MC5558V .59 
LM320T·5.2 1.25 NE540l 6.00 80389 4.95 
LM320T·8 1.25 NE544N 4.95 LM75450N .49 
LM320T·12 1.25 NE5501< l.:lll 75451CN .39 
LM320T·I5 1.25 NESSSV .39 754S2CN .39 
LM320T-18 1.25 NESSGN .99 15453Ct< .39 
LM320T·24 1 .25 NE5608 5.00 75454CH .39 
LM323K·S 5.95 NE5618 5.00 75491CN .19 
LM324N 1.80 NE562B 5.00 75492CN .89 
LM339N .99 NE56SH/H 1.25 75493N .89 
LM340K·5 1.35 NE566CH 1.75 754!HCN .89 
LM340K-6 1.35 NE567V/H .99 RC4136 1.25 
LM340K·8 1.35 NE570N 4.95 RC4151 2.85 
LM3401H2 1 .35 lM703CHM .69 RC4194 5.95 LM340K·15 1.35 LM709NIH .29 RC41 95 4.49 
74LSOO .29 74LSOOTIL 74LS138 .8 
74lS01 .29 74LST39 .89 
74LS02 .29 74LS47 .89 74LS151 .89 
14LSC3 .29 74LS51 .29 74LS155 .89 7.'LS04 .35 74LSS4 .29 74LS157 .89 
74LSOS .35 74LS55 .29 74LS160 1.15 
74LS08 .29 74LS73 . .'5 74LS161 1.15 
74LS09 .35 74LS74 . .'5 74lS162 us 
74LS10 .29 74LS75 .59 74LS!63 1.15 
74LS11 .75 74LS76 .<5 74LS164 1.25 
74LST3 .59 74LS78 .49 74LS175 .99 
74LS14 1.25 74LS83 .89 74LS181 2.49 
74LSI5 .35 74LS85 1.25 74LS190 1.15 
74LS20 .29 74LS86 . .'5 74lS191 1.15 
74LS21 .35 74LS90 .59 74LS192 1.15 
74LS22 .35 74LS92 .75 74LSI93 1 .15 
74lS28 .35 74LS93 .75 74LS194 1.15 
74LS27 .35 74LS95 .99 74lS195 1.15 
74LS28 .35 74LS96 1.15 74LS253 .99 7.'LSJO .29 74LSI07 . .'5 74LS257 .89 
1<l.532 .35 74LS109 . .'5 74LS258 1.75 
74LS37 .45 74LS112 .45 74LS260 .69 14i.S.'O .35 74LS123 1.25 74LS279 .15 
74LS42 .89 74LS125 .89 74LS367 .75 

74LS132 .99 7.'l.5388 .75 74LS136 ... 74LS870 
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EXCITING NEW KITS Digital 
Thermometer Kit � JE600 HEXADECIMAL � ENCODER KIT 

FUTURES: r---;;;;-;;;;o • ��s!� 
:;

:ed oulpUI for mlao· 

J Us11 Deflne lteyswlth or.e belng bl· 
liable operation 

• Oebounce circuli provided tor an 19 
"'' 

• LEO re.adoLII to varify entries 
• Easy interlacing with sWldard 16 pin 

IC COMectOf 
• Only +5WC required lor operations 

FULL 8 BIT LATCHED DUTPUT-19 KEYBOARD 
The JE600 Encoder Keyboard provides twt1 sepJ�ate hendecimat 
digitS produced lrom sequenUal key entriesto allow dlrect prog· 
ranwnlng lor 8 bit microprocessor or 8 btl memory chcuils. Three 
(3)addltlanal keysareprovided loruser operatlonswllhoneha'o'lng 
a bistable output available. The outputsa!e lalched and monltored 
with LEO raadouts. Also indl.lded lsa key entry st1obe . 

JE600 . . . . . . . . . .  $59.95 
DISCRETE LEOS 

.200'" dll. 
XC556R red 
XC550G gr..,. 
XC556Y )'l!IIOW 
XC556C clear 

.200'" d)l. 
XC22R red 
XC22G green 
XC22V yellow 

.170" dll. 
MV108 red 

.OW dla. 

51$1 
41$1 
41$1 
4/$1 

5/$1 
41$1 
4/$1 

41$1" 

MV50 red 61$1 
INFRA-RED LED 

1/4"X1/4"X1116" 11al 
51$1 

• 
.1215'" dlt. 

XC209R red 
XC209G green 
XC209V )'l!IIOW .1815'" dlt. 
XC526R red 
XC526G green 
��l� �"':" 

.1110" dlt. 
XC111R red 
XC111G g,..n 
XC111Y )'l!llow 
XC111C clear 

, �� 
.ou,l sensors-switching 

c
ontrol for In­

door/outdoor or dual monitoring 
•Continuous LED .8" ht. dlaplav 
•Range: ·4011F to 1990f /-4011(: to 100CC 

:�tc���c'f=:a*r1o0n'h�h'1��� Celsius reading :�/�·: 3?�?�.��·x'3:sfa9,��� ��:f}Ef.��
r In

cl. 

JE300 . . . . . . .  $39.95 

5/$1 
4/$1 
4/$1 

5/$1 
4/$1 
41$1 
4/$1 

5/$1 
41$1 
4/$1 
4/$1 

TIMEX T1001 
UOUID CRYSTAL DISPlAY 

CLASS II 
FIELD EFFECT 

�• a •zr 
0 0 + 0 0 D CH C- Cf 

4 DIGIT - .5" CHARACTERS 

THREE ENUNCIATORS 

2,00" X 1 .20" PACKAGE 

INCLUDES CONNECTOR 

T1001-Tronsmiulvt $1.95 
T1001A-RIIIectlvo 8.25 

Dl p AY LEOS 
TYP£ POLARITY NT PfUC( TYP£ POLARITY NT PfUC( 
MAN I Cclmmon Anode·recl .270 �95 MAN II130 Common Anode·t'!d :t 1 .560 .99 
MAN 2 5 x 7 Dol fMtrh:·red .300 <.95 MAN 6740 Common Cath0de.f1d·O.O. .560 .99 
MAN 3 Common CathOde-red .125 .25 MAN 6750 Common Calhode·red :t 1 .560 .99 
MAN .' Common C.lhode·red .187 1.95 MAN 6160 Convnon Anocle-t'Od .560 .99 
MAN 7G Common Anode11n1e11 .300 1.25 MAN 6180 Common Calhode·red .560 .99 
MAN 1Y Common Anode·yellow .300 .99 OL701 Common Anode·red = 1 .300 .99 
MAN 12 Common Anode·red .300 .99 Ol7G4 Common CathOde-red .300 .99 
MAN 1.' Common talhode·red .300 1.25 Ol707 Common Anode·red .300 .99 
MAN 82 Common Anode-yellow .300 .99 Ol728 Common C8th0de·red .500 1 .49 
MAN 84 Common Ca!tlode-}'tllow .300 .99 Ol741 Common Anode ·red .500 1.25 
MAN 3620 Common Anode-orange .300 .99 OL746 Common Anode·red = 1 .630 1.49 
MAN 3630 Common Arlode-ortn��e :t 1 .300 .99 Ol747 Common Anode·red .500 1.49 
MAN 3640 Common Ca!hode·oranoe .300 .99 Ol749 Common Cathode-red :t 1 .630 1.49 
MAH 4610 Commoo Anode-orange .300 .99 Ol750 Common Cllhodo·red .500 1.49 
MAN4640 Common Calhode-orange . .'00 .99 Ol338 Common Clthode·red .110 .35 
MAH4710 Common Anode·rtd . .'00 .99 FNOro CcJmmoncatnoGe .250 .69 
MAN 4730 Common Anode·red = 1 . .'00 .99 FN03511 Common cathode = 1 .357 .99 
MAH4740 Common Cathode;.red . .'00 .99 FN0359 Convnon Calhode .351 .75 
MAN 4810 Common Anode·yaiiOw .400 .99 FNOSOO Common Clthode(FNOSOO) .500 .99 MAN4840 Common Cathode·yellow .<00 .99 FHDS07 Common Anode (FN0510) .500 .99 
MAN 6610 Common Aoode-orange·D.O. .560 .99 5082·7730 Common Anodt·Rld .300 1.31) 
MAN 6630 Common Anode·oranoe = I .560 .99 HOSP·3400 Common Anode·red .800 2.10 
MAN 6640 CorMIOn Calhode·Oillnge.Q.O. .560 .99 HOSP·3403 Common C:alhode red .800 2.10 
MAN 6650 Common Cathode-oranot = 1 .560 .99 5082-7300 4x 7 SGI. Di(;t·RHOP .500 19.95 
MAN 6660 Common Anode-orange .560 .99 5082·7302 4 x 1  Sgl. OiOII-UlOP .500 19.95 
MAN 6680 Common Cathode-orange .560 .99 5082·1304 !Mrnnge charactet (:!:l) .500 1 5.00 
MAN 6710 

AV-5-11100 
AV-5·9200 
AV-5-9500 
AV-5-2376 
Hll0f65 
74C922 

TELEPHONE/KEYBOARD CHIPS 
Push IMlon Telephone Olaller '�if'��.g�:..rator ' 
Keyboard Encoder 188 ksysl KeYboard Encoder 16 kBys 
Keyboard Encoder 16 kBys 

ICM CHIPS 
CMOS Precision 11mer 
CMOS LED Stopwalcllffimsr 
Oscillator Controller 
Seven Decade COUnter 
Clock Generator 

NMOS READ ONLY MEMORIES 
128 X 9  X 1 ASCII Shlfled wl1ll Greelt 
128 X 9 X 1 Math Symbol & Pictures 
128 X 9 X 7 Alphanumeric COntrol 
Character Generator 

MISCELLANEOUS 

$14.95 
14.95 
4.95 

14.95 
7.95 
5.95 

24.95 
19.95 
7.50 

19.95 
6.95 

13.50 
13.50 
13.50 

Quad LDw Noise bl·lel Op Amp 2.49 
Switching R�lalor 4.49 �d� �m1��;1a1or 

1�:� Hl·S!Ieed Divide 10111 Prescaler 11.95 r'"'g:.;:'fP�� �����or . 1�:� 
5f!'hz 2-ohase MOS c1oc1c drlvsr 3.75 
.27" rsd num. dlsjllay wnnteo. loOic clllp 1D.50 
TV camera Sync. Goilera1or 14.95 
41\ Digit DPM log� Blod< (Special) 3.95 . 

LD11 on 1 1 31\ Digit AJO COnverter Se1 25.00/set 
UTRONIX ISO·UT 1 SN 764n 

Pilato Tran�stor Opto·l60�lor SOUND GENERATOR 
(Sarna as MCT 2 or 4N25) Generates Complex Sounds 

2/99¢ LDw Power • Programmab� 3.95 each 
1V GAME CHIP AND CRYSTAl ��;d-:;o.,;� � 2�� �HZm�!� �� �r.C:�c. 7. 5/se 
� $8.40 EXA R XR2242CP 1.50 
XR210 4.40 XR2264 4.25 
XR215 4.40 XR2556 3.20 
XR321l 1.55 J 14.95 XR2.167 2.99 
XR·l555 1.50 JE2 19.95 XR3403 1.25 

.39 XR 3.20 XR4138 1.25 

.99 4.40 XR4151 2.65 

.119 XR2207 3.85 XR4194 4.1r.i 
1.25 XR2208 5.20 XR4202 3.60 
1.30 XR2209 1.75 XR4212 2.05 
3.65 XR2211 5.25 XR4558 .75 
1.39 XR2212 4.35 XR4739 1.15 
1.39 XR2240 3.45 XR4741 1.47 DIODES � vfoonPN� AMP 1:� TYPE VOLTS W PRIC! ·' 1N4003 200 PIV 1 AMP 12/1 .00 

1N746 3.3 400m 4/1 .00 IN4004 400 PfV 1 AMP 12/1.00 
1N751 5. 1 400m 4/1.00 1N4005 600 PIV 1 AMP 10/1.00 
IN752 5.6 400m 4/1.00 1N4006 BOO PJV 1 AMP 10/1.00 
IN7S3 6.2 400n 4/1.00 1N4007 100J PIV 1 AMP IOJ1.00 
1N754 6.8 4COn 4/1.00 1 N3600 50 200m 8/1.00 
IN757 9.0 400m 4/1.00 IN4148 75 10m 1511.00 
1N759 12.0 400m 411.00 1N4154 3S 10m 12/1.00 
1N959 8.2 400m 411.00 1N4305 75 25m 15/1.00 
1N965 15 401)n 4/1.00 1N4734 5.6 tw 28 
IN5232 5.6 500m 28 1N4735 6.2 lw 28 
INS234 6.2 500m 28 1N473& 6.8 1w 28 
1N5235 6.8 500m 28 IN4738 8.2 1w 28 
1N5236 7.5 500m 28 1N4742 12 lw 28 
1N5242 12 SOOn 28 1N4744 15 1w 28 
1NS245 15 500m 28 IN1 183 SOPIV35 AMP 1.60 
IN456 25 40m 611.00 1NI184 100 PIV 35 AMP 1.70 

.... -:R::-C::-:A""":'L":'I�N:o:E:-:A:-R:--r--CA-LC-U-LA-T-O•R-r-•CL•O-CK....;C_H_IPS;....,..-M.O-TO_R_O_LA_-t 1�::',. 1� ;� :� � 1�11:! :���: : �  
CA3013T 2.15 CA3082N 2.00 CHIPS/DRIVERS MM5309 $4.95 MC1408l7 sus 1N4001 50 PIV1 AMP 12/1.00 IN1188 400 PIV35AMP 3.00 

Common AnOde·rod·D.O. .060 .99 5082-7340 4 .1 7 Sgt. OIQII-HeudeciiTlil .500 22.50 

�J. l� 5 ;� [�im s!� ���l! l!! �� m � SCR �;��BRIDGE ���!�>ERS 
=� �:�; ::�i u; ��=� :�: :=t996A !:5 �E:;4416) i:5 ���:0.1 ��: � = :::� ��: 

$1.95 
1.95 

.50 
1.95 
1 .95 = 2::.': = 3:� �1·��-... r 1.50 ...... , 9.95 UC404<P .'.50 c�:,980-3 

.50 . TORS 2H3904 IC SOLOERTAI - l P fllE (TIN) SOCKETS MPSAOS .:lll 2N3055 .89 2N3905 
O pinlP 

14 pln lP 
1 6 pln lP 
18 plnlP 
20 p;n LP 

14 plnST 
16 pin ST 
18 pin ST 
24 pln ST 

1·24 
.$11 

.20 

.22 

.2i .34 
$.21 ·"' 

.35 . .'9 

25--49 50·100 1·24 25-4i 50·100 MPSAOG 5!1.00 MJE3055 1.00 2N3906 .16 .15 • • 22 pln lP  S .37 .38 .35 11597 6!1 .00 2N3392 5!1.00 2N4013 .19 .18 24 P'n LP .38 .37 .36 ns98 6/1.00 2N3398 511.00 2N4123 .21 .20 28 pin LP .45 .44 .43 40409 1.75 PN3567 3!1.00 PN4249 .28 ."lT 36 pin lP .60 .59 .58 4G410 1.75 PN3568 411.00 PN4250 .32 .30 SOLOERTAJL STAN-DARD (TIN) :: � 1 : :: :� :�� .,::� �'t:i,. ;�: � ��'g; :;� :� . . . .��rr t: t: t� �= ::�:5 �=02 ;��:: ;::: 
:� :J� SOLOERTAIL STANDARD (GOLD) PN2222 PlaS!ic 111.00 ��04 ;:::� :;: ... 24 pin'SG S .70 .63 .57 2N2369 5/1.00 MPS3105 5/1.00 2NS087 S plnSG S.30 .27 .24 · 2 8 p k! SG 1.10 1 .00 .110 2N2369A 411.00 2N3700 511.00 2HS088 14 pin SG .35 .32 .29 , . 36 p¥1 SG 1 .65 1.40 1.26 MPS2369 5/1.00 MPS3706 5!1.00 2N5089 18 pin SG .38 �� .32 40 pln SG 1.75 1.5i 1.45 2N2484 411 .00 2N3707 5!1 .00 2N5129 18 Pin SG 52 . .'3 WIRE WRAP SOCKETS 

22 
p;

n 
ww • .95 _65 _15 �:; ::� :� :g:. 511:� �:: 8 "" WW $.39 .38 .31 (GOLD) LEVEL #3 24 ,., 
ww •

1 •05 _95 .85 PN2907 Plastic 111.00 2N312SA 1.00 2N5139 1 0 pln 'mi .45 .41 .37 .. - 2S pln 'mi  1.40 1 .25 1 .IO 2N2925 511.00 2N3772 2.25 2N5210 14 pin WN .39 .38 .37 36 pin WN 1 59 1 .45 1.30 MJE2955 1.25 2N3823 1.00 2N5449 �: � = ·j� .42 .41 40 pin WN 1:75 1.55 1.40 2N3053 2 1.00 2N3 2NS 1 

1 /4 WATT RESISTOR ASSORTMENTS - 5% CAPACI!OJ! 
10 OHM 10' OHM 15 OHM 18 OHM lJ OUM 

ASST. 1 5 11. 27 OHM :0 OHM 39 OHM 47 OHM 56 OHM 
68 OHM 82 OHM 100 OHM 1<'0 OHM 150 OHM 

ASST. 2 S u. 180 OHM <'20 OHM 270 OHM 330 OHM 390 OHM 
470 OHM 560 OHM 680 OHM 820 OHM " 

150 PCS  
150 PCS  

$1 .75 
1 .75 

10pl 
22 � 
47pl 

100 pi 220 pi 
470 Dl 

.05 .04 .Q()I,J :g; :� :�Y 

.05 .04 .022�F 
:� :g: .035 :�Y 100Ym.T MYLAR ALII CAPaciTORS 

411.00 
4/1,00 
4/1.00 
311.00 
611.00 
4/1 .00 
4/1.00 
4/1.00 
4/1.00 
4/1.00 
4/1.00 
5/1.00 
4/1.00 
4/1.00 
411.00 
411.00 
5f1.00 
5n.oo 
S/1.00 
5/1.00 
5/1.00 
311.00 

!l!:i? �  .04 .035 .04 .035 .04 .035 .05 .04 .OS .04 
.09 .015 

ASST. 3 S u, 1.211: 1,5K 1.811. <'.2K VK 150 PCS  1 .75 .001ml .0022 
.0047ml 
.01ml 

.12 . TO ,07 .022ml .13 .11 .08 

ASST. 4 

ASST. 5 

ASST. 6 

J.JK J.9K 4.11< 5.611. 
5 u. 8.2K !OK 12K 15K 

<'2K 0'7K lJK J9K 
5 U. 561< 68K 82K lOOK 

1501< 180K 220K 210K 
5 II. J9QX .j70K 56()1( 68(lK 

6,8K 

'" 

.j71( 
120K 

3JOK 

820K 

150 PCS  
150 PCS  

150 PCS 

1 .75 
1 .75 
1 .75 

ASST. 7 5 ea. 2.:� �:�� �:: �:�� �:�� 50 PCS 1 . 75 
ASST. BR Includes Resistor Assortments 1 ·7 (350 PCS. )  $9.95 ea. 

$10.00 MINIMUM ORDER- U.S. Funds Only Spec Sheets - 25t 

Calllomla Residents - Add 6% Sales Tax 1 979 catalf111 Avallabt&-Sond 41� stamp Jameco 
E L E CTR O N I C S  

PHONE 
ORDERS 

WELCOME 
{415) 592-8097 

MAIL ORDER ELECTRONICS - WORLDWIDE 
1 021 HOWARD AVE N U E ,  SAN CARLOS. CA 94070 

AD D Y 

.lf35V 

.15!35V 

.'l2(JSV 

.33f35V 

.47135\1 

.68/3SV 
1.0135V 

.47/SfN 
1.0/SOV 
3.3150V 
4.7125V 
10/25V 
IOJSOV 
22/25V 
22Jflfi 
471'l5V .'1/fiN 
100125V 100/flfi 
220125V 
220JSOV 
470!25V 
1000/ISV 
2200/16V 

.12 . 10 .C17 .047ml .21 .17 .13 

.12 .10 .07 .tml .27 .23 .17 

.12 .10 .07 .22m! .33 .27 .22 +20% D!PP!D TANTALUM$ (SOLID) CAPACITORS 
.28 .23 .17 1.5)3sv .30 .26 .21 .28 .23 . 17 2.2/2SV .31 .27 .22 .28 .23 .17 3.3/25V .31 ."0 .22 
.28 .23 .17 4.7!25V .32 .28 .23 
.28 .23 .17 6.8/25V .38 .31 .25 
.28 .23 . 17 10125V .40 .35 .29 
.28 .23 .17 15125\1 .63 .so .40 

MIJUATURE AWMIIUIII WCTROL me CAPADTORS 
Alill l.Pd fllcllll 1.114 .15 .13 .10 .47fl.5V .15 .13 

.16 .14 .11 .47r.JN .16 .14 

.14 .12 .09 1.0/16V .15 . 13 

.15 .13 .10 1.0J25V .16 .14 

.15 . 13 .10 1.0/SOV .16 . 14 

.16 . 14 . 12 4.7!16V .15 .13 

.17 .1 5  .12 4.7!25V .15 .13 

.24 .20 . 18 4.7�V .18 .14 

.19 .17 .15 10116V .14 .12 

.25 .21 .19 10125V .IS .13 

.24 .20 .18 IOJSOV .16 .14 

.35 .30 .28 47�V .24 .21 

.32 .28 .Z5 100/16V .19 .15 

.45 .41 .38 100/25V .24 .20 

.33 .29 .27 100/SOV .35 .30 

.55 .50 .45 220/16V .23 .17 
.70 .62 .55 470/25\1 .31 .28 

Circle 200 on inquiry card. 



Transistor Checker 

Part No. 
DB25P+P 
0825P-4-S 
DB25S-4-S 

OJ14-1 
DJ16-1 
DJ24-1 
OJ14- 1 - 14  
OJ1 6-1- 16  
OJ24-1-24 

- Completely Assembled -
- Battery Operated -

The ASI Transistor Checker is cap· 
able o f  choc king a wide rango of 
transistor types, either "in circuit" 
or out of circuit. To operate, 
simply plug the transistor to be 
checked Into the front panel 

socket, or con')cct It with the alli­
gator clip test leads provided. 
The unit safely end automatically 
Identifies low, medium and high­
power PNP and NPN transistors. 
Size: 3*" x 6%" x 2" 
"C" ce/J battery not included. 

DB 25 Series Cables 
Cable Length Connectors Price 

4 Ft. 2-0P25P $15.95 ea. 
4 Ft. 1 -DP25P/1 -25S $16.95 ea. 
4 ft. 2-DP25S $17.95 ea. 

Dip Jumpers 
1 ft. 1 -1 4  Pin 
1 it. 1 -16  Pin 
1 ft. 1 -24 Pin 
1 1t. 2-14 Pin 
1 ft. 2-1 6  Pin 
1 it. 2-24 Pin 

S1 .59 ea. 
1 .79 ea. 
2.79 ea. 
2.79 ea. 
3. 19 ea. 
4.95 ea. 

DB25P (as pictured) PLUG (Meets RS232) $2.95 
0825S SOCKET (Meets RS232) $3.50 
DB51226-1 Cable Cover lor DB25P or DB25S $1.75 

PRINTED CIRCUIT EDGE·CARD 

---8DBOA/8080A SUPPORT DEVICES---
8080A CPU S 9.95 
8212 8·Btt lnpui/Output 3.25 
8214 Priorily Interrupt Corrtro! 5.95 
8216 BI-Directional Bu9 Driver 3.49 
8224 ClockGenerator!OriVer 3.95 
8226 Bus Oliver 3.49 
8228 System Controller/Bus Driver 5.95 
8238 System Con110Her 5.95 
8251 Prog. Comm. 1!0 (USARD 7.95 
8253 Prog. lntervat Timer 14.95 
8255 Prog. Pedplt. 1/0 (PPI) 9.95 
8257 Prog. OMA Control 19.95 
6259 Prog. lnJerrupt Control 19.95 
---680016800 SUPPORT DEVICES---
MC6800 MPU . 

$t4.95 
MC8802CP MPU with Clock and Ram 24.95 
MC6810API 128X8 Static Ram 5.95 
MC6821 Perlph. Inter. Allapt (MC6820) 7.49 
MC6828 Priority Interrupt Controller 12.95 
MC68Jlll8 1024X8 Bit ROM (MC68A30·8) 14.95 
Mdsso Asynchronous Comm. Adapter 7.95 
MC6852 Synchronous Serial Data Adapt. 9.95 
MC6860 0·600 bps Oigit31 MODEM 12.95 
MC6862 2400 bps Modulator 14.95 
MC6880A Ouad 3-State Bus. Trans. (MC8T26) 2.25 

-- MICROPROCESSOR CHIPS-MISCELLANEOUS -
Z80(780C) CPU $19.95 
Z80A(780·1) CPU 24.95 
CDP\802 CPU 19.95 
2650 MPU 19.95 
8035 8-Bit MPU w/ctocJc, RAM, Ito �nes 19.95 
P8085 CPU 19.95 
TMS9900JL 16-Bit MPU w/hanlw3ra. mu�Jply 

& divide 49.95 
----'--'--SHIFT REGISTERS 
MMSOOH 
MM503H 
MM504H 
MM506H 
MM510H 
MM5016H 
2504T 
2518 
2522 
2524 
2525 
2527 
2528 
2529 
2532 
2533 
3341 
74LS670 

Oual 25 Bit Dynamic 
Dual 50 Bit Dynamic 
Oual l 6  Bit Static 
Ouai !OO Bil Sialic 
Dual 64 Bit Accumulator 
500/512 Bit Dynamic 
1024 0ynamic 
Hex 32 Bit St.atlc 
Ouar 132 BJt Stat!c 
512 Sta1ic 
1024 Dynamic 
Ouar 256 Bit Static 
Duai250 Sta!ic 
Ouai 240 Bit Sta!lc 
Quad 60 Bit Static 
1024 Static 
Fifo 
4X4 fte9lster File !TriState) 

------ UART'S ------

COMPONENTS 
---MICROPfiOCESSOR MANUAlS ---
M-180 U�r Manual $7.50 
M-COP1802 User Manual 7.50 
M-2650 User Manual 5.00 

ROM'S 
2513(2140) Cl\aracler Generalor(upper case) $9.95 
2513(3021) Cl\araeler Gener:uor(lower case) 9.95 
2516 Character Generator 10.95 
MM5230N 21>48-Bit Read On� Memory 1.95 

RAM'S 
1101 256X1 Slatlc $1.49 
1 \0J 1024)(1 Dynamic .99 
2101(8\01) 256X4 Sialic 3.95 
2102 1024X1 Sialic 1.75 
21L02 1024)(1 Static 1.95 
2111(8111) 156)(4 Sialic 3.95 
2112 256X4 Sialic MOS 4.95 · 
2114 1024X4 StaUc450ns 9.95 
2114L 1024)(4 Static 450ns low power 10.95 
2114-3 1024)(4 Static 300ns 10.95 
2114L·3 1024X4 Sialic 300ns low power 11 .95 
5101 256)(4 Stallc 7.95 
5280(2107 4096)(1 Dynamic 4.95 
7489 16X4 Static 1.75 
74S200 256XI Static Tristate 4.95 
9�21 256Xl Static �95 
UP0414 " Dynamic !S pin 4.95 

(MK4D27) 
UP0416 "' Oynamtc t 6 pln 9.95 

(MK4116) 
TMS4044· 4K Static 14.95 

-ISNL 
TMS4045 1024X4 Static 14.95 
2117 16.�X\ Dynamic 3SOns 9.95 

(house marked) 
MM5262 2KX1 Dynamic 4/1.00 

PROM'S 
1702A 1()48 FAMOS $5.95 
2716\NTEL 16K' EPROM 59.95 
TMS251G 161(" EPROM 49.95 
(2716) ·Requires slnolo! +5V power supply 
TMS2S32 -IKX8 EPROM 89.95 
1708 8K EPROM 10.95 
27161.1 16K'" EPROM 29.95 

··Requires 3 volt�es, -SV, +5V, +12V 
""' FAMOS 
1024 Tristate Bipolar 
156 Open C Bipolar 
"'" Open Collector 
4096 Bipolar ""' Trislale 
511 TIL Open Collector 
256 TIL Open Collector 

The Penaywlllltlt 103 Is capable of IW)Iliing data to and !rom audio t."lpe without 
critical sp!ed rEQUirements for tiMI reallller 111d it Is able to communicate dlrtctt,o with 
anottler modem and lerminal for telephone "'hamming" and communications. In 
addition,itislreeol critica!adjustments andlslxllltwittl non·precislon, readilyavailable 
parts. 
DJta Trarnmlulon I"Oiod • . •  : .Frequency-Stlifl l<sying. tun-duplex (hall-duolsx 

selectJble). 
Maximum Data Rift . . •  , . . • . • .  300 Baud, 
Data Formal .. , , . . . . . . . . . . . . .  Asynchronous Serial (return to mark level required 

between each Chmct!r). 
Racal¥t Ctllnn�l Freqt��nelu . . 2025 Hz lor space; 2225 Hz tor mark. 
T11nsmlt Channel Fraquenelu .. Switch seleCt."l.ble; Low (normal) .. 1070 space, 

1270 marlo:; High • 025 space, 2225 marll.. 
Receive Stnaltlvtty . . . . . . . .  -46 dbm accousticallycouple<l. 
T11nsmlt Ltval . . . . . . . . . . . . . . .  -15 dbm nominal. Adjustable !rom -6 dbm 

to -20 dbm. 
Rttelve FrtQUencyTolallllCI . . . frequency reference automatically adlusts to 

allowlor operation between 1BOO Hzand2•H:MJHz. 
Digital Data tntel1aca . . . . . . . . . EtA RS·232C or 20 mA current toop (raceiver is 

optolsotatell and non-po\ar). 
. . •  120 VAC., slnqie phase, 10 Wa!tS. 

• • • • • • • •  All components mount on a stnole 5" 
· clrcuit boanl. All 

Counter �nd/or 

TRS-80 l&K Conversion Kit 
Expand your 4K TRS-80 System to 1 6K. Kit' 
comes complete with: 

• 8 each UPD41 6-1 (16K Dynamic Rams) 250NS 
.. Documentation for conversion 

TRS-1 6K $75. 00 
COMPUTER CASSETTES 

* 6 EACH 15 MINUTE HIGH 
QUALITY C-15 CASSETTES. 

1024 Static .156 SPo1dnO·Tin·Double Reid-Out - BIIuracted Contads - fns .05-4 to .070 P.C. C"'"J-;;.;.;;..;;,;,;,,;;;;;:;:;;;;.,=,_----..;;.::;_.:.;:;:;;:.._..;,:;�-=;_----_;;;� 
15/30 PINS (Solder Eyelet) 

• PLASTIC CASE INCLUDED 
12 CASSETTE CAPACITY 

• ADPITIONAL CASSETTES 
AVAILABLE·#C-1 5-$2.95 

1 8/36 PINS (Solder Eyelet) 
22/44 PINS (Solder Eyelet) 
50/100 PINS 
50/100 I 

* Switches for hours, minutes and hold functions 
* Hours easily viewable to 30 feet 
* Simulated walnut case 
* 115VAC operation 
* 12 or 24 hour operation 
* Includes all components, case and watt transformer 
* Size: 61N x 31fa x l'f• 

JE701 

display 
• Uses MM5314 clock chip 
• Switches for hours, minutes 

and hold modes 
• Hrs. easily viewable to 20 h. 
• Simu lated walnut coso 
• 1 1 5  V AC operation 
• 1 2  o r  24 hr. operation 
• Incl. all components, case & 

wall transformer 
• Size: 6�" x 3·1/8" x 1 %" 

6-Digit Clock Kit $19.95 
BBMOTI CONTROL TBANSMITTIB & RllCBIVIB 

o[UII Uio!O.O.SOIOIDitU•UD�PDOIV 
•IIHo! fOO,OIO O ... �UUI OGOO OHUO 

•IU.OSMII1 1tr-U o )l o "' U 0 0 1 UJI.o ;l��g;;:�;:�::·

.

�:�:I

.

:OO!lO• 

Digital Stopwatch Kit ::: 

' "" '"'""' - '"'" II-' * Plated thru double·sldE!d P:c. Board � • 
* LEO display (red) I � ·:;: J 
* Times to 59 mtn. 59.59 sec. with auto reset I �:!.-. 
* Quartz crystal control led � • .., · 

* Three stopwatches In one: single event, SPilt .1CIP.It 
(cummulatlve) & taylor (sequential timing) 

* uses 3 penlite batteries 
• 51'" 4.S" X 2·"" X ..... 

. JE900 $39.95 
Circle 200 on inquiry card. 

��n�:���� :�
n
,t�v. 

���:
r
��M�r1 

r
1��

d���:a�ce'. c
ount. 

AC Vons (40 Hz-5 kllz) 
Range IV to 500 V. 
Accuucy ol reading 1.�•= 2 counts. 
�;n����

e
�\ 1�o'io1'�,\ . 

���-
ra

h�
o

rr���1��Po� ·8.��-� count. 
Rulstante (S rangu) 
Range: 111 :o 20 �10. 
Accuracy ot reading; t .5%:t 1 count. 
Also prov.des S junctlon·test ranges. Dlmerulan�: 6 m x 3 in x  1 Yr in. 
Welght: 6Yr oz. �::id�r8�8P���ite� M��i'ry0�ot incl.) 
Socklts: Standard 4mm lar 
resi�ent PIIIQS. 

PDM35: Digital Multimeter . . .  $59.95 
(completely assembled) 
PDM-AC: 1 1 7V AC Adap1er . 6.95 
PO M-OP' 
Deluxe padded carrying case. 6.95 

• 20 Hz·tOO MHz Ranoe • Four power sauces, i.e. 
• .s· LEO Display baneries, 1 tO or 220V wiltl 
• Ctystal-controlled Jimeba� charoer 12V wilh auto 
• Full� Automatic Uollter adapter aoo external 
• Portable - completely 7.2·10V power suppty 

• ��-��-���X 7.38" MAX-100 $134 
x 5.6J" 

ACCESSORIES FOR MAX 100: 
Mobllt Charv•r Eliminator 
use power lrom car banery 
CllarvtrtEIImlnator 

10 V AC 

REGULATED POWER SUPPLY � 
JE200 SV-1 AMP JE205 POWER SUPPLY 

•Uses LM309K 

ADAPTER BOARD 
- Adapts t o  JE200 -
±5V, ±9V and ±12V 

e � 
MOD I I 

Wide Band B IW  o r  Color System 
*-Converts TV to Video Display lor 

home computers, CCTV camera, 
Apple II, works with Cromeco Daz­
zler, SOL -20, IRS-80, Challenger, 
etc. 
MOO II is preluned to Channel 33 
(UHF). 

* Includes coaxial cable and antenna 
transformer. 

. 95 Kit 
Function Generator Kit 

• Provides 3 basic waveforms: 
sine, triangle & square wave 

• Frequency range from 1 Hz to 
lOOK Hz 

,. Output amplitude from 0-volts to 
over 6 volts (peak· to peak) 

• Uses a 12)1 supply or a ::.6Vsplit 
supp� 

• Incl. chlp, P.C. board, compo­
nents and Instructions. 

•Heat sink provided 
•PC Board construction 

• •Provides a solid 1 amp 
@ 5  volts 

·�;��,?p��n verter w / �::::.::.:::::7=::::::;;...�:--::;.;;.:.:-=-=:�:-!:�--:-� 

JE200 $14.95 

•Can supply up to ±5V, 
.:!:.9V and ±12V with 
JE205 Adapter 

•I n c t u d e s  components, 
hardware & instructions 

•Size: 3%"x5"x2"H 

•Toriodal h i -speed 
switching X M F R  

•Short circ.protaction 
•PC Brd. co n struction 11�<.\lo..rlliit/P•tl •Piggy-back t o  J E 200 

board 
•Size: 3Y.r"x2"x 9/1 6 " h  

JE205 $1 2.95 

Spec Sheets - 25i 1979 Catalog Avallabl&---llend 41� stamp 

E L E C TR O N I C S  

PHONE 
ORDERS 

WELCOME 
(415) 592·8097 

MAIL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 

ADV'SRTISED PRICES GOOD THRU JULY 

. ' - --�� 

Hexadecimal 
Unencoded 

Keypad 
1 9-key pad includes 1 -1 0  keys. 
ABCDEF and 2 optional keys and a 
shift key. $10.95/each 

BYT E July 1 97 9  253 



save more than 20% ! 
NO RTH STAR- - XITAN 

JNTERTU BE 
the smartest computers at the smartest price 

DOUBLE DENSITY 
HORIZON·1·16K kit, l ist $1599 . . .  $1279 

Assembled & tested, list $1899 . . .  $1519 
HORIZON·2·32K kit, list $2249 . . . $1799 

Assembled & tested, list $2549 . . . $2039 
PASCAL for NORTH STAR on Disk . . . . . . . $49 
Powerful NORTH STAR BASIC . . . . . . . . .  FREE 

XITAN computers .. NOW .. With 
QUAD DENSITY DISKS! 

Famous XITAN Software & BASIC . . . . . . FREE 
HORIZON & XITAN are S-100, Z·80 .. THE BEST 
INTERTUBE II Terminal,  l ist $995 . . . . .  $780 

NEW: Our VIDEO BOARD CODE on Disk! 
Now you can run our computers on a TV! 

SAVE H U N DREDS $$$$ 
TV Code on DISK . . .  $10 LISTING . . .  FREE 

Business Software, Terminals, Printers, 
Computers in  stock & special-ordered 
Other brands at good discounts. Ask! 

Which Computers are best? BROCHURE . . . FREE 
AMERICAN SQUARE 

COM PUTERS 
KIVEIT DR, JAM ESTOWN NC 27282 

(919) 883· 1 1 05 

Circle 5 on inqu i ry card . 

TRS-80 16K MEMORY EXPANSION KIT 
INCLUDES 8 TESTED & GUARANTEED MSK 4116 3 16K RAMS. 
PROGRAMMING PLUGS & EASY-TO·FOLLOW INSTRUCTIONS. 

$ 72 Q.Q PER KIT 

6800 64K BYTE RAM SET AND CONTROLLER 

CHIP SET MilKE 64K BYTES Of MEMORY fOR Y{}IJ/1 
6800. THE CHIP SETS INClUDE.· 

$295Q.Q 32 MSK 4116·3 16K RAMS. 
I MC3480L MEMORY CONTROLLER. 

PER COMPLETE SET. J MC3242AP MEMORY ADDRESS 
MULTIPLEXER/COUNTER. 

DATA & APPLICATION SHEETS. 
PARTS TESTED & GUARANTEED. 

16K DYNAMIC RAMS 4 K STATIC RAMS 
MSK 4116·3 200NSEC EQUIV. TO TMS40L44·30 
ACCESS TIME/375NSEC 300NSEC ACCESS TIME/ 
CYCLE TIME.TESTED & CYCLE TIME FOR 4MHZ 
BURNED· IN. t-80 OPERATION. $8� EACH/MIN.QTY. 8 �7� EACH/MIN.QTY. 8 

tESTED & GUARANTEED 

�UIINT/TY DISCOUNTS IIVII/11181E 
ALL ORDERS POSTPAID. U.S.FUNDS. CHECK OR MONEY 
ORDER. VISA,BA,MASTERCHARGE - SEND ACCOUNT NO., 
EXPIRATION DATE , INTERBANK N O., & SIGNED ORDER. 
PHONE ORDERS: 714/633-4460 
MEASUREMENT SYSTEMS & CONTROLS, I NC. 

MEMORY DEVICES DIVISION, DEPT. 83 
867 NORTH MAIN ST., ORANGE, CA 92668 

Circle 216  on inqu i ry card. 

CASSETTE AND FLOPPY 
DISC LABELS. 

/ __________________ ___ 

Avery offers a complete line of labels for 
cassettes and floppy discs-all with re­
movable adhesive. Including these stan­
dard sizes: 

Cassette Label (15/a" x 3W') #5250 
Floppy Disc Label (13!4'' x 5W') #5252 

Write for more information and free 
samples to: 

Avery Label 
777 East Foothill Blvd. /iA Azusa, CA 91702 

§) Avery Label 
An Avery International Company 

Circle 20 on inqu i ry card. 

MAXIMUM VALUE 
FOR YOUR DOLLAR 

NORTH STAR COMPUTER PRODUCTS 

HORIZON1 16K KIT . . .  , . , . ,  $ 1 �75.00 
16K RAM BOARD KIT . . . . . .  $ 250.00 
32K RAM BOARD KIT . . . . . .  $ 475.00 

VERBATIM DISCS FOR NORTH STAR 

BOX OF 10 . . . . . . . . .  $29. POST PAID 

COMPLETE SYSTEMS AVAILABLE 

CUSTOM SOFTWARE FOR NORTH STAR SYSTEMS 

CASIO CALCULATORS 
AT DISCOUNT PRICES 

MANY OTHER SUPER VALUES 
WRITE OR CALL: 

A.E . I .  
3851 HACKETT AVE. 

LONG BEACH, CALIF. 90808 
(21 3) 421 -481 5 (21 3) 429-0535 

Circle 21 on inquiry card. 

� TRS - 80  ) 
SPECIAL PROMOTION SALE 
SAVE 10%, 15% or more on ALL 

Computers, Peripherals, Software, 
and ALL .other fine Radio Shack® 
products. 

NO TAXES on out-of-state ship-
ments. 

· 

FREE Surface delivery in U.S. 
WARRANTIES will be honored 

by your local Radio Shack® store. 

Offered exclusively by 

Radio Shack® 
Authorized Sales Center 

1117 Conway 
Mission, Texas 78572 (512) 585-2765 

. � 

Circle 31 4 on inqu iry card. 

.-------�------�--· · ·· 

Order Direct: 

2 for $ 1 1 .75 
5 for $26.45 

Diskettes 

10 for $49.75 (Hard Box) 

Price Includes Shipping 
(Hawaii, Alaska & Canada add $1 .00 shipping) 

VISA, Master Charge, Check, Money Order 

740·0 • 8" Soft Sector 
740-32 - 8" Hard (32) Sector 
744-0 • 5" Soft Sector 

744-10 • 5" Hard (10) Sector 
744-16 - 5" Hard ( 16) Sector 

11 Mass. residents add 5 %  sales tax. CPU COMPUTER 

II �����:g ' 
99 Reservoir St. Holden, MA 01520 

(617) 829·2570 Dlv. of SCB Inc. 

only 

$649.95 ! 
• Verbatim Mini Diskettes 

. . .  $ 3 . 7 0  each (boxes of 1 0) 

• lntertube . . $ 7 84 . 0 0  
e TRS-80 1 6 K Level I I  

Expansion Kit . . . . . $ 8 9 . 9 5  

• Centronics 7 7 9  tractor . . . . 

. . . . . . . . . . . .  $ 1 0 5 0 . 0 0  

• Horizon I I  ass . . . .  $ 1 9 9 9 . 00 

� Mai l ....... Order . Only. 

TO RA SYSTEM I N C. 
29-02 23rd Avenue 
Astoria NY 1 1 1 05 

( 2 1 2 )  932-3533 

S U R P L U S  E L E C T R O N I C S  -
ASC I I  � ASC I I  

I BM SELECTR IC @ 
BASED 1/0 TERMINAL 

WITH ASCI I  CONVE RSION 
I NSTALLED $645.00 

• Tape Drives • Cable 
• Cassette Drives • Wire 
• Power Suppl ies 1 2V 1 5A, 1 2V25A, 
5V35A Others, • Displays 
• Cabinets • X FM RS e Heat 
Sinks • Printers • Components 
Many other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
130 NORTH E ASTERN B L V D . 
NASHUA, N .H .  03060 
Phone orders accepted using VISA 
or MC. Tol l F ree 1-800.258·1 036 
In N. H .  603-889-7661 

Circle 391 on inqu iry Gard . 

• • CRT INTERFACES • • 

black • white/colo,. 
Monitors • Combination Rcvr /monitor sets 
• Modulator kits • B-W Cameras • Color 

WRITE or PHONE for DETAILS & PRICING. 

Dealers welcomed, Welt established program. 1 3-B A�h Dakota Ci!Y, 
Broadway � NE,  6813f 

Ci rcle 1 9  on inqu i ry card. 
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'lbe 
A completely refurbished 
IBM Selectric Terminal with. 
built-in ASCII Interface. 

Features: $1395 
• 300 Baud 
• 14.9 characters per second 

printout 
• Reliable heavy duty Selectric 

mechanism 
• RS-232C Interface 
• Documentation included 
• 60 day warranty-parts and 

labor 
• High quality Selectric printing 

Off-line use as typewriter 
• Optional tractor feed available 
• 15 inch carriage width 

HOW 'ID ORDER 
DATA-TRANS 1000 
1 .  We accept Visa, Master · .· 

Charge . Make cashiers checks or 
personal check payable to: 
DATA-TRANS 
2. All orders are shipped 
EO.B . Sanjose, CA 
3 .  Deliveries are immediate 

ASC I I  KEYBOARD • • • • • • • •  Mounted to DECWRITER Panel 
By Cherry Products . . . ASSE M B LED 8 9 . 9 5  

ASC I I  to Correspondence code converte r 
This bidirectional board is a direct replacement for the board 
inside the Trendata 1 000 terminal. The on board connector 
provides RS-232 serial in and out. Sold only as an assembled and 
tested unit for $330.00. Part No. TA 1 OOOC 
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S1000 

Circle 1 26 on inqu i ry card. 

For orders and information 

DATA-TRANS 
2154 O'Toole St. 
Unit E 
Sanjose , CA 95131 
Phone: (408) 263-9246 
T I D M A·!:· 

• Tape I nterface Direct 
Memory Access • Re­
cord and play programs 
without bootstrap load­
er (no proml has FSK 
encoder/decoder for 
direct connections to 
low cost recorder at 
1 200 baud rate, and 
direct connections for 
inputs and outputs to 
a digital recorder at 
any baud rate • S-1 00 
bus compatible • Board 
only $35.00 Part No. 
1 1 2, with parts $1 1 0  
Part No. 1 1  2A 

T.V. INTERFACE 
• Converts video to· 
A M  m o d u l a te d  R F. 
Channels 2 or 3. So 
powerful  a l most n o  
tuning is required. O n  
board regulated power 
supply makes this ex­
tremely stable. Rated 
very highly in Doctor 
Dobbs' Journal. Recom­
mended by Apple • 
Power required is 1 2  
volts AC C.T., or +5 
volts DC • Board only 
$7.60 part No. 1 07, 
with parts $1 3.50 Part. 
No. 1 07A 

Circle 1 25 on inquiry card. 



TRs-ao e.s. 
SERIAL 1 / 0  
• Can input into basic 
• Can use LUST 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 1 1  0, 1 50, 300, 600, 
1 200, 2400, parity or 
no parity odd or even, 
5 to 8 data bits, and 1 
or 2 stop bits. O.T.R. 
l ine • Requires +5,  
-1 2 VDC • Board only 
$1 9.95 Part No. 801 0, 
with parts $59.95 Part 
No. 801 OA, assembled 
$79.95 Part No. 801 0 
C. No connectors pro­
vided, see below. 

EIA/R5-232 coo­
nectar Part No. 

OB25P sam, with 
9', 8 conductor 
ca!H s1 ass Pert 
No. 0825?9. • 

3' ribbon cable 

with attached con-• nect� tofit.TAS· 
eo and ow- serial 
boardS19.95Pm 
No. 3CAB40. 

RS·232/ TTL·:� 

I NTERFACE 

• Converts TTL to RS-
232, and converts RS-
232 to TTL • Two sep­
arate circuits • Re­
quires - 1 2  and +1 2 
volts • All connections 
go to a 1 0  pin gold 
plated edge connector 
• Board only $4.50 
Part No. 232, with 
parts $7.00 Part No. 
232A 1 0 Pin edge 
connector $3.00 Part 
No. 1 0P 

MODEM{� 

• · Type 1 03 • Full or 
half duplex • Works up 
to 300 baud • Origi­
nate or Answer • No 
coils, o n ly low cost 
components • TTL in­
put and output-serial 
e Connect 8 0 speak­
er a n d  crystal mic.  
directly to board • 
Uses XR FSK demod­
ulator • Requires +5 
volts • B oard only  
$7.60 Part No.  1 09, 
with parts $27.50 Part 
No. 1 09A 

D I S KETTES 
BOX OF 1 0  

5" $29.95 
8" $39.95 

RS·232/ TTY* 

I NTERFACE 

S-1 00 B U S -::­
ACTIVE TER M I NATO R  
B oard only $1 4.95 Part No. 900, with parts 
$24.95 Part No. SODA 

Circle 1 25 on inquiry card. 

APPLE JH� 

SERIAL 1 / 0  

I NTERFACE 

Baud rate is continuously adjustable from 0 
to 30,000 • Plugs into any peripheral 
connector • Low current drain. RS-232 input 
and output • On board switch selectable 5 to 
8 data bits, 1 or 2 stop bits, and parity or no 
parity either odd or even • Jumper selectable 
address • SOFTWARE • Input and Output 
routine from monitor or BASIC to teletype or 
other serial printer • Program for using an 
Apple II  for a video or an intelligent terminal. 
Also can output in correspondence code to 
interface with some selectrics. • Also 
watches DTR • Board only $1 5.00 Part No. 
2, with parts $42.00 Part No. 2A, assembled 
$62.00 Part No. 2C 

T.V. 

TYPEWRITER 

• Stand alone TVT 
• 32 char/line,  1 6  
lines, modifications for 
64 char/line included 
e Parallel ASCII !TTU 
input • Video output 
• 1 K on board memory 

TAPE :;: 

I NTERFACE 

• Play and record Kan­
sas City Standard tapes 
• Converts a low cost 
tape reporder to a 
digital recorder • Works 
up to 1 200 baud • Dig­
ital in and out are TTL­
serial • Output of 
board connects to mic. 
in of recorder • Ear­
phone of recorder con­
nects to input on board 
• No coils • Requires 
+5 volts, low power 
drain • Board only 
$7.60 Part No. 1 1 1 ,  
with parts $27.50 Part 
No. 1 1 1 A  

• Output for computer 
controlled curser • 
Auto scroll  • Non­
destructive curser • 
Curser inputs: up, down, 
left. right, home, EOL., 
EOS • Scroll up, down 
• Requires +5 volts 
at 1 .5 amps, and - 1 2  
volts at 3 0  m A  • All 
7400, TTL chips • 
C h a r. gen.  2 5 1 3  • 
Upper case only • .. ----------------1 B o a rd o n l y  $39.00 SK E P R O M  PIICEON 

Saves programs on PROM permanently !until 
erased via UV light! up to BK bytes. Programs 
may be directly run from the program saver 
such as fixed routines or assemblers. • S-
1 00 bus compatible • Room for BK bytes of 
EPROM non-volatile memory !2708's). • On­
board P R O M  progra mming • Ad dress 
relocation of each 4K of memory to any 4K 
boundary within 64K • Power on jump and 
reset jump option for "turnkey" systems and 
computers without a front panel • Program 
saver software available • Solder mask both 
sides • Full silkscreen for easy assembly. 
Program saver software in 1 2708 EPROM 
$25. Bare board $35 including custom coil. 
board with parts but no EPROMS $ 1 39, with 
4 EPROMS $1 79, with 8 EPROMS $2 1 9. 

Part No.  1 06, with 
parts $ 1 45.00 Part 
No. 1 06A 

UART & 

BAUD RATE 

GENERATOR{� 

HEX ENCODED 

KEYBOARD 
E.S. 

This H E X  keyboard 
has 1 9  keys, 1 6  encod-

. ed with 3 user defin­
able. The encoded TTL 
outputs, 8-4-2-1 and 
STROBE are debounced 
and available in true 
and complement form. 
Fou r  onboard LEOs 
indicate the HEX code 
generated for each 
key depression. The 
board requires a single 
+5 volt supply. Board 
only $1 5.00 Part No. 
HEX-3. with parts 
$49.95 Part No. HEX-
3A. 44 pin edge con­
nector $4.00 Part No. 
44P. 

DC POWER S U P P LY·!:· 
• Board supplies a regulated +5 
volts at 3 amps., +1 2, -1 2, and -5 
volts at 1 amp. • Power required is 
8 volts AC at 3 amps .• and 24 volts 
AC C.T. at 1 .5 amps. • Board only 
$ 1 2.50 Part No. 6085, with parts 
excluding transformers $42.50 
Part No. 6085A 
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T-BUG™ accessories 
Machine language programs linking 'with your copy 

of the Radio Shack TRS-sofm monitor 
EMU �2: Software emulation of MCS/SY 6502. Includes 
disassembling single-stepper, four speed animated before/· 
alter programming models and quick interpreter for 
"direct" execution of 6502 object code strings in TRS-80 
RAM. Write, debug and execute programs in another 
machine language. Software communication with 6502 
based micro-computers is made possible. 
BL·1 16K Level II . . . . .  $24.95 

Super TLEGS: Onboard relocater moves T-BUG to your 
choice of RAM. Now examine anything. 
LL·O Level II . . . . .  $ 9. 95 

TSTEP: Single steps for T-BUG, clearable before/after 
display shows all instruction set aspects of machine status 

· as you SPACE through memory in program llow sequence. 

!I 

TLEGS relocates LL-1 1 6K Level l\ . . 1 1 .95 
IN LOCO pack; On-site editing keys for T·BUG. Backspace, 
Relative Space. Insert, Oelete and Clear. Minimal complete 
set for hand assembly use. TLEGS relocates. 
LL·2 4K Level II . . . . . .  $ 9.95 

Includes cassette, instructions. examples. 
Add .75 each shipping, CA include 6% 

Allen Gelder 
P.O. Box 1 1  721 
San Francisco, CA 941 01 

T-BUG. TRS·BO tm Radio Shack/Tandy Corp. 

Circle 1 36 o n  inqu i ry card. 

TRS-8 0 GAM ES 
� GAMES CRONIES & � b--$" OTHERS TAKE NOTE

- � 
Ball turret gunner: incoming fighters mix with 
twilight sky-three dimensional turret control and 
targeting sequence option. 

Descent: faithful .t o  physics-a real time lander with 
control console graphics. Takes 1 0·20 minutes to land. 
Five landing operations. 

Haystack 500: rural race through haystacks and 
mud-drivers rated for times and trace difficulty. 
Simulation you can't believe! 

These programs run in 4· 1 6K level II. On screen in· 
structions and background in separate load. Any game 
above on Scotch brand tape-$ 1  0.00 {includes the sur· 
prise on the back). We specialize in action-write for a 
brochure of TRS-80 games, software, beepers, joy· 
sticks and other mechanical goodies. 

Four Seasons Company 
23 1 8  Harvard Avenue 
Ft. Myers FL 33907 

Circle 1 35. o n  inqu iry card. 

COMPUTER TECHNICIAN 
ENGINEERING STUDENT 

LOS ANGELES AREA 
Part time position. Must have at 
least one year of engineering educa­
tion. Must be familiar with electrical 
measuring devices & computers . 
Good experience · would be hobby 
computers or University computers. 
Should have a working knowledge of 
hardware components & ability to in­
terface such components. Should 
also have ability to submit well writ­
ten technical reports. 

PCI 
1 81 5  VICTORY BLVD . 

GLENDALE, CA. 91 201 
[21 3] 956-3770 

Circle 3 1 0  o n  inqu i ry card. 

FOR TRS-80TM OWNERS 
T·PAL 

Programming Amateur's Letter 

TH E "DO-IT-YOURSELF" 
SOFTWARE NEWSLETTER 

Published Month ly, We'll Teach You 
All The Latest Wrinkles - How To Get 

The M ost Out of Your Computer 

Graphics • Games • Personal 
Home • Business • Finance 

And Much More! 
$24/year . . .  or write for FREE Details 

. THE MAI L MART 
Box B 1 1 1 02 San Francisco, CA g41 01 

Circle 1 99 on inquiry card. 

CROMEMCO 
AT lS "lo 

DISCOUNT 
e EVERYTHING ON THE 

CROMEMCO CATALOG 
e ALL NEW EQUIPMENT 

FULLY GUARANTEED 
e M A N Y  S O F T W A R E  

PACKAGES AVAILABLE 

DIGITAL DATA 
SYSTEMS, INC. 
1396 N W 65 TERR 

PLANTATION, FLA 33313 
(305) 792-3290 

Circle 1 05 on inqu i ry card. 

�--- ---------------------� 
r SHORT CASSEITES 

List $1.00 10 for $7.50 50 lor $32.50 

�CROSETTE CO. 
777 Palomar Ave. · Sunnyvale, CA 94086 

Duplication Services 
Microsette also offers profession�( 
duplication services for Commo­
dore PET and Radio Shack TRS-80 
Level I and Level II cassettes. Our 
service provides mastering, quality 
control, all material including two­
piece box, affixing of your labels or 
supplying our blank labels and ship­
ping. Prices start at $2.00 each in 
100 quantity . 

MICROSETTE CO. 
777 Palomar Ave. · Sunnyvale, CA 94086 

Circle 229 on inqu i ry card. 

-

Professional 

Real Estate Programs 
available now on cassette 

for Apple & T RS-80 I I  

• Property Managment System ·�:. 
(Two BK Programs) 

1.) Expense Ana lys is 
2.) Income Info & Tracking 

I ntroductory Offer •so 
Price After July -is,  • 7 5  

• H o m e  Purchase Analysis 

• Income Property Cashflowlleverage 

• Construction Cost/Profit 

• Tax Free Exchange Model 

Separately •20 All •55 
,(1� Call (213) 372·9419 lor immediale C.O. D. t"(-tj't, ... �. Attractive Dealer Pricing 
2045 Manhallan Avenue. Hermosa Beach, California 90254 

Circle 323 on inqu i ry card. 

TRI PLE E TIME MACHINE 
An IEEE 488 to 5100 Bus 
Interface and Control Board. 
Included are counter-timer 
functions. Board. is addressable 
anywhere in memory or 1/0. 
KIT $225 BARE $35 

GEMINI SBC 3.0 
A 2650 Microprocessor based 
single board computer for the 
5100 Bus. Tape interface, 
parallel i nput port, power control 
port, 3 to 7K ROM and 1 to 3K 
RAM on board. Documentation 
with BARE board. 

..!,�IT ( I K/IK) $275 BARE $35 
--uB KIT $225 

M ONITOR IK machine language 
monitor in 2708. Supported are: 
memory inspect and change; 
register inspect; breakpoints: tape 
load and dump; memory mapped 
video and keyboard input port. $20 

C G E N G I N E E R I N G  
P.O. B O X  1 1 45 

M I LP ITAS, CA 95035 

Circ le  74 on inqu iry card. 



• Interface to data terminal and two cas­
sette recorders with a unit only 1 110 
the size of SWTP's AC-30. 

• Select 30, 60 , o r 120 bytes per second 
cassette interfacing, 300, 600 or 1200 
baud data terminal interfacing. 

• Optional mod kits make CIS-30+ work 
with any microcomputer. (For MITS 
680b, ask for Tech Memo TM-CIS-
30 + -09. )  

• KC-Standard/Bi-Phase-M (double fre­
quency) cassette data encoding . De­
pendable self-clocking operation .  

• Ordinary functions may be  accom­
plished with 6800 Mikbugrw monitor. 

• Prices: Kit ,  $79 . 9 5 ;  Assembled ,  
$99.95. 
Prices include a comprehensive instruction 
manual. Also available: Test Cassette, Re­
mote Control Kit (for program control of 
recorders), IC Socket Kit, MITS 680b mod 
documentation, Universal Adaptor Kit 
(converts CIS-30+ for use with any com-
puter). M I KBUG® Motorola, Inc. 

In the Product Development 
Queue . . .  

Coming PDQ. Watch for announce­
ments. 

6809 Processor Card - With this SS-50 
bus PC board, you'll be able to upgrade 
with the microprocessor that Motorola 
designers describe as the "best 8-bit 
machine so far made by humans. "  
The Electric CrayonrM - This color 
graphics system includes its own MP and 
interfaces to virtually any microcomputer 
with a parallel 1/0 port. 
Printer Interface - For your TRS-BOTM. 
Interface any serial RS232 printer to your 
TRS-BQTM with this system.  

r"ELECTRIC WINDOW, ELECTRIC CRAYON, Pilon-
30 and Pilon-10 are trademarks of Percom Data 
Company, Inc. 
TRS-80 Is a trademark of Tandy Corporation and Radio 
Shack which has no relationship to Percom Data Company. 

Orders may be paid by check or money order, 
or charged to Visa or Master Charge credit 
account. Texas residents must add 5% sales 
tax. 

For your data storage - Pilon-aorM and 
Pilon-1QTM data cassettes 

• Orders-of-magnitude improvement in 
data integrity over ordinary audio cas­
settes. 

• Piton-coated pressure pad eliminates 
lint-producing felt pad of standard 
audio cassettes. 

• Smooth piton coating minimizes erra­
tic tape. motion. 

• Foam pad spring is energy absorbing. 
Superior to leaf spring mounted pad 
which tends to oscillate and cause flut­
ter. 

• Five-screw case design virtually pre­
cludes deformation during assembly. 

• Price: $2.49. 

For your S-100 computer-the Cl-812 

• Both cassette and data terminal inter­
facing on one S-100 bus PC board. 

• I nterfaces two recorders. Record and 
playback circuits are independent. 

• Select 30 , 60, 120, or 240 bytes per 
second cassette interfacing, 1 1 0  to 
9600 baud data terminal interfacing. 

• KC-Standard/Bi-Phase-M (double fre­
quency) encoded cassette data. De­
pendable self-clocking operation. 

• Optional firmware (2708 EPROM) 
Operating System available. . 

• Prices: kit , $99 .95 ;  assembled,  
$129.95. 

Prices include a comprehensive instruction 
manual. In addition to the EPROM Operating 
System, a Test Cassette, Remote Control Kit 
(for program control of recorders) .  and an IC 
Socket Kit are also available. 

t �EflllllM ] PERCOM™ 'peripherals for personal computing' 
PERCOM DATA COMPANY, INC. DEPT. B 

21 1 N. KIRBY • GARlAND, TX. 75042 
Circle 301 on inqu i ry card. 

CASSETTE SOFTWARE 
For 8080/Z-80 �-tCS . . .  

BASIC ETC - Developed by the co­
authors of the original Tiny BASIC,  BASIC 
ETC is easy to use yet includes com­
mands and functions required for power­
ful business and scientific programs as 
well as for hobby applications. 9.5K bytes 
of RAM. 1 200-baud cassette and 42-page 
user's manual . . . . . . . . . . . . . .  $35.00 
Cassette Operating System - EPROM 
(2708) COS for the Percom Cl-812 dual 
peripheral interfacing PC card . .  $39.95 

If you ' re programming on a 6800 �-tC. 
you'll want these development and de­
bugging programs written by Ed Smith of 
the Software Works: 
Disassembler/Source Generator - Dis­
assembles SWTP Resident Assembler, 
TSC Mnemonic Assembler/Text Editor or · 

Smoke Signal Mnemonic Assembler/Text 
Editor and produces compacted source 
code suitable for re-editing. Prints or dis­
plays full assembly-type output listing. 
4K bytes of RAM. 
(Order M68SG) . . . . . . . . . . . . . .  $25.00 
Disassembler/Trace - Use to examine 
(or examine and execute) any area of 
RAM or ROM. "Software-single-step" 
through any program, change the con­
tents of CPU or memory location at any 
time, trace subroutines to any depth. 
2.3K bytes of RAM . 
(Order M68DT) . . . . . . . . . . . . .  $20.00 
Support Relocator Program - Supplied 
on EPROM,  this program relocates a 
program in any contiguous area of RAM 
or ROM to anywhere in RAM . Use to 
assemble and test programs in RAM, ad­
just programs for EPROM operating ad­
dresses and then block move to your 
EPROM burner address . 952 bytes of 
RAM .  Loads at hex 1 000. 
(Order M68EP) . . . . . . . . . . . . .  $20.00 
Relocating Assembler & Linking Loader 
(M68AS) . . . . . . . . . . . . . . . . . .  $50.00 
R�locatlng Disassembler & Segmented 
Source Text Generator (M68RS) $35.00 

Americana Plus -.1 4  tunes for the New­
tech Model 68 Music Board in machine 
language ready to load and run. Cassette 
compatible with Percom CIS-30+ and 
SWTP AC-30. Order MC-1 SW . .  $1 5.95 

HARDWARE 
Newtech Model 68 Music Board - Pro­
duces melodies, rhythms, sound effects, 
morse code, etc. from your programs. 
Includes manual with BASIC for writing 
music scores and assembly language 
routine to play them. Installs in SWTP 1/0 
slot. Assembled & tested . . . . .  $59.95 
The Percom ELECTRIC WINDQWTM -
Memory-resident and programmable, 
this video display character generator 
board for your SS-50 bus displays up to 
24 SO-character l ines. Features dual 
character generators, dual-intensity 
high-lighting. One programmable regis­
ter controls scrolling. Compatible with 
standard video monitors . . . . .  $249.95 
SS-50 Prototype Cards: 
Large card (up to 70 40-pin ICs) $24.95 
1/0 size card . . . . . . . . . . . . . . .  $14.95 

To order products or request additional lit­
erature, call Percom's toll-free number: 
1-800-527-1592. For detail technical in­
formation call (214) 272-3421. 
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The EXPANDORAM is avai lable 
in versions from 1 6K u p  to 64K, so 
for a m i n i m u m  i nvestment you 
can have a. memory system that 
wi l l  grow with your needs. This is 
a dynamic memory with the in­
visable on-board refresh ,  and IT 
WORKS ! 

• Ban k Selectable 
• Phantom 
- Power 8VDC, ± 1 6VDC, 5 Watts 
• Lowest Cost Per Bit 

Uses Popular 41 1 6  RAMS 
PC Board is  doubled solder 
masked and has s i l k-screen 

• Extensive documentation clear­
ly written 

• C o m p l e t e  Kit i n c l u d es 
Sockets for  64K 

• Memory access t i me: 375ns, 
Cycle t ime:  500ns. 

• No wait states req u ired . 
• 1 6 K  boundries and Protection 

via Dip Switches 
• Desig ned to work with Z-80, 

8080, 8085 CPU's. 

EXPAN DO 64 KIT (41 1 6) 
1 6K $245.00 
32K $31 0.00 
48K $375.00 
64K $440.00 

SO "VERSAFLOPPY" Kit 

Sug art SA400 5 % "  
with attractive metal case 

Sugart 801 
with attractive metal case 

$ 495.00 
Siemens FDD 200-8 8" 

double-sided 
double density 

$599.00 

LOGIC PROBES 

The Versatile Floppy Disk 
Controller Only 51 59"" 

FEATURES: IBM 3740 Soft Sectored Compati­
ble. S-100 BUS Compatible for Z-80or 8080. Con­
trols up to 4 Drives (single or double sided). 
Directly controls the following drives: 
1 . Shugart SA400/450 Mini Floppy 
2. Shugart SAB00/850 Standard Floppy. 
3. PERSCI 70 and 277. 
4. MFE 7001750. 
5. CDC 9404/9406. 6. GSI/Siemans FDD1 
34 Pin Connector for Mini 
nectar for Standard 
modified CPIM 
Compiler. The 
Computer 
for many 
Both Mini 

DM 2700S DISK & 
CABI NET with 

POWER SU P PLY 
DM 2700S incl udes Siemans 
FD1 20-8" Disk Drive with the 
fol lowing feat u res: 
• Single or Double Density 
• Hard or Soft Sector 
• Door Interlock Cabinet includes: 
• Write Protect • 1 1 0V to 1 25V 60 Hz power supply 
• Hard Sector Detection • Data Cable 
• 500 KB/S "J;ransfer • Fan 
• 800 KB unformated • Accepts per SCI, Shugart, Siemans 
• Bit density 6536 BP1 8" Drives 
• Sugar! 800 Series Compatable 

DM2700S Disk Drive & Cabi net S6SQOO 
REG. $750 SALE PRICED 

esc logic probes are the ullimate tool lor breadboard design and testing. 
TheSe hand·held units provide an instant overview of circuit conditions. 
Simple to use: just clip power leads lo circu li's power supply, set logic 
family swilch to nuoTL or CMOSIHTL. Touch probe to test node. Trace 
logic levels and pulses through digital circuits. Even stretch and latch for 
easy pulse detection. Instant recognition of high, low or Invalid levels, open 
circuits and nodes. Simple, dual-level detector LEOs tell it quickly, correct· 
ly. HI (Logic "1"): LO (logic "0"). Also Incorporates blinking pulse detector. 
e.g., HI and LO LEOs blink on or oil. tracking 'T' or "0" states at square 
wave ltequencies up to 1 .5 MHz. Pulse LED blinks on lor 'II second during 
pulse Hanslllon. Choice of three models to meet Individual reQuirements; 
�udget, project and speed of logic circuits. 
MODEL LP·1 
HaOd·hetd logic probe provides Instant reading of logic levels for TIL, DTL, 
HTLor CMOS. Input Impedance: tOO,OOOohms. Minimum Detectable Pul1e: 
50 ns. Mulmum Input Slgn1l {Frequency): 10 MHz. Pulll Detector {LEO): 
High speed train or single event. Pul11 Memory: Pulse or level transl!lon detected and stored. 

MOOEL LP·2 
Economy version of Modei LP·t . Safer than a voltmeter. More accurate than 
a scope. Input Impedance: 300,000 ohms. Minimum Detectable Pul11: 300 
ns. Maximum Input Signal (Frequency): 1 .5 MHZ. Pul1e Detector (LED): High 

6s
e
���=�� �;.:��:�c

e
;;�����·:, �:�

o
-ry: N

one .
. . . . � $23.70 

MODEl LP-3 
High speed logic probe. Captures pulses as short as 
pedance: 500,000 ohms. Minimum Detectable Pul11: 
Signal (Frequency): 50 MHz. Pul11 Detector (LED): 
slnglo event. Pulae Memory: Pulse or level transition t 

The ultimate In speed and ease of operation. Simply connect clip leads to 
posllive and negative power, then touch DP·1 's probe to a circuli node; 
automatic polarity sensor detects circuli's high or tow condition. Depress 
the pushbullon and trigger an opposite polarity pulse Into the circuit. Fast 
troubleshooting Includes Injecting signals at key points In TIL, DTL, CMOS 
or other popular circuits. Test with single pulse or tOO pulses per second 
via built-in dual control push-button; button selects single shot or con­
tinuous modes. LED Indicator monitors operating modes by flashing once 
for single pulse or contlnuousry lor a pulse train. Completely automatic, 
pencil -size lab/lleld pulse generator lor any family of digital circuits. Out· 
put: Tri-state. Polarity: Pulse -sensing auto.polarlty. Sync 1nd Source: 100 
mA. Pulse Train: tOO pps. LED Indicator: Flashes lor single pulse; stays Ill 
lor pulse train. 

Modei LP·1 Loglc Probe-Net Each . CSC Modei LP·3Loglc Probe-Net Each . CSC Model DP·1 Digital Pulaer-Net Each . . � $71.20 

4307 
DEC LSI-1 1 ,  POPS, PDP11, 
Heath H-1 1 ,  P Pallern Epoxy :r n ·� 
Glass. Plug Board a.4J"xS.tB7''. Plain no etched circuitry except contacts. Pro· 
oual 36pin OECfHEATH duces maximum flexibility. 
Connectors. 1·4 5·9 

Pad per 2 holes. Two-holE pads allow lack solder­
Ing of socket , plus seco.nd hole for component 
leads. 

' 

' ' 
1·4 5·9 10·24 1 4.95 13.46 I 

, . . . , . , . 
1£1.95 17.96 15.96 �"":;." 

4608 
VECTOR·PAK ASSEM BLED 
MICROCOMPUTER CASES 

, Is torm and size compatible with IN· 
TEL SBLBO Series and NATIONAL 
BLC 80 Series m ic rocomputer 

Adiustable packaging system for S-100 bus boards. Power and Ground buses on 
microcomputers. compatible with Altair both sides. 
8800 and IMSAI 8080 size cards. 1·4 5·9 
• Smart looking, deluxe cases unmarred by 45.00 40.50 

�
n
�����g!d

s
��

e
;a�k0�r'::�:����d vmyl VP-2 Individual tinned square pads surround 'most holes. 4608-1 

• Instantly accessible interrors with slip out 5159 00 
• Ideal for mounting components by "tack soldering'' Same as 4608. except 

1D-2C 
36.00 

covers VP·1 Same as VPl exc�pt Top of board pod free for mounting 110 connectors power b.uses 
• Removable recessed rear and front $1 63.00 cards orrented srde 1·4 s.9 10 24 104 5·9 10-24 
panels Sfrlpprng Wergtll 25 1bs to slde 1995 1 7 95 1 596 34 00 30 60 2720 �rz�:�l:,�:�%�

a
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;7.;��� � PRIORITY ONE ELECTRONICS e 'l2 ;, o-9. 
�·�:.:���r.d bottom cover for coofer opera � 1 6723B Roscoe Blvd Sepulveda CA 9 1 343 ' l\Q� 0 <:> toon 

DESCRIPTION Terms: Vtsa, MC, BAC, Check, Money Order, C O.D U S  Funds Only CA residents add 6% sales tax 1 \  V, � � 
Assembled case with perforated bollom M �nimum order $10 00 Prepatd U S  orders less than $75 00 tnclude 5% shtpptng and handling, r:.-- � "T J-.... 1" 
��;��-s �����::�e������

n
�r

s
����9�0�o

c
a��� mtnimum $2.50. Excess refun�ed. Just_ in case . . .  plea

_
se includ� your phone no. � Cards top loaded. spanning front to back. Prtces SUbjeCt to change without nottce. � Card guide (12 pair) and chassis plate sup- We wil l  do our best to maintain prices thru June 1979. OEM and Institutional ij): plied unlnslalled orders welcome (21 894·81 71 '  (800) 423·5633 ij) 



.. . 5%, 3Vz digit 1 9  
Range DVM. V2' LCD displays 

runs 200 hrs on 1 battery. 10 Meg 
Ohm Input. 1 yr. guarantee, made i n  
U.S.A., test leads included. 

Available Accessories 
RC·3 1 1 5V AC Adapter . . . . . . . . . . . $7.50 
CC·3 Deluxe Padded Vinyl 

Carrying Case . . . . . . . . . . . . . . . .  $7.50 
VP·10 X10 DCV Probe Adapter/ 

Protector 10Kv . . . . . . . . . . . . . . $14.95 
VP·40 40Kv PC Probe . . . . . . . . . . .  $35.00 
CS·1 10 Amp Current Shunt . . . . . .  $14.95 

* FREE 
Just for Asking. 

FREE BA TTERY with your meter. 

�JniJiumUOIC•· 
IOUIOI +S. + 12. 
-llDuWSII'IG inS\1• 
�td ii'OIInht!Q �S 

0 W'lfi9Sidt t.llew!I, Ccm· 
!»"«11 $QI)¥ffOOXJ 
glln.,l!l "'hote i!Wkrngskw 
tompotttnl louiiiii'IS 

8803 
MOTHER 
BOAJIO FOil 
S100 BUS 
MICRO· 
COMPUTERS 

0 ll!OtiiOilQIIUIIO.\t� W!Ift 2 011nt' 
COPPtf. 50idfrpl.lt�ana Olad>�mt· 
tefftOits lorltJOJ. 

• Solcler lftllkWIII'I�er worlclowson 
tlthldCiiCUMIOI'I'OI!IKCICII!IIIIIS/lOf1 
crrcu�s. 

• Mlllln1S I I recrcuKiu WI11'1 100tGnl.lt.ls(2 
rowston .125 tenlttSWilh .2!iOrow sNCrng. 
Vtelor wn number R681 ·l, ormounls i0111UP· 
lKitlpl\ls rnltrconnKtoonsto \ITlallel motnerbo.lrd • 
1orupans10n 

. :��-·:��·����::;:�":",�i;!�·���:.''Oi o
p

i
KI!I O t  Price : 

• Llr� DuSCS. +�II IM G"tl (IO AMPS!. ! 12\lor 16\1 (7 
At.IPSt. Currtnt r'hflil1.111 ptrMil·STD·21�..,t� 10"C $ 0 

• �1: on Yet1or·o.�k encl01ures 29 • 5 
• fo111!1IMSAt 8030mocroeompu1ern up�GerbiWO · 

1!16 t/m BOARD 
.042 dia holes on 

0.1 spacing for IC's 

SIZE 
4.5x6.5" 
4.5x 1 7" 

PRICE 
1 ·9 10·19 

$1 .56 $1 .40 
$3.69 $3.32 

H ICKOK 

• Bui_lt in  delay l ine for leading edge viewing of fast risetime pulses. • 
Compact portable size. • 1 1 .7 ns rlsetime. • Full time X4 expansion 
(horizontal position control automatically allows moving trace 4 screen 
widths at all sweep times). • TEST MOST DIGITAL LOGIC CIRCUITS IN· 
CLUDING MICROPROCESSORS. • STAPLE TRIGGERING UP TO 50 
MHz. • High and low pass trigger filters. • 11 step precision vertical at· 
tenuators. • 24 calibrated sweep times. • Analyze CB AM and SSB 
waveforms. • Regulated power supplies for accuracy over 105·130 
VAC. 

SPECIFICATIONS 

DUAL-TRACE 30 MHz Oscilloscope 

Model 532 

VERTICAL RANGES: 10 mV/DIV to 20 V/DIV In  11 calibrated steps. 
Variable control permits fine adjustment between steps. Accuracy: 
± 4 % .  Frequency Response: DC to 30 MHz (·3 dB) DC coupled, 2 Hz to 
30 MHz (·3 dB) AC coupled. Rlsetlme: 1 1 .7 ns. Overshoot: 4% or less. 
Positioning: 3 screens. Input Impedance: 1 megohm ± 2% shunted by 
27 pF, ± 1 .0 pF. Maximum Input Voltage: 500 V DC plus peak AC ex· 
cept 300 volts on .01 V range. Vertical Modes: Channel A only; Channel 
B only; Alternate A & B, Chopped A & B, Difference (A·B). TIME BASE 
Sweep Rates: 2 SEC/DIV to 0.05 11. SEC/DIV in 24 calibrated steps . 
Variable control permits fine adjustment between steps. Accuracy: 
± 4 % .  Except 7% from 2 SEC/DIV to 0.5 SEC/DIV. TRIGGERING 

Modes: AC·HF High pass filter, signal component below 3 kHz re· 
jected. AC-LF Low pass filter, signal component above 10 kHz rejected. 
Auto: Provides continuous sweep without input signal. Sources: Line, 
Internal, External. Slope: Positive and negative; continuously variable 
level control. Sensitivity: Internal, y, division (on CRT) to 30 MHz; 1 divi· 
sion to 50 MHz; external, 200 mV to 5 V peak·to·peak. EXTERNAL 
HORIZONTAL (X·AXIS). Frequency Response: DC to 5 MHz, AC, DC 
coupled. Input Impedance; 1 megohm ± 5 %  shunted by approximately 
30 pF. GENERAL Probe Calibrator: 0.6 V peak·to·peak, 200 ns risetime. 
CRT: 4·1nch flat faced round with viewing area of 6 x 10  divisions. 

Deluxe 1 0:1 Probe Set 
SALE PRICED AT ··�· • -. I Power Requirements: 105·125 V, 50·400 Hz, 35 watts. SIZE & WT.: 6·7/8" Q\1'� h x 1 1 '/ '  w x 1 7 '!.' '  d, 27 pounds (not including handle). ( 17.2 em x 28.6 

em x 45.1 em) (12.27 kg). ACCESSORIES: Model 532 includes 2 model 
1 SP·7, 10:1 probes and instruction manual. Includes two probes. 
LX303 DVM 1 e with Purchase of Scope f/m Plugb•·r· lll 

� "'' .... . . .. . 
M icrocomputer/ processor 

_ plugboard . use w1lh 5· 100 bus Com · 
ple\e wtth heat smk & hardware 5.3 · · x 
\Q" X 1 / 1 6" 

1·4  
$19.95 

5·9 
$17 .95 

8801 - 1  

10·24 
$ 1 5 .96 

3682 9.6" X 4.5" 
$10.97 

3682·2 6.5" X 4.5" 
$9.81 

Hi·Density Dual·ln-Line 
Plugboard for Wire Wrap 
with Power & Grd. Bus 
Epoxy Glass 1 / 1 6" 44 pin con . spaced . 1 56 

$1 0 .90 
3677-2 6 .5 " X 4.5"  

$9.74 
G e n .  Purpose D . I . P . 
Boards with Bus Pattern 
for Solder or Wire Wrap. 
Epoxy Glass 1 / 1 6" 44 

. 1 56 

1 4  · G3 1 00  for 
$30.00 

1 6-G3 1 00  for 
$30 .00 

.:��� � 
PRICE:  S13.49 

450ns Low Power RAMS 
$1 .1 0 Ea. in lots of 25 

21 02LH PC 
250ns Low Power RAMS 

1 .25 Ea. in lots of 25 



. 125 ctrs. 3 
LEVEL WIRE WR AP .025" sQ. posts on 
.250 spaced rows. GOLD PLATED. 

S 1DO-STG 501100 Cont . .  125 ctrs. DIP 
SOLDE8 TAIL on .250 spaced rows for 
VECTOR and MAS I motherboards GOLD 

1·· 5-9 10·2· plated. 
$4.00 $3.75 $3.50 1-4 

$3.50 
5·9 

$3.25 
1 0.24 
$3.00 S100ALT 501100 Cont. . 125 ctrs. DIP 

SOLDER TAIL on . 140 spaced rows for S100SE 501 1 00  Cont. . 125 ctrs. PIERCED 
ALTAIR motherboards. GOLD plated. 'SOLDER EYELET tails. GOLD 

1·4 5-9 1 0·2· 1·4 S.9 10·24 
$<.00 $3.75 $3.50 $5.00 $4.50 $4.25 

OTHER POPULAR EDGE CON N ECTORS 
All Edge Card Conneclors are GOLD PLATED (not Gold Flash} Bodies are non brittle. Solvent 
res., G.E. Valox. Contacts are Bifurcated; Phos/Bronze: GOLD over NickeL 

ABBREVIATIONS: SE = Solder Eyelet WW • 3 Lnel Wire Wrep ST a Solder Tell 

PART NO. 
D1 326-1SE 
02244·1WW 
D2250-1SE 
02250·1ST 
D2040·1SE 
D2o.to·1ST 
D2040·1WW 
D3060-1WW 
03672·1SE 
D3612·1ST 
03872·1WW 
04080·1SE 
O(OB0-1ST 
04080·1WW 
04386-1SE 
04386-1ST 
04386-1WW 
DS01Q0.1WW 

PART NO. 
S6X·5SE 
0612·5SE 
01224·5SE 
02224·SST 
D1 530·5SE 
01530·SST 
D1 530·5WW 
01836·5SE 
02244-�E 
02244·5ST 
02244-SWW 
03672·5SE 
03672·5ST 
03672-SWW 
OE4386·5SE 
04386·SST 
04386·5WW 
CG·1 

PART NO. 
DE·9P 
OE·9S 
DE·9C 
OA15P 
OA15S 
DA15C 
DB·25P 
DB·25S 
OB51212·1 
DB1226-1A 
08110963·3 
OC37P 
OC37S 
OC37C 
ODSOP 
00505 
0050C 
020418·S 

.1 00" Contact Center Connectors 
PRICE 

TYPICAL APPLICATION ,.. 6-9 1 0·24 
lmsal M 1 0. 510 2.60 2.�0 2.20 
Vector Plugboards 4.00 3.60 3.60 
lmsai P10, lnlel Mulllbuss 3.70 3.50 3.40 
lmsai P10, Intel Mullibuss 3.50 3.30 3.10 
TAS·80 3.20 3.05 2.90 
TRS·60 3.00 2.85 2.70 
TRS·60 3.30 3. 15 3.00 
Inlet Mullibuss 4. 10 3.90 3.70 
Vector Plugboards 5.00 4.75 4.50 
Vector Plugboards 4.95 4.70 4.45 
Vector Plugboards 4.90 4.65 �.40 
PET 5.95 5.70 5.45 
PET 5.00 4.75 4.50 
PET 5.20 �.95 4.70 
Cos. ELF 5.60 5.35 5.05 
Cos. ELF 5.40 5. 15 4.90 
Cos. ELF 5.50 5.25 5.00 

5.95 5.75 5.55 
.125" Contact Center Connectors PRICE 

TYPICAL APPLICATION 1-4 5·9 10·24 
5. 25 5.00 4.75 

Vector 4350 5.95 5.65 5.35 
S-100, lmsel, Vector, Cromeneo, Mother· 
bo1rds 3.50 3.25 3.00 
S-1 00  Wire Wrep 4.00 3.75 3.40 
Alt1lr 4.50 4.25 4.00 
S100 Solder Eyelet 5.00 4.50 4.00 

.1 56 Contact Centers Connectors 
PRICE 

TYPICAL APPLICATION 
Pet . NSC CLK Modules 
Pet. NSC CLK Modules 
Pet 

1·4 5-9 10·24 
1 .40 1 .30 1 .20 
1 .60 1 .50 1 .40 
2.40 2.30 2.20 

Pet 2.30 2.20 2. 1 0  
Vector PlugbOards. G A l  Keybrds 
Veclor Plugboards. GAl Keybrds 
Vector Plugboards. GAl Keybrds 

2.50 2.35 2. 10 
2.40 2.25 2.05 
2.60 2,40 2. 15 
3.00 2.60 2.60 

Vector. Kim. etc. 3.00 2.60 2.20 
Vector. Kim. etc. 3.00 2.80 2.50 
Vector. Kim. etc. 3.95 3.70 3.40 
Vector PlugbOards 5.50 5.30 5.00 
Vector Plugboards 5.45 5.25 5.00 
Vector Plugboards 5.60 5.40 5. 10 
Mot 6800. tntet Multibuss. NSC pacer 6.00 5.75 5.25 
Mot 6800, Intel Multibuss. NSC pacer 5.90 5.65 5. 15 
Mot 6800, Intel Multibuss. NSC pacer 6.50 6.30 5.90 
lmsai Style Card Guides 511 .00 or 100110.00 

RS232 & "0" TYPE CONN ECTORS 
P, = Plug-Male S = Socket-Female C = Cover-HOOd 

DESCRIPTION 1 ·4 
9 Pin Male 1.50 
9 Pm Female 1 .95 
9 Pin Cover 1 .50 
15 Pin Male 2.00 
15 Pin Female 2.90 
1 5  Pin Cover 1 .80 
25 Pin Mete 2.50 
25 Pin Female 3.50 
1 pc. Grev Hood 1.65 
2 pc. Bleck Hood 1.80 
2 pc. Grey Hood 1 .  70 
37 Pm Male � 3.95 
37 Pin Female •::.•::• ::.•.• • •  5.50 
37 Pin Cover o o 2.00 
� �f� �e

a�e
ale 

. FE lE i:� 
50 Pin Cover 2.50 
Hardware Set (2 pair) 1 .00 

Connector for CENTRONICS 700 SERIES: 

PRICE 
5·9 

1 ,30 
1.75 
1.30 
1 .60 
2.70 
1 .60 
2.20 
3.1 0 
1.35 
1.50 
1 .40 
3.75 5.25 
1 .60 
4.75 
6.00 
2.30 

.60 

10·24 
1 . 1 0  
1.45 
1 . 1 0  
1 .55 
2.45 
1.30 
2.05 
2.95 
1 .20 
1.35 
1.25 
3.50 
4.90 
1.60 
4.60 
5.75 
2.20 

.70 
Amphenot 57·30360 lor back of Centronics 700 Series printers 1·4 -$9.00 5-up-57.50 

DIP PLUGS 
PRICE PRICE 

Pert II No. ol 1·24 25·99 11)0-499 Pert I No. of 1·24 25-99 1 ()().499 
Pins Pins 

P08P02 8 .4 1  . 36 .29 P22P02 22 .75 .67 .63 
P14P02 1 4  .46 . 42 .34 P24P02 24 .79 .7 1 .66 
P16P02 16 .55 .41 .38 P28P02 28 1. 10 .93 .8 1  
P18P02 18 .67 . 57 .46 P<lOP02 40 1.25 1 .07 .94 

GOLD SOLDERTAIL STANDARD IC Sockels 1·24 25-49 5().99 1·24 25··9 50·99 
BSTG .30 .27 .24 22STG .70 .63 .57 

14SG .35 .32 .29 24STG .70 .63 .57 
16STG .38 .35 .32 28STG 1 . 1 0  1 .00 .90 
18STG .52 .47 .43 40STG 1.75 1 .55 1.45 
20STG .60 .56 .52 

TIN SOLDERTAIL · LOW PROFILE IC Sockets 
1·24 25·49 5().99 1·24 2S...C9 5().99 
.25 . 16 .15 22CS2 .37 .36 .35 
.25 . 1 8  .1 6  2•cs2 .38 .37 .36 
.25 .20 . 16 28CS2 .45 .44 .43 
.29 .28 .27 40CS2 .63 .62 .61 
.34 .32 .30 

3 LEVEL GOLD WIRE WRAP SOCKETS mTIIT 
Sockels purchased In mult iples of 50 per type may be combined for 
best price. 1 ·9 1 0·24 25·99 1 00·249 250·999 

8 p i n *  .40 .36 .34 .31 .27 
1 4  pin • .45 .39 .37 .34 .32 
1 6  pin * .50 .42 .40 .36 .34 

.70 

.90 

.95 

. 95 
1 .25 
1 .65 

.60 

.80 

.85 

.85 
1 . 1 5  
1 .45 

.55 
.75 
.80 

.80 
1 .00 
1 .35 

.50 

.65 

.70 

.70 

.95 
1 .20 

.45 

.62 

.65 

.65 

.90 
1 . 1 0  

All sockeiS are GOLD 3 level closed entry • End and s•de stacable . 2 level, Solder Tatl, low 
Profile. Tm Sockets and O•p Plugs available CALL FOR QUOTATION 

MS-21 5 Dual Trace 

Reg. S435°0 
Sale Priced saagoo• 

MS·1 5 Single Trace 

Reg. S31 8°0 
Sale Priced 

$289°0* 
With Rechargeable Batteries and Charger Unit 

• 15 megahertz band wldlh • Automatic or line sync modes 
• External and internal trigger • Power consumption less than 15W. 
• Time base • 1 micro sec. to 0.5 sec/div. • Verticle Gain · 0.01 to 50 Volts/ 

21 settings dlv. 12  settings. 
• Battery or line operation • Weight is only 3 pounds 
• Viewing area 1.1" x 1 .35'" case size 2.75"H x 6.4""W x 7.5""D 
• Parts & labor guaranteed 1 year, made in USA! 

41·140 Leather Carrying Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $45.00 
41·141 1 0:1 Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $27.00 
41 ·3495 1 0:1 , 1 :1 Combo Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $36.00 

r' Why Cut? 
Why Strip? 
Why Slit? 
WHY NOT . . .  

J UST 
WRAP TM NEW�_ 
• AWG 30 Wire • Built In Cui off 
• .025" Square Posts • Easy Loading of Wire 
• Daisy Chain or Polnl • Available Wire Colors: 

To Point Blue, White. Red & Yellow 
• No Stripping or Slitting Required . . . 

JUST WRAP TM . . .  

JUST WRAP TOOL WITH 
ONE 50 FT. ROLL O F  WIRE 

COLOR PART NO. U.S. LIST PRICE 
BLUE 
WHITE 
YELLOW 
RED 

BLUE 
WHITE 
YELLOW 
RED 

JW+B 
JW·1·W 
JW·1·Y 
JW·1·R 

REPLACEMENT ROLL OF 
WIRE 50 FT. 

R·JW·B 
R·JW·W 
R·JW·Y 
R·JW·R 

D I P  J U M P E RS 
FLAT RIB BON CABLE ASSEM B LIES 

WITH DIP CONNECTOHS 
• Available with 14. 16. 24 and 40 contacts . 
• Mate with standard IC sockets . 
• Fully assembled and tested . 
• Integral molded· on strain relief. 
• Llne·by·line probeability. 

A P DIP Jumpers are th� low· cost, high· 
quality

. 
solution for jumpering within a PC 

, . : : : . . : ,,. 

'""':,. o'>tl 

14.95 
14.95 
14.95 
14.95 

2.98 
2.98 
2.98 
2.98 

JUST WRAP KIT 
CONTAINS 

• JUST WRAP Tool 
• Roll of Blue Wire, 50 ft. 
• Roll of White Wire, 50 ft. 
• Roll of Yellow Wire, 50 ft. 
• Roll of Red Wire, 50 ft. 
• Unwrapping Tool 

JWK·6, JUST WRAP KIT 
$24.95 

/'Au ow Otnol•l Ptn No 1 
·:·. -tJ . 

· . 
DOUBLE·ENDED 

DIP J U M PERS 0 ===u 
��� 

0� ��"{ f)i?J1, 
-\0 &.'2-'?,·��' 

a.\)� � �
· -vg _... ,-

No. Contects 
14 

16 

24 

40 

Length 
6"" 

924106 6· A 
52.41 

92.\ 1 1 6  6 R 
$265 

924126·6 R 
$4 15 

924136·6· A 
$6.93 

R R 
leng th length length Length 

12" 1 8"" 24" 36"" 
924 106·12·R 924t06-18·A 9241Q6.24·A 924 106·36-R 

$Z,61 $2.82 $3.02 5343 
924116 12·A 924116-IB·R 924 1 1 6

·
24- R 924 116 36·A 

52.88 $3.1 1  53.34 53.80 
924126· 12· R 924126· 18-R 924126·24- R 924126·36· A 

54.50 $4.85 S52J $5,90 
924136 12-R 924136-18-R 924136·24· R 92-t 1 36·36· A 

$7.52 $8. 1 1  S8.7J $9 88 

PRIORITY ONE ELECTRONICS © 
1 67238 Roscoe Blvd . Sepulveda . CA 9 1 343 

Terms: Visa. MC. BAC, Check, Money Order. C.O.D. U.S. Funds Only. CA residenls add 6% sales tax . 
Minimum order $10.00. Prepaid U.S. orders less lhan $75.00 include 5% shipping and handling . 
minimum $2.50. Excess refunded. Just in case . . .  please include your phone no·. 

Prices subject \o change withoul notice. OEM and Institutional 
We will do our best to maintain prices thru July 1979. inq\!.iries invited. 

phone orders welcome (213) 894·8171 , (800) 423·5633 



Circle 384 on inqu i ry catd. 

0%0FF 20%0F 
YOUR OWN TRS-80 SYSTEM AT TREMENDOUS SAVINGS 

OTRS-80 Complete System 
Inc ludes: CPU/ Keyboard, Power Supply, 
Video Monitor, Cassette Recorder, Manual, 
and Game Cassette. 

DISK DRIVES NOW ,N STOCK! Comprehensive circuit analysis for your system 

e RAM-tests for Random Access Memory 

@ Line Printer 
�Mini Disk System 9 C-1 0 Cassettes 
@Verbati m Diskettes 

ITEM 
TRS-80 Complete System 
Level I I  - 4K RAM 
TRs-80 Complete System 
Level l l 1 6  K RAM 
Expansion Interface 
Partee FD200 Mini Disk Drive 
Centronics 779 Printer 
Centronics 101 Printer 
Anadex DP-8000 Printer 
Centronics P1 Printer 
Trendata 1000 
Memory KiH1 6K) 
'FREE INSTALLATION 
Verbatim Diskettes ea. 

3 
1 0  

Maxell Diskettes ea. 
3 

1 0  

C-10 Cassettes 5 
25 

C-30 Cassettes 1 2  
Paper (9Vi' x 1 1 "  fanfold. 

3500 sheets) 

REG. OUR 
PRICE PRICE 

$ 698.00 $ 628.20 

$ 988.00 $ 889.20 
$ 299.00 $ 269. 1 0  
$ 495.00 $ 385.00 
$1 599.00 $1 1 75.00 
$1 595.00 $1400.00 
$ 1 295.00 $ 995.00 
$ 534.00 $ 445.00 
$1 495.00 $ 1 295.00 
$ 1 99.00 $ 98.00 

$ 5.95 $ 4.95 
$ 1 7.89 $ 1 2.00 
$ 59.00 $ 37 .00 
$ 1 0.00 $ 7.50 

$ 30.00 $ 21 .00 
$ 1 00.00 $ 60.00 
$ ' 4 .95 $ 4.50 
$ 24.75 $ 1 8.75 
$ 29.95 $ 23.95 

$ 35.00 $ 29.95 

errors 
e ROM-tests for Read Only Memory errors 
e CPU-tests for errors in Processor func­

tions 
e I / O-tests for I nput/Output errors in  peri-

pheral equipment 

The one "necessity" for any 
TRS-80 system-use as pre- · 
·
ventive maintenance for de­
tect ing c i rcu i t  malfunct ions 
and as a diagnostic tool for ' 

p inpointing hardware problems.$34.95 
There are new developments every day­
write or call for the latest information. 

Outlet Hours :  Mon ,-Fri . ;  9 am .-7 pm.  
Sat. 1 2-5 p m .  

�co� 
Model List Price Our Price 

777 Henderson Boulevard N-6 
Folcroft Industrial Park 
Folcroft PA 1 9032 Levei i i-4K 

Levei i i-1 6K 
Expansion Interface 

$698.00 $628.20 
$988.00 $889.20 
$299.00 $269.10 

(215) 461-5300 

Classroom I nstruction offered in Level II Basic- $49 .95; and DOS/Disk Basic-$69 .95 

\ .. --------- • 
I BECK/AN ENTERPRISES T 

- - - - - - - - - , All Prime Quality - New Parts Only \ Satisfaction ·Guaranteed •• 
- EDGE CARD CONNECTORS: GOLD PLATED. !Not Gold Flash! 

BODY : Non brittle, Solvent res . ,  G.E. Valo x .  

I CONTACTS: Bifurcated ;  Phos/Bronze: Gold over Nickel .  
ABBREVIATI O N S :  SIT Solder T a i l ;  SI E Sold. Eyelet:  

WIW Wi re Wrap 3; SWIW Short WIWrap; 

I PART # DescriEJtion Row Sp. 1 ·4 5-9 1 0-2 4  5010 501 1 00 SIT tA l A  � 3:75 Tio 3 . 30 
5020 5 01 1 00 SIT I SAl . 2 50 3 . 9 5  3 . 7 5  3 . 50 
5030 5 01 1 00 WIW I  SAl . 2 50 4 . 1 0  3 . 90 3 . 7 0  I 5040 501 1 00 SIE AtTIIMSAI 1 4 0 5 .00 4 . 50 4 . 2 5  
5050 501 1 00 SIT CROMEMCO . 2 50 6 . 2 5  6 . 00 5 . 7 5  
1 4 50 IMSAI CARD G U I DES 0 . 1 6  0 . 1 4  0·. 1 2  

I . 1  00"  Contact Center Connectors. 
1 020 1 31 2 6  SIE lmsai M IO : 1 40 2 . 1 0  1 . 8 5  1 .  7 5  
1 040 2 51 5 0  SI E . 1 40 2 . 9 5  2 . 7 5  2 . 5 0  
1 05 0  2 51 5 0  SIT . 1 40 3 .00 2 . 8 0  2 . 60 I 1 06 0  36/7 2 WIW Vector. . 200 4. 8 0  4.60 4 . 30 
1 06 5  3 6 / 7 2  SIT Vector. . 200 4.00 3 . 7 5  3 . 5 0  
1 07 0  4018 0  SI E P E T  : 1 40 4 . 80 4 . 50 4 . 30 

I 1 0 7 5  40180 WIW PET . 200 5 . 00 4 . 6 5  4 . 3 5  
1 08 0  40180 SIT P E T  . 1 40 4 . 90 4 . 6 0  4 . 2 5  
1 08 5  4 318 5  SI E Cos . ELF . 1 40 5 .00 4 . 7 5  4 . 50 
1 090 4318 6  SIT Cos . ELF . 1 40 5 . 1 0 4 . 8 5  4 . 60 

I 1 09 3  4318 6  SIT C o s .  ELF . 2 00 4 . 9 5  4 . 7 0  4 . 4 5  
1 09 5  4 318 6  WIW Cos. E L F  . 2 00 5 . 5 0  5 . 2 0  4 . 9 0  
POLARIZING KEYS : For Above 0 . 1 0  0 . 1 0  0 . 1 0  

I . 1 56" Contact Center Connectors. 
1 5 50 61· SI E PET,Etc . 1 40 1 . 3 0  1 . 1 0  0 . 9 0  
1 56 0  61 1 2  SiT PET: NSC. . 1 40 1 . 3 5  1 . 1 5  0 . 9 5  
1 5 7 5  1 21 24 SI E PET . 1 40 2 . 1 5  1 . 9 5  1 .  7 5 

I 1 5 80 1 21 24 SIT PET . 1 40 2 . 1 0  1 . 90 1 . 70 
1 5'9 0  1 5130 SI E GRI  Keybd. . 1 40 2 . 2 5  2 . 0 5  1 . 8 5  
1 62 0  1 8136 SI E . 1 40 2 . 4 0  2 . 2 0  2 .00 
1 6 50 2 2/44 SI E K I M, VECTOR . 1 40 2 . 2 0  2.00 1 . 8 0  

I 1 660 2 2144 SIT K I M , VECTOR . 1 40 2 . 00 1 . 80 1 . 7 0  
1 67 0  2 2144 WIW K I M, VECTOR . 200 2 . 40 2 . 20 2 . 00 
1 69 0  3 6 / 7 2  WIW . 200 3 . 9 0  3. 7 5  3 . 50 
1 7 1 0  3 617 2  SIE . 1 40 3 . 50 3 . 3 0  3 . 1 0  I 1 7 20 3 6 / 7 2  SIT . 200 3 . 30 3 . 1 0  2 . 90 
1 7 30 4 3186 SIT Mot. 6800 1 40 4 . 40 4 . 1 5 3 . 9 0  
1 740 4318 6  SIT Mot. 6 8 0 0  . 2 0 0  4 . 3 5  4 . 1 0  3 . 8 5  
1 7 5 0  4 318 6  WIW Mot.  6 8 0 0  . 2 0 0  4 . 4 5  4 . 2 5  4 . 1 0  I POLARIZING KEYS : For Above 0 . 1 0  0 . 1 0  0. 1 0  

· - - - - - - - - - -
Circle 30 on inqu i ry card. 

RS232 & 'D' TYPE SUBMINIATURE CONNECTORS: • 
QUANTITY 1.± 5 ·9 1 0·24 I . C .  SOCKETS. G O L D .  I D E9 P  M a l e  1 . 4 5  1 . 3 5  1 . 2 5  WIRE WRAP 3 TURN. 
DE9S Female 1 . 9 3  1 . 8 0  1 . 70 1 4  pin $ 0 . 36 ea . 
D E 1 1 0 9 6 3· 1 2pc.  Grey Hood 1 . 2 0  1 . 1 0  1 .00 16 pin 0 . 38 e a .  
DA 1 5 P M a l e  1 . 9 5  1 . 8 0  1 . 70 I DA 1 5S Female 2 . 8 0  2 . 60 2 . 4 0  
DA 5 1 2 1 1 · 1 1 p c .  G r e y  Hood 1 . 2 5  1 . 1 5  1 . 1 0  
DA 1 1 09 6 3-2 2pc.  Grey Hood 1 . 2 2  1 . 1 0  1 . 0 5  I .C.  SOCKETS. I D B 2 5 P  Male 2 . 2 0  2 . 1 0  1 . 90 Di� Solder. Tin. 
D B 2 5 S  Female 3 . 2 0  3 .00 2 . 7 0  1 4  pin $ 0 . 1 5 ea. 
DB 5 1 2 1 2· 1 1 pc.  Grey Hood 1 . 3 0  1 . 2 0  1 1 0  1 6  pin 0 . 1 7 ea. 
D B 5 1 2 26- 1 A 2pc.  Black Hood 1 .40 1 . 3 0  1 . 20 I D B 1 1 0963· 3 2pc. Grey Hood 1 . 3 5  1 . 2 5  1 . 1 5  
D C 3 7 P  Male 3 . 7 0  3 . 50 3 . 3 5  
D C 3 7 S  Female 4 . 9 0  4 . 7 0  4 . 40 8080 PRIME 
DC 1 1  0 9 6 3-4 2pc.  Grey Hood 1 . 9 5  1 . 8 5  1 . 7 5  $ 8 .00 e a .  I DD50P Male 4 . 4 0  4 . 3 0  4 . 1 0  
DD50S Female 4 . 9 0  4 . 7 0  4 . 5 0  
DD 5 1 2 1 6· 1 1 pc . Grey Hood 2 . 30 2 . 1 0  1 . 9 0  
D D 1 1 0 9 6 3·5 2pc.  Grey Hood. 2 . 4 0  2 . 2 0  2 . 00 2708 EPROMS PRIME I 0204 1 8-2 Hardware Sets 0 . 7 5  0 . 7 0  0 . 6 5  $ 1 4 . 00 ea . 

CONNECTORS FOR CENTRONICS 7 0 0  SERIES : 
Amhpenol 57-30360 For Back of Centronics ' 700' Series: 

Price : $ 9 .00ea. 5 pes.  $ 7 .  50ea. 
WHISPER FANS: Excellent for Computer cabinet cool ing.  Extremely quiet. 
Dim. 4·314" x 1 · 1 12 "  \hick. U.L. Listed. 1 -4 5·9 1 0·2 4  I 

s i2.oo s W.oo s 1 8 .oo I WRITE FOR LARGER QUANTITY DISCOUNTS. DEA�ER INQUIRIES ARE 
WEL COME. 

WE A RE CONNECTOR !EDGE CARD) SPECIAL
.
ISTS. IF . YOU DO NOT SEE 

WHA T YOU NEED IN THIS A D VER TISEMENT, PLEASE.WRITE US. WE WILL 
REPL Y. 

TERMS: Minimum Order $ 1 0. 00: A dd $ 1. 25 for handling and shipping. All orders 
over $25. 00 in USA and Canada: WE PA Y THE SHIPPING. 
NOTE: CA residents please add 6% sales tax. 

NO C.O.D. SHIPMENTS OR ORDERS A CCEPTED. 

MAIL oRDERs roBeckian En ierprises 
P. O. Box 3089 

I 
I 
I 
I Simi Valley, CA 93063 I · - - - - - - - - - ..I 

BYTE July 1 97 9 263 



Circle 230 on i nquiry card . 

a§: :.1 CALIFORNIA COMPUTER SYSTEMS 

16K RAM BOARD. Fully buffered addressable In 4K 
blocks. IEEE standard for bank addressing 2 1 1 4's 
PCBD . . . oo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o o  . . . . .  oo . . .. .. .  oo$26.95 
Kit 450 NSEC o o ... oo . . . . . . . . . . .  oo oo . . . . . . . . . .  o o . o o o o o  ... o o  .. . . . ... $259.95 
PT·1 PROTO BOARD. Over 2,600 holes 4" regu· 
lators. All S-100 buss functions labeled, gold fingers. 
PCBD . . . .  o o . o o o o  . . . . . . . . . .  o o o o o o  . . . . . . .  o o  . . . . . . . . . . . . oo . . ... . . . .  $29.95 
PT-2 PROTO BOARD. Similar to PT-1 except set­
up to handle solder tail sockets. 
PCBD . . . . . .  oo o o o o  .. . . o o  . . . . . . . . . . .  0 0 0 0 0 0 . 0 0 0  . . . . . .  00. O O o o 0 0 0 .$29.95 

SSI1i 
FORMERLY CYBERCOM/SOLID STATE MUSIC. 

PB-1 2708 & 2716 Programming 'Board With provisions 
lor 4K or 8K EPROM. No external supplies require 
textool sockets. Kit o o o o o o oo . . . oo . .. .  o o o o  . . .  o o . , o o  . . . . . . . . .  $1 24.95 

· CB-1 8080 Proce�sor Board. 2K of PROM 256 BYTE 
RAM power o n / rest Vector Jump Parallel port with 
status Kit O O O O O O O o O O O O O O o 0$1 1 9.00 PCBD . . . .  0 0  . . . . ... . . . $30.95 
M8-68 Basic 8KX8 ram uses 2 1 02 type rams, S-1 00 
buss. Kit 450 NSEC . . . . . . . .  $1 39.95 PCBD . .  o o  . . . . $26.95 
M8-7 1 6KX8, Static RAM uses u.P410 Protection, 
fully buffered Kit...  . . . . . . . . . . . . .  $299.95 
M8·BA 2708 EROM Board, S-100, 8K8X or 1 6Kx8 
kit without PROMS $75.00 . . . . . . . . . . . . . . ... PCBD $28.95 
M8-9 4KX8 RAM/ PROM Board uses 2 1 1 2  RAMS or 
825129 PROM kit without RAMS or PROMS $72.00 
f0-2 S-100 8 bit parallel / 10 port, 21, of boards is for 
kludging. Kit . . . . . . . . . .  $46.00 PCBD ......... $26,95 
10-4 Two serial II 0 ports with full handshaking 
20/60 ma current loop: Two parallel 1/0 ports. 
Kit . o o  . . . . . . . . . . . . .  $1 30.00 PCBD ..... . ... .... . . . $26.95 
V8-18 64 x 16 video board, upper lower case Greek, 
composite and parallel video with software, S-100. 
Kit... . . . ........ $1 25.00 PCBD ........ . .... . ..  $26.95 
Altair Compatible Mother Board, 1 1  x 1 1  Y2 x Ye ". 
Board only oooo . .  $39.95. With 15 connectors . . . . . .  $94.95 
Extended Board full size. Board only .... ...... . .  $ 9.49 
With connector .. 00 . . . . .  00 . . . . . . . . . . . . . . . . . . . . . .. . . . .... . .. ... .. . . $1 3.45 
SP-1 Synthesizer Board S-100 
PCBD . . . . o o  . . .. . .  $42.95 KIT ....... ......... $1 35.95 

WAMECO I NC.  
FDC·1 FLOPPY CONTROLLER BOARD will drive 
shugart. pertek, remic 5" & 8" drives up to 8 drives, 
on board PROM with power boot up, will operate 
with CPM (not included). 
PCBD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $42.95 
FPB·1 Front Panel. II'JfSAI size, hex displays. BY1e, 
or Instruction single step. 
PCBD ...... . . . . . . . . . . .................................................... $47.50 
MEM-1 8KX8 fully buffered, S-100, uses 2 1 02 type 
rams. PCBD ..................................................... 00$25.95 
QM-12 MOTHER BOARD, 13 slot, terminated, S-100 
board only . . . . ..... . . . . . . o o  . .. . . . ... .. . . . . . .... . . .. .. ... . ..... . .. .. . . .  $34.95 
CPU-1 8080A Processor board S-100 with 8 level 
vector interrupt PCBD ....................................... $26.95 
RTC·1 Realtime clock board. two Independent in· 

· terrupts. Software programmable. PCBD .. . .... $23.95 
EPM-1 1 702A 4K Eprom card PCBD .. . . . . . . . . . . . .. .  $25.95 
EPM-2 2708/ 271 6 1 6K/32K 
EPROM CARD PCBD ....................................... $25.95 
QM-9 MOTHER BOARD, Short Version of OM-12. 
9 Slots PCBD ........................................ . ...... . . ... . .  $30.95 
MEM-2 1 6K x 8 Fully Buffered 
2 1 1 4  Board PCBD .................. ......... ...... ...... .. .... $26.95 

8080A ...... ... ....... $9.95 5101-8P .....................  $ 8.40 
821 2 . . . . . . . . . ........... 2.49 21 1 4  (450 NS) low pwr .. .  7.25 
8214 ... . . . . . ........... .4.49 21 1 4  (250 NS) low pwr ... 7.99 
8224 . . . . . . . . . . ... ....... 3.49 21 02A·2L ................ . . . . . . .  1 .50 
2708 ... ..... . .... . ..... .  9.49 21 02A-4L ................ . . . . . . .  1 .20 
5101-1P ............. 6.90 4 1 1 6  ... . . . . . . . . . . . . . . . . . . . . . .  8/89.95 

JULY SPECIAL SALE 
ON PREPAID ORDERS 

(charge cards not included on this offer) 

CCS PROTO BOARDS 
PT-1 . . . . . . . . . . . . . . . . . . . .  $27.95 4/$100 
PT-2 . . . . . . . . . . . . . . . . . . . .  $27.95 4/$100 

MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBDS 
MEM·2 with MIKOS #7 1 6K ram 
with L21 1 4  450 NSEC . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  $235.95 
MEM·2 with MIKOS # 1 3  1 6K ram 
with L21 1 4  250 NSEC . . . .. . . . . . . . . . . . . . . . .  0 0  . . . . . .  $269.95 
MEM-1 wllh MI KOS 

·
#1 450 NSEC 8K 

RAM ............... .... ................................................ $1 1 9.95 
CPU-1 with MIKOS #2 8080A CPU . . . . . .. .. . . ... $94.95 
MEM-1 with M I KOS #3 250 NSEC 8K 
RAM ... . . . ............................................................. $1 44.95 
QM·12 with MIKOS #4 1 3  slot mother 
board ...... . .. . ................... . ...................... . . . ........... $89.95 
RTC-1 with MIKOS #5 real time clock ... . . . . .  $54.95 
VB-18 with M I KOS #6 video board less 
molex connectors .. . . . . . . . . . . . . . . . . . . . . .... . ... . ..... . .......  $99.95 
EMP-1 with MIKOS # 1 0  4K 1-702 less 
EPROMS 

.
. . . ... . . . .. . .. . .. .. . .. . . . . . .. .. . . . . . . . . . .. . . . . . . .  0 0  . . . . . . . .  $49.95 

EPM-2 with M I KOS #1 1 1 6·32K EPROMS 
less EPROMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  $59.95 
QM-9 with M I KOS # 1 2  9 slot mother 
board . . . ... ............. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  $79.95 
FPB·1 with MIKOS = 1 4  all parts 1--------------------; lor front panel . 0 0 0 0 0  . . . . . . . . . . . . .  00 0 00 0 $1 34.95 

(415) 592-1800 
P. 0. Box 424 • San Carlos, California 94070 

Please send for IC, Xlstor 
and Computer parts list 

MIKOS PARTS ASSORTMENTS ARE ALL FACTORY PRIME 
PARTS. KITS INCLUDE ALL PARTS LISTED AS REQUIRED 
FOR THE COMPLETE KIT LESS PARTS LISTED. ALL SOCKETS 
INCLUDED. 

VISA or MASTERCHARGE. Send account number, Interbank 
number, expiration date and sign your order. Approx. postage 
will  be added. Check or money order will  be sent post paid In 
U.S. If you are not a regular customer, please use charge, 
cashier's check or postal money order. Otherwise there will 
be a two-week delay for checks to clear. Calif. residents add 
6% tax. Money back 30 day guarantee. We c8nnot accept re-­
turned IC's that have been soldered to. Prices subject to 
change without notice. 110 minimum order. $1.50 •&rvlce cherge 
on orders less thon $10.00. 

WAMECO 
THE COMPLETE PC BOARD friOtJSE 

EVERYY.HING FOR THE S�100 BUSS 
* FPB-1 FRONT PANEL BOARD * EPM-2 1 6K or 32K BYTE EPROM 

Hex Displays, I MSAI Replaceable . . . . . .  $54.95 . 2708 or 21 76 i nterchangeable . . . . . . . . . . . . $30 . 00 

* FDC-1 FLOPPY D I SC CONTROLLER BOARD * QMB-9 9 SLOT M OTH E R  BOARD 
Controls u p  to 8 Discs . . . . . . . . . . . . . . . . . . . . . . . . . .  $45.00 Term i nated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. $35.00 

* MEM-1 A 8 K  BYTE 21 02 RAM Board . . . .  $31 .95 * QMB-1 2 1 2  SLOT M OTH E R  BOARD 

* MEM-2 1 6K BYTE 21 1 4  RAM Board . . . . $31 .95 Te rm i nated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $40.00 

* CPU-1 8080A CPU Board * RTC REAL T I M E  CLOCK 

With Vector I nterrupt . . . . . . . . . . . . . . . . . . . . . . . . . . .  _.$31 .95 P rogrammable I nterrupts . . . . . . . . . . . . . . . . . . . . .  - $27.95 

* EPM-1 4K BYTE 1 702A EPROM ... .  , . . . . .. $29.95 

FUTURE PRODUCTS : 80 CHARACTER VI DEO BOARD, 
10 BOARD WITH CASSETIE I NTERFACE. 

DEALER I NQUIRIES INVITED , UNIVERSITY DISCOUNTS AVAILABLE 
AT YOUR LOCAL DEALER 

(WmC'};nc. WAMEGO I NC. 1 1 1  GLENN WAY #8, BELMONT, CA 94002 (41 5) 592·61 41 

2 6 4  BYTE July 1 97 9  C i rc le 387 o n  inquiry card. 



corTlputer 
products, inc. 

11542-1 KNOTT STREET 
GARDEN GROVE. CALIFORNIA 92641 

(7 1 4) 891 -2663 

M IC RO BYTE Z80/I·O 
• A complete single board ZSOA 

CPU and serial/paralle 110 system 
• Fully S·100 Bus compatible, 

IMSAI, ALTAIR 
• Z80A CPU (4MSs version of the 

Z80) 
• 158 instructions - superset of 

and upward compatible from the 
8080's 78 Instructions 

• 1K 127081, 2K (2716), or 4K (2732) 
E P R O M  o n board w i t h  Z80 
Monitor program 

• On board EPROM can be hard· 
ware and/or software deselected 

• 2MHs or 4MHs operation Is 
switch selectable 

• 0 or 1 walt state for all cycles Is 
switch selectable 

• Full vectored Interrupt capability (7 bits) with NMt (1 bit) 
• 2 RS·232C serial ports with 8251 

USARTs 
• S e r i a l  b a u d  rates s w i t c h  

selectable . 
• 1 8·blt parallel port with 2 control 

lines with ZSOA·PIO 

• Gold Contacts for higher rolla· 
billty 

• Power requirements: + 8V @ 
BOOmA, + 16V, @ 86mA, - 16V 
@ 100mA 

• Operating temperature 0"·55"C 
• Will operate with or without 

IMSAI/ALTAIR front panel 
• Low power shotttky trl·state buf· 

fers on all address and data lines 
• Fully warranted for 120 days from 

date of shipment 

$360.00 

M ICROBYTE 1 6K STATIC RAM BOARD 
• Fully S100 B u s  Compatible, 

IMSAI, SOL, ALTAIR, ALPHA 
MICRO 

• Uses National's Low Power 5257 
4K x 1 Static Rams 

• 2 MHz or 4 MHz operation 
• On board single 5 amp regulator 
• Thermally designed heat sink 

(board operating temperature o· 
- 70"C) 

• Inputs fully low power Shottky 
Schmitt Trigger buffered on all 
address and data lines 

• Phantom is jumper selectable to 
pin 67 

• Each 4K bank addressable to any 
4K slot with In a 64K boundary. 

• 4K hardware or software select­
able 

• Selectable port address 
• 4K banks can be selected or c .•. 

abled on power on clear or reset 

• Will operate with or without front 
panel 

• Compatible with ALPHA M ICRO, 
with extended memory manage· 
ment for selection beyond 64K 

• No DMA restriction 
• Low power consumption 1.3 amp 
• Fully warranted for 120 days from 

date of shipment 

� " oo'·-- '_;,• I ___ ...__ 

450 NS $340.00 
300 NS $360. oo 

M IC ROBYTE 32K STATIC RAM BOA R D  
• Fully S100 Bus Compatible, 

IMSAI, SOL, ALTAIR, ALPHA 
MICRO 

• Uses National's Low Power 5257 
4K x 1 Static Rams 

• 2 MHz or 4 MHz operation 
• On board single 5 amp regulator 
• Thermally designed heat sink 

(board operating temperature o· 
- 70 "C) 

• Inputs fully low power Shottky 
Schmitt Trigger buffered on all 
address and data lines 

• Phantom is jumper selectable to 
pin 67 

• Each 4K bank addressable to any 
4K slot with In a 64K boundary. 

• 4K hardware or software select· 
able 

• One on board 8·blt output port 
enables or disables the 32K In 4K 
blocks 

• Selectable port address 
• 4K banks can be selected or dis­

abled on power on clear or reset 

• Will operate with or without front 
panel 

• Compatible with ALPHA MICRO, 
with extended memory manage­
ment for selection beyond 64K 

• No DMA restriction 
• Low power consumption 2.3 -

2.5 amps 
• Fully warranted for 120 days from 

date of shipment 

· �: ::::....-::.--�� :- ... 8.��?·� : �: 
� -.. -

." . '"�"�·· 
. 

" -

450 NS $650.00 
300 NS $680.00 

M ICROBYTE DISK 
CONTROLLER 

• IBM 3740 Soft Sectored Com pat· 
lble 

• ZBO or 8080 compatible on S-100 
Bus 

• Single density runs both mini and 
full size drives, runs CPM, on 
Shugart, Persci, Memorex etc. 

• Selectable port/address 
• On bord 2708/2716 for bootstrap 

or monitor program 
• No hardware jumpers, uses plug 

In modules for different drives 
• Uses 1771 6.01 controller chip 
• Assembled and tested 

$250.00 

M I C RO BYTE M OTH ERBOARD 
• Active Diode termination 
• Slot for IMSAI front panel 
• Terminal block connection for 

easy hook·up 

• Extra wide ground plane 
• Silk screen and solder mask 
• Assembled and tested 

9 S LOT $1 35.00 
20 S LOT $200.00 

Ci rcle 1 1  on i n q u i ry card. 

8251 I MSAI CON N .  
PROGRA M M A B LE/U-ART 

TESTED @ 4 M HZ 

$6.00 each 

1 00 P I N -SOLDERTAI L  
GOLD CONTACTS 

$3.25 each or 1 0 / 2.75 ea. 

2708's 
LOW POWER 

450 N S .  
$9.00 each 
8 for $69.00 

SA400 
DISK DRIVE I N C LU D ES 
CA B I N ET, N O  PWR S U P PLY 
CUTOUTS FO R SWITCH ,  
FUSE, & I NT E R FACE CAB LE 

Mfg.  By Lobo Drive 

$ 3 2 5 .00  

T RS · 80 
FLOPPY DISK 
CABI N ET & 

D R I V E  · wiTH 
PWR. SUPPLY 

COM PATI BLE WITH RADIO 
SHACK INTERFACE ASS E M BLED 
& TESTED WITH 1 YR.  WARRA NTY 

O N  PARTS & LABOR 
M f g .  By Lobo Drive $385.00 

5 VO LT O N LY 

LOW POWER 

H I G H  SPEED 

$45.00 

Limited Qty. 

REG U LATO RS M M  5257 
1 · 9  1 0·49 50 up 4 K X 1 STATIC RAM 

320 T·5 .90 .85 .75 
320 T·12 .90 .85 .75 1 ·1 6  1 1·48 49 up 
340 T5 .85 .80 .70 
340 T·12 .85 .80 .70 300 NS 6.50 6.05 5.65 

78 H05 6.50 6.00 5.50 450 NS 6.25 5.85 5.50 

SOC KETS - LO P RO F I L E  S P ECIAL. (tin) 
1 ·24 25-99 

14 PIN . 1 8  . 1 7  

1 6  PI N . 1 9  . 1 8  

1 8  PIN .24 .23 

20 PIN .29 .28 

24 PIN .34 .33 

40 PIN .60 .59 

1 00·499 500 up 

. 1 5  

. 1 6  

.20 

.26 

.32 

.58 

. 1 3  . 1 @ 1 2 VO LTS 

. 1 4  C E RA M IC CAP 

. 1 8  9� each 

.25 

.30 1 00 for $8. oo 

.56 

S H U GART 

801 - Disk Drive 
CALL FOR I N FO 

ON O U R  N EW 
PROM/ 

PROG RAM M E R  

WITH CAB I N ET & POWER SUP PLY 

ASS EM BLED & TESTED 

PROGRAMS 2708 I 
271 6 I 2732 

ORDERING INFORMATION: 
Name, Address, Phone 
Ship by: UPS or P.P. 
Shipping Charge: Add $2.50 up to 

5 lbs.,  al l  excess shipping 
charges w i l l  be refunded. Cred it 

cards w i l l  be charged appropriate 
freight. 

1 YR PARTS & LABO R 
M fg.  By Lobo Drive 

$585.00 

TERMS: 
We accept cash, check, money 
orders, Visa, and Master Charge 
cards. 
COD's: on approval only 
Open Acct's: companies may 

inquire for net terms. 
Tax: add 6% for Calif. residents only 
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.::.-..A..::K:»::EJ Computer Products 
THE EXI 

SORCERER 
K I M- I  compatible m a c h i ne w i th 

on-board p r i nter a nd a real keyboa rd ! 
$375.00 w/1K RAM $450.00 w/4K RAM 

4K assem bler/ed i t or i n  R-O M : $ 80.00 
BK BAS I C  in ROM:  $100.00 

Flexlbllty Is the key. The Sorcerer Computer gives you the flexibility ol 
Jslng ready-to-run, pre-packaged programs 'or doing your own thing and 
personalizing the programs lor yourself. Which ever you choose, the 
Sorcerer Is the personal computer that speaks your language. 

$ 59.95 
$ 49.95 

The Sorcerer also provides lull graphics capablltles. Each character, 
· formed by an 8 x 8 dol cell, can be programmed as a graphic symbol set. 
High resolution (512 x 240 addressable points) gives a total ol 1 22,880 
locations tor super animation and extremely light plotting curves. The 
alphanumeric set gives 64 x 30 characters on the video screen 

Special Package Price: $599.00 
A I M - 6 5  (4K ) ,  Power S u p p l y ,  Case, a nd !)K BA 

JADE M EMORY 
EXPANS I O N  KITS For 

TRS-80, Apple, & Exidy 
41 16's 

Everything a person needs to 
i!dd 16K of memory. Chips 
come neatly packaged with 

a: E>asy to follow directions. In 
� minutes your machine Is � ready for games and more 

� advanced software . 
.... 

� $82.00 

�::::z:::m::::zm:::: 
6502 - based si ngle board 
com p u ter with keyboard/dis­
p l ay , K I M- I  h a rdware compa­
t i ble,  com �lete documentation. 

SYM-1 C.ASE $39.95 

Based on the powerful Z80 CPU, this kills 
an Ideal Introduction to microprocessors. 
I I  has an on-board keyboard and display, 
plus cassette tape Interface and expansion 
provisions for two S-100 connectors. This 
"Do-lt-all" Board will also program the 
2716 2K EPROM. 
Kit, . .  . . .  . .  . .  . .  . .  . . .  . . . .  . .  . .  . .  $249.95 
Assembled and Tested, . . . . . . . .  $399.95 

32K VERSION • K I TS 
ses 4 1 1 5  ( 8 K x  I ,  2 5 0ns) D y n a m i c  

"""!'!o.o.ol------....;
$�1,;,9 ·;,;;9,;,5 

______ f AM ' s, can be ex panded In BK � ncrements u p  t o  3 2 K : 

266 

FLOPPY DISK INTERFACE 
· J A D E  F LO PPY DISK (Tarbell bond) 

K it � THE PI GGY IS HERE! 
Assembled & Tested 

This sleak new mainframe Is neatly trimmed to hold six S-100 
boards, two 

·
mini-floppy drives, and Is available In five colors. Power 

requirements: 11 5/220 VAC, 50/60 HZ. Weight: 27 lbs. (with drives). 
Dimensions: 21.375" Wide X 8.4" High X·1 5.875" Deep. Power Supply: 
8 volts at 1 8  Amps unregulated, + 16 volts at3 amps uregulaled, - 16 
volts at3 amps unregulated, + 5 volts at 3 amp� regulated , +  1 2  volts at 
3 amps regulated. 

J..A...::K::»E 
PARALLEUSERIAL 

INTERFACE 
S - 1 00 c o m p a t • b l e  2 ser 1 a l  1 /0 
p o r t s ,  1 p a r a l l e l  11b. 

THE PI GGY (Without Drives) . . . .  $475.00 K o t  J G-P/5 $ 1 24.9 5 
Assembled & Tested : 

J G - P/SA $ 1 7 9 . 9 5  
B a r e  Board w;Ma n u a l  S 3 0 . 0 0  

Part No. positions 1-9 
SWD-103 3 $1.18 
SWD-104 4 $1 .20 
SWD-105 5 $1.24 
SWD-106 6 $1 .28 
SWD-107 7 $1 .30 
SWD-108 8 $1 .34 
SWD-109 9 $1.36 
SWD-110 10 $1 .38 

7'1 .! 3 4 5 ., •• 8 ' 8 9 /0 
- ...... . '"'' 

HI-Density Dual-In-Line Plugboard For Wire 
Wrap With Power & Grd. Bus Epoxy Glass 1 /16" 
44 Pin Con Spaced .156 . 

8800V 
U niversal/Microcomputer/Processor Plugboard 
S-100 Bus. Complete With Heal Sink & 

3682 9.6" X 4.5" . . . , . .  $10.97 
3682·2 6.5" X 4.5 . . . . . . . . . . . . . . . . . . . . . . .  $9.81 

Gen Purpose D.I.P. Boards With Bus Patlern 

Solid State M usic's 
1/0 4 

2- Serial & 2- Parallel 1/0 
Ports. S-100 with lull hand­
shaking. 
KIT 
Assembled . 
Bare Board 

SO SYSTEMS 
SBC-100 

An S-1 00 single board com· 
puler. Z-80 CPU with 1024 
byles of RAM, 8 to 32K b,ytes 
of PROM, Serial 1/0 port. 

Kit $239.9S 
Hardware. 

5.3" X 10" X 1/16" 
$19.95 

For Solder O r  Wire Wrap. Epoxy Glass 1/16" 44 �------------1 
Pin Con. Space .156 • 

Assembled . . . . . . .  $369.95 

8801-1 
Same as 8800V ' Except Plain, Less Power Buses 
& Heat Sink. 

$1 5.95 

P Pattern P lu gboards For I .C.'s 
Epoxy Glass 1 /18" 44 Pin 
Conneclor Space .156 
3662 6.5" X 4.5" . .  . . . . . . . . . . . . . . . . . .  $7.65 
3662-2 9.6" X 4.5" . .  . 

BYTE July 1 9 79 

3677 9.6" X 4.5" . . . . . . . . . . . . . . . . . . . . . .  $10.90 
3677·2 6.5" X 4.5 . . . .  . .  . . .  $9.74 

3690-12 
Card Extender 

Card Extender Has 100 Contacts 50 Per Side 
ON .125 cenlers. Attached Connector Is 
Compatible With S-1 00 Bus Systems 

$25.83 
3690 6.5" 22/4 Pin .158 Cenlers 

Exten.ders. $1 3.17 

TARBELL 
Cassette I nterface 

Plugs Into your IMSAI or 
AL TAlA, 4 extra status lines, 
37 page manual included, 4 
extra control lines. 
Kl1 . . .  . . . . . . . .  $99.95 
Assembled . $1 75.00 
Bare Board . . . $40.00 
Manual . . . . . . . . . . . . .  $8.00 

IK $ 1 59.00 1 6 K  $ 1 99:00 24K $249.00 32K $299 .00 
4 1 1 5 SA LE 

8 for  $ 3 9 . 9 5  

Circle 1 95 o n  i n q u iry card . 



P L AC E  ORDE R S  T O L L F R E E :  800/421-5809 Continental U.S. 
800/262-1710 lnalde California 

THE N EW Z-80 
JADE'S 

D O U BLE . D E NS ITY 

CPU BOAR D FROM JADE 
TM 

• Single or Double 
Recording 
• Full Size or Mini Floppy· 
• CP/M Compatible In either 
density 
• P rogrammed Data Transfer, 

· no DMA 
• Controls up to 8 drives 
• IBM formal in either density 
• S o f t w a r e  S e l e c t a b l e  
Density 

Featunls .lnclude: • S-100 Compatible, available In 2MHz or 4MHz 
versions. • On-board 2708, 2716, 2516, or 2532 EPROM can be 
addressed on any 1 K, 2K, or 4K boundary, with power-on jump to 
EPROM. • On-board EPROM may be used In SHADOW mode, 
allowing fuii 64K RAM to be used. • Automatic MWRITE generation 
If front panel Is not used. • On-board USART for synchronous or 
asynchronous RS232 operation (on-board baud rate generator). • 
Reverse-channel capability on USART allows use with buffered 
peripherals or devices with "not-ready" signal. 
2M Hz- Kit: CPU-30200K, 2 lbs . . .  ,, . . . . . . . . . . . . .  $1 49.95 

Assembled and Tested: 
CPU-30200A, 2 lbs . . . . . . . . . . . . . . . . . .  $1 99.95 

Kit: CPU-30201K, 2 lbs . · . . . . . . . . . . . . . . . . .  $159,95 
Assembled and Tested 

CPU-30201 2 lbs . .. . . . . . . . . . . . . . . . . $209.95 

• This controler utilizes the proven reliability of the IBM 
standard formal as well as the fastest phase-locked-loop for 
data separation • All clocks are generated from an on-board 
crystal oscillator • Right precompensation Is used to enhance 
data recovery reliability In the double density mode • Density 
selection Is entirely transparent to the user • Single and double 
density diskettes can be mixed on the same system. · 

MICROPROCESSORS 
F8 . . . . . .  516.9S 
Z80 (2MI:Iz) . . . $10.95 
Z80A (4MHz) . . . . .  $14.9S 
CDP1802CD . . . . . . . . . . . . .  $19.9S 
6S02 . . . . . . . .  $11 .9S 
6800 . . . . . . . . . . . . . . . . . . . . . . . .  $9.7S 
6802 . . . . . . . . . . . . . . . . . . .  $14.00 
8008·1 . . . . . . .  $1S.95 
803S . . . . . . . . . . . . . . . .  $24.00 
803S-8 . . . . . . . . . . .  $24.00 
8080-A . . . . . . . . .  . .  . . .  . . . $10.00 
8085 . . . . . . . . . . . . . .  $23.00 
TMS9900TL . . . $49.9S 

8080A SUPPORT DEVICES 
8212 . . . . . . . . . . . . . . . .  $2.90 
8214 . . . .  . . .  $4.6S 
8216 . .  $2.7S 
8224 (2M Hz) . . . . . . . . .  $4.30 
8224-4 (4MHz) . .  , . . . . . . . . . . . . . $9.9S 
8226 . . .  $2.7S 
8228 . . . . . .  $6.40 
8238 . . . . . . . . . . . . . . . . . . . . .  $6.40 

. 8243 . . . . . . . . . . . . . . . . . . . . .  $8.00 
82S1 . . . . . . . . . . . . . . . . . . . . . . . . .  $7.SO 
82S3 . . . . . . . . .  $20.00 
825S . . . . . . . . . . . . . . . . . . . . . .  $6.40 
82S7 . . . . . . . . . .  $18.00 
8259 . . . . . . . . .  518.00 
827S . . . . . . . . . . . .  $S1.20 
8279 . $17.70 

USRT 
S23SO . . . . . . . . . . . . . . .  . .  . . . .  $10.9S 

UARTS 
AYS-1013A . . . .  $S.2S 
A YS-1014A . . . . . . . .  $8.2S 
TR1602B . . . . . . .  $S.25 
TMS601 1 . . . .  $S.9S 
IM6403 . . . .  . . .  $9.00 

BAUD RATE GENERATORS 
MC14411 . . .  . $10.00 
14411 Crystal . . . .  $4.9S 

6800 PRODUCT 
6821 p . . . . . . . . . .  $5.2S 
6828P . . .  . . . .  $9.50 
6834P . . . . . . . . . . . . . . . . . . . . . .  $16.9S 
68SOP . . . . $4.80 
6852P . . . . . .  . .  . .  . .  . . .  . .  . . . .  $5.25 
6860P . . . . . .  ·. . . .  . .  . . . . .  $9.25 
6862P . $1 2.00 
6875L . . . . . . . . . . . .  . .  . . . . .  $7.30 
6880P . . . . .  . . . . . . . . . . . . . . . .  $2.50 

CHARACTER GENERATORS 
2513 Upper (1·12+ 5) . . . . . . . . .  $6.7S 
2S13 Lower (1-1 2+S) . . . . . .  $6.7S 
2S13 Upper (S volt) . . .  . .  . $9.7S 
2S13 Lower (5 volt) . $10.95 
MCM6571 up scan . $10.95 
MCM6571A down scan . $10.95 

PROMS 
1702A . . . . . . . . . . .  . 
2708 . .  

· 2716 (S� 12\ 
2716 (5v) 
2758 (5v) . 

. . . .  $5.00 
$12.95 
$49.00 

. . . . $49.00 
. $30.00 

DYNAMIC RAMS 
416D/4116 (200ns) . . .  . .  . $12.SO 
2104/4096 . . . . . . .  $4.00 
2107B-4 . . . . . . . . . . . . . .  $3.95 
TMS4027/4096 . . .  . . . $4.00 

STATIC RAMS 1-1S 16-100 
21L02 (450ns) $1.SO $1.20 
21L02 (2S0ns) · $1.75 $1.50 
2101-1 $2.95 $2.60 
2111·1 $3.25 $3.00 

KEYBOARD CHIPS 
AYS-2376 . . . . . . . . . . . . . . . . . .  $13.75 
AYS-3600 . . . $13.75 
MM5740 . .  . $18.00 

POWER SUPPLIES 
PSD-249A: For a Single S 1/4" Disk 
Drive. By Power-One or Alpha Power. 
+1- 5V at .7A, +i· 12V at 1 .1 A $52.00 

PSD·205A: For Single 8" Disk Drive. 
By Power-One. +SV at 1 A, -SV at .SA, 
+24V at 1 .SA . . . . . . . . . . . . . .  $89.95 

PSD-206A: For Two 8" Disk Drives. 
By Power-One or Alpha Power. +SV 
at 2.5A, -SV at .SA, +/·24V at 
3A . . . . . . . . . . . . . . . . . . . . . . .  $12S.OO 
Rockwell: Alm-65 Power Supply 
PSX-030A . . . . . . . .  $59.9S 
KIM-1 or SYM-1 Power Supply: 
PSX·020A . . .  . . . .  559.95 

JADE 
CABLE ASSEMBLIES 

Mini-Disk Cable Kit: 5 1/4" interface to · 
2 Shugart or compatible drives. Cable 
Is 5' long with 34 pin edge connectors 
WCA-34�1 K . . . . . . . . . . . . . . . . . .  $34.95 

8" . Disk Cable Kit No. 1: 34 pin · 
assembly WCA-S031 K , . . . . . . . $38.45 

8" Disk Cable Kit No. 2: 50 pin 
assembly (great for Tarbell disk 
controller) WCA-5032K . . . . . .  $38.45 

Signal Cables: 6 feet long, 34 pin edge 
connectors at each end . . . . . $24.95 

WCA-3421A. 

1 79 1  B0 1 
Dual Density Controller1 Chip 

$48.85 
JADE 

ISO-BUS 
MOTHERBOARDS 

Comes In either 6, 12, or 18 slo\ sizes. 
These boards with a special ground 
plane assures a silent operation 

JADE 6 Slot 
Kit . . . . . . . . . . . . . . . . . . . . . . . .  $49.95 
Asseml>led . . . . .  , • . . . . . . . . . $59.95 
Bare Board . . . . . . .  . . .. . . .  . . . $24.95 

JADE 12 Slot 
Kit . . . . . . . . . . . . . . . . . . . . . . . .  $89.95 
Assembled . . . . . . . . . . . . . . . .  $99.95 
Bare Board . . . . . . . . . . . • . . . .  $39.95 

JADE 18 Slot 
Kit . . . .  . .  . .  . . . . .  . .  . .  . .  . .  . .  $1 29.95 
Assembled . . . . . . . . . . . . . . .  $149.95 
Bare Board . . . . • . . . . • . . . . . . $59.95 

J..A.. X»E Computer Products 
4901 W. ROSECRANS AVENUE 
Department ··F" 3 
HAWTHORNE. CALIFORNIA 90250 
U.S.A. 

Telephone: 
(213) 679-33 1 3  
(800) •21-5809 Continental U. S, 
(800) 262- 1 7 1 0  Inside California 

.,.1 . .... I� ���� �----�j 
Cash, checks, money orders, and credit cards accepted. 
Minimum order: $1 0.00, California residents add 6% sales tax. 
Minimum shipping and handling charge: $2.50. Discounts 
available at OEM quantllles. 

WAITE FOR OUR FREE CATALOG 
All prices subject to change without notice. 

VIsta vao 
ftllnl DISII 

SYSTEM 
FOR TRS-80 $395. 

Includes disk drive, power supply, 
regulator board, and compact case. 
The V-80 offers 23% more storage 
capacity. Simply take It cut of the box, 
plug In the cable, and It's ready to run. 
Requires 16K, Level I I ,  expansion 
interface. 

Signal Cable $24.95 

• Two Drives Siemens/ 
GSI 8" Floppy 
• Power Supply for Above 
• Jade Double Density 
Board (KIT) 
• CP/M Operating System 
with Basic E 
• Package of 1 0  Blank 8" 
Diskettes (Double Density) 
• I nc l u des· I n te rface 
Cables 
P r i c e  

Jade 

if  P u r c h a s e d  
Seoaratelv 

$1 544.95 
Special Package 

Deal 
$ 1 225.00 

3M � or VERBA TIM 
FLOPPY DISKS 

5% in. Minidiskettes 
So f t  sector. 10 sector, or  16 sector 

$4.40 each or 
Box of ten for $37 .50· 

8 in. Standard Floppy Disks 
$4.75 each or 

Box of ten for $35.00 L..2�1:1:2-!1-------5�2;·g�s��S�2-!6�S·----'-���------------------------------��--�����--�----�--------·B:Y�T=E�J�u�ly�19:7:9��267 Circle 1 95 o n  inqu iry card. 
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BUILD YOUR OWN LOW COST , 

MICRO-COMPUTER . 

POWER SUPPLIES ·-__ 

FOR S-1 00 BUS, FLO�PY DISCS, ETC. 

POWER TRANSFORMERS (WITH MOUNTING BRACKETS) 

ITEM 
NO. 

USED IN 
KIT NO. 

PAl. WINDING 
TAPS 

SECONDARY WINDING OUTPUTS 
2 x 8  Vac 2 x 14 Vac 2 x 24 Vac 

SIZE 
W x D x H  

UNiT 
PRICE 

T 1 1 OV, 1 10V, 1 20V 2 x 9A 2x 2.5A 
T2 2 OV, 1 1 0V, 1 20V 2x 1 2.5A 2x3.5A 
T3 3 ·OV, 1 10V, 1 20V 2x 10A 2x 2.5A 2 x 2.5A 
T4 4 OV, 1 1 0V, 1 20V 2x4.5A 2x4.5A 

POWER SUPPLy KITS (OPEN FRAME WITH BASE PLATE, 3 HAS. ASSY. TIME) 

33!4" x 3Sfa" x 3Ya" 
33f4"x4:Ya" x3Ya" 
33f4"x4:Ya"x 3Ya" 
33f4"x 3S!s"x3Ya" 

19.95 
25.95 
27.95 
1 9.95 

ITEM USED FOR @+8 Vdc @-8 Vdc @+ 16 Vdc @- 16 Vdc @+28 Vdc SIZE W x D x H  UNIT PRICE 

KIT 1 18  CARDS SOURCE 1 8A 2.5A 2.5A 1 2" x6"x4Ya" 46.95 
KIT 2 SYSTEM SOURCE 25A 3A 3A 1 2"x6" x4Ya" 54.95 
KIT 3 DISC SYSTEM 18A 1A 2A 2A 4A 1 4"x6"x47!a'' 62.95 
KIT 4 DISC SOURCE SA 1A SA 10"x6" x47!a'' 44.95 

EACH KIT INCLUDES: TRANSFORMER, CAPACITORS, RESIS.,  BRIDGE RECTIFIERS, FUSE & HOLDER, TERMINAL BLOCK, BASE 
PLATE, MOUNTING PARTS AND INSTRUCTIONS. 

REGULATED POWER SUPPLy "R1 " ASSY. & TESTED, OPEN FRAME, SIZE: 9" (W) X 5" (D) X 5" (H) . . . . . . . .  $49.95 

SPECS: + 5V, ± 1%, @ 5A, OVERCURRENT PROTECTION, 5% ADJ. FOR +5V. + 24V UN REG. @ 5A FOR PRINTERS OR DISCS. 
REMARK: IDEAL FOR ROCKWELL AIM-65 MICROCOMPUTER. ALSO UNREG. -BV @ SA ATTAINABLE FOR USE IN S- 1 00 BUS. 

SHIPPING FOR EACH TRANSFORMER: $4.75. FOR EACH POWER SUPPLY: $5.00 IN CALIF. $7.00 IN OTHER STATES. CALIF. RESIDENTS ADD 6% SALES TAX. OEM WELCOME. 

COMMERCIAL GRADE PERIPHERALS FOR THE MICROCOMPUTER 

. P R I N T E R  
TE RM I NA LS 

.-v--• �//.' \ ---- Ill ... ... --· 
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MOD EMS 

TAP E D R I VES 

•ASCI I SELECTRIC PRINTE R/TYPEWR I T E R :  Why settle for less than •POS 1 03/202 "MIX or MA TCH" MODEM: BELL 1 03 and/or B E L L 202 
letter-quality printout from your computer? Refurbished I BM Model 725 FR EQUENC I ES: Unique POS control design permits use in one housing of 
can be used as off-line typewriter or on-line printer. Complete with solenoids. both Bel l -compatible 1 03 1 0  _ 300 baud) and 202 1 0  _ 1 200 baud) modem 
power supply, case and ASC I I  interface card ITTL to CPU parallel port.) modules originally made by VAD I C  Corp. for a telephone company subsidiary. I nterface includes programmable A SC I I  translation table on EPROM with up to F 8 tables for use with various type spheres. Feedback signals on completion of EATUR ES: RS-232 serial interface, auto-answer, auto-dial, LED display, 
each print cycle insures fastest printing speed 1 1 5  cps.) telephone l i ne interface via acoustic coupler, manual DAA, or auto-answer 
Price: programmed w/3 translation ta�s (one type sphere) : . . . . . . . . .  $695.00 DAA (sold separately.) F U L L Y  ADJUSTED; no special tools required. 

• SELECTRIC 1/0 TERMI NALS (by GTE/I nformation Systems).  Both ASC I I  3•000 mile range over standard dial-up telephone lines. 

& I B M  code versions with microcomp-uter interface software & hardware IRS-
-POS 1 03 MODEM I with Auto Answer, Auto Dial). · · · · · · . . . .  $f79.95 

232 connector.) Cassette drive models permit up to 2400 baud data transfer -POS 202 MODEM ( Half-Duplex with R everse Channel). · · · · · . . $249.95 
rate as we l l  as o_ff-line data storage, use as memory typewriter, & use as data -POS 202 MODEM ( Half-Duplex w/Rev. Ch., Auto-Answer) . . . . .  $279.95 
entry device for office personnel fami l iar with Selectric typewriters but not -POS 1 031202 MODEM (Auto-Answer, Auto-Dia l ) .  · · · - · · · · . . $399.95 
computers. Wide-carriage, interchangeable type spheres; optional built-in •POS-JOO NRZ1 TAPE D R I V E  CONT R O L L E R/FOR MATT-E R :  Designed as 
modem. Al l  units cleaned, adjusted & warranted. interface between S-1 00 bus mCPU and 9-track, 800 B P I ,  N R Z 1  tape drive. 

Allows microcomputerist to read and write I BM-<:ompatible %'' mag tapes. 
Model 5541 I I BM Correspondence code) . . . . . . . . . .  - . . . . $695.00 Software provided for 8080 or Z-80 systems. Requi res modification for drives 
Model 5550 (corres. code, built-in cassette drive) _ . _ . . . . . . .  $1 1 95.00 of various mfrs. 
Model 5560 (ASC I I  code , built-in cassette drivel . . . . . . .  _ . . .  $1 295.00 Price : ( I ncludes S- 1 00 card, controller card, 1 O' cable, software listing) . $750.00 

•DIABLO MODEL 1 550 "DAISY-WH E E L" TERMINAL: Refurbished •NRZ1 TAPE D R I V E  by W I L LARD LABS. 9-track, 800 BPI ,  N R Z 1  format, 
letter-quality terminal with Hytype 1 printer (30 cps), fu l l  ASC I I  key- 1 2"/sec., 1200 ft. reels (1 0 megabyte capaci ty ) Fully tested and warranted $599.00 
board, R S-232 serial prot, 1 1 0, 1 50, 300 baud, 76S char. print buffer, •CONVERT 1 5" I BM O FFI CE S E L ECTRI C  TO 1/0 TYPEW R I T E R :  K it  
software control led graphics mode ( 1 /60 in.  spacing), bui lt-in stand. includes assembled solenoids, switches, wire harness, magnet driver .PCB plus 

instructions for installation and mCPU interface . . . . . . . . . _ . . . . . . . .  $200.00 S H I P  WT. 200 l b. Price, refurbished : · · · · · · · · · · · · $ 1 895.00 • D IG ITAL CASSETTE D R I V E  (from GTE/IS Terminal ) :  1 800 baud, 6"/sec; 
• DIABLO HYTYPE I Model 1 200 P R I N T E R  MECHANISM: used, complete AC motor; fwd/rewnd circuitry plus tape head, no read/write electronics $25. and tested. Requi res power supply • case & mCP U interface. 1 5  day return 

•FORMS TRACTORS, Moore Variable width "Form A-Liner" for print terminals: 
privilege - no other warranties. L I M I T E D  QUANTITY! . . . . . . . . .  $750.00 a) Model 565P for 1 5" Carriage I BM Selectrics (new) : . . . .  - . . . . . . . .  $50.00 

-6' Ribbon cable & connector for printer Main Logic PCB - . - . . . .  $1 0.00 b) Model K81 for O U M E  or D I A BLO Hytype I or I I  printers (new) : . . . .  $90.00 - 1 4-p i n  Wi nchester connector & 1 8" power supply cable · · · · · · · · · $5.00 •POWER SUPPLIES for Disk Drive, mCPU, tested under load shown: -"As-is" spare printer PC�'s for pa.rts ( Logic, Heat Sin k, Contro l ) :  ea. $20:00 -No. 519 ( w/fan & AC cord) :  +5V reg.,  + 1 2V reg., +24V, @4A ( 1 0  lb.) . .  $39.95 
-New Pin-feed Platen ( 1 4  I :  $50 of bought w/printer; separately . - . $1 00.00 -LAMBDA No. LM E E5 w/OV protect : +5v reg. @ 25A (35 lb.) . -. . . . .  $69.95 1------------------ NO RISKI  1 5 DAY APPROVAL ON A L L  MAI L-O R D ERs -----------------.. 

F ull documentation included PLUS interface instructions ji. PACIFIC O FF ICI;  SYSTEMS, I N C. � Cal l or write for detai ls, quantity prices, catalog. 1 5  day 
where indicated. All equipment is shipped insured F O B  ��� 2600 El Camino Real, Suite 502 {}, return privilege PLUS 90 day no charge replacement of 
Palo Alto within 1 4 days after check clears or COD Palo Alto, Calif . 94306 6 defective parts. A l l  orders shipped from stock. No back 
order is received. Prices may change without notice. .\ (41 5) 321 -3866 orders, no substitutions. M/C & V I SA accepted. 
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COMPUMARTS PET WAREHOUSE FREE A $169 
$100 worth of FREE accessories SANYO VALU� 
with purchase of 16K & 32K PETS ! MONITOR 

We have more PETs than anyone, call lor quick delivery. 

11- AS LOW PET AccessoRI ES when you buy the $5A9S5 ���!
m
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e • • . . . . . • •  $1���.�� so RC ERE R 
4K • Keyboard C . . . .  : . . . . . . . . . . . . . . . . . . . . . . . .  $ 595 
BK - Keyboard C . . .  _ . . .  _ . .  _ _  . . . . . . . . . . . . . . . . . . $ 795· 

16K - Keyboard B . .  , . . . .  - . .  · .. . . . . . . . . . . . . . . . . - . .  $ 995 
16K - Keyboard N _ . . . . . . . . . . . . .  _ • •  _ . . . . . . . . . . . $ 995 
32K - Keyboard C . . . . . . . . • •  _ _  . _ . .  _ _ _ _  . _ . _ - . . . .  $1195 
32K - Keyboard B . _ - . . . . . . .  $1295 
32K - Keyboard N _ _  . . . . . . . . . . . .  _ . . . .  _ . . . .  _ . . . . .  $1295 

Second Cassette - from Commodore . . _ _  $95.00 Commodore PET Service Kit . . . . . . . . . . . .  $30.00 
Beeper - Tells when tape is loaded . . . . . .  $24.95 
Petunia - Play music from PET . $29.95 
'Video Butter - Attach another CRT . . . . . . . . . . . .  $29.95 
Combo - Petunia and Video Butter . . . . . . .  $49.95 
New Serial Printer Interlace tor PET . . . . . . . . . . .  $79.95 
Integral Data Printer w/new Interlace . . . . . .  $878.95 
PET -- Compatible Salectric in Desk . . . . . . . . . _ $895.00 
TTY KSR-33 Screen Printer lor PET _ _  ·llU3J · $395.00 
Originate/Answerback Modem tor PET . . . . . . . . $320.00 C - calculator keyboard (only version I,Yith tape deck) 

B - large business keyboard without graphics symbols 
N - large keyboard with graphics symbols 

Bi-di_rectional RS-232 Interlace . . . . . . . . � $280.00 •-====================-Bets' 4-slot S-100 Motherboard . . . . . . . - � $119.00 r 
S-100 PET Interlace was $289.00 SALE . . . . . _ . . $99.00 50% 0 F F 

Buy a 48K Apple I I , mention this ad and take $200 in 
accessories free (if ordered together). This otter is good 
tor $150 on 32K and $100 on 16K Apple II'S. Now you can 
enjoy more of the best for less. 

1 6K Apple II - $1 195 (take $100 in free accessories) 
32K Apple I I - $1345 (take $150 in free accessories) 
48K Apple I I - $1495 (take $200 in free accessories) 

We've just published our brand new 48 page 
catalog and Its full of great mini and micro 
computer buys. 

The microcomputer section is packed with 
Illustrations and text presenting all that's new 
in personal computing. All the items you see in Centronics Printer Interface - - - - - - .  · o · - · - • • • • · - • 8225 this ad are described In much greater detail. 
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. : : : : : : : :  • . :  : : :  • • • ��:� Featured is the Apple II and the PET along with 

Apple II Accessories 

Parallel Printer Card _ _  . . .  _ .  _ . .  _ • • . . . . . • . . . . .  $180 the newest PET accessories and disk. . 
Communications Card _ . . . . .  _ • . .  _ . . • . . . . . . . . _ .  _ $225 Other popular computers, computer pen· 
Hi-Speed Serial Card . . .  . . . . • . . . . . •  0 • • • •  $195 pherals, supplies and books are described, 
Firmware Card _ • •  _ . _ _ _ _  • .  - - .  o o - - - .  $200 along with some special deals you can get only Hobby/Proto Card - - . .  - - - . - . . . . . . . . .  - - . . . .  - - - . .  · · $24 If you have this catalog. Microverter RF Mod. . - - - - . . .  · . - .  · · $35 To get your free catalog just write us at the Sanyo M2544 Recorde r ·  - · $55 

address listed at the bottom of this ad. Please ���:;;" 1-----------1 be sure to include the department number to 

Hazeltine in-peedy delivery. 

1 400 LOW-COST PRINTER 

\t-l 
Now a 5th Generation 
in  Terminals: 
Immediate Del ivery 

Hazeltine 1410 with numeric ke� $835 
Hazeltine 1 500 fu l l  of features � $1099 
Hazeltine 1510 with buffer logic $1 149 
Hazelt ine 1520 with printer interface $1499 

cal l or write for more i nformation 

FOR PET 
Th•s •s a complelely relurb•shed 
Teletype KSR·JJ lermonal ready to 
auachto your PET s ontertace to 
use as a pr�nler 

INTRODUCTORY 
PRICE $395 

Date/ /Selectric 
Table-top 
Terminals 

.... � S<ss � A$ 1$ 

• ·"· ··�J!f • • , . -�·-· 
of f(i" " 

• c�.,"-"" ;o••·o ·�• ., . 

. . ���:· ,,;;:;·�;.· �-
• ••ot•·.� ··� ···•"• l''" 
• ., .. ", ��HU ��� 

CENTRONICS PRINTERS 
While they last. 

Refurbished. excellent working condition. 90 day war­
ranty. 10 day return privilege of course. 

Model Speclllcat!on• Centronics NCE 
List Prk:e 

CENTRONICS 700 60 cps. 132 64 5 a 7 cr.ars It actor St 520 $ '" 
,.,.. 

CENTRONICS 701 Same as 700 o;d,cct•onat 1 815 1.045 

CENTRONICS 703 81dlf8CIIOOill 180CPS 1J2col 64 7 2 805 1.695 
• 7 chars tractor teed 

CENTRONICS 779 60 HXl cps 80 132 col 64 5 � 7 1 250 625 
chars 

CENTRONICS 780 60 cps eo col 64 S .. 7 chars 1 905 1.095 

CENTRONICS 781 B•d•rcct•onal. 60 cps BOcol 64 "" 1.125 
5 11 7 chars tractor teed 

CENTRONICS 761-1 Keyboard send reee•ve bld�>ee· 1 650 1.025 
(KSA) l•onal 60cps 132column. 64 7 :.. 7 

chars t raclor teed 110 300 1200 
bauc: 

CENTRONICS 761-5 
(RO) 

Same as 761-1. reccovc only 1 750 945 

NCE 
Reg. Price 

CENTRONICS 101 165 cps. 132 col 6-l 5 - 7 chars S1 .500 1 .125 
trac1or 1eed 

Operator"• Manual Included. For Technical Manual. add S15.00 

New 300 baud 

sP.\.E. ,,.,mb'.O 

$169.95 
Originate/Answerback :��

er supply 

$21 4,95 Acoustic Coupler. 
Looks good. works 

EXPAND YOUR KIM great and sale 
SYSTEM: priced at $189. KIMSI 

List .95 1---------t KIM to s-1 00 Board 

e_ l\.' f. $99.00 S
�

ALE c-)- Assembled $169 

Circle 283 on inquiry card. 

�I"'"" Connector Set 1 5  

5•1 00 M PA $1 69 ��;p�o� .��cH. POwER suPPLv534.95 

S-100 M PA g ives you r  P ET SANYO complete control of  the  S-100 MO N ITOR b u s  ( e v e n  D M A ) .  G e t  a n  
assembled unit a t  kit p rice. 

KIM ENCLOSURE 
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FOR SALE: Digital Group system dual Phi-Decks, 
dress cabinets, Hitachi video display, OG keyboard, 
34 K programmable memory, lots of software. Will 
sell for $ 2 200. O ptional Selecterm printer, $ 1 47 5  
with WOPROC. lrv, 1 4 522 Acacia, Tustin CA 
9 2680, 1 7 1 41 7 3 1 -4850. 

FOR SALE: Digital Group system 34 K program­
mable memory, dual Phi-Decks, lots of software. 
Homebrew mainframe cabinet with front panel. All 
documentation. This is a reliable system. Worth 
$ 1 700, asking $ 1 1 00. Larry, 3069 Copenhagen, 
Riverside CA 9 2 504, 1 7 1 41 6 8 7 - 6 7 2 5 .  

F O R  SALE: TRS-80, Level 2 BASIC, 1 6  K, complete 
with video monitor, power supply, keyboard, cas­
sette unit. Level 1 and 2 manuals, game software, all 
in perfect condition, I pay shipping. $7 50. Bruce 
Grunewald, 7065 Granada Or, Flint Ml 48504, 
13 1 31 7 3 3- 1 739 during business hours. 

FOR SALE: IMSAI 8080 with 44 K programmable 
memory; iCOM FD-3 7 1 2  dual drive floppy; Lear 
Siegler ADM-3 video display; Centronics 1 0 1 -A 1 32 
column printer; National Multiplex CC7 A digital 
cassette recorder; SOLA 1 . 5 KW constant voltage 
transformer. iCOM FDOS-11/ 1 1 1  Relocating Assembler, 
Text Editor, DEBBI IMITS Disk BASICI; business 
software; more. All manuals included. All hardware 
operating perfectly for 1 .  5 years. Desire to sell as 
unit. A bargain today for $ 8000. Ship at my ex­
pense. John Berry, 1 520 Aberdeen Av, Baton Rouge 
LA 70808, 15041 344-8760. 

FOR SALE: Heathkit microprocessor course and 
trainer computer. Works perfectly. Teaches 
microprocessor design and machine language pro· 
gramming. Many experiments in  interface circuitry. 
Check November 1 9 78 BYTE for more information. 
First check or money order for $ 2 2 5  gets it and I will 
ship h anywhere free. John Maurer, 3 5 8 3  Vernal, 
Merced CA 9 5340. 

COMPUTERIZED COMMODITY: and stock market is 
my interest. I have developed three systems and am 
interested in exchange with others oriented and suc­
cessful in this area. E Trachtenberg, POB 407, Little 
Neck NY .1 1 363 . 

WANTED: Catalogs from hardware/software dealers 
for the Level I I  TRS-80. Bob Martin, 9 1 1 Buck­
ingham, Windsor Ontario, CANADA NBS 2C9. 

FOR SALE: Free games with purchase of a Micro· 
polis 1 042 macrofloppy disk drive system. For 
$ 59 5  you can have an assembled and tested 
package complete with drive, cabinet, power sup­
ply. top-notch system software, blank diskettes and 
full documentation, an $ 8 3 5  value . Like new. I ' l l  
ship UPS. David or Robert Mason, 503 Timber Ter, 
Houston TX 7 7024,  1 7 1 31 6 8 1 -342 7. 

FOR SALE: Four ASR33 Teletypes. All are in very 
good working order and have been under continuous 
maintenance contract. All four have the DEC paper 
tape modification and can be shipped With this 
modification enabled or disabled. Will sell each for 
$400. You ship. F Mitchell, POB B6, Due West SC 
29639, 1803) 379-88 1 6  days. 

FOR SALE: IMSAI boards. 3 2  K programmable 
memory, $ 6 50. 1 6  K programmable memory, 
$ 3 50. 8080 microprocessor a, $ 1 00 .  PIC-B. $ 80. I 
have recently purchased a Z-80 and cannot use 
these boards. Must sell; will  accept any reasonable 
offer. Send SASE for correspondence. John Paul 
Daley, 7 545 S Beloit, Bridgeview IL 60455.  

2 7 0 July 1 9 7 9 © BYTE Publications Inc 

FOR SALE: Computer terminals · Portable timeshare 
or direct connection terminals. Contain 80 column 
quiet printer. full ASCII keyboard, built-in  modem 
and acoustic coupler. dual speed 1 1 0  and 300 bps, 
RS-2 3 2  and 20 mA and DAA interfaces, in a small 
suitcase size enclosure. Brand new condition with 
guarantee. Send $ 0. 30 SASE for manuals, reprint 
and pictures. $ 849.95 plus shipping. S Stoddard, 
1 2  Kathy Dr, Poquoson VA 23662.  

FOR SALE: Going to school. must sell. SwTPC 
CT -1 024 video terminaL Cursor and serial boards, Tl · 
keyboard, power supply, scrolling. $ 8 5 .  GT-6 1  
graphics. Power supply, MP-L. PPG-J joystick, soft­
ware. $ 1 50. PR-40 printer. New head, MP-L, smok­
ed cover. $ 2 50. · 4 K memory boards. $ 60. 
Morrow's S- 1 00 Wunderbuss mother board with ten 
edge connectors. $ 1 00. All in sockets and running. 
If phone disconnected, please write. Chip Kroll, 
4 1 36 Tennyson, Houston TX 77005, 1 7 1 3) 
667-63 1 8 . 

FOR SALE: HP-6 7  programmable calculator, all stan­
dard accessories. Plus an extra recharger and battery 
pack and 1 00 blank program cards. Compare at 
$ 4 8 5  (plus tax). Everything goes immediately v:a 
UPS for $36 5 certified check or money order. 
Michael Craig, 1 05 E Edward St, Endicott NY 
1 3 760. 

FOR SALE:  Apple computer, 32 K, $ 7 50 or trade for 
new HP-67 and $ 200. Send card to Rob Dinnell, 
600 Park Av 1 2A, Capitola CA 9 50 1 0. 

FOR SALE: TRS-BO, Level I I  BASIC, expansion inter­
face, 48 K of user programmable memory, dual disk 
drives, DOS version 2. 1 .  Editor/Assembler, Line 
Renumber and 1 2 disks containing game and statis­
tical software. Original cost, $ 3000. Current Radio 
Shack cost, $ 2 700. Will sell for $ 2000 or best of­
fer, I pay the freight. Joseph Boykin, 1 8 97 N Fourth 
St Apt A, Columbus OH 43201 . 

FOR SALE: 4 K programmable memqry chips. 1 6  
UP04 1 4D chips from converting my B K Exidy 
Sorcerer to 3 2  K .  Make me an offer. Tom Kreuzer, 
3 1 0  Pine Av, Canby MN 562 20. 

FOR SALE: MITS 4 K dynamic programmable 
memory assembled, tested, burned in . Also 2510 
board (only one port implemented) assembled, 
tested, including MITS documentation . Best offers 
or trades (will accept parts). T Shaw, 5F Nutmeg 
Knoll, Cockeysville MD 2 1 030. 

FOR SALE: Two Ithaca Audio 300 ns low power 8 K 
programmable memory boards IS- 1 001. $ 1  50 each. 
Electronic Systems television typewriter board·, 
stand alone, assembled but never used, $ 1 30. First 
money order or cashier's check takes any or all,  all 
others returned. I pay shipping. R Schuchman, 6 2 2 1  
Del Paso, S a n  Diego C A  9 2 1 20.  

FOR SALE:  Why buy a k it?  Two fully static, 500 ns 8 
K programmable memory boards (one SSM MB·6, 
one Logos- 1 1  $ 1 2 5 apiece. One IMSAI UCRI cas­
sette board, $ 30. Henry Kapteyn, 1 1 7 5 W Baseline 
Rd, Claremont CA 91 71 1 . 

FOR SALE: Heath HB compatible dot matrix printer 5 ·  
by 7. , 80 or 96 column, operates in serial or parallel 
mode from 1 1 0 to 1 200 bps. Made by practical 
automation, this unit is a current production 
machine, not a discontinue or surplus. Plenty of 
documentation. It is similar to the IPS 7 4 5 .  Make of· 
fer. R C Jackson, 201 Mortimer Av. Rutherford NJ 
07070, 1 20 1 1  939-242 1 .  

\EIV ( '.VCf...ISS/f"f£1) POI./Cl" 

Readers who have eqUtpmenc. sofcware or ocher items 

to buy, sell or swap should send in a clearly ryped notice 
to that effec t. To be considered for publication. an adver· 

ttsemenr must be clearly noncommercial, typed double 
spaced on plain whtte paper. con tain 75 words or less, and 

mclude complete name and address information. 
These not1ces are free of charge and wtll be printed one 

rime only on a space available basis. NoCices can be ac­

cepted from individuals or bona fide computer users clubs 

only. We can engage in no correspondence on these and 
your confirmaCion of placement is ;ippearance In an 1SSUC of 

B Y TE. 

Please note that 1 1  may cake three or four mon ths for an 

ad to appear in the magazine. • 

WANTED: BYTE magazine issues volume 1 ,  issue 1 
thru January 1 9 7 7 inclusive. Also have FOR SALE 
May 1 9 7 7  issue. Best offer will be contacted. M M 
Kashani , 9 8 6 2  La Jolla Farms Rd. La Jolla CA 
92037.  

FOR SALE: BYTE Issues 1 ,  2 and 3; 5 thru  16  1 1 976 
complete!; Vol  I I  Issues 2 thru  1 2  1 1 9 7 7  except 
January I; Vol II I Issues 2 thru 4 1 1 9 7 8  February thru 
Aprill. Best offer. Jim Taylor, 6 7 2 0  N 7 5th St, 
Milwaukee WI 5 3 2 2 3 ,  1 4 1 41  3 5 3- 1 9 7 7 .  

F O R  SALE: SYM- 1 microcomputer brand new, used 
one day, in box with warranty and manuals. $ 200. 
Jim Riffle, 1 7 5 Piedra Loop, White Rock NM 87 544, 
1 5051 6 7 2-9 5 4 1 . 

WANTED: Digital Group equipment-. Needed are one 
each of the following: Z-80 processor card, TVC-64 
TV interface, M B-4 mother board and an 1/0-F 
parallel interface card. Will accept assembled or 
unassembled boards in good condition and in work­
ing order with documentation. Name your price. 
Gregory P Cramer, POB 3 1 ,  APO San Francisco CA 
9 6 5 5 5 .  

F O R  SALE: PDP-8/A equipped with programming 
console, options one and two, and 1 6  K core 
memory. ASR33 . Everything works. Asking price for 
everything $ 3000. J Woodbury, Sleepy Hollow Rd, 
Atkinson N H  038 1 1 ,  (603) 362-4256 after 7 PM. 

FOR SALE: Technico Super System 1 6. Tl 
TMS9900 1 6  bit processor with RS-2 32C, erase­
able read only memory program, 2 K read only 
memory, 2 K programmable memory and 2 K 
eraseable read only memory plus additional 32 K 
programmable memory. Also chassis, power supply, 
digital cassette tape drive and software. Factory 
assembled and tested . Only one year old . Asking 
$ 1 600. Johe M Sullivan, 7 2 1  E Harding Av, Ap­
pleton WI 5 4 9 1 1 ,  1 4 1 41 734-3239.  

FOR SALE: Fully operational ELF I I  computer system 
with system cabinet and video/radio frequency 
modulator plus program manuals and 1802 Glub 
Newsletter. $ 1 7 5 and shipping cost. Shaji Jacob, 
8 2 7  Lincoln, Fort Morgan CO 8070 1 .  

WANTED: TRS-80 Radio Shack computers. Any 
condition, any quantity. Immediate cash available. 
Portacom briefcase ASCII printing terminals with in· 
tegral modem $ 59 5 .  ASR33 Teletypes $ 4 9 5  and 
$ 59 5 .  DEC PDP-8/E and all peripherals. Also repair, 
buy and custom design DEC equipment/peripherals. 
Tom Perera, POB 632, W Caldwell NJ 07006, 1201 1 
2 2 6-9 1 8 5. 

FOR SALE: Micro-Term ACT-IVB with 20 mA cl and 
printer port options. Excellent condition. 500 hours 
use. Includes number pad. full editing, 80 by 24 
display, block send, more. Full documentation. 
Originally $ 900, sell $ 800 II pay shipping!. Don 
Markuson, 56 Dellwood. Av, Chatham NJ 0 7 9 2 8 ,  
120 1 1  635-96 1 5 . 

FOR SALE: HP-67 like new, out of warranty, 1 00% 
operational , includes 1 20 new magnetic cards, two 
solutions manuals, programming pads, two boxes of 
paper roll, standard accessories. etc . $ 500 will ship 
UPS in US. Brewer Pedin, 1 2 1  Hearthstone Dr 112, 
Blacksburg VA 24060, 17031 9 5 1 -0539.  



# 30 WIRE KITS 
#1 $7.95 #2 $1 9.95 

250 3" 1 00 4W' 250 2W' 250 5" 

250 3 %" 1 00 5" 500 3" 1 00 5%" 

1 00 4" 1 00 6" 500 3%" 250 6" 

500 4" 1 00 6%" 

250 4%" 1 00 7" 

#3 $24.95 #4 $44.95 

500 2W' 500 4%" 1 000 2%" 1 000 4 V2
" 

500 3" 500 5" 1 000 3" 1 000 5" 

500 3 W' 500 5%" . 1 000 3W' 1 000 51f2
" 

500 4" 500 6" 1 000 4" 1 000 6" 

Choose O ne C o l o r  o r  Random Assortment: 
Red, B l ue, G reen , Ye l l ow,  W h i te, O range, B lack. 

• #26 Prices on Request 

#30 Kynar stripped 1" on each end. Lengths are overalL 
Colors: Red. Blue. Green, Yellow, Black, Orange, While. 
Wire packaged in plastic bags. Add 25e/length for tubes. 

ln. 100 500 1000 5000 

2'1? 1 .04 2.98 5.16/K 4.67/K 
3 1 .08 3.22 5.65/K 5.06/K 
3'h 1 . 1 3  3.46 6. 1 4/K 5.46/K 
4 1 . 1 8  3.20 6.62/K 5.87/K 

4\7 1 .23 3.95 7 . 1 2/K 6.25/K 
5 1 .28 4.20 7.61/K 6.62/K 

HOBBY 
WIRE WRAP TOOL 

BW 630 (Back Force) $34.95 
BT 30 Extra Bit  2.95 
BT 2628 #26 Bit 7.95 
Batteries & Charger 1 1 .00 

INDUSTRIAL 
WIRE WRAP TOOL 

BW 928 
BW 928BF ( Back Force) 
#30 Bit & Sleeve 
#26 B it & Sleeve 
Batteries & Charger 

$49.95* 
52.95' 
29.50 
29.50 
1 1 .00 

ELECTRICAL INDUSTRIAL 

WIRE WRAP TOOL 

EW 7D 
EW 70 BF ( Back Force) 
#30 B it & Sleeve 
#26 Bit & Sleeve 

$85.00* 
92.90* 
29.50 
29.50 

" Industrial Tools do not include Bit & Sleeve 
Spring Loaded bit on Back Force models. 

5 'h 1 .32 4.48 
6 1 .37 4.72 

8.1 0/K 7.03/K 
8.59/K 7.43/K 

INTERCONNECT CABLES 
Ribbon cableconnectors forconnecting boardsto front panels, or board to board. 

6'h 1 .60 5.37 9. 84/K 8.48/K SINGLE ENDED DOUBLE ENDED 
7 1 .66 5.63 10.37/K 8.91/K 14 �In 16�;!in 24!;!10 14!:!ln 16 ein 24 ein 
7'1, 1 .73 5.89 10.91/K 9.33/t< 6" 1 .24 1 .34 2.05 2.24 2.45 3.37 
8 1 .78 6. 1 5  1 1 .44/K 9.79/K 12" 1 .33 1 .44 2.24 2.33 2.55 3.92 

24" 1 .52 1 .65 2.63 2.52 2.76 4.31  
8'h 1 .82 6.41 1 1 .97/K 1 0 . 1 9/K 48" 1 .91 2.06 3.40 2.91 3.17  5.06 
9 1 .87 6.76 12.51/K 1 0.62/K 
9'1, 1 .92 6.93 1 3.04/K 1 1 .05/K 
1 0  1 .99 7.26 1 3.57/K 1 1 .48/K O K  PRODUCTS 

Addl. l n. . 1 5  .60 1 .20/K 1 .00/K 
WD 30 50 ft. Wire Dispenser Red, White, Blue, or Yellow $3.75 
WD-30-TRI TR I Color Dispenser 
R-30-TRI Refill for TRI Color 

EDGE CARD CONNECTORS INS 1 4 1 6  14  & 1 6  pin Insertion Tool 

44 pin Solder Tail $ 1 .95 $17 .50/10 
100 pin Solder Tail $3.95 $35.00/10 
100 pin Wire Wrap $3.95 $35.00/10 

MOS 40 
EX-1 
H-PCB-1 

40 pin Insertion Tool 
IC Extractor Tool 
Hobby PC Board 

wsu 30 Hand Wrap/Unwrap/Strip Tool 

SOLDER LESS 
BREADBOAR DS 
SK 1 0  $1 6.50 

SK10 mounted on board 
W74 Binding Posts & 
Rubber Feet 

Circle 298 on inqui ry card. 

WSU. 30M Same as WSU30 with Modified Wrap 

WIRE WRAP SOCKETS 
1-9 10-24 2s-gg 1 00-249 250-999 

8 pin " . .40 .36 .34 .31 .27 
14  pin' .39 .37 .34 .32 
16 pin" .42 .40 .36 .34 

18 pin" .70 .60 .55 .50 .45 
20 pin .90 .80 .75 .65 .62 
22 pin'  .95 .85 .80 .70 .65 
24 pin .95 .85 .80 .70 .65 
25 pin strip 1 .25 1 . 1 5  1 .00 .95 .90 
28 pin 1 .25 1 .1 5  1 .00 .95 .90 
40 pin 1 .65 1 .45 1 .35 1 .20 1 . 1 0  

Gold 3-Level Closed Entry Design •End & Side Stackable 
2-Level �ockets Available 

135 E. C hestnut St. #5 Monrovia', CA 9101 6 (21 3) 357-5005 

Ordering Information: 
• Orde(s under $25 and COD's add $2 
• All others, shipped Ppd in U.S. via UPS Catalog available on request. 
• For Blue Label (Air) or t st Class, add $1 
• We accept VIsa & Mastercharge 

Dealer Inquiries Invited 

LOGIC PRB·1 
$ 34.95 

5.50 
3.75 
3.25 
7.50 
1 .49 
4.99 
6.25 
7 .50 

PRQJ;iE"' 
I 
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To get further information on the products advertised In 8 YTE, fill out the reader service card with your name and address. Then circle 

the appropriate numbers for the advertisers you select from the list. A dd a 7 S-cent stamp to the card, then drop it in the mail. Not only do 
you gain information, but our advertisers are encouraged to use the marketplace provided by 8 YTE. This helps us bring you a bigger 8 Y TE. 

Inquiry No. Page No. I nqu iry No. Page No. Inquiry N o. Page No. I nquiry No. Page No. 

1 AB Computers 2 50 BB Cyber�etic Micro Systems 21 6 
2 Advanced Access Group 1 54 85 Cybernetics Inc 1 83 
4 Advanced Computer Products 2 3 7 89 Data Decisions 1 9 5 
3 Aladdin Automation 1 2 9 9 1  Data Discount Center 207 
6 Altos Computer 23 94 Datamation 9 7 
5 American Square Computers 2 54 96 Data/Print Publishing 2 3 1  
9 Anderson Jacobson 1 07 93 DataSearch 2 1  5 

1 0  A P  Products 59 9 7  Data Speed 1 59 
1 1  ASA_P Computer Prod ucts Inc 26 5 1 2 6 Data-Trans 2 5 7  

Atlantic Analysis Corp 1 8 3 98 Datec 1 88 
1 9  A TV Research 2 54 99 Diablo IDiv of Xeroxl 1 45 
1 8  Automated Computer Software Service 8 5  8 6  Digital Pathways 1 43 
20 Avery Label 254- 9 5  D R C  (CAl 1 7 7 
2 1  Avionic Enterprises Inc 254 1 00 DRC I TXJ 2 5 5  
2 3  Basic Time 1 6 5 1 0 5  Digital Data Systems Inc 2 58 
30 Beckian Enterprises 263 1 0 1 Digital Service & Design 248 
31 Biotech Electronics 1 B9 1 02 Digital Timing Devices 2 2 3 

Bits Inc 1 3 7,  1 6 1 ,  236 1 03 EASYSOFTWARE 2 1 5  
33 Body Peripherals 9 5 1 04 80-US Journal 1 7 7  
32 Buss/Charles Flo to  1 9 5 1 1 5  Electrolabs 24 7 

BYTE Back Issues 234 1 20 Electronic Control Technology 1 83 
36 BYTE Books 37, 1 0 1 - 1 04 ,  1 92 1 2 5 Electronic Systems 256,  257 
35 BYTE Industries 1 25 1 30 Electronics Warehouse 243 

BYTE WATS Line 258 1 3 1 EMM/Semi 207 
37 California Computer Systems 1 8 .  1 9 1 32 Essex Publishing 2 1 8  
39 California Digital 24 1 1 33 Exidy Inc 32,  33 
40 CAP Electronics 2 3 2 1 34 FMG Corp 1 69 
4 5  Central Data 1 63 1 3 5 Four Seasons Co 258 
47 Chrislin Industries 22 5 1 36 Allen Gelder 258 
48 COMPRINT (Computer Printers lnt'l. lncl 39 1 42 H Geller Computer Systems 1 7 7  
5 0  Compucolor IDiv Intelligent Sysl 1 1 1 37 GenRad 204 
53 CompuMax Associates 1 83 1 44 Gimix 2 2 2  
54 Computer Components of South Bay 220 1 50 Godbout Electronics 1 1 5 
52 The Computer Cookbook 41  1 52 Graham Dorian Enterprises CHI 

Computer Factory NY 245 1 5 1 GRT 47 
Computer Headware 207 1 59 H & E Computronics 2 1 1 
Computer Lab NJ 2 1 1 1 70 Hobby World 235 

75 Computerland 8,  9, 1 60 1 69 HUH Electronics 1 93 
6 6  Computer Mart of NJ & P A  5 3  1 72 HUH Electronics 1 93 

Computer Packages Unlimited 254 1 73 Industrial Micro Systems 1 2  7 
74 C G Engineering 2 58 1 7 4 International Peripheral Systems 6 5 
7 3  Computex Corp 2 1 3 2 2 3  INMAC 1 9 5 
7 1  Computhink 2 5 1 79 Integrand 2 2 1 
7 2  Computhink 2 1 7 1 80 lntertec Data Systems 2 9 
7 8  C T  Micro Computer 94, 1 70, 2 1 2, 2 3 2  1 90 Ithaca Audio 1 1 3 
7 9  Cover Craft 1 9 0  1 9 1 Ithaca Audio 239 
82 Covox 2 1 3  1 9 5 Jade Co 266,  267 
84 Creative Computer Applications 21 5 200 Jameco 2 5 2 ,  253 
83 Creative Software 1 2 8 201  K ing Flea 248 
80 Cromemco 1 • 2 Lifeboat Associates 1 08, 1 09 

Article No. ARTICLE 

Smith: Graphic I nput of Weather Data 

Ciarcia: Sound Off 

Albus: A Model of the Brain for R obot Control 

Schmucker: The Mathematics of Computer Art 

Dvorak: Sonic Anemometry for the Hobbyist 

Powers: The Nature of R obots 

Howe: Creativity in Computer Music 

Ch_affee: Ouest 

202 
1 99 
205 
206 
2 1 5  
2 1 6  
2 1 3  
2 1 4  
220 
2 1 9  
2 2 1  
2 2 2  
204 
228 
229 
227 
232 
231 
230 
233 
236 
237 
238 
255 
256 
2 5 7  
258 
281  
282 
280 
284 
283 
286 
2B5 
290 
2 9 1  

. 

292 

294 
295 
296 
298 
297 
305 
306 
301 
302 
303 
3 1 2  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11  

Helmers: Photo Essay : Physical Hardware o f  a New Computer Backplane 

Grogono: Mouse, A Language for Microcomputers 

Maurer: Subroutine Parameters 

2 7 2  July 1 97 9  © BYTE Publications Inc 

Mad Hatter Software 1 5 1  3 1 0  Programming Center Inc IPCII 258 
The Mail Mart 258 3 1 1 Quest Electronics 2 5 1  
Marketline Systems 2 1 4  3 1 3  RACET Computes 234 
Matrox 1 8 5 3 1 4  Radio Shack Authorized Sales Center 254 
Measurement Sys & Controls 1 3 1  3 2 2  R C A  7 5  
Measurement Sys & Controls 254 323 Realty Software 2 5 8  
Micro A p  1 4 1  The Recreational Programmer 222 
Micro Architect 222 3 2 5  R N B  93.  2 0 5  
Micro DaSys 1 74 326 Rochester Data 1 8 7 
Micro Diversions 9 1  3 2 7  Rothenberg Data Systems 200 
Micro Focus LTD. 87 3 1 6  S- 1 00 Inc 2 2 1  
Micromail 203 3 3 1  S C Digital 2 1 1 
Micro Mike's 1 9 1  St Jude 5 1  
Micro Pro International 8 9  3 1 9  Michael Shrayer Software 1 67 
Microsette 758 Shugart Asssociates 6,  7 
Micro Source 1 7 1  329 '68 Micro Journal 21 9 
Microware 201  328 Smoke Signal Broadcasting 8 8  
T h e  Micro Works 1 36 Software Development & Training 1 7 8  
Mikos 2 6 4  3 3 5  SSM 3 0  
Milton Bradley 5 1  340 Solid State Sales 249 
Mini Com puter Suppliers 1 7 5 350 Southwest Technical Products Corp Cll  
Mission Control 1 2 1  3 5 2  Stirling/Bekdorf 2 0 2  
Mission Control 1 3 3 3 5 3  SubLOGIC 2 1  8 
Morrow/Thinker Toys 1 5 354 Sunny International 268 
Morrow/Thinker Toys 3 1 3 5 7  SuperSoft 1 9 5 
Mountain Hardware 1 1  7, 1 56 3 5 6  Sybex I n c  1 57 
National Small Computer Show 7 3  3 5 5  Synchro Sound 8 3  
NEECD 6 2  3 6 0  Tarbell Electronics 6 7  
NEECO 63 363 Technical Systems Consultants 1 1 1 
Netronics 1 5 5  3 6 4  Technology Systems South 1 46 
Network Computer Systems 248 368 3/M Company 2 7 
Newman Computer Exchange 269 369 Robert Tinney Graphics 55 
Nix Olympica 232 T ora Systems Inc 2 54 
North Star Computer 21 3 70 Trade of Industrial Products Inc (TIP) 5 
Ohio Scientific Instrument CIV 3 7 2  TransData 2 1  5. 
OK Machine & Tool 1 39 373 TransNet 2 2 3  
onComputing 8 1  3 7 4  TRS-80 Software Exchange 1 4  7 
Osborne & Associates 1 5 3  3 7 5  Verbatim 2 2  
Owens Associates I n c  2 2 1  3 7 6  Video World 2 2 1  
P & H Software 9 6  3 7 8  Vista Computer 2 1 3 
P S Software House 248 383 R A Vowels 1 7 7  
Pacific Office Systems 268 384 VR Data 263 
Page Digital 2 7 1  3 8 5  Wallace Electronics 1 2 6 
PAl A Electronics 1 7  5 3 8 7  Wameco 264 
Per  Com Data 7 8  3 8 9  Wintek Corp 2 4 8  
Per C o m  Data 7 9  3 9 1  Worldwide Electronics 2 54 
Per Com Data 259 �6� X-Comp 234 
Personal Software Inc 1 1 B, 1 1 9 Zs Systems 248 
Pickles & Trout 234 
Priority I 260, 26 1 ,  2 6 2  

*Correspond directly with company. 

PAGE 
Apri l BOM B Reaches for the Stars 

18 

34 

54 
1 05 

1 20 

1 34 

1 58 

1 76 

194 

198 

226 

Resu l ts of the April BOM B p u t  s imula­
tion at the top of the charts. 

The first place prize of $ 1 00 wen t  to 
Mark Dahm ke for "A Simulated View of the 
Galaxy, " page 66. Two second place win­
ners, Mark Zimmerman for "Simu lation of 
Physical System s, " page 26 and Randy 
Smith for "Smart Memory , "  Part 1 ,  page 54, 
wi l l  receive $50 each . "Microcomputer Time 
Shari ng, " page 224, by Ken neth J J ohnson 
placed third.  



For fastest serv ice tran sfer m a i l e r  labe l  from wrapper 

to coupon p rovided at  the right. Req uests cannot be 
h onored u n less zip code i s  g iven . Th is card val id fo 1· 

90 days o n l y .  

NOTE- I f  label is  m issi ng or defaced f i l l out coupon carefu l l y 
- P L E AS E  P R I N T -th is is o n l y  way to get requ ested material 
to you . 

Name 

READER 
SERVICE 

j u l y  1 979  
-1 1 79 

(Title) -----------------------= 

(Company) --------------------� 

1 21 41 61 81 1 0 1  1 2 1  1 4 1  1 6 1  1 81 201 221  241 261 281 301 3 2 1  341  361  381  401 4 2 1  4 4 1  46 1 4 8 1  501 52 1 541 561 581 601 621 64 1 
2 22 42 62 82 1 02 1 22 1 42 1 62 1 82 202 222 242 262 282 302 322 342 362 382 402 422 442 462 482 502 522 542 562 582 602 622_ 642 
3 23 43 63 83 1 03 1 23 1 4 3  1 63 1 83 203 223 243 263 283 303 323 343 363 383 403 4 23 443 463 483 503 523 543 563 583 603 623 643 
4 24 44 64 84 1 04 1 24 1 44 1 64 1 84 204 224 244 264 284 304 324 344 364 384 404 424 444 464 484 504 524 544 564 584 604 624 644 
5 25 45 65 85 1 05 1 25 1 45 1 65 1 85 205 225 245 265 285 305 325 345 365 385 405 4 2 5  445 465 485 505 525 545 565 58.5 605 625 p45 
6 26 46 66 86 1 06 1 26 1 46 1 66 1 86 206 226 246 266 286 306 3 26 346 366 386 406 426 446 466 486 506 526 546 566 586 606 626 646 
7 27 47 67 87 1 07 1 27 1 4  7 1 67 1 87 207 227 247 267 287 307 327 347 367 3 8 7  407 427 44 7 467 487 507 527 54 7 567 587 607 627 64 7 
8 28 48 68 88 1 08 1 28 1 48 1 68 1 88 208 228 248 268 288 308 328 348 368 388 408 428 448 468 488 508 528 548 568 588 608 628 648 
9 29 49 69 89 1 09 1 29 1 49 1 69 1 89 209 229 249 269 289 309 329 349 369 389 409 4 29 449 469 489 509 529 549 569 589 609 629 649 

1 0  30 50 70 90 1 1 0 1 30 1 50 1 70 1 90 21 0 230 250 270 290 3 1 0  330 3 50 370 390 4 1 0  430 4 50 470 490 5 1 0  530 550 570 590 6 1 0  630 650 
1 1  3 1  51 71 91 1 1 1  1 3 1  1 5 1 1 7 1 1 91 2 1 1 2 3 1  251 2 7 1  291 3 1 1 3 3 1  3 5 1  3 7 1  3 9 1  4 1 1  43 1 4 5 1  4 7 1  49 1 5 1 1 53 1 551  571 59 1 6 1 1 63 1 651 
1 2  3 2  52 72 92 1 1 2 1 32 1 52 1 72 1 92 2 1 2 232 252 272 292 3 1 2  332 3 52 372 392 4 1 2  432 4 52 4 7 2  492 5 1 2  532 552 572 592 6 1 2 632 652 
1 3  33 53 73 93 1 1 3  1 33 1 53 1 73 1 93 2 1 3  233 253 273 293 3 1 3  333 3 53 373 393 4 1 3  433 4 53 4 73 493 5 1 3  533 553 573 593 6 1 3  633 653 
14 34 54 74 94 1 1 4 1 34 1 54 1 74 1 94 2 1 4  234 254 274 294 3 1 4  334 3 54 3 74 394 4 1 4 434 4 54 474 494 5 1 4  534 554 574 594 6 1 4  634 654 
1 5  35 55 75 95 1 1 5  1 3 5 1 55 1 7 5 1 95 21 5 235 255 275 295 3 1 5 335 3 55 375 395 4 1 5  435 455 4 7 5  495 5 1 5 53 5 555 575 595 6 1 5  635 655 
1 6  36 56 76 96 1 1 6 1 36 1 56 1 76 1 96 2 1 6  236 256 276 296 3 1 6  336 3 56 3 76 396 4 1 6  436 4 56 4 76 496 51 6 536 556 576 596 6 1 6 636 656 
1 7  37 57 77 97 1 1 7  1 3 7  1 57 1 77 1 97 21 7 237 257 277 297 3 1 7  3 3 7  357 377 397 4 1 7 4 3 7  4 5 7  4 7 7  497 51 7 53 7 557 577 59 7 61 7 637 657 
1 8  38 58 78 98 1 1 8 1 38 1 58 1 78 1 98 2 1 8  238 258 278 298 3 1 8  338 3 58 378 398 4 1 8  4 3 8  4 58 4 78 498 5 1 8 538 558 578 598 6 1 8 638 658 
1 9  39 59 79 99 1 1 9 1 39 1 59 1 79 1 99 2 1 9  239 259 279 299 3 1 9  339 3 59 379 399 4 1 9  439 4 59 479 499 5 1 9  539 559 579 599 6 1 9  639 659 
20 40 60 80 1 00 1 20 1 40 1 60 1 80 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 

MENTIO N WHEN WRITING TO ADVERTISERS 

��II SUBSCRIPTIO NS BOMB: BYTE's Ongoing Monitor Box 4 1 79 4 1 7 9  
B Y TE ·s B O M B  •s  y o u r  dtreCI l i n e  t o  t h e  edt t or's desk . Each month, 

For a su bscr iption to B Y T E ,  p lease compl ete this card . t he t wo top rated a u t h o r s  rece rve bonuses based on your vores. To 

use t h • s  card . refer  10 the l • s t  of au t hors , t t t les . a n d  correspondtng 

BOMB art tc le n u mbers on the oppos• te page . Then ra te each art icle o'n 

Name a scal e f r om 0 to 1 0  b e l o w  by c• rcl t nQ t he approl)na te rat rn!J number 

10 t he r tgh t of  each BOMB a n •cle n u m ber. Your feedback helps us 

Address 
produce t h e  best poss• ble magaz•ne each mon t h . 

BOMB • • • • • • • •  Rating • • • • • • • •  
City Art icle 

Nu mber Poor F a i r  G ood Very Good Excel lent Wow! 
State Zip Country 

1 0 1 2 3 4 5 6 7 8 9 1 0  

2 0 1 2 3 4 5 6 7 8 9 1 0  
USA Canada 3 0 1 2 3 4 5 6 7 8 9 1 0  

Mexico 4 0 1 2 3 4 5 6 7 8 9 1 0  
5 0 1 2 3 4 5 6 7 8 9 1 0  0 1 year 0 $1 8 0 $20 6 0 1 2 3 4 5 6 7 8 9 1 0  0 2 years 0 $32 0 $36 7 0 1 2 3 4 5 6 7 8 9 1 0  0 3 years 0 $46 0 $52 8 0 1 2 3 4 5 6 7 8 9 1 0  

$32 E u rope ( a i r  freight)  payment enc l osed 
9 0 1 2 3 4 5 6 7 8 9 1 0  0 

1 0  0 1 2 '3 4 5 6 7 8 9 1 0  0 $3 2 E l sewhere (surface mai l )  pay ment encl osed 
1 1  0 1 2 3 4 5 6 7 8 9 1 0  

( A i r  m a i l  rates ava i lable upon request) 
1 2  0 1 2 3 4 5 6 7 8 8 1 0  

Please remit in US funds drawn o n  a US bank. 1 3  0 1 2 3 4 5 6 7 8 9 1 0  
1 4  0 1 2 3 4 5 .6 7 8 9 1 0  Thank you. 1 5  0 1 2 3 4 5 6 7 8 9 1 0  

0 Check enclosed (Bonus: one E XTR A issue 1 6  0 1 2 3 4 5 6 7 8 9 1 0  

- receive 1 3  i ssues for the price o f  1 2 )  1 7  0 1 2 3 4 5 6 7 8 9 1 0  

= D . 1 8  0 1 2 3 4 5 6 7 8 9 1 0  

0 0 B i l l  me (North America onl y) 1 9 0 2 3 4 5 6 7 8 9 1 0  

20 0 2 3 4 5 6 7 8 9 1 0  

Card N o .  
Comments 

E�tp-i ration daw 

Four d ig i ts a bove name - Master Charge o n l y  

Signature Date 

Please al low eight weeks for processing- Thank you 
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Rely on Graham- Dorian, a fu ll- l ine 
computer software manufacturer, for 
sophisticated programs - the most detailed 
on the market today. They're ready to go to 
work immediately or to be tailored for even 
more specific needs. 

On-line capabilities enable you to make a 
single entry and update all affected files. An 
inquiry into a file at any time provides 
up-to-date i nformation - no batching or 
sorting of input data. 

The programs are easy to use. Messages 
on the video display guide you each step of the 
way. Programs make use of i ndexed 
sequential and chained files for fast and 
convenient retrieval of data with efficient use of 
disk space. 

Order in standard eight-inch disk either 
double or single density, or various mini-floppy 
formats. Each program contains a free 
CBAS I C-2, plus user's manual and hard copy 
source listi ng. 

• Accounts Receivable - Records invoices, prepares 
statements and trial balance reports, etc. Automatically 
reports aging of accounts in periods of 30, 60, and 90 
days, with each item listed separately. 

• Accounts Payable - Vendor lookup and change, 
entering vendor invoices, writing checks (many options) , 
cash flow analysis, accounts payable check register, and 
vendor list. Ideal for analyzing expenditures by vendor and 

• General Ledger - Includes lookup and change, making 
journal entries, trial balance, transaction register, chart 
of accounts, financial statements, and monthly closing. 

• Job Costing - Provides work order lookup,  enters 
labor transactions, material set-up, progress report of 
hours, labor distribution report, weekly fabor reset, actual 
versus estimated cost per job. 

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

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

• Payroll - Handles 1 00% of all necessary payroll 
functions including state income tax tables for your state. 
Ideally suited for both large and small companies. 

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

• CBASIC-2 - The most comprehensive and powerful 
commercially oriented BASIC available today. 
Enhancements over CBASIC-1 : integer variables, multiple 
line functions, CHAINing with COMMON variables, 
additional predefined functions, etc. Comes free with any 
package, or purchase separately. 

Compatible with many computers: Northstar, 
IMSAI, Altos, Cromenco, Industrial Micro Systems, 
Radio Shack TRS-80, SO Systems, Digital Microsystems, 
Dynabyte DB8/2, Micropolis MOD I I ,  Vector MZ, and 
other 8080, 8085, and Z -80-based systems. 
See your GDSS dealer or send for information 
packet and sample runs. 

by due date. Gil l 
DE Graham-Dorian Software Systems 

A Division o! Graham-Dorian Enterprises 
2 1 1  N. Broadway I Wichita, KS 67202 / (316) 265-8633 



IIIE.TIFII IIEI IT llillll 
O h io Scie ntific has take n its standard C h al lenger I l l  
co m p ute r and married i t  to the new S h u gart 2 9  M eg a­
byte W i n c heste r D rive . The resu lt is the C 3-C .  Th is  new 
microco m p ute r now f i l ls  the vac u u m  that existed for 
c o m p u te r  u sers who need more m ass storage capa­
bi l i ty than f loppies can offer - yet u nti l  now, could not 
j u stify the ad d it ional  cost of a larger capac ity hard d isk 
c o m p ute r  such as o u r  C3-B 74 Megabyte d isk syste m .  

Winchester Technology 
W i ncheste r h a rd d isk  d rives offer smal l  busi ness and 
p rofessio n al com puter users the logical  sol ut ion to 
m ass sto rage problems that are beyo nd the capabi l ity 

Yields the M icmcomptJter of the Future 
With an eye toward the futu re ,  the C3-C,  l i ke all othe r  
C hal lenger I l l 's w a s  desig ned w i t h  p rovis ions f o r  futu re 
generati o n  1 6  bit micro p rocesso rs via p lug- in  opt ions.  

There are ten o pe n  slots fo r l ots of 1/0 and m u lti­
user operati o n .  Tru ly, the O h io Scientif ic C3-C is a 
computer with a futu re . 

The new C3•C computer with 29 Megabyte Winchester Hard Disk. 
of flo p py disks.  I n  add it ion , 
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d isks featu re a track seek-
ti me that is m u c h  better 
than f loppies and because 
they s p i n  at e ight  t imes the 
rate of f lo ppies,  Winches­
te rs have a s h o rte r laten cy. 
B oth of these poi nts reflect 
o n e  r e m a r k a b l e  s p e e d  
ad vantage W i n c heste r d isks 
have ove r  f loppies.  

$9340 with 48K static 
RAM and OS-65U 

operating system! 

Coupled to the Challenger I l l  
Computer 
O h io Scientific's award w i n ­
n i ng C h al lenger I l l  com p uter 
i s  a classic.  It is the o n ly com­
p ute r se ries that ut i l izes the 
t h ree m ost popular  m icroproc­
e s so rs - 6 5 0 2 A ,  6 8 B O O  a n d  
Z-80.  T h i s  tre me n d o u s  proc­
essor versati l i ty e n ables one to 
uti l ize a seemi n g l y e n d less se lec­
tion of q u al ity programs avai lable 
from O h io Scientific's software 
l i b rary as wel l  as from m any 
i nd e pendent s u p pl iers.  

And Advanced Software 
For i nsta nce,  there a re s i n g le user, 
m u lt i -user and network operati ng 
syste ms.  A co m plete tu r n key smal l  
bus iness packag e ,  OS-A M C A P  p ro­
vides accou nts receivable ,  accou nts 
p ay a b l e ,  d i s b u rs e m e n t s ,  c a s h  re­
cei pts , g e neral ledger, etc . OS-CP/ M  
o f f e r s  a c o m p l e t e  F O R T R A N  a n d  
C O B O L  packag e .  And there is WP-2,  a 
co m plete w o rd process ing syste m .  For 
i n fo r m at i o n  m a n ag e m e n t ,  O S - D M S ,  
feat u res a n  advanced f i le hand l i n g  system 
and program l i b rary that s i m pl if ies i nform a­
t ion storage and recal l  and routi nely per­
f o r m s  t a s k s  w h i c h  u s u a l l y req u i re s p e c i a l  
progra m m i n g  o n  other syste ms.  

IIIErlriRI 
RD., AURORA, OHIO 44202 (216) 562-3101 OEM pricing available 

Easy to configure 
and service. ------- Rack slide mounting 

----- on all subassemblies .. 
10 open slots for 
expansion. 

Shugart SA-4008 
29 Megabyte 
Winchester Disk 
(23 Megabytes of 
formatted user space 
under OS-65U). 

C i rc l e  290 on i n q u i ry card. 
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