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Model Z-20 System Two 
Model Z-2 One or two disks Dual disk 

Up to 512K of RAM/ROM Up lo 512K ol RAM/ROM Up to 512K of RAM/ROM 
Up to I 84K ol di sk Up to 184K of disk 

Fill your computer needs 

with the industry's 


most professional microcomputers 


Up to 512 kilobytes of RAM and 

• 	 30-amp power supply more construction for rack (or bench
byte of RAM (or ROM) . than adequate for your most or floor cabinet) mounting. Cab­

We say these are the industry 's demanding application. 	 inets available. 
most professional microcomputers 

• 21 card slots lo allow for un­because they have outstanding fea­
paralleled system expansion us­ FOR TODAY AND TOMORROW tures like these: 
ing industry-standard S-100 Cromemco computers will meet• Z-BOA microprocessor - oper­ cards. 	 your needs now and in the future ates at 250 nano second cycle 

• 	 S-100 bus - don't overlook how because of their unquestioned tech ­time - nearly twice the speed of 
important this is. It has the in­ nical leadership , professionalismmost others. 
dustry 's widest support and Cro­ and enormous expandability. 

'Rated in The 1977 Computer Store memco has professionally imple­ See them today at your dealer. 
Survey by Image Resources, Westl ake mented it in a fully-shielded There's no substi tute for getting 
Village. CA. design. the best. 

# 1 IN RELIABILITY 1 megabyte of disk storage 
When you choose Cromemco you 

get not only the industry's finest /
microcomputers but also the indus­
try 's widest microcomputer selec ­

Ition. 
What 's more, you get a computer I •·~ I 

from the manufacturer that com pu­ I 
ter dealers rate # 1 in product re­
1iabil ity. • 

Your range of choice includes ' L:G - -
our advanced System Three with (~ "0 ... 11 .. uo •~•'•"' -- ­
up to four 811 disk drives. Or choose 

System Threefrom the System Two and Z-20 with Two lo lour disks 

5" drives. Then for ROM-based work Up to 512K ol RAM / ROM 
Up lo I mogobylo ol diGk 

there's the 22. Each of these com­
puters further offers up to 1/2 mega­ -

• 	 Cromemco card support of more 
than a dozen circuit cards for 
process control, business sys­
tems, and data acquisition in­
cluding cards for A-D and D-A 
conversion, for interfacing daisy­
wheel or dot-matrix printers, even 
a card for programming PROMs. 

• 	 The industry's most professional 
software support, including 
COBOL, FORTRAN IV, 16K Disk­
Extended BASIC, Z-80 Macro 
Assembler, Cromemco Multi ­
user Operating System - and 
more coming. 

• 	 Rugged, professional all- metal 

see next~ 
page L/

Cromemeo 
nco po a ed 

Specialists In computers and peripherals 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 

Circle 80 on inqu iry card . 	 BYTE Stp 1c mbct t978 
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In This 


E'1TI 
About the Cover. .. 

The computer artwork for the 
cover of this issue of BYTE is th e 
work of Ed Kellerman, whose article 
appears on page 40. It was done using 
the facilities of IBM in Endico tt NY, 
with the APL language as the major 
tool and a Tektronix plotter for pro­
ducing the black images for the various 
colors of the line drawing component 
of the cover. 

Bu t we looked at the resulting 
artwork, and then asked Ed if he 
would allow us to provide some 
additional hand coloration by Ellen 
Shamonsky of our art department. 
(Ellen is the person responsible for 
the airbrush work on July 1978's 
cover, which we forgot to credit in 
tha t issue.) Ellen provided the multi ­
colored airbrush background for the 
present cover, using the artwork 
supplied by Ed as the guide for 
positioning the various zones. 

A background in vectors and 
matrices can give you a set of powe1fu I 
tools for manipulating shapes on a 
graphics display. Read Jeffrey L 
Posdamer's The Mathematics of Com ­
puter Graphics. You may find that the 
mathematics is not as difficult as you 
think. page22 

As other articles in this issue dem­
onstrate, matrix operations are one 

4 September 1978 Cl BYTE Publica tion ~ Inc 

method of mani pul ating graphics. The 
manipul ations become si mpl er when 
the impl ementation language is de­
signed to work with matr ices. APL is 
such a language. Eduardo Kellerman 
gives us a taste or what happens when 
you mix APL and Graphics. 

page 40 

In this issue !(in-Man Chung and 
Herbert Yuen start a series or art icles 
detai ling the design and consLruction 
of A "Tiny" Pascal. Part 1 contains 
an overall view of the project along 
with a detailed look al an interprete r 
fo r p eu clocode wh ich is what the 
Pasca l source program will be com­
piled into. The Pascal project emp ha­
sizes the portability or the language by 
compiling from Pascal Lo pseudocode 
which wi ll then have an ind ividual 
interpreter for every di Ffcrent 
mac hine. page 58 

What conslitutes a program , and 
wh at is the pro per way to write 
one? Proper is a loaded word, but if 
ease of thought and unambiguity are 
goals of the effo1·t, Some Words 
About Program Structure by Albert 
D Hearn will be a good starting point 
for the novice. page 68 

This month we conclude Dr jJmes 
Williams's three parl series on Antique 
Mechanical Computers with Part 3: 
The Torres Chess Automaton . In ­
credible as it may seem, Leonardo 
Torre built d work ing chess au tom­
aton in 1911. Arter a di cu.sion about 
early concepts in the first " thinking" 
machines , Lh e chess automaton is 
described in detail in this article. 
Dr Williams conc ludes th e series with 
some phi loso phical specul ation about 
au tomata. page 82 

Steve Ciarcia completes his de­
scription of a non-contact scanner 
by describing the sortware that will 
Let Your Fingers Do the Talking. 

page 94 

In an extended Technical -arum 
discussion, Jon a than Bondy presents 
a pre limin ary design ror S2L: An 

Altair (S-'IOO} to LSl-11 Bus Adapter. 
Here is a starting point for those 
in terested in taking advantage of 
nu merous personal computing peri­
pherals in combination with the 16 
bit Digital Equipment Corporation 
LS l-11 com pu ter. page l02 

If you intend to use your computer 
for arithmetic operation s it is neces­
sary to have a floa ting point arith­
metic package. Joel Boney's article 
on im plementing a binary fl oatin g 
point package wi ll help you imple­
ment Math in the Rea l World if you 
don't have an ap prop riate package 
at you r fingerL ips in a high leve l 
language or program library. page 174 

A disp layed object can be defined 
with in a matrix in a program. On ce 
the object has been so ddined it is a 
simple matter Lo perform Graphic 
Manipulations Using Matrices as de­
scribed by Joel Hungerford. 

page 756 

Are you faced with the prospect of 
ow ni1Jg a jus t built computer system 
bare of all niceties such as BASIC or 
even assembler? Somehow, it is diffi ­
cult to impress noncomputer peo ple 
by adding 1 to ·1 to get 10 . Larry 
Kheriaty has an in teresting language 
to solve th is probl em. For Larry 's 
solution read WADUZ\T OO: How to 
Write a Language in 256 Words or 
Less. page 766 



WE'RE FIRSJJNIT'Wlt... 
AN1DWE TH_ANK~BU~ 

We are what our friends, you the 

Computerland customer, make us. 


You support growth. And Computerland 

expands. There are stores across the nation 

serving you. 


You're quallly oriented. That's why your 

Computerland store has the widest selection 

of the finest computer systems and software 

anywhere. 


You have high professional standards. 

These set the guidel ines for your 

Compulerland staff ... experts who can 

analyze and fill needs al all levels. 


You settle for nothing less than complete 

solutions. That's what gives your store 

national recogni tion for lls products and 

service. 


In short. you give direction for growth. 

Th is is what has made your store # 1, in just 

two short years. 


And, we're hosting a gigantic birthday 

party . .. To celebrate our shared success. 

On September 23, all day_At your local 

Computerland store. 


Bring your family, your friends. And join In 

the fun . 


It's our way of saying thanks ... for 

yesterday. today and tomorrow. 


CompulerLand·· 
,.uoo Co!Qll!lQ Stroe r' Sor-, locndra CA <'~n MJSI ~~JOl 

AL: Lawndale San Mateo KY: NY: OR: OaUas WI: 
Huntsville 
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Den ver 
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Oc1ro11 
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Morr t510 Wll 
Paramus 

BuHaro 
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C levela nd 
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Houston Madison 
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Bellevue Sydne~ . Austr a•a 
Federal Way Winn ipeg, Canada 
Tacoma 
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Ar<lclu Polley 

BYTE Publications Inc is continuully 
sttRjng quallry monuscripu writtrn by 
individuals who ort applying pttsonal 
computtr sys1tms, dtsignlng such sys­
tems, or who havt knowledgt which 
will provt uuful to our rtodus. For 
a mort informal description of pro· 
ctdurts and rrquirtmtnts, pottn,;a/ 
authors should stnd a relf·oddrtssed, 
stamped t nvelopt to BYT£ A uthors· 
Guid~, 70 Mo;n SI, Ptttrborough NH 
03458. 

Articles which art occtpted ure 
purchostd wirh o rote of S45 per pub · 
l/shtd pagt, baJtd on technical quali ty 
ond suitability for tht inttndtd llOdtr· 
ship. As ro arr/cits appearing In BYTE 
mogo"'ne, rach month, the authors of 
the two leading ar ticles In the reader 
poll (B YTE's Ongoing Monitor Box or 
.. BOMB ..) are prosm ttd wi th bonus 
chtcks of S 100 and 150. Unsol/cittd 
mottrlols should bt uccomponftd by 
full nomt and addrtn, as wt/I as rt turn 
postagt. • 

E~i1ClPial 


On Entering 

Our Fourth Year 

By Carl Helmers 

With th is issue, we begin ou r four th yea r 
of publication of BYT E magazine. The pro­
ject remains as exciting, if no t more so, than 
when we fi rs t put toge ther an issue of the 
magazi ne in the summer of ·1975. A lot has 
changed as the peop le involved wit h this 
publ ication have grown and learn eel about 
the process of magazine production. Yet a 
lo t remai ns similar. 

The basic goal of this magazine is not 
likely lo change: to provide readers with a 
continuing stream of novel ideas and in fo r­
mation about computers and related fie lds . 

The assumption made about the BYTE 
reader is that he or she possesses cmiosity 
combined with a wi ll ingness to expe riment 
with and learn about topics rel ated to com­
pu te rs and computing. To this end we pro­
vide a wealth of tutorials on hardware and 
software aspec ts of com puter sc ience - as 
well as specific "do it yourse lf" items on 
nea t projects which can be done by the 
reade r. And all this is tied together with an 
emphasis on the fun which can be had 
through the u c of computing technology in 
various ways. 

We started out with this idea about the 
goals of the magaz ine, and no 1·cal know­
ledge ab out how far we could take it. After 
all, the skeptics (on occasion including 
myself} would ask, can there be that many 
people interested enough in compu ters to 
buy your magaz in e? But, re fl ecting the 
grow th of personal computi ng manu factur ­
in g, we went from a 96 page black and white 
first issue lo a 208 page typical cu1Ten t 
issue, from esse ntia ll y 0 circul ation as of 
the dec isi on to start the magaz in e to a pre­
sent circu lation in excess of 140,000 paid 
copies per month. Perh aps we even played a 
small part in promoting tha t growth by 
provi ding ou r advertisi ng and edi torial 
content as a service to the industry. • 

The Standard of Excellence 

In Microcomputer Systems 
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- HORIZON 

LookToThe North Star HORIZON Computer. 

HORIZON™- a complete, high-performance microprocessor 
system with integrated floppy disk memory. HORIZON is 
attractive, profess ionally engineered, and ideal for business, 
educational and personal applicaticns. 

To begi n programming in extended BASIC, merely add a CRT 
or hard-copy terminal. HORIZON-1 includes a Z80A processor. 
16K RAM, minifloppy™ disk and 12-slot S-100 motherboard 
with seria l terminal interface - all standard equipment. 

WHAT ABOUT PERFORMANCE? 
The Z80A processor operates at 4MHZ - double the power of 
the 8080. And our 16K RAM board lets the Z80A execute at 
full speed. HORIZON can load or save a 10K byte disk program 
in less than 2 seconds. Each diskette can store 90K bytes. 

AND SOFTWARE, TOO 
HORIZON includes the North Star Disk Operating System and 
full extended BASIC on diskette ready at power-on. Our BASIC, 
now in widespread use, has everything desired in a BASIC, in­
cluding sequential and random disk files, formatted output, a 
powerful line editor, strings, machine language CALL and more. 

EXPAND YOUR HORIZON 
Also available - Hardware floating point board (FPB); addi­
tional 16K memory boards with parity option. Add a second 
disk drive and you have HORIZON-2. Economical serial and 
parallel 1/0 ports may be installed on the motherboard. Many 
widely available S-100 bus peripheral boards can be added to 
HORIZON. 

QUALITY AT THE RIGHT PRICE 
HORIZON processor board, RAM, FPB and MICRO DISK SYS­
TEM ca n be bought separately for either Z80 or 8080. 5-100 bus 
systems. 

HORIZON-1 $1599 kit; $1899assembled. 
HORIZON-2 $1999 kit; $2349 assembled. 

16K RAM-$399 kit; $459 assembled ; Parity option $39 kit; $59 
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit ; 
$259 assembled. Prices suhject to change. HORIZON offered 
in choice of wood or blue metal cover at no extra charge. 

Write for free color catalogue or visit your local computer store. 

NORTH STAR COMP UTERS 

2547 Ninth Street • Berkeley, California 94710 • (415) 549-0858 
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Sol: 

The small computer 

that won't 
fence you in. 

A lot of semantic nonsense is 
being tossed around by some of the 
makers of so-called ·'personal" 
computers. To hear them tell it , an 
investment of a few hundred 
dollars will give you a computer to 
run your small business, do a 
great amount of financial planning, 
analyze a host of data in the 
engineering or scientific lab and 
when day is done play games 
by the hour. 

Well , the games part is true. 
The rest of the claims should be 
taken with a grain of salt. All of 
the personal computers will help 
you learn about computers and 
how they work in general and the 
kinds of things they can do for 
you. Only a few have the capacity 
to grow and handle meaningful 
work in a very real sense . And they 
don't come for peanuts. 

Remember, there's no 
free lunch. 

So before you buy any personal 
computer, consider Sol ~· the small 
computer. Consider it because it 
costs more at the start so in the 
end it costs less. Consider it because 
it can grow with the complexity 
of the casks you ask it to perform 
and grow with your abi lity to 
use it. No, it 's not cheap. But it's 
not a delusion either. 

From the very beginning, Sol 
small computer systems were 
designed to be at the very top of the 
microcomputer spectrum. We 
designed them so you wouldn't have 
lo add costly extras lo do many 
jobs. We designed them so you could 
add quality peripherals and more 
memory to take care of more 
complex tasks. We designed them 

to use the best fu lly supported 
disk operating ystem on the market 
today, PTDOS, which we also 
designed. We designed them to use 
our Helios II mass memory. And 
f r Sol small computer systems we 
designed new and adapted existing 
software to give you the choice of 
Lhe best on the market today. 

Build computer power 
with our software. 

No system is complete without 
software, and at Processor 
Technology we have tailored a 
group of high level languages, 
and assembler and other packages 
to suit the wide capabi lities of 
our hardware. 

Take a look at our exclusive 
Extended BASIC as an example. In 
cassette form , this BASIC features 
string and advanced file handling, 
special ·creen commands, timed 
input, complete matrix , logarithmic 
and trigonometric funct ions, 
8 digit precision and square root. 
The language handles seria l 
access files, provides tape rewind 
and offers cursor control for 
graphics capability. 

The disk vers ion has all the 
number crunching talents of the 

assette BA I plus instant 
access to data and programs on 
floppy disks. le includes 
random as well as seq uential files 
and a unique abi lity Lo update 
sequential data in place. 

Processor Technology FORTRAN 
is simi lar to FORTRAN rv and 
has a full set of ext nsions d signed 
for the "stand alone" computer 
environment. Thousands of special 
application programs avai lable 
through books and pe riodicals have 

already been written in this well 
established language. 

Processor Technology PILOT is 
an excellent language for teachers. 
It is a string-oriented language 
designed expressly for interactive 
applicat ions such as programmed 
instruction, drill and testing. 

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

It's the small computer system 
to do the general ledger and 
the payroll. Solve engineering and 
scientific problems. Use it for 
word processing. Program it for 
computer aided instruction. 
Use it anywhere you want versatile 
computer power! 

Sold and serviced only 
by the best dealers. 

Sol Systems are sold and serviced 
by an outstanding group of 
conven iently located computer 
stores throughout the Un ited 
States and Canada. They are also 
avai lable in Australia, Europe, 
the United Kingdom, Cent ral 
America, South America, Japan 
and Singapore. 

For more information contact 
your neare t dealer listed on 
page 123. Or write Department B 
Processor Technology Corporation, 
7100 Johnson Industria l Drive, 
Pleasanton, CA 94566. 
Phone (415) 829-2600. 

In sum, all small computers 
are not created equal 
and Sol users know it to their 
everlasting satisfaction. 
Circle 305 on inqu iry card. 
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The NCC 78 Personal Computer Show 


Chris Morgan , Senior Ed itor 

Photo l: Complex high resolution graphics created with UCSD Pascal. 

Photo 3: 8 K content addressable mem0ty board from Semionics. The $525 
price tag is the lowest we've seen for this type ofmemO!y. 

10 ~'"·p 1cmbi:r I 78 v UY t L l'uhlll.t liom lnc 

Photo 2: Color graphics being generated by 
Exidy's new Sorcerer personal computer. 

The offic ial attendance was 57,240­
that 's how many people ca me to the 
National Computer Conference in Anaheim 
CA June 5 thru 8. 

Easily the biggest compu te r show in 
history, the NCC overflowed the huge 
Anaheim conven tion center into a ne igh­
boring garage annex converted Lo handle 
the extra booth . The personal compu ting 
sect ion of the show has grown into a major 
show of its own. in just two years: the 
crowds there were no less impressive than 
at the main show. 

A diversity of products greeted visitors 
to the show: everything from digitizer to 
compilers; Pascal Lo peripherals; color video 
systems to surplus parts; and so on . One of 
the most signi ficant hardware devices on 
view was an 8 K content addressable 
memory board for the S-100 bus from 
Semionic in Berkeley CA. In a normal 
memory, the address of data is input, and 
th e memory reads from {or writes to) its 



The S6,995 DP 
Center. 

The IMSAI VDP-80 

Unti l now, own ing real computing power meant paying 

unreal prices . The IMSAI VDP-80 Video Da ta Processor is 
a complete comp uter, intelligent terminal and megabyte 
nappy disk mass s torage syste m includ ing disk opera ting 
sys tem (IM DOS) and BASIC software. All in one compact 
cabinet. All fo r just $6995.* A complete desk top DP center. 

For sm all business applica tions, the VDP-80 places a 
stand-alone computer at your lingertips. And , our full line 
of add-on periphera ls assures that the system can be 
expanded as your needs do. 

For the large bu iness user, with an exis ting central 
main f'ra me, the VDP-80 is the ul ti mate remote processor. 
You have the advantage of powerful local processing 
capab ility , plus the epitome in cost-effectiveness for 
implemen ting a distributed data com municat ions network . 

Take a close look at the following fea tures. Then yo u' ll 
know why we ca ll ou r VD P-80 the desk top DP center. 

n Powerful, High-Speed, Central Processor. 3mHz 
In tel 8085 microprocessor. 32K or 64K RAM memory. 
Paralle l an d ser ial 1/0. Async h, synch, and bisynch 
co mmunications . Programmable baud ra tes (.05-56 KB). 

n Megaby te Mass Storage . PerSci dual nappy , double 
density disk drives sta ndard . One million byte storage 
capacity . Three dual noppy drives can be added-on 
providing 4 million bytes of on-li ne storage. 

o Drives, Printers , Plotters, Te rminals, Modems 
and Tape Drives . Supports up to ix te rminals or modems, 
and fo ur tape drives. Drives plot1ers, serial printers and line 
printers (up to 300 lpm) . 

IMSAI Manufacturing Corporallon 
14860 Wicks Boulevard 

o 12" CRT, 24x80 Field, Memory-Mapped, EPROM 
Controlled Font. Character and line insert/delete allows 
fast program correction and text edi ting. Inverse video and 
programmable field allows highlighting or enlarging graphic 
information display. Titled lields protect information 
blocks from being written over accidentally. EPROM 
controlled font (up to 256 different characters) allows 
foreign language and special purpose character forms . 
Video board includes 4K memory-mapped refresh RAM. 

D Alphanumeric Intelligent Keyboard. 62-pad main 
keyboard. Programmable 12-pad con trot keyboard. 
Standard typewriter and calculator keyboard layouts . N-key 
rollover reduces operator error during high-speed data 
entry . 

o Commercial BASIC, FORTRAN IV, IMDOS 
Software. Built-in ROM monitor allows extensive 
debugging and diagnostics. BASIC, interactive or compiler 
version. FORTRAN IV, Level 2 Ansi compiler. IMDOS­
IMSAl's multi-disk operating system. 

Distributed processing, financial reporting and 
analysis, word processing, whatever your application, the 
VDP-80 is your answer. 

Visit your dealer for information, or dial (415). 
483-2093 and we'll tell you how you can put our $6,995 DP 
Center on your desk top. When it comes to small business 
computers, Just Ask IMSAI. 

'lluse price Vl) P.8011 000 S6.995. with 32K R i\M memory und dual double densitr Ooppy 
disk dril'e . U.S. Domc51ic Price Onl)'. 

Features :ind prices subjcc1 10 (."hangc without notice. 

~ 
\ 


IMSAI EUROPE 
Europa Terrassen 
8 Rue Jean Engl ing 
Dommeldange. Luxembourg 43-67·46San Leandro. CA 94577 The Standard ol Excellence 

(415) 483-2093 TWX 910-366· 7287 In Microcomputer Systems Telex 1428 
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Photo 4: A throng of 
people attends the Micro 
Mouse Maze heat being 
run by James Hamblen 's 
large economy size 
"mouse, " shown, which 
traversed the maze in 
4:32: 28 minutes the 
second best time for the 
sho w. 

Photo 5: Compucolor 
Model 3 with optional 
keyboard displaying some 
unseasonal color graphics. 
The unit is undoubtedly 
one of the most cost ef­
fective full color graphics 
systems on the consumer 
market. Only 117 more 
shopping days left. 

Photo 6: Color expansion 
board for the RCA Cos­
mac VIP computer. The 
board costs $89 and gen­
erates eight colors as well 
as musical tones. 

Photo 7: Homebrew 3 
voice computer controlled 
music synthesizer built by 
j 01111 Pratt and Don Shertz 
of Monterey CA . 

12 Scp 1emlx·1 l97H 1.1 l$YTt Publ1c.atio11), Inc: 

contents at that address. In a content 
addressa ble memory, the data being sought 
is presented to the memory, and the 
memory returns the addrnss of that data (or 
a suit, ble code if he data cannot be found.) 

The UCSD Pascal Pro ject people were 
on hand with some im press ive graphic 
disp lays generated using the Pasca l language, 
and Joh n Pratt and Don Shertz of Monterey 
CA disp layed their homebrew computer 
music synthesizer which sounded very good. 

Mary Ann Dugannc and Ha l Glicksman 
displayed a program designed to l1 elp Mary's 
7 year old son john who has cerebral pa lsy. 
Two widely spaced keys on the keyboard 
are activated by john's fists to move ii 

cu rsor on a scree n and spell ou t word. For· 
more information, wri te Hal Glicksman, 
76 Market St, Venice CA 90291. 

Th e first entries competed in the amazing 
Micro Mouse Maze contest, cosponsored by 
IEEE Computer and Spectrum magazines . 
The ob ject was to design a self-powered 
electronic "mouse" that cou ld solve a maze 
in the fastest possible time. The sponsors 
of the contest were amazed (pun intended) 
at the respon e to the co ntest cal l: over 
6000 peop le wrote fo r· contest kits. Maze 
trials wi ll be conducted at various computer 
shows over the next two years before a 
winner is declared. 

These are just some of the highlights of 
a tremendous show. Next year the NCC 
wil l be in New York City. If attendance 
figure continue Lo climb at this rate, they'l l 
have to hold the show in Madison Square 
Ga rden. • 





tbeworldS-Onal computer. 


..'lt'f 
WWruch personal computer will be 

most enjoyable and rewarding for you? 
Since we delivered our first Apple~ II 
in April, 1977, more people have chosen 
our computer than all other personal 
computers combined. Here are the 
reasons Apple has become such an 
overwhelming favorite. 

Apple is a fully tested and assembled 
mainframe computer. You won't need 
to spend weeks and months in assembly. 
Just take an Apple home, plug it in, 
hook up your color TV* and any cassette 
tape deck-and the fun begins. 

To ensure that the fun never stops, 
and to keep Apple working hard, we've 
spent the last year expanding the Apple 
system. There are new peripherals, 
new software, and the Apple II Basic 
Programming Manual. And wait till 
you see the Apple magazine to keep 

owners on top of what's new. 
Apple is so powerful and easy to use 

that you'll find dozens of applications. 
There are Apples in major universities, 
helping teach computer skills. There 
are Apples in the office, where they're 
being programmed to control inven­
tories, chart stocks and balance the 
books. And there are Apples at home, 
where they can help manage the family 
budget, control your home's environ­
ment, teach arithmetic and foreign 
languages and, of course, enable you 
to create hundreds of sound and 
action video games. 

When you buy an Apple II you're 
investing in the leading edge of tech­
nology. Apple was the first computer 
to come with BASIC in ROM, for 
example. And the first computer with 
up to 48K bytes RAM on one board, 
using advanced, high density 16K 
devices. We're working to keep Apple 
the most up-to-date personal computer 
money can buy. Apple II delivers the 
features you need to enjoy the real 

satisfaction a personal computer can 

bring, today and in the future. 


&. bi-resolution 
trapbics. too. 
Don't settle for a black and 
white display! Connect your 
Apple to a color TV and 
BASIC gives you instant 
command of three display 
modes: Text, 40h x 48v 
Color-graphics in 15 colors, 
and a 280h x 192v High 

Resolution 
array that 
lets you plot 
graphs and 
compose 
3-D images. 
Apple gives 

you the added 
capability of combining 

text and graphics, too. 

Back to basics.and 
assembly language too. 

Apple speaks three languages: fast 
integer BASIC, floating point BASIC 
for scientific and financial applications, 
and 6502 assembly language. That's 
maximum programming flexibility. And, 
to preserve user's space, both integer 
BASIC and monitor are permanently 
stored in SK bytes of ROM, so you 
have an easy-to-use, universal language 
instantly available. BASIC gives you 
graphic commands: COLOR=, VLIN, 
HLIN, PLOT and SCRN. And direct 
memory access, with PEEK. POKE 
and CALL commands. 

Software: Ours and yours. 
There's a growing selection of pre­

programmed software from the Apple 
Software Bank-Basic 
Finance, Checkbook, High 
Resolution Graphics and 
more. Now there's a User 
Section in our bank, to make 
it easy for you to obtain 
programs developed 



~ my own space wars game. 

~. 

by other Apple owners. Our Software Apple peripherals 

Bank is your link to Apple owners all 
 are smart peripherals. 
over the world. Watch the far right column of this ad 

each month for the latest in our grow­Alive with ing family of peripherals. We call them
the sound "intelligent interfaces:' They're smart 
ofmusic. peripherals, so you can plug them in 

Apple's ex­ and run them from BASIC without 

clusive built-in 
 having to develop custom software. 
speaker delivers No other personal computer comes 
the added dimension of sound to your close to Apple's expandability. In addi­
programs. Sound to compose electronic tion to the built-in video interface, cas­
music. Sound to liven up games and sette 1/0, and four AID inputs with two 
educational programs. Sound, so that continuously variable game paddles, 
any program can "talk" back to you. Apple bas eight peripheral slots, three 
That's an example of Apple's "people TTL inputs and four TTL outputs. Plus 
compatible" design. Another is its light, a powerful, state-of-the-art switching 
durable injection- molded case, so you power supply that can drive all your 
can take Apple with you. And the Apple peripherals. 
professional quality, typewriter-style 
keyboard has n-key rollover, for fast, Available now. 
error-free operator interaction. Apple is in stock and ready for 

delivery at a store near you. Call us for
Apple is the the dealer nearest you. Or, for more 
proven computer. details and a copy of our "Consumer's 

Apple is a state-of-the-art single Guide to Personal Computers," call 

board computer, with advanced LSI 
 800/538-9696** 
design to keep component count to a or write Apple 
minimum. That makes it more reliable. Computer, Inc., 
Ifglitches do occur, the fully socketed 10260 Bandley 
board and built-in diagnostics sim­ Drive, Cuper­
plify troubleshooting. In fact, on our .,/.~~~~~~~ tino, CA
assembly line, we use Apples to "- 95014. 
test new Apples. 

•Apple 1J plugs 1nro an)' standard TV using 

an iliexpensive modulator (not included). 


U Jn California, call 408/996·1010. 

applcz computczr® 
Those math programs I wrote 

Programming is a snap! last week-I just rewrote them using 
I'm halfway through Apple's BASIC Apple's mini-assembler and got them 

manual and already I've programmed to run a hundred times faster. 

New from Apple. 

Introducing Disk II"' : 

instant access to your files. 


Our newest peripheral is Disk II, a 
high-density 5V4'' floppy disk drive for 
fast, lowcost data retrieval. It's petiect 
for storing large bodies of data such as 
household finances, address files and in ­
ventories; you can fi nd any record in just 
half asecond. No more searching through 

~ stacks of cassettes; with 
a f w keystrokes, your 
system will load, store 
and run any file by 
name. 

Disk lJ consists of 
an intelligent inter­
face card, a power­

ful Disk Operat· 
ing System 

(DOS), and 
one or two 

mini floppy drives. Your 
Apple will handle up to seven 
interface cards and fourteen drives, 
for control of nearly 1.6 megabytes of 
data, with no expansion chassis. The com­
bination of ROM-based bootstrap loader 
and an operating system in RAM provides 
complete disk handling capability, includ­
ing these special features: 
• Soft sectored • Random or sequential 
file access • Program chaining capability 
• Universal DOS command processor 
works with existing languages and monitor 
• FuU disk capability in systems with as 
little as 16K RAM • Storage capacity: 
113 kilobytes/diskette. 

See Disk II now at your Apple dealer. 
Sold complete with controller and DOS at 
$495.t 

Peripherals in stock 
Hobby Board (A2B0001X), ParaUel Printer 
Interface (A2B0002X), Communication In­
terface (A2B0003X), Disk Il (A2M0004X). 
Coming soon 
Hi~h speed Serial lntetiace, Printer II, 

Pnnter lIA, Monitor II, Modem IIA. 


1Price subject to change wilhout notice. 

Circ le 15 on inqu iry card. 

Apple's smart peripherals make 
expansion easy. Just plug 'em in and 

they're ready to run. I've already 
added two disks, a printer and the 

communications card. 



A Solid State Keyboard as Modern as Your Computer 


Solid state electronics has moved the computer quickly from the business world Into personal uses. 
Meanwhile, computer keyboards have hardly moved at all. 

Now TASA introduces a keyboard as modern as your computer. Don't confuse It with ordinary flex switches. It 
is fully solid state and self-contained, ready to plug in and use. Since it has no mechanical moving parts, it 
responds quickly to your touch. And it provides full ASCII coding In TASA's exclusive color-keyed layout that 
makes it easier to say what you want to say to your computer. 

This is the TASA Micro Proximity Keyboard, and it sells for only $49.95. Despite the price, CMOS/LSI 
integrated circuits make it totally reliable inside. With the sensors behind a shield of polycarbonate -the most 
rugged plastic ever developed-it is also durable and reliable outside. 

The TASA Keyboard contains all the features you would expect in a professional keyboard- shift, shift lock, 
control functions, and a normal typewriter format. 

If you're 1ired of costly mechanical keyboards and kits you have to assemble, bring your computer up to date 
the easy way. Plug in a TASA Keyboard. It will never come between you and your computer. 

the1aEiEI 

Micro Proximity Keyboard 


$4995 




The TASA Keyboard 

Features: 

D 51 Keys, with entire 128 posi­
tion ASCII code output. 

D All keys identified as to Un­
shift, Shift and Control outputs. 

D Full 8-bit ASCII output with 
selectable positive or nega­
tive parity. 

D Single power supply, 12.5 ­
20V unregulated. 

D Output TTL, DTL and CMOS­
compatible. 

D Full solid state design with no 
moving parts. 

D Standard PC edge connect­
er. 

D Use on any flat surface, or with 
D Optional plastic support 

stand (as shown) 

1EIEii!I 


Touch Activated Switch Arrays, Inc. 
2346 Walsh Avenue, Santa Clara 
California 95050 (408) 247-2301 

NAME 

ADDRESS 

CllY 

STATE ZIP 

Enclosed is my check for $ --- ­
to cover: 

-- TASA Keyboards 
@ $49.95- $ --- ­

-- Optional stands 
@ $12.00- $ ----­

Shipping and handling 
charge at $5.00 
per keyboard- $ ---- ­

SUBTOTAL-$==== 

Sales Tax, 6%- $ ____ _ 
(California residents only) 

TOTAL ENCLOSED $ ----­

Price subject to change without notice 

Circle 363 o n inquiry card . 

WANTE D : A RANDOM NUM BER 

CIRCU IT 


Writ ing a really good pse udorandom 
number genera tor is not an easy th ing to 
do; Knuth devoted half a volume to the 
process. Also, if you base a computer 
game on a pseudorandom number gen· 
e rator , you have the awkward prob lem 
of supply ing a seed for each game. For 
these reaso ns, I would like a way of ge t· 
ting truly random numbers in to a micro· 
processor. One way to do this is to have 
the computer increment a cou nter while 
waiting for the use r to enter somethi ng. 
If the computer is fast enough, the low 
order bi ts of the counter will be ra ndom . 
However, this method is not good for 
generat ing large numbers of random 
numbers, since the user must be con­
sulted for each one. What I really want is 
a circuit which generates random bits. 
I've heard that such circ uits exist, 
based o n somethi ng called "noisy" 
diodes . Where can I get de tai ls? 

Scott D l ohnso n 
241 Linden Av 

Ithaca NY 14850 

Certain processors, like the Z ilog 
Z -80, hove m ethods of apparently form­
ing a random seed number. Since the 
hidden refresh counter for dynamic 
m emory is alway s in operation it con be 
paged whenever a seed for a pseudo­
rondom number generator is required. 
Within certain constraints It may a/so 
be possible to use a series of th ese num­
bers as pseudorondom numbers. 

WH AT A SMA LL CO MPUTE R CA N 

DO FOR T H E MU LT IPLY 


HANDICAPP ED 


Being extremely green at this com· 
purer game and having no hardware 
experie nce (come to think of it no 
experience whatever) I have on ly had 
my App le about three weeks, bu t I 
have a glimpse of the tremendous 
possibilities now open to me. 

Since breaking my neck whi lst 
o n National Service in Germany, I've 
bee n able to move my head, left, right 
and slightly backwards and forwards 
and chat's my lor. If a nyone tries lying 
on the floor on his back, using the 
above movements and tr ies writing 
his name with a pen in his mouth (hold­
ing a pad above) they will quickly 
realise there's not a big variety of things 
someone in my position can do. 

Now imagine the same person with 
the keyboard of a computer in front of 
him you find the limi ts go up tenfold . 

I know there are machines like 
" Possom" issued in certain cases by 
the UK governme nt. It wi ll con nec t 
the disab led ·to TV telephone, it will 
open doors and curtains, and work 
a typewriter, about a dozen functions 
and it cos ts between J: 1,400 and J: 1,600 
depending on the number of functions . 

The processor I have is an "Apple 11" 
16 K and because I have to work with a 
stick in my mouth, the shift and contro l 
keys have had to be modified so that 
they work like a typewriter a nd use two 
movements to lock and re lease. 

The App le has opened up a new 
world I didn ' t know existed. It now 
makes jobs possible, the design and 
colour graphics and all the games (and 
don't knock the games, remember 
your capabilities while lyi ng on the 
floor) and all this at a touch with a 
stick, and at costs comparable with 
uPossom .'' 

All I have to do now is buckle down 
and do a lot of studyi ng and practicing. 

I hope this gives some of your 
readers a glimpse of what a computer 
could do for the disabled a nd severe ly 
disabled. Also wonder if they have the 
same problem I have of doing a bit more , 
and a bit more to find it's 3 AM, or later, 
and that you have to force yourself to 
turn that switch off. 

Charles Smith 
222 West Ct 

T he T histle Founda t ion 
Edi n burgh EH16 4 EB 

SCOTLAND 

SOME NOTES F ROM JAPAN 

You may be interested in details of 
two recent Tokyo shows. At the Busi· 
ness Machines Show Sharp featured 
a new programmable calculator, the 
PCl 300. This feat ures magnetic card 
program storage, a lphanumeric pri nter 
and disp lay. It has 26 memories (A th ru 
Z), program size is up to "256 steps ," 
two levels of su broutine nesting are 
allowed, size is 44 by 123 by 220.5 mm 
(1.7 by 4.8 by 8.7 inches), weight is 
680 grams (8 ounces). Numeric format 
is 10 digit mantissa, 2 digit exponent. 
Display scrolling (programmed?) was 
demo nstrated at the show. Display and 
printer are both 16 characters wide. 

Cont inued on page 66 
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Considering a Micraca111puter? 

Be Sure to Check Out the Product Offerings of the World's Largest 

Full Line Microcomputer Company. 
All Ohio Scientific machines come with microcomputing's fastest full 
feature BASIC-in-ROM or on-Disk for instant use. 

Minimum Baseh II n rl Configuration Price 

Economical computer systems that talk in BASIC. 
Ideal for hobbyists, students, education and the home. 

Superboard II - World's first complete system on a board 4KRAM $ 279 
including keyboard, video display, audio 
cassette. BASIC-in-ROM and up to SK RAM 

Challenger IP - Fully packaged Superboard II with 4KRAM $ 349 
power supply 

Challenger IP Disk - Complete mini-floppy system 16K RAM $1190 
expandable to 32K RAM 

t llP ri 
Ultra high performance BUS oriented microcomputers for 
personal, educational, research and small business use. 

C2-4P ­ The professional portable 4K RAM $ 598 
C2·8P ­ The world 's most expandable personal machine 4KRAM $ 799 

for business or research applications 
C2·4P Disk ­ The ultimate portable 16K RAM $1464 
C2·8P Single Disk ­ Ideal for education, advanced 16K RAM $1738 

personal users. etc. 
C2-8P Dual Disk ­ Most cost effective small 32K RAM $2597 

business system 

r II Seri I Int rt S ri 
Same great features as Challenger llP Series for those who 
have serial terminals: small business, education, industry. 

C2-0-Great starter for users with a terminal 4K RAM $ 298 
C2-1 - Great timeshare user accessory; cuts costs 4K RAM $ 498 

by running simple BASIC programs locally 
C2-8S- Highly expandable serial machine. can 4K RAM $ 545 

add disks, etc. 

r Ill T UHi I I Sm II C mput r 
The unique three processor system for demanding business, 
education, research and industrial development applications. 

C3-S1 - World's most popular 8" floppy based 32K RAM $3590 
microcomputer dual floppys 

C3-0EM ­ Single package high volume user version 32K RAM $3590 
of C3-S1 dual floppys 

C3-A ­ Rack mounted multi-user business system 48K RAM $5090 
directly expandabe to C3·B dual floppys 

C3·B ­ 74 million byte Winchester disk based system. 48K RAM $11 ,090 
World's most powerful microcomputer dual floppys 

OHIO SCIENTIFIC also offers you the broadest line of expansion 
accessories and the largest selection of affordable software! 

Compare the closest Ohio Scientific Model to any other unit you are con· 
sidering. Compare the performance, real expansion ability, software and 
price, and you will see why we have become the world's largest full line 
microcomputer company. 

I'm Interested In OSI Computers. Send me information on: 
D Personal Computers D Small Business Computers 
D Educational Systems D Industrial Development Systems 
D I'm enclosing $1 .00 for your 64-page small computer buyer's guide. 
Ohio resldenls add 4'/o lax . 

Name 

Address 1333 S. Chillicothe Road 
City ------------- Aurora, Ohio 44202 
State _____ ___ ip (216) 562-3101 

Phone ------------ ­
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If you are interested in an ultra high per· 
formance personal computer which can be 
fully expanded to a mainframe class micro· 
computer system, consider the C2-8P. 

Features: 
Minimally equipped with 8K BASIC-in-ROM, 4K RAM , 

mach ine code monitor, video display interface, cassette 
interface and keyboard with upper and lower case 
characters. (Video monitor and cassette recorder opt ion al 
extras.) 

The fastest full feature BASIC in the microcomputer 
industry. 

Boasts the most soph isticated video display In per­
sonal computing with 32 rows by 64 columns o f upper 
case, lower case, graphics and gaming elements for an ef­
fective screen resolution of 256 by 512 elements. 
• The CPU's direct screen access, coupled with its ultra 
fast BASIC and high resolution, makes the C2-8P capable 
of spectacular video animat ion directly in BASIC. 
• Fully assembled and tested : 8 slot mainframe class 
microcomputer, six open slots for expans ion. Supports 
Ohio Scientific's ultra low cost dynamic RAM boards or 
ultra high reliabil ity static RAMs. 

Circle 290 on inquiry card . 

The C2-8P can support more in-case expansion than its 
four nearest competitors combined. 

The C2-8P is the only BASIC-in-ROM computer that can 
be d irectly expand'ed today to a complete business 
system with line printer and 8" floppy disk drives. 

It is the only personal class computer that can be 
expanded to support a Hard Disk! (CD-74) 

The C2-8P is the fastest in BASIC, has the most soph isti­
cated video display and is the most internally expandable 
personal computer. Therefore, it should be the highest 
priced? 

Wrong: The C2-8P is priced considerably below several 
models advertised in this magazine. The C2-8P is just one 
of several models of personal computers by Oh io 
Scientific , the company that first offered full feature 
BASIC-in-ROM personal computers. 

For more information, contact your local Ohio Scientific 
dealer or the factory at (216) 562-3101. 

1333 S. Chillicothe Road • Aurora, Ohio 44202 
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The OSI 48 Line BUS 

OH IO SCIENTIFIC offers the 
broadest l ine of BUS compatible micro· 
computer boards. This line includes 
several new and exciting products 
which are not available anywhere e lse , 
such as a three processor CPU board , 
dual port memories and a multi· 
processing CPU expander. 

OHIO CIENTIFIC has delivered 
approximate ly 100,000 boards based 
on our 48 line BUS and is now deliver­

ing thousands per week in 17 models of 
computers and dozens of accessories. 

OH IO C E TIFIC'S BUS design 
incorporates high band width , high 

density and mass production 
technology to achieve a tru ly remark­

able performance to cost ratio. 
Here is just a sampling of the many 

OSI 48 BUS compatible boards 
available for the systems user, proto­
typer, OEM user and experimenter. 

CPU 
• Challenger II CPU BASIC·1n·ROM • Can use lour 2716 EPROMS + 51 _ g 
6502 based CPU with serial 110 1ns1ead ol BASIC or can be 
4K RAM. machine code mon11or conl1gured for disk 
• Challenger Ill CPU has 6502A. 6800 • 1megabyle memory man· + 51-9 
and Z80 micros. RS-2 32 serial porl. ager. sof1ware program· 
machine code monitor mable vec1ors 
• 5602 mufll·processing CPU • Runs concu rrenlly w11h + 5/- 9 
expander runs PDP·B. Z80 and ano1her OSI CPU 
8080 code 
~AM 
• 16K s1a11c RAM (Ultra low power) • 215NS access lime + 51+121 - 9 

au1oma11c power down 
s1andby mode 

• BK static RAM (low cosl) • Expandable 10 16K +5 
• 16K s1at1c RAM (low COSI) • Can be expanded 10 dual + 5 

por1 opera 11on 
• 24K s1a11c RAM (high density) • 20 address b11s + 5 
• 4K slahc RAM (2102 based) • Can be popu 1a 1ed for +5 

4K by 12 b1ls 
• 16K dynamic (ullra low cosl) • Uses 4027 RAMS +5/+121 ­ 9 
• 32K dynamic • 20 address b11s +5/+121-9 
• 48K dynamic (high density) • 20 address b11s +51+ 121 ­ 9 
EPROM Ooard1 
•BK 6834 EPROM board • 16 line parallel porl and on +5/-9

board programmer 
• 4K 1702A EPROM board • 16 lone parallel porl +5/-9 
t/O Board 
• Audio Cassene interface Kansas • Expandable to CA-7C + 51 ­ 9 
City standard 300 baud 
• RS·232 pon board • Expandable lo CA·7S +51-9 
• Combination audio casselte two • Also Fea tures 8 parallel + 51-9 
8 bit DACs. one las1 AID and 8 110 lines 
channel input mux 
• Comb1nalion RS·232 two 8 bit DACs. • Also features 8 para llel +51-9 
one fasl AID and 8 channel 110 lines 
inpul mux 
• 32 by 32 charac1er video display • Keyboard input porl +51 - 9 
int erface 
• 32 by 64 charac ter video displa y • Upper/lower case graphics +5 
interface and keyboa rd por! 
• 16 port serial board RS-232 and/or • 75 10 19.200 baud and +5/-9
high speed synchronous 250K and SOOK bit ra tes 

1nd1v1dually slrappable 
• Parallel (Cenironics) line • With cable +51- 9 
P"nter Interface 
• 96 Line Remote Parallel Interface • ln1erface " Front End" +5 

remolab le via 16 pin 
ribbon cable 

• Voice 110 boa rd w11 h Votrax · • Fully assembled voice + 51 - 9 
module ou tput. experimen tal 

voice Input 
DIS S 
• Single a· lloppy disk. 250 • Complete w1lh operating +51- 9 
Kbytes storage system sof tware and disk 

BASIC 
• Dual 8• floppy disk. 500 • Complete with opera ling + 51 - 9 
Kbyles storage sys1em software and disk 

BASIC 
• 74 M1 lhon byle Winchester disk • Complete w1lh OS·65U + 5/ - 9 
and m1erlace operating system 
OTtlEFI 
• 8 slot backplane board w11h • Can be da1sy·cha1ned 
connectors 10 n·SIOtS 
• Prototyping bOard • Handles over 40 t6 pin 1c·s 
• Card Ex tender • With connec tors 

500 39.00 C2-0 298.00 

510 NA C3·0 490.00 

560Z 125.00 NA NA 

520 35.00 CM-3 498.00 

CM·? 198.00 
525 35.00 CM·8 339.00 

527 35.00 CM-9 NA 
420 35.00 CM-2 125.00 

530 NA CM-4 249.00 
530 NA CM·5 698.00 
530 NA CM-6 990.00 

450 35.00 NA NA 

455 35.00 NA NA 

430 35.00 CA-6C 99.00 

430 35.00 CA-6S 99.00 
430 35.00 CA·7C 399.00 

430 35.00 CA-7S 399.00 

440 35.00 NA NA 

540 NA CA-11 249.00 

550 35.00 CA-10X 200.00 
to 

900.00 
470 NA CA-9 249.00 

CA-1 2 249.00 

CA·14 525.00 

470 NA CD-1P 790.00 

470 NA CD-2P 1390.00 

CD·74 6000.00 

580 39.00 NA NA 

495 29.00 
498 29.00 

For more information, contact your local OHIO SCIENTIFIC Dealer or the factory at (216) 562-3101 

1333 S. Chillicothe Road• Aurora, Ohio 44202 
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ThaC3-B 

by Ohio Scientific 

lba world's mast pawarful
mlcrommputar systam 
is far mare lffardlbla 

than you may think: 

STANDARD FEATURES: 

74 million byte Winchester tech­
nology disk drive yields mainframe 
class file access speeds and 
capacity. 

• High level data file software 
makes high performance file struc­
tures l ike mult ikey ISAM easy to 
use. 

Trip l e processor CPU with 
6502A, 6800 and Z-80 gives the pro­
grammer the best of all worlds in 
performance and versatility. 

The included 6502A based ex­
tended disk BASIC by Microsoft 
out-benchmarks every micro 
available, including 4 MHz Z-80 and 
LSl-11 with extended arithmetic. 

48K of high reliability static RAM 
Is standard. 

• High density 8" fioppys provide 
program and data mobility from 
machine to machine. 

• Completely integrated mechani­
ca l system with UL-recognized 
power supplies; continuous duty 
cyc le coo ling; modular construc­
t Ion and rack slide mounted 
subassemblies. 

Based on a 16 slot Bus-oriented 
architecture with only 7 slots used 
in the base machine. 

Direct l y expandable to 300 
megabytes of disk, 768K of RAM in 
16 partitions, 16 communication 
ports , plus console and three 
printers. 

C3-B's have been in production 
since February, 1978, and are 
available now on very reasonable 
delivery schedules. 

The C3-B was designed by Ohio 
Scientific as the state of art in 

Circle 290 on inqui ry card . 

DO 

ao 

small business computing . The 
system places its power where it's 
needed in the small business 
environment; in the data files. The 
C3-B's advanced Winchester tech­
nology disk, coupled with its smart 
controller and dedicated high 
speed memory channel, gives the 
C3-B data file performance com­
parable with today's most powerful 
maxi-computers. 

Yet, the C3-B costs only sl ightly 
more than many floppy only com­
puters but offers at least a thou­
sand times performance improve­
ment over such machines (50 times 
storage capacity multipl ied by 20 
times access speed improvement). 

But what if your business client 
cannot justify starting with a C3-B? 

Then start with Ohio Scientific's in­
expensive C3-S1 floppy disk based 
system running OS-65U. When he is 
ready, add the CD-74 big disk and 
directly transfer programs and files 
from floppy to big d isk w ith NO 
modifications. 

That's upward expandability! 
•Rack as shown above complete 

with 74 megabyte disk, dual 
floppys, 48K of static RAM, OS-65U 
operating system and one CRT ter­
minal under $13,000. 

Multiple terminal systems with 
printers and applications software 
are priced in the mid-20's. 

1333 S. Chlfflcothe Road• Aurora, Ohio 44202 
(216) 562-3101 

6 YTE Sep lembcr 1978 21 



M IN 

V MAX 

PROBLEM 
SPACE 

etc. 

Jeffrey L Posdamer 
Dept of Computer Science 
SUNY at Buffalo The Mathematics ofRidge Lea Rd 
Am herst NY 14226 

Computer GraphicsComputer graphics by Joel Hungerford 

Graphic assistance by Vivian Day 

The personal com puti ng literature is filled 
with mater ial describing the hardware of 
microprocessors using video graphics. A 
great deal has also been written abou t spe­
cific graphic applications including video 
games, computer art, etc. Computer graphics 
is, however, a powerful tool that requires for 
its use an unde rstand ing of a set of under­
lying computing and mathemati cal pri nciples. 
The purpose of th is art icle is to present some 
of these princ ip les in the context of perso nal 
computing. 

The screen of a video disp lay is essentially 
a space with two dimensions. While a num­
ber of schemes exist for dealing with two­
di mensional spaces, the most common is 

U 

Figure 7: Problem space versus display space. The screen ofa video display is 
essentially a space with two dimensions, commonly addressed by integer 
Cartesian coordinates. In creating graphics images, it is often useful to per­
fo rm calculations in what is called a problem space and later map onto the 
display space. For instance, if y ou are creating a game of action football for 
your graphics d isplay, it may be more useful to perform the calculations with 
u and v coordinates measured in yards (your problem space) and later con­
vert to the display space with its integer coordinates. 

22 Septembtr 1978 © 6 YTE Public.11 1ioni Inc 

Cartesian coordinates. Each point in the 
space is rep rese nted by a pa ir of numbers 
correspo ndi ng to its di stance from two axes 
at right angles to each other. On a video 
display this pair of numbers corresponds to 
the scan line number and pictur·e clement 
within th e scan line. The notation Ix y j will 
be used here to denote the element number 
and scan line number. Due to the nattffe of 
displays, the val ues for x and y are integers 
of limited range. Each pair of values corres­
ponds to a uniq ue point in the display space . 

For many problems in wh ich computer 
graphics is useful, a second space is L1sed. 
Th is is the problem space (see figure 1). Th is 
corresponds to the description of the prob­
lem geometry as opposed to the screen. The 
represen tatio n [ u vJ will be used here for 
problem spaces. For Space War its dimen­
sions may be measu red in parsecs, for a ten­
nis simulation it may be meastired in inches, 

Problem spaces may be integer or real, 

Y MA X 

X MAX 

Y MI N 
DISPLAY SPACE 
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HiriilS-on•
m1e~essor 
experience from ~ one ••• 


T Instructor 50. 
Learning by doing is still the best method of education. And when it comes to 


Iearnjng about the world of microcomputers, you won't find a better method than 

the Instructor 50. 


It's the fast, ready-to-use learning device that immediately provides "hands on" 

experience for gairung microprocessor knowledge- in your home, office, or in the 

c1assroom. 


Superior to other microprocessor learning aids, the Instructor 50 is a COM­

PLETE package- including a b u il t- in power supply (50/60 Hz). an LED 

prompting display, and both functional and hexadecima l keyboards. You 

also get S-100 compatib mty for adding memory and other peripherals. This lets 

you expand the machine's capability-and your mkroprocessing applications 

knowledge. Moreover, you can easily build a program library by recording your own 

audio cassettes. 


The Instructor 50 comes complete with a Users' Guide , along with step-by-step 

instructions for those with no previous microprocessor experience. 
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Signetics offer one of the broadest choices of micmprocessors in the industry. 
This knowledge stands behind the Instruct.or 50. When you need to learn about 
micrnprocessors, start with Signetics. Stru·t with the Instructor 50. Send for your 
descriptive brochure today. 

We can help you understand microprocessors. 

!i!!JIDliC!i 
a subsidiary of U.S. Phillps Corporation 

Sigiel1es Corpora100 
811East Arqi.esA.e-ue 

Srnnyva~Gallomia 94086 
~phOne 408/739-7700 

Circle 317 on inquiry card . 
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bounded or unbound ed and are defined by 
the nature of the problem, not the use of 
computer graphics as a tool. 

Naturally, there must be a way to convert 
from one space to the other when both are 
used. If 

xsmin left screen value 
xsmax r igh t screen value 
ysmin bottom screen value 
ysmax top screen value 

and 
upm in minimum problem space u 

coordinate value 
upmax maximum problem space u 

coordinate va lue 
vpmin minimum problem space v 

coordinate value 
vpmax maximum problem space v 

coordinate value 

then the point [u v] in problem space 
maps into a point [ x y] in screen space as 
follows : 

x= ( u-upmin . ) X (xsmax-xsmin) + 
upmax-upmin 

(xsmin) 

y = ( v-vpmin . I X (ysmax-ysmin) + 
vpmax-vpmin 

(ysmin) 

In most cases, operat ing on individual 
poin ts is only a beginning. Generally, tech­
niques are needed to deal with line segments 
tha t connect points to define figures and 
regions. 

If two points Po= [xo YO I and P1 = 
[x1 Yl] are to be connected by a line seg­
ment, it is often necessary Lo compute every 
point on the connecting line (see figure 2). A 
traditio nal representation of the straight line 
is of the form: 

y = mx + b 

where 

v,-vo 
m = --and b = y - (x X ml.x,-xo 0 0 

To compute the series of points that would 
represent the li ne segment connecting Po 
and P1 , a program would start with the 
point at (xo.Yo) add m X !:ix to YO and !:ix 
to xo enough times to reach x1 and Yl (.6 x 
means a small incre ment of x). It is impor­
tant to realize that m, b and the interme­
diate values of x and y may take on non­
integer values. For each intermediate point, 
the rounded values of x and y are used to 
designate a picture element to be displayed 
as part of the line's representation. 

An alternative to this scheme is the "para­
metric" line representation. Here, the mathe­
matical re presentat ion of the infinite line 
that passes through Po and P1 is not used . 

I Xo , Yo) 

Figure 2: The straight line, a basic element 
in many displays. If two points are to be 
connected by a line segment, in a raster 
graphic display it is necessary to calculate 
every point on the connecting line. In the 
case of a vector display, only the endpoints 
of the vector need be computed. 

Instead, we represent only the points be­
tween Po and P1 : 

x =(1-tlx + tx =x + t!x -x )
0 1 0 1 0 

v =- l1-tlv0 + t v 1 = v0 + tlv 1 - v 0 l 

where t varies from 0 to 1 

(x,vl = !x0 ,v l at t =- o0 

(x,y) = (x .v ) at t =1
1 1

A line similar to the above line is generated , 
but with simpler, more direct computations. 

For more advanced systems, a number of 
hardware schemes for line generation exist. 
Since hardware is not the topic of discussion 
in this article, refer to reference 1 for a dis­
cussion of binary rate multipliers, digital 
differential analyzers and multiplying digital 
to analog converters. 

Another basic graphics element is the 
polygon. The polygon is a plane figure 
consist ing of all points inside and on the 
boundary of a simply connected series of 
straight lines. For our purposes it is more 
convenient to represent a polygon by a list 
of its ve rt ices than by a list of the entire set 
of displayed points. Polygons raise the issue 
of the differences between video or raster 
displays and line drawing vector or calli­
graphic displ ays. 

The line drawing display has been a 
standard graphics device. It contains hard­
ware to draw lines between points in the 
screen space. The image is drawn by tracing 
over each I ine in the image in the order the 
lines were specified. Thus, only points on 
displayed lines are scanned. 

The raster display uses a fixed scanning 
pattern that covers the entire screen. At 
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sc reen pos iti ons wh ich are parts of the 
di splayed image, the scannin g beam is 
intensified, ca using images to appear on the 
screen. On a line drawing di splay, po lygo ns 
can be r·epresented by their boundaries ; on a 
raste r display they can be "colored in ." 

Displaying Polygons 

A polygon is represen led by an ordered 
set of points : (xo,Yo), (x1.Y 1), ... (xn,Ynl · 
An alternative notation for this col lection is 
a matrix: 

M 

Each element of the mat ri x is a number, 
specified by i ls row index and colum n index. 
In memory, ar rays are typical ly stored in 
consecutive locations in either row o r 
co lu mn order. IL is necessary to ca lcu late an 
elemen t address from the row and co lumn 
indices of a particu lar element in order to 
access i l. 

Given the vertices, how can the disp layed 
interior points be calculated? Let us a sume 
(a is usuall y the case) that the display scans 
from top lo bottom and from left to right. 
For· each line segment in the po lygon, deter­
mine the vertex with the maxim um y value 
an d sort the edges in descend ing orde r 
by the max imum y value. Eve ry vertex 
in the polygon is now represented in two 
places: as the begin ning and end o f two 
lines. Beginning with the to pm ost ve rtex, a 
line ge neration algorithm is used on any line 
that crosses the current y value. Because of 
the sort that was performed, line segme nts 
which begi n lower on the screen rnay be 
ignored . Since both ends of the line segment 
arc present, a line is dropped from the 
computation when its " lower" end is passed. 
For every line passing through the current 
y value, the x value has been ca lcu lated. The 
points generated are now sorted by x va lue. 

Starting with the minimum x va lue, fil l in 
picture clements on the scan line unt il th e 
nex t va lue is encou ntered; leave empty 
picture elements unti l another picture 
element (if any) is encountered . As the 
program scans fro m left to ri ght, the x values 
occupying odd numbered positions (1 st , 
3rd...) in the x-sorted list cause picture 
element insertion to begin ; the even position 
elements cause picture element inse rtion to 

be superseded. Figure 3 shows how thi s 
process can be ge nerali zed and applied to an 
arbi trary plane f igure in out line form, ie: a 
lette r " P." This procedure is repeated as the 
y value is stepped down the sc reen space 
for each scan line until the " lowest" vertex 
is encou ntered, ending the figure. 

Transfo rmations 

Now th at the basic graphic clements have 
been defi ned in terms of points and a se t of 
algorithms which generate lin es and arbitrary 
fig ures from the poi nts, it is necessa ry to 
exami ne th e operations needed to manipu­
late points to perform useful tasks. There are 
thr·ce basic transformations in two dimen­
sions: transla tion, rotat ion, and scaling or 
magn ification. 

Trans lation is the movement of a point or 
points by an amount in x and an amo unt in 
y. The motion is such that neither the shape, 
size nor orientation is changed . It may be 
ex pressed as: 

x' = x + changex 

y ' = y + changey 


where the changex need not equa l changey . 
If all of the poin ts assoc iated with a line 

or figu r·e are uanslated by an equa l amou nt, 
the graphi c clement is trans lated without 
change in size, shape or or ienta tion . Figure 4 

SCAN LINE 1 

SC AN L INE i 

• ODD 1rJ 1[H5f:Lr10t~5 

• EVEN INTERSECTIONS 

Figure 3: Creating a letter P with a roster 
scanning video display . During each scan line 
the program creates blonl?S until it comes to 
the first line. After this point it creates solid 
picture elements until it encounters the next 
line, whereupon it switches back to blanl?s. 
The algorithm states that solid picture 
elements should fo llow odd numbered fine 
in tersections and that blanks should follo w 
even numbered line intersections. 
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The North Star 16K RAM board is a sta r performer 
in our HORIZON computer. Just as important, it is the 
ideal memory for most other S-100 bus systems. No other 
RAM board can surpass the speed, reliability, and quality 
features of the North Star 16K RAM at any price. 

SPEED - The North Star 16K RAM is the fastest S-100 
bus memory board available. No wait states are required, 
even with a Z80 at 4MHz. And , of course, this outstand­
ing 16K RAM will operate with both 8080 and Z80 proc­
essors at 2MHz. Industry standard 200ns dynamic RAM 
chips are used. Invisible on-board refresh circuitry allows 
the processor to run at full speed. 

RELIABILITY - The North Star 16K RAM is designed to 
match the same high standards as our MICRO DISK 
SYSTEM and HORIZON computer. For example, all ad­
dress and data signals are fully buffered. A parity check 
option is available with the 16K RAM for applications re­
quiring immediate hardware error detection. If a memory 

NoRTH STAR 

error occurs, a status flip/flop is set and an interrupt can 
inform the processor. Or, if preferred, an error status 
light will go on . 

FEATURES - The North Star 16K RAM offers many de­
sirable features. Addressability is switch-selectable to 
start at any 8K boundary. The board can perform bank 
swi tching for special software applications, such as time­
sharing. Al so, bank switching can be used to expand the 
amount of RAM beyond 64K bytes. Power consumption 
is minimal - the maximum power requirements are: 
.6A @ 8V; .4A @ + 16V, and .1A @ - 16V. 

PRICES - $399 kit. $459 assembled, tested and burned­
in . Parity option : $39 Kit . $59 assembled, tested and 
burned - in. 

Write for free color catalog or visit your local computer 
store. 

COMPUTERS 
2547 Ninth Street· Berkeley, Californ ia 94710 • (415) 549-0858 
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y 

__[}CHANGE Y 

HCHANGE x 

Figure 4: Translation in the xy plane. 

shows the effect of a translation app lied to 
our arbitrary figure, the letter "P." Rotation 
is a somewhat different problem. It involves 
a computation which maintains shape 
but changes orientation. A rotation will 
generally leave only one point in th e two­
dimensional space with its position un ­
changed: the center of rotation . For the 
sake of simplicity, the rotation computation 
is developed with the point (O,O) as the 
center of rotation. The polar coordinate 
representation is used (see figure 5). Later it 
wi ll be shown how to rotate about any 
arbitrary point. The point to be rotated, Po, 
is at position (xo,yo) (see figure 6). This is 
at a distance r from (O,O) and the line from 
the origin to P makes an angle of a with the 
x axis. From trigonometry we know that : 

x = r cos(a)0 
yo=rsin(a) 

If P0 is rotated about (O,O) by an angle of b 
to become P 1 then 

x = r cos(a+b)
1 


y = r sin(a +b)

1 

but from trigonometry we may substitute 

X, y 

r, o 

Figure 5: Polar coordinate representation 
of a point in the xy plane. 

!x 1, Y11 
P 1 ( r o +bl 

1 

" 

Figure 6: Rotation of vector about the origin. 

for the sum-of-angles form: 
x = r cos(a) cos(bl - r sin(a) sin(b)

1 
Y = r cos(a) sin(b) + r sin(a) cos(b)

1 

but from above we get 
x = x cos(b) -y sin(b)

1 0 0 

Y x sin(b) + y 0 cos(b)


1 
= 

0 

The last of the basic transformations is 
scaling or magnification. This involves a 
change in size without change in orientation. 
Dependi ng on the definition of shape, it is 
either unchanged or changed "without 
distortion ." As in rotation, only a single 
point in the plane is unch anged by a partic­
ular scaling transfo rm ation and once again, 
for convenience, the origin [ 0 0 J is left 
unch anged. The equations: 

will scale x and y by a factor s. The factor 
may be greater than or less than ·1. If a 
nega tive value is used for s, then reflec/ion 
abou t th e origin is performed. If the scale 
factors for x and y are different, then 
"s tre tching" is accomplished. Figure 7 
illustrates several scaling 
app lied to the "P" figure 
eariier illustrations. 

tr·ansformations 
seen in several 

Vectors and Matrices 

The use of matrix notation allows simpli­
fied extensions and combinations of the 
basic transformations . A matrix is a rectan­
gul ar array of numbers identified by row and 
col umn numbers. Every row in a particular 
matrix has the same number of entries, as 
does every column . Th e notation A(l ,J) 
refers to the element of matrix A in the I th 
row and Jth column. A matrix has a size 
associated with it, fr c ) , which defines the 
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number of rows dnd number of co lumn s. 
For matr ices A, B and C each hav in g Lhc 
same number of rows and co lu mns, the 
followi ng rules arc lr-ue : 

A = B if A(l,J) = 8(1.J) for all elements 
A = B+C when A(l,J) = 8(1,J) + C( l ,J) for all 

elements 
A = B- C when A(l,J) = 8(1,J) - C(l,J) for 

all elements 

While addition and subLract ion of matrices 
fol low in fairly simple fash ion from sca/ur 
(nonmatrix) ari thmet ic rules, multipl ication 
and operations similar to div ision are not at 
al l simil ar. (A sca lar is a quantity that is 
comp lete ly specified by a single number, 
compared with multiple number data 
constructs, which are vecLors and matrices.) 

A matrix with on ly one row is ca ll ed a 
row vector. Similarly, a matrix with on ly 
one column is ca ll ed a column 11ec1or. Th e 
subject of matrix mulLiplicati on is fir L 

exami ned with thee simp lified fonns. Whil e 

y 

IS l >I S•+l5 

(0, 0) 

Figure 7: Scaling an arbitrary figure in the 
xy plane. 

there are two forms of vector multip li cation, 
only the dot product (a lso called the vector­
inner-product) is presented here. Again, 
using a matrix A (the row vcctm), B (the 
column vector) and C (their product) the 
vector product computation wi ll be de­
scribed . A vector product can exist on ly if 
the number of clements in A and the num ­
ber of elements in B arc equal. If each of 
these has N elements th en 

C = A(1,1) X 8 (1,1)+A(2,1) X 8(1,2) ... + 
A(N,1) X 8(N,1). 

Thi is ca ll ed the dot product of the two 
vectors. It is the sum of the pairwise products 
of their elements. C, the dot product of th e 
Lwo vectors, is a single number {a scalar) not 
a vector or matrix. For example : 

let 
A =[ 1 234 ] rpw vector 

B • Ul column vector 

then 
A-8 = C = 1X3 + 2X5 + 3X7 + 4X 11 = 78 

Now suppose th at A and B arc not restr icted 
to unc col umn and one row, respectively. 
Instead, we let A have size irA cA ] and S 
have ize [rs cs I.The matrix product can 
only be computed if cf\ = rs: that is, the 
number of colum ns in A is equal to the 
number of rows of S. Two matrices for 
which this is tr ue arc called conformable. C 
will now have size irA cgl, in heriting its size 
from both A and S. Each clement in C 
(whi ch is no longer a ca lar) results from the 
clot product of a row in A with a column in 
S : 

C(l,J) = A(l, 1) X 8(1,J) + A(l,2) X 8(2,J). . . 
+ A( l ,N) X B(N,J) 

where 
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A COMPLETELY REFURBISHED "SELECTRIC" 

ASCII TERMINAL FOR THE SMALL BUSINESSMAN 


OR SERIOUS HOBBYIST. 


The AJ 8411/0 Terminal. 

Now with RS232 interface. 

Now available from dealers. 


Demand for our AJ 841 1/0 
computer terminal has been 
great. And now that we've finally 
added RS 232 interface, it will 
get even greater. So while you 
can still order it direct from us, 
now you can also buy it from 
dealers around the country. 

The AJ 841 features: 
• 	 Choice of Serial RS 232 or • Off-line use as typewriter 

parallel interface • Documentation included 
• 	 ASCII code • 	 30-day warranty - parts and 
• 	 14.9 cps printout labor 
• 	 High quality Selectric printing • Mail order shipments to AJ 
• 	 Reliable, heavyduty Selectric office or direct to you. 

mechanism 

Warranty and service 
available from your local AJ dealer­

or from AJ offices in: 
Atlanta/Boston/Chicago/Cincinnati/ 

Cleveland/Columbus/Dallas/ 
Detroit/Hackensack/Houston I 

Los Angeles/New York/Philadelphia/ 
San Jose/Washington, D.C. 

Full warranty information 
available on request . 

Order with coupon-or from 
your local AJ dealer 

For location of your nearest AJ dealer 
call toll-free: 800/538-9721. 
(Calif . residents call 408/263-8520) 

1:1 ANDERSON 
~.JACOBSON 

HOW TO ORDER DIRECT 

FROM THE FACTORY 

1. 	Make cashier's check or money order 

payable to Anderson Jacobson, Inc. and 
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Anderson Jacobson, Inc. 
PERSONAL COMPUTER TERMINAL 
521 Charcot Avenue 
San Jose, CA 95131 

2 . 	You will be notified when your unit is 

ready for shipment. Allow six to eight 

weeks for delivery. 


3. 	Shipments direct to you require a collect 
freight charge {FOB San Jose) plus $25 
for a special shipping carton. Shipments 
to nearest AJ office include freight in the 
$35 handling charge. 

4. 	 For warranty or repair service, return 

unit to local dealer or to designated AJ 

service location. 


Available only in U.S. 

Circle 10 on inqu iry card . 

·--------------------------------------------------------· 

CLIP AND MAIL WITH ORDER 

Select interface: D RS 232 @$1195 or D Parallel @ $1095 
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D Ship direct to me (freight collect, FOB San Jose, + $25 box) 
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Figure 8: Rotation of an arbitrary figure 
about an arbi trary point. 

and where I takes on all integer val ues from 
1 to r A and J takes on all in teger va lues from 
1 Lo cB- For example: 

let 

A = 

L3 ­
r~ ;]

1 

r A = 3 

CA = 2 

B = [~ 1 
9 

4 
2 ~] 

•a = 2 

CB= 4 

The number of col umns in matrix A is eq ual 
to the number of rows in matrix B. In equa ­
Lion form, this means that : 

cA = = 2r 8 
[r c ] = [3 4 ] 

c c 

T herefore, we can calculate the n:iat rix resu l t 
C: 

1X 3+ 1X 1+ 1X4+ 1X 1+ 
2X 5 2 X9 2X 2 2 X 6 

5X 3+ 5 X 1+ 5 X4+ 5X 1+
C = 

7X 5 7 X9 7X 2 7X 6 

3X 3- 3 X 1- 3X4- 3X 1­
1X 5 1X9 1X2 1X 6 

13]68 34 4 7 c = [~~ 19 8 

- 6 10 - 3 

For any matrix M there is a special matrix 
which, when mul tiplied by M, yields M . This 
is called the identity matrix (I) . I t is simi lar 
in role to the value 1 in scalar mult ipl ication. 
Naturally, the identity matrix must be con­
formab le with a particul ar M. I is a square 
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matrix, with zeros every where but on the 
diagonal, where the value l is placed. The 
diagonal is the set of elements where the row 
index equals the column index. For examp le, 
if I and M are both 3 by 3 matrices, then 
IM= M: 

1 
0 

0 ~] M =M 

Now let's turn back to rotations, and see 
how these may be applied to a collection of 
points describing a figure on the display 
screen . 

Two comments are worth noting at this 
stage. It is often usefu I and necessary Lo 
apply the same transformation to several 
points. This occurs when applying a trans­
formation to i terns such as polygons or more 
complex col lections of po in ts. Additionally, 
it is useful to combine basic transformations 
to create more complex transformations. 

A collection of points may be represented 
as a matrix : 

x y
n n 

Recall the basic operations of scaling, rota­
tion and translation: 

Scaling (about the origin) 
x 1 =sx x0 
y 1 = Sy y 0 

Rotation (about the origin} 
x = x cos(b) - y sin(b)

1 0 0 

y = x sin(b) + y cos(b)


1 0 0 

Translation 
x x + changex1 = 

0 
y = Yo+ changey.

1 

If these transformations could be represented 
as appropriate matrices, they could be 
applied simultaneously to all points in the 
collection . Scaling may be represented in 
matrix form as : 

[x ' y'] ~ [x y] 

or, for a collection of points : 

['0 '0] ['o .'0 
0 

= ] lsx ] 

x~ Y~ l0xn Yn sy 

Rotation through angle b about the origin 
may be represented as : 

cos(b) sin(b)J'0 .'0] ['o :'o] 
-sin(b) cos(b)[ [ 

x' y ' x y
n n n n 

Translation presents a somewhat more 
difficult problem . No 2 by 2 transformation 
matrix can be devised that will transform a 
group of points by a uniform displacement. 
An alternative representation of the transla­
tion is: 

x '= (x)l + (y)O + 1 · changex 

y ' = (x)O + (y)l + 1 · changey 


If we now re present all points in two­
dimensional space with a 3 element vector of 
the form [ x y 1] for the point at [x y J, then 
the translation operation may be represented 
in matrix form as 

Note that a th ird (unnecessary} column is 
added to the translation matrix to make the 
resu lts have the same dimensions as the 
input points. 

The sca ling matrix is now rewritten as: 

The rotation matrix is now : 

cos(b) sin(bl O] 

-sin(b) cos(bl 0 


[ 0 0 1 

The use of an n+1 element vector to repre­
sent a point inn-dimensional space is known 
as the use of homogeneous coordinates. 

Now that a un iform representation, the 
3 by 3 matrix, is availab le for transforma­
tions, two questions arise: (l) How can more 
complex transformations be implemented? 
(2) What effects are obtained from matrices 
which do not fit into the special structures 
generated for the basic transformations? 

Most complex geometric operations may 
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Transformed Coordina te Translation to Rotation by Translation by 
Coord inate Matrix Origin by (- Xr, - Yrl Angle b !Xr. Yrl 

Matrix (n by 3) (n by 3) (3 by 3) (3 by 3) (3 by 3) 

y' Xo YaXo a 
1[~x, 
0 

- Yr 

y " Xn Yn n 

Example 7. 

be im pleme nted as a sequence of bas ic 
opera ti ons. A fe w exa mples arc examined 
next. 

Rotation About an Arbitrary Point [xr Yr 1) 

Since we know how to ro tate about the 
origin, the po int R and the objec t arc first 
moved Lo the origin. The object is then 
rota ted an d the system moved back so that 
R is at its or igi nal location. A matr ix re prc­
cn tat ion of th is proced ure is shown in 

example 1. The poin t R wil l be unchanged 
by this sequence of transformations. Trans­
for mation s arc not ge nera ll y commutative; 
ie: the orde r of ap plication of the trans­
fo rm ations is fixed to ac hieve a part icul ar 
combi ned result. 

A imilJr statement is true for matrix 
multiplication: 

AB r BA in genera l. 

But , mat rix mult ipl icat ion is associative. 
That is, if th e order of the matrices i fixed, 
the 01·der in whi ch the in dividual multip lica­
tions is performed does no L m,iuc r as fa r as 
the value of the result is concerned. Thus, in 
the example shown, we cou ld combine the 
last th ree {t r<111sforma tion) matrices by 
mu ltipl ication to yiel d a sin gle 3 by 3 matri x 
whi ch represents the co mbined tra nsfo rma­
tion. If more than three po in ts .ire rep re­
sented in th e coordin ate matrix , th is tech­
nique will reduce the amount o f computa ­
tion necessa ry to calculate the result. 

As a ge neral commen t, it is useful to 
decompose complex transformations into 
a series of basic transfo rm at ions. Any 
transfo rmation which preserves shape in the 
se nse discussed above ca n be decomposed 
into a series of basic tra nsformations repre ­
sented as matrices. Th e product of these 
matrices will be the matrix represe ntat ion of 
the complex transformat ion . 

A general 3 by 3 mat ri x mi ght be rcprc­
sen ted by : 

sin(b) 0 
osin(b) cos(b) 1!] ["''" !] [i, !]
0 Yr 

e 
b 

I] 
(h intentionally omitted) 

Three spec ial cases of th is matrix have been 
presented that re present the basic trans· 
formatio ns. Whil e the products of such basic 
transfonnations can yield many of the cases 
of the ge neral T 3 matrix, it is usefu l Lo 
exa min e some other simple cases. The 3 by 3 
id entity matrix: 

1I
3 

= [~
0 

0 

~]0 

yields a resu lt identical to the origi na l set of 
poi nts. This is a null transformat ion. The 
effect of setti ng elements a and e (refer ring 
to the general T 3 matrix eleme nts) equal to 
o ther values results in sca ling. Setting 
clemen ts g and i to nonzero values creates ;i 

translation. The process of setting elem en L 

h to a non zero va lue is shown in the follow­
ing equ ations: 

x' = x 
y ' = bx+ y 

The effect o f thi s change o n o ur figure " P" 
test pa ttern is shown in fig ure 9. Thi s type 
of transformat ion i known as a y shea r. 
No te how the " P" has been distorted in the 
y direction only by thi s operation. 

y 

0 , 0 

Figure 9: An exomple ofy shear. 
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y 

Figure 10: An example of x shear. 

Similarly, setting element d equal to a 
nonzero value causes an x shear as shown in 
figure 10: 

x' = x + dy 

y' =y 


If element c or element f is nonzero, or if 
element i is not one, the result of the trans­
formation is of the form: 

h=F 1 

[hx hy hi 


Here, hx and hy are considered to be bilit­
eral (2 letter) symbols or variable names, 
not products of hand x or y. In this case, we 
divide each element of the vector by the last 
(or homogeneous} element. Thus, the 
coordinates of the point (x,y} in two-space 
may be represented by an infinite number of 
homogeneous representations [hx hy h]. 
The process of dividing through by the 
homogeneous coordinate is known as homo­
geneous normalization (see tabl e 1}. 

A particular problem arises when h = 0. 
In this case, division is undefined. An under ­
standing of this situation is attained by 
letting h go to zero. 

The value of the normalized point in 
table 1 goes out along a line from the origin 
through the point [a b]; as h approaches 
zero, the point goes to in finity. Thus the 
representation [ab OI defines a point at 

Editor's Note: Analogies Between Hardware and Software 

Readers with a hardware background are no doubt familiar with the 
concept of limiting the range of a signal, or "clipping'' It. This is often 
accomplished using a nonlinear device such as a diode. In this article, 
we find the same concept used in the software which transforms a list 
of points making up an Image so that It will fit on a display screen. 
Here, instead of an analog signal, the "signal" being limited is the 
numerical range of the coordinates being computed. The implemen­
tation is different, but the concept is identical. ..CH 

Homogeneous Normalized 

Representation Representation 


hx hy h x y 

i!. !:! 1 it !:! 
i!. !:! .1 102 10!:! 
i!. !:! .01 100! 100.Q 

0 undefined undefined 

Table 7: Homogeneous versus normalized 
representation of coordinates in two­
dlmenslonal space. The homogeneous repre­
sentation of the coordinate pairs is a way of 
encoding the numbers in a general manner 
using the extra element h in the matrix row. 
The values of the coordinates are found by 
dividing h into each coordinate (expressed 
here as 11arfable names, ie: "hx "; this does 
not mean "h times x"). The results are 
shown in the right side of the table. The 
extra column in the homogeneous form of 
the matrix is needed to make the matrix 
conformable with other matrices used for 
translation operations. 

infinity along the line from the origin 
through [ab]. This representation of points 
at infini ty is completely consistent with all 
previous discussion and definitions of 
transformations. The only truly undefined 
homogeneous value in two-dimensional 
space is [O 0 O]. 

In transforming graphic elements, a 
problem may arise regarding the screen 
space boundaries. Portions of objects may 
fall outside the screen space after trans­
formation. A similar situation may arise 
when objects are converted from problem 
space to screen space. It is therefore neces­
sary to have a procedure for "clipping" the 
portions of objects outside the screen space 
so that the on-screen portion is accurately 
portrayed. The procedure described operates 
on the typical 4 sided rectangular screen. 

The screen may be defined by four 
inequalities: 

X ;;> XQ x2 = leftmost x value 

x <; xr \ =rightmost x value 

y ;,. Yb Yb = bottom y value 

y <; Vt vt = top y value 

The procedure operates on each line 
segment in the image and determines what 
portion, if any, lies in the screen space. 

The two endpoints of each line segment 
are classified as satisfying or not satisfying 
each of the four inequalities. Three specific 
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Figure I l: Three different ways a line can appear. Line (a) is completely 
within the borders of the video screen. The lines labeled (b) are completely 
outside of the screen area, and the lines labeled (c) are partially within the 
screen area. 

y 

cases may result from this endpoint coding: 

{a) 	 Both endpoints sat is fy all inequ al­
it ies. 

(b) 	 Both endpoints do not satisfy the 
same inequality. 

(c) Neither of the above. 
In ca e (a) the entire line lies within th e 
screen space and is therefore displayed. In 
case (b) the ent ire line lies outs ide the screen 
space and is th erefore not displ ayed. Case (c) 
requires fu rth er treatment. 

The 	visible portion (if any) of each case 
(c) line is determined by cutting it with 
every inequality line ( creen boundary) 
which is violated by ei ther endpoi nt. Each 
inequal ity or cl ipping boundary no t satisfied 
will cut th e line into two portio ns, visible 
and invisib le. The portion rema inin g, if any, 
will be the line segment vis ible in the screen 
space. 

One approac h to determining the po int at 
which a line is cut by a boundary is deri ved 
from geometry (see figure 12a). The for­
mulas for the left x boundary can be derived 
and the x"' Yb and Yt resul ts fo llow in 
similar fash ion. By simi lar triangles: 

Figure l 2a: Clipping. One way of calculating the cutoff point for a line is to 
use the traditional method of similar triangles. A disadvantage of this method 
is that it requires multiplication, a relatively time consuming operation on a 
computer. 
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but 
x = x c Q 

so 
v, - vo 

v = v0 + 1-=xl (xo-x0l 
c x, 0 x 

The vi ibl e port ion of the line is from (x Q,Ys) 
LO (x I ,y l ). 

An alternat ive approach, the clipping 
div ider, is more suitable for microprocessor 
implementation since it uses neither mult i­
pl ica ti on nor d ivision. It is actually a type of 
bi nary search. Using th e exa mple in fig ure 
12b, we define (xm.Y ml as the midpoint or 
the line to be cl ipped. (xm.Ym) is calculated 
as follows: 

xm = tx +x l / 2 (add and 1 b it shi ft)
0 1 

y m = (v 0 +y )/2 (add and 1 bit shif t)
1 

If x111 = xQ, then Ym is they coordinate of 
the cli pped endpoint and the process is 
completed . If xm violates the ineq uality, 
then re place (xo,Yol with (xm,Y ml· Recalcu­
late {xm,Y rn l· Ir the new Xrn satisfies the 
inequal ity, then repl ace (x1,Y1) with 
(xm,Y 111 ). In ei ther o f the lat two cases, 
repeat the procedure with the new line, 
either (xm,y111 ) to (xi,y1) or (xo,yo) to 
(x 111 ,Y ml · Because of the shif ing used to 
calcul ate (xm,ym}, th e process continues no 



of 

correct 
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Figure 7 2b: Clipping. Another method of calculating the 
cutoff point of a line on the screen is to use a form 
binGJy search. The method involves halving the line segment 
successively until the y value converges to the 
answer. This method only requires adding and shifting and 
is thus quicker to compute than the method of similar 
triangles. 

more times than th e nu mber of bi ts in a 
word and the y coordi nate will converge to 
the correct va lu e. 

This clipping process completes the set of 
basic operations necessary to opera te on 
two-di mensional in fo rmat ion to produce 
graph ic output. 

I ho pe readers wi ll be encouraged to use 
th ese practica l techniques in their exper i­
ment with computer graphics. • 
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APL and Graphics 


Eduardo Kellerman This article presen ts an introduction to 
V34/0284 the use of APL for creating and manipulat­
IBM Corp ing graphic images. The paper carries the 
Endicott NV 13760 reader through the steps of in teractive 

graphic design using APL and IBM 5100 
APL Graphpak. The last section of this 
article, giving background information about 
APL and Graphpak, shou ld be reviewed by 
the reader not familiar with either of these 
two topics. Augu st 1977 BYTE is a usefu I 
source of APL information. For more de­

Entire article and all tailed information about APL see the refer­
figures copyright lnterna· ences listed at the end of this article. 
tional Business Machines 

The initial checkout of the examples wasCorporation, 1978. Printed 

by permission. All graphics 
 done using an IBM 5100 in stand-alone 
were produced digitally mode. The results were drawn on an IBM 
(including author's signa· 5103 printer by modifying Graphpak to use 
ture). output func tions from the I BM 5100 Print 

Plot/APL Probl em Solver Library. When the 
designs grew more complex, the I BM 5100 
was connected to an IBM System 370/ 
Model 168 and the code was executed the re. 
The IBM System 370/Model 168 produced 
its output on a storage scope equipped with 
a hard copy unit. 

Developing Repetitive Patterns 

The first example follows a graphic de­
signer through the development of a pleasing 
design for wrapping paper. Using a triangle 
as the basis for experimentation , the co­
ordinates for a triangle centered at the ori­
gin are derived as shown in figure 1. A 
matrix, TRI , is then created to describe the 
triangle to the DRAW function: 

TRI+4 3 p1, 0 ,1,0,( COS 30),(-SIN 30) , 0 ,( - COS 30) , 

(-SIN 30),0,0,1 

xSIN 30 -
Figure 7: Equilateral tri­
angle centered at the ori­ cos 30 
gin, the basic drawing 
block ofour design. 
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For this example, TRI looks like: 

TRI 

0 

0 0.97 0 . 5 

0 0.97 o.s 

0 0 

To create patterns, translate the TR I matrix 
into the display window and draw it with 
the following APL function: 

V DES I GNI 

( 1 J TR• ( COS 30 ) ,SIN 30 

(2 ] DRAW TR TRANSLATE TR I 

v 

When executed on the IBM 5100, DESIGNl 
gives a very small triangle of the defined 
dimensions. It will be necessary to increase 
the size of the triangle since it is presently 
too small to be used in a design. The func­
tion DESIGN2, shown in listing 1, is written 
to rotate the triangle 15 times and then 
translate the magnified pattern into the 
viewing area before drawi ng it. 

Note in line 4 of listing 1 that the initiali­
zation of var iabl e OUT is to be a matrix with 
no rows and three columns. This is done so 
that OUT has the proper shape when in line 
6 it is catenated with TRl2 (which has three 
columns). When DESIGN 2 is executed on 
the IBM 5100 the result is : 

Even though the original (magnified) tri­
angle is within the viewing window, the com­
plete pattern is not. Instead of moving the 
whole pattern into the display window, the 
rotating triangles can be shrunk so they stay 
within each other. The result of experiment­
ing with different shrinking factors (actually 
magn ifications of less than 1.0) is the APL 



function in li sti ng 2. Execution of DESIGN3 
results in: 

'\ 
\ \ 

To extend the design over a larger area of 
the plane, an upside-down version of the 
nested triangles is used. This upside-down 
design is obtained by rotating the original 
design 180° (7r radians}. The original and 
new patterns are then drawn side by side. 
This is accomplished by adding the following 
two lines at th e end of program DESIGN3: 

[13) OUT2+180 ROTATE OUT 

[ t• ] DRAW 15 MAGNIPY (2•TR ) TRANSLATE OUT2 

Execution of this program gives: 

This pattern is used to cover the plane. To 
do so, variable OUT is made into a matrix 
containing the description of both the 
original se t of nested triangles and the upside­
down nested triangles by replacing lines 12 
th ru 14 with: 

[12) OUT2•TR TRANSLATE 180 ROTATE OUT 

[13 ) OUT•OUT , [1] OUT2 

Then, to draw the N by M tilings, two 
nested loops are added at the end of the 
APL function . These loo ps are incorporated 
in lin es 14 thru 19 of the function DESIGN7, 
which is shown in its entirety in listing 3. 

Note that, in line 16 of listi ng 3, unneces­
sa ry parentheses were used to make the 
mean ing clearer. However, not enough 
parentheses were added to make the mean­
ing completely unambiguous to readers not 
familiar with APL. For example, the expres­
sion 

could be written 

TRX•(l+(2•J)) 

V DESIGN2;TR;ROT; REP;OUT;TRI2 

[lJ TR• (COS 30) . SIN 30 

I 2] ROT•O 

(3] flEP 15 

[• J OUT• O 3 pO 

( SI LOOP :TRI2•ROT ROTATE TRI 

( 6) OUT•O UT , [ 1J TRI2 

( 7 ) ROT•ROT•S 

( 8 ) •LOOP IF O<REP•REP - 1 

(9] DRAW I S MAGNIFY TR TRANSL ATE OUT 

v 

V DESIGN3 ;TR ;MAG; ROT;REP;OUT ;TRI2 

( JJ TR•CCOS 30),SIN 30 

[ 2] MAG•l 

[ 3 J ROT•O 

(•] REP•JS 

(5) OUT• 0 3 p O 

(6) LOOP :TRI2+ROT ROTATE TRI 

( 7] TRI2•MAG MAGNIFY TRI2 

(BJ OUT+OUT . f l] TRI2 

[ 9] ROT•ROT+ 5 

(11] •LOOP IF O<REP•REP-1 

( 12 1 DRAW 15 MAGNIFY TR TRANSLATE 

v 

OUT 

listing 1: DESIGN2, an 
APL routine used to rotate 
the basic triangle and 
translate it into the view­
ing window. This oper­
ation is repeated 15 times. 
Note the use of variables 
in the header line of the 
function. This assures only 
local use of those vari­
ables. 

Listing 2: DESIGN3, an 
APL routine which rotates 
and shrinks the basic tri­
angle shape to keep the 
rotated triangles inside of 
the previously drawn tri­
angle. This also keeps the 
rotated triangles within 
the viewing window. 

V N DESIGN? M;TR;TRX;TRY;HAG;ROT;REP;OUT;TRI2;0UT2 

(lJ TR•(TRX+COS 30) , TRY•SIN JO 

(2] MAG•l 

[ 3) ROT•O 

( •] REP+l S 

(S] OUT• 0 3 pO 

(6) LOOP :TRI2•ROT ROTATE TRI 

(7 ) TRI2•MAC MAGNIFY TRI2 

(8) OUT•OUT,[lJ TRI2 

( 9] ROT•ROTt 5 

(JO] MAG•HAG•0.81 

[11) •LOOP IF O<REP•REP-1 

(12) OUT2+TR TRANSLATE 180 

(13 ] OUT•OUT,[1] OUT2 

(1•] l•O 

[JS) LPI :J• O 

ROTATE OUT 

(16) LPJ :TR•( TRX•(l+2•Jll , 1I+TRY•CI+J)) 

( 17) DRAW 15 MAGNIFY TR TRANSLATE OUT 

[18) •LPJ IF M>J•Jtl 

[19) ..LP! IF N>l•ld 

v 

listing 3: APL program 
for drawing an N by M 
tiling of a surface. Each 
of the tiles consists of a 
right side up, rotated, mag­
nified triangle series and 
an upside down, rotated, 
magnified triangle series. 
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Figure 2: Repetitive pattern resulting from the execution of DESIGN!. The prerequisite for 
accepting this design is aesthetic. The author felt that this was a pleasing arrangement of tri­
angles. 

Listing 4: A modification to listing 3, inco1porated in line 
76, shifts eve1y other row of the pattern half a triangle to 
produce a more pleasing effect. 

V N DESIGNS M; TR ;TRX ;TRY ;/.IAG ;ROT ;REP;OUT;1'RI2;0UT2 

[5] OUT­ O 3 oO 

[6] L00P:TRl 2•ROT ROTATE TR I 

l 7 J TRI2 +MA G MAGNIFY TRl2 

[8) OUT• OUT , [ I ] TRI2 

[ ! OJ MAG - MAG•0.81 

[ ll] +LOOP IF O<REP• REP - 1 

[12J OUT2•TR TRANSLATE 180 ROTATE OUT 

l13J OUT•OUT , [I) 0UT2 

( l" J I•O 

[!SJ LPI:J+O 

( 1 7 J DRAW 15 MAC/II FY TR 1'RANSL ATE ou·r 

[ 18) +LPJ IF M>J+J+I 

( 1 9] •LP! IF N>I-1 •1 

v 
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Listing 5: DESIGN9, an APL program that produces pic­
tures such as the one shown in figure 4. The basic pattern 
has been shifted from row to row to produce a more 
pleasing design . 

V Ii DESIG/19 N:TR;TRX;TR'f;f.IAG;ROT :RF.P;OUT ;TRI 2 ;0UT2 

[ l J TR+lTRX+C OS 30) , TRY+SIN 30 

[ 2 J MA G- 1 

[ 3] ROT-0 

[SJ OUT- O 3 pO 

( 6) LOOP:TRJ2+ROT ROTATE TRI 

[7J TRI2+MAG MAGNIFY TRI2 

[8 ] OUT-OUT,[1] TRI2 

[9) ROT-ROT•S 

[10] MAG+MAG•0.81 

( 11 ) +LOOP IF O<REP•REP-1 

[ 12] OUT2•0UT 

( 1 3] OUT[ ;3)+-0UT[ ;3J 

( 14] OUT•OUT2,[ 1J TR TRANSLATE OUT 

[ JS ] J+O 

( 16] LPJ:J•O 

( 17] LPJ:TR-(TRX•- lt (21Il•2•J) , l•TRY•(I•l) 

[ JB ] DRAW 15 MAGNIFY TR TRANSLATE OUT 

[19] -LPJ IF M>J•Jtl 

l 20J •LPI IF N>J+Jil 

v 
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Powerful Software 

with Extended Documentation offered by 


PRS­
THE PROGRAM OF THE MONTH CORPORATION 
UNVEILS COMPREHENSIVE CONCEPT 
IN SOFTWARE PRESENTATION 

UNIQUE DOCUMENTATION 
Unjque documentation give you clear complete and in­
structive text in a graphically appealing manual. This doc­
umentation doesn 't only provide step by step "how to" but 
also is geared to help you to understand hardware-soft ware 
interactions, and to promote further applications. 

POWERFUL CODE 
Whether it be for games, applications (home and business), 
or sophjsticated programming tool and monitor , PRS 
permeates the design of its unique code with "human 
engineering:' And you'll appreciate the delicate balance 
betwe~n machine-human dialogue and resident program-
pace in memory. 

BEAUTIFUL CASSETTE-FOLDER 
PRS packages your manual and cassette in an elegant and 
durable gold- tamped folder. 

AN ARRAY OF PROGRAMS 
ARE AT YOUR FINGERTIPS 

PRS presently offers "M IC ROFIL E" a DATA F IL E 
MANAGEMENT program and "DDS II" the famou s 

DYNAMIC DEBUG GING SYSTEM. New programs 
will be released at regular intervals. 

YOU'LL DISCOVER EXTENSIVE 
PROGRAM CAPABILITIES 

With " MICROFILE;' a new DATA FILE MANAGE­
MENT program, you can: 
• Manage any list of items 
• En ter new data 
• Edit information already on fi le 
• Sort items alphanumerically upwards or downwards 
• Search by primary and / or secondary keys (labels) 
• List and print selected or all items 
• Total sums of columns 
• Justify right or left margins of each column 
• Delete items 
• Save and retri eve data with mass storage media 

PROGRAM APPLICATION 
EXPANDS YOUR COMPUTER USAGE 
For example " M ICROF ILE" manages : Home inventory· 
Listing of musical tapes • Calendar of activities • Vacation 
itineraries • C hecks by categories • Home-upkeep tickler 
files • Family historical dates • Health records. 

PRS SUPPORTS YOUR MAJOR BRANDS 
APPLE, PET, SOL, SORCERER, TRS-80, and other sys­
tems with Z-80, 8080 and 6502 processors. 

VlSIT YOUR NEARE T DEALER TODAY r-----------------------, 
Let him demonstrate the exce llence New Product Releases From ;of PRS programs. 

PRS THE PROGRAM OF THE MONTH CORPORATION I 
257 CENTRAL PARK WEST I 
NEW YORK, N.Y. 10024 	 I 
Gentlemen : I 
O Please place my name on your priority mailing Ii I 10 receive yo ur Idescriptive advance re leases off all new programs developed by -PRS­
at reg ular interva ls. I 
O Please send me a list of dealers in my area. 	 I 

I 
Nam-'------------------- I 

ICorporalion _________________ _ 

•Or wri te for the name of a dealer 	 Address __________ ____ _Iin y ur area to : 
PRS- THE PROGRAM OF THE MONTH I ' ity _ ________ State ip 

----~CORPORATION I 

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


I 
I 
I 
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.J 
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COSMAC VIP, the completely 
assembled, ready-to-operate RCA 
Video Interface Processor, opens up a 
whole new world of computer excitement. New 
challenges in graphics, games and control 
functions. Yet it's just $249.00. 

Easy to buy. And easy to program, thanks to 
its unique, easy-to-use interpretive language. 
You get a complete how-to book including 
programs for 20 games: fun, challenging, and 
ready to load and record on your cassette. 

Simple but powerful. 
Bui lt around an RCA COSMAC micropro­

cessor, the VIP is a complete computer system 
that can grow with you. It has 2K of RAM, ex­
pandable on-board to 4K. Plus a ROM monitor, 
audio tone output to a built-in speaker, power 
supply, and 8-bit input and output ports for 
control of relays, sensors, or other peripherals. 

Circ le 322 on inquiry card . 

Soon RCA will offer 
options for color graphics 

nd 256 tone sound generation. 
n optional auxiliary keyboard 

an exciting world of two-player 
games. 

Take the first step now. 
Check your local computer store or elec­

tronics distributor for the VIP. Or contact RCA 
VIP Marketing, New Holland Avenue, Lancaster, 
PA 17604. Phone (717) 291-5848. 
'Suggested retail price. Does not Include video monitor or cassetle recorder. 

The fun way 
Into computers. non 
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Figure 4: Pattern produced by flippin g the triangles over, an example of how easy it is to produce a wide variety o f 
patterns with only small modifications to a basic design program. 
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TARBELL SOFTWARE 

Extensive '1 Inexpensive. 


TARBELL CASSETTE BASIC only $36.00 
Most features of ALT.A.IR * Extended BASIC are inclu­
ded PLUS these added features : 

• Assignment of 1/0 
• Alphanumeric line labels 
• Unlimited length of strings 
• Unl imited length of variable names 
• Procedures with independent variabl es 
• Number system 10 d igits BCD integer or floating 

point 
Included are commands unique to TARBELL CASSETTE 
BASIC wh ich provide capabilities to : 

CP/M Disk Operating System 
The 1/0 section of this software has been modified 

to operate wi t h the TARBELL Floppy Disk Inte rface in 
24K bytes of memory. Five commands permit listing of 
d irectory, typing contents of an ASCII file, renaming 
a file, erasing a file from disk, and saving memory on 
disk . Fourteen programs are inc luded which are invoked 
like commands. Six source f iles are included for transfer ­
ring between TARBELL Cassette and disk, cold -start 
loading, Basic 1/0 system with drivers, and reformatt ing 
crashed diskettes. Documentation includ es a listing of 
BIOS and instructions to patch CBIOS for your system. 
Pri ce is $100 on CP/M d iskette with documentation . 
{CP/M is a p roduct of Digital Research). 

CP/M 1.4 Update Package 
A TARBELL Update Package for those now using 


CP/M 1.3 is now available on d iskette . The Update 

Package adds new commands and the ability to access 

four disk drives, as we ll as 2 new CP/M manuals, TAR ­

BELL CP/M Use r's Guide and a new BIOS listing . 


Price : $50.00. ~~~~~~~~~ 

SPOOLER 
This 8080 program will save many hours of computing 

tim e. It intercepts a ll outpu t to the list d evice, spools th e 
output to a high -speed disk file, and directs th e spool ed 
data to a low-speed printer dur ing unused cycl e time wh ile 
the CPU waits for transfer of data to and from th e consol e . 
Syste m th roughput is greatly increased wi t h th e a id of 
SPOOLER . Output is neve r lost du e to insuffi cient memory 
allocation . Fully compat ible with th e CP/M fi le syst em, 
SPOOLER permits parallel processing without hardware 
interrupt, and w ith min imal impact on othe r processes. 
Price : $50.00 {Copyright KLH Syste ms.) 

• Initialize 1/0 channel • Assign a physica l device to 
a logical device • Drop an 1/0 channel previously assign ­
ed • Save the BASIC interpreter and monitor or 1/ 0 
routines on cassette • Cause programs to be appended 
onto programs already in memory • Call a procedure 
and pass variables on the list • Cause inte rpreter to enter 
edit mode using 15 single character edit commands. 

Tarbell BASIC occupies 18K of RAM. Source is ava ilabl e 
on cassette, CP/ M* • Disk, and printout ---all at reasonable 
pr ices. Price for TARBELL CASSETTE BASIC and com ­
plete documentation : $36.00. 

BASIC-E Compiler 
Designed to work w ith CP/M Disk Ope rating System 

this software requ ires a total of 20K bytes of memory . 
Inc luded are 26 compi ler error messages and 23 run-t ime 
error messages. Disk files may be read, written or up ­
dated by using both sequential and random access. In­
c luded are blocked and unblocked files . Price for com ­
piler and run -time monitor on diskette is $10.00. Manual 
is available separately for $5.00. {Public domain soft ­
ware by Gordon E. Eubanks, Jr . ). 

CBASIC Programming System 
Upward compat ible fro m BASIC-E, CBASIC is simi ­

lar but expanded to include several business oriented 
faci lities, allowing decimal computations to 14 digits of 
precision, data formatting and PR I NT USING state ­
ments. Statements allow access to disk fi les and disk 
file maintenance . Strings of characters may be read from 
the console to permit correct input line format to be 
checked before reading data . Gene ra l programming fea ­
tures include variable names up to 31 characte rs, option ­
al I ine numbers, dynamic debugging trace rs, and optional 
data output to printer_CBASIC on diskette and manua l 
priced at $100. {Copyright Software Systems. ) 

EMPL-an 8080 APL 
Especially su ited to educationa l applicat ions, EMPL 

is an adaptation of APL, using th e ASC II character set. 
This BK ve rsion occup ies the first 5376 bytes of memory 
and operates in two modes. The Execution Mode per ­
mits all instructions to be executed immediate ly. The 
Defini t ion Mode permits the user to enter functions . 
EMPL on Tarbell Cassette wi t h manual is $15.00. 
{Copyright 1977 Er ik Mueller) . 
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Figure 5: Basic design for example 2 in the text. The drawing 
window Is shown for clarity. 

Figure 6: Series of logos shrinking into infinity, created by 
experimenting with size. A magnification process Is all that 
is required to reduce the size of the logo and converge Into 
the origin which is at the corner. 

V LOCOS\ ;LOCO;I;HAC 

(t] LOC0•180 ROTATE BYTE 

[2] LOCO• 100 76 TRANSLATE LOCO 

f3] [+0 

[1.] HAC•1 

[5] LOOP: 

(6] DRAW HAG MAGNIFY LOGO 

Listing 6: LOGOS!, APL 
program that translates 
and shrinks the logo into 

(7) 

[ 8] 

HAG•HAC•0.14 

+LOOP IF 15>1+1+1 

Infinity. II 

48 S.,,otmbor 1971 <l) 8YTE PubliWi<Mlt Inc 

but in reality it needs no parentheses at all. 
Similarly, all the parentheses in 

(!+TRY• l 1+1)) 

are unnecessary. The values for TRX and 
TRY are computed in line 1 of listing 3. 

Variables N and M have been placed in 
the header line of the new APL function, 
and now become part of the calling syntax 
for it. Trying out the new function by enter­
ing: 

2 DES1CN1 2 

results in figure 2. 
It appears that a better design can be ob· 

tained by shifting every other row by half a 
tr iangle. This is accomplished by making use 
of the residue primitive function, 

where 

211 

results in 1 if I is odd, and 0 if I is even. This 
change is incorporated in line 16 of 
DESIGNS: 

f16) LPJ :TR•CTRX•-1+(211)+2•J),1+TRY•(1+1) 

Also incorporated in line 16 is a shift of 
TRX units to the left for the entire drawing. 
The purpose of this shift is to avoid uncov­
ered areas in the display window. 

When DESIGNS was tested, it was clear 
that an appropriate selection of colors 
would add significantly to the design . With­
out going into details, DESIGNS was modi­
fied so that it would create three different, 
overlapped pictures. Each could then be 
printed in a different color. The resulting 
design is shown in figure 3. 

Several other interesting designs can be 
obtained by slight modification of program 
DESIGNS. For example, instead of rotating 
the nested triangles to obtain an upside­
down pattern, the sign of the values for the 
Y axis of the original set of embedded tri­
angles can be reversed. This is equivalent to 
flipping the pattern over. The result is shown 
in figure 4. The APL function used to pro­
duce the design for figure 4 is shown in list­
ing 5. Additional designs can be created by 
overlapping patterns. 

Designing the Cover 

The areas involving graphics in which 
APL and Graphpak can be used are virtually 
unl imited. This second example follows a 
graphic designer who would like to create a 
design using a customer's trademark . He is 
told that the design should portray the 
virtues of the product. For the example 
consider the logo which appears on the cover 
of BYTE magazine. 



• • • YOU CAN HAVE BOTH 
"Natural Sounding 

Speech" 
"Rl\ll/Tl·Ul\IG l/DU 
rr!Rl\IT TD 5Rl/" 

S-100 BUS 

CTEDIT 

PARAMETER EDITOR 


SOFTWARE 

(STD . WITH CT- 1) 


CSR1 
SYNTH ESIS-BY-RU LE 

SOFTWARE 
(OPTIONAL) 

"AE2NIYTHIHNX YUW 
WAANTTUW SEY." 

phonetic spelling 
CT-1 parameter data 

ONLY COMPUTALKER 
GIVES YOU THE CHOICE 

No other speech synthes izer available offers you t he flex ib ility of the Computelker Model CT- 1 . The parameter 
editor program , CTEDIT, allows direct man ipulation o f a ll 9 con trol parameters . CTEDIT and parameter data 
tapes are furnished with the CT-1 synthes izer board . 

The optional CSR1 software package t ranslate s ASCII phonetic t e x t strings to s peech output. CSR1 is simple 
to use end is the eas iest way to create new spee ch . CSR1 c an also be called as a subroutine from user' s code 
for applications involving program controlled voice ou t put . 

The CSR1 phonetic rule system generates control paramet ers in t he same form as used by CTEDIT . Thus , it i s 
possible to further edit the output of the rule system , t o achieve natural s ounding speech output with min imum 
effort . 

CT-1 assembled & calibrated 395.00 Software is available on CPM 8" , 
CSR1 phonetic rules software 35 .00 North Star 5 Y. " , CUTS, TARBELL, 

Calif. residents add 6 % sales tax MITS ACR, Paper Tape. 

COMPUTALKER CONSULTANTS 

1730 21st Street, Suite AB, Santa Monica, CA 90404 (213) 392-5230/828-6546 
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The designer first creates a matrix called 
BYTE which contains the data required to 
draw the basic logo. This matrix was created 
by manually digitizing the logo. The logo 
can then be drawn, as in figure 5, by enter­
ing the command: 

DRAW BYTE 

The intention is to create the design 
at a 90° angle. This way the logo can be 
moved along the X side of the display 
window (which is longer than the Y side). 
By reducing the size of the logo as it is 
moved, the customer's requ est for creating 
a feeling of "never-endingness" can be met. 
(Note : in figure 5, and in some of the fig­
ures that fo ll ow, the outline of the display 

... 

·~ 

Figure 7: Spiraling design produced by incorporating a sine 
function into the shift process. 

Figure 8: Pattern composed of a series of shrinking and 
rotating lines reflected about the Y axis to produce the sym­
metrical shape shown. The drawing windo w is displayed for 
clarity. 

50 September 1978 © BYTE Public~1ions Inc 

window has been added to aid in under­
standing the discussion.) 

One way to move an object while simul­
taneously shr ink ing it is to displace it from 
the origin wh il e using the MAGNIFY func­
tion to reduce the values for the X and Y 
axes. To move the logo diagonally across 

V LOGOS2;LOGO;I;MAG;TR;MAGSIN;MODULATE 

[ lJ LOG0+1BO ROTATE BYTE 

[ 2] LOGO+ 100 76 TRANSLATE LOGO 

[ 3 ] I+O 

[4] MA G+! 

[S] TR+ 13 0 

[ 6] MAGS IN+ 4. 2 10 

[7] LOOP :FIG+MAG MAGNIFY LOGO 

[B] DRAW TR TRAN SL ATE FIG 

[ 10 ] MAGSIN+0.9S•MAGSIN 

[ 11] MODULATE+1o((4.S-J),(I-2l)H 

[12] MODULATE+MODULATE•MAGSIN 

[ 1 3] TR+TR+MODULATE 

[14] •L OOP IF 5D>I•I+I 

Listing 7: Modification to the program. The 
addition of a sine function to the program 
changes the shrinking line of logos into a 
shrinking spiral. 

V PICTURE1;I;M;LINE;MAG ;ROT;M;Z;TR 

[ 1 ] J+O 

[2 } M+ 0 3 pQ 

[3] LINE+ 2 3 p l 0 24 0 21 12 

[4] MAG+! 

[ S l ROT+O 

(6] LP:M+M , [1] ROT ROTATE MAC MAGNIFY LINE 

[ 7 ] MAG•MAC• 0.98 

[ 8] ROT+ROT-3 

[9] •LP IF 200~!+1+1 

[10] Z+M 

[11] M[ ;2)+-M[ ;2J 

[12] Z+Z,[1] M 

(13 ] TR+ (-l/Z[ ; 2]J , (-l/Z[;3]) 

( 14 ] DRAW TR TRANSLATE Z 

v 

Listing 8: PICTUREl, an APL routine for 
producing a design using a series of shrinking 
and rotating straight lines. This design, when 
added to the pattern already created, results 
in the front cover of this month's 8 YTE. 



We Start With A Price 

That's Hard To·Beat. 


But We Don't Stop There. 

Central Data Corporation has combined the benefits 
of new technology and high-volume company sales 
to bring you a RAM board with more features and 
product options for less money. 

Lower Prices 
More Memory Capability 
To begin with , we've reduced the price of our 16K 
RAM board by $40 to $249. At $425-a price 
reduction of $50-our 32K board costs less, too. 
Plus, we now offer a full 48K memory board for 
$599. These boards are expandable to 64K at a 
price of $185 per 16K package. Or you can start 
right out with a full 64K board for $775. 

Improved Board Design 
We've also added improvements to the board design 
at no extra cost to you. 

• Deselectable in 2K increments. Our deselect 
feature enables you to switch off any 2K to avoid 
overlap with your existing memory. 

•Fully socketed memory. This feature enables 
you to expand the memory board yourself. 

•Plug selectable addressing. Now you can 

re-address without soldering 


Other Standard Features 
•Power-saving dynamic board with on -board 

invisible refresh 
•One-year guarantee on parts and labor 
• S· 100 and Z-80 compatible 

Specifications 
Storage Capacity 16K, 32K,48K,or64K 

Addressing 
 16K boundaries 
Max. Input Load One LS TTL load 
Output Buffering On all data lines 
Access Time 450ns 
Cycle Time 480ns 
Wait States Generated None 
Maximum DMA Rate 1 Mhz 

Circle 45 on inquiry card. 

Power Consumption 
+ 16 150ma 
+ 8 300ma 
-16 20ma 

Other Products From Central Data 

Central Data also offers, fully-assembled and in kits, 
a range of other computer products including 
(pictured above) our 2650 microprocessor, software 
packages, TV/Monitor, ASCH keyboard, and (not 
pictured) floppy disk system, to name just a few. 

For More Information 
To Place an Order 
We welcome any questions you have about our RAM 
boards or other products. To place an order, or for 
more information contact: 

Central Data 
Corporation 

P.O. Box 2484, Station A 
Champaign, IL 61820 
Ph. (217) 359-8010 

Place orders prepaid or COD. Delivery is stock to 30 
days with shipping and handling prepaid in Con ­
tinental United States. Please include phone as well 
as name and address. 

8YTE Seplembor 1978 51 



Description of Graphpak 

This section covers common APL term i­
nology, some Graphpak conventions, and a 
description of APL functions which are used 
in the paper. The discussion is, by necessity, 
oversimplified. It provides only enough in­
formation to understand the paper. For 
more complete information on APL and 
Graphpak, consult the references. 

In APL, programs are call ed functions. 
Primitive functions are those which are part 
of the APL system, and are genera ll y written 
as just one symbol or two overstruck sym­
bols. One of the exceptions is the sine func­
tion which is written : 

10 

For example: 

A scalar is a single number, for example : 
3.1415. In general, a vector consists of sev­
eral numbers, for example: 3 5 - 2.54. This 
definition of scalar and vector suffices as far 
as this paper is concerned. However, the ex­
act definition of a scalar is "an object with 0 
dimensions," and for a vector, "an object of 
1 dimension." In fact, a vector can contain 
one or more elements or be empty. 

This paper is limited lo the "Drawing 
Component" and parts of the "Descriptive 
Geometry Component" of Graphpak. For a 
description of the oth er components of 
Graphpak refer to the IBM 5700 APL 
Graphpak, Program Description/Operations 
Manual. 

The descriptive geometry functions of 
Graphpak are designed to perform geometric 
transformations on descriptions of threc­
dimensional objects, and to display projec­
tions of the transformed objects on the dis­
play window. The Graphpak display wi nd ow 

is normally a rectangle in the X Y pl ane with 
the coordinate origin at the left bottom cor­
ner. In this paper the width (X direction) of 
the window is 100 units and the height (Y 
direction) is 76 units. Even though only two­
dimensional objects are used here, the trans­
formations take place in three-dimensiona l 
space. The Z dimension is assumed to come 
perpendicularly out of the page. 

To describe a series of lines to be drawn 
by Graphpak, a matrix with three columns is 
used. The first column is a binary vector. A 
1 tel ls the program to go to the (X,Y) posi­
tion indicated by columns 2 and 3 without 
drawing a line. A 0 means go to the indi­
cated (X ,Y) position while drawing a straight 
line. The function DRAW takes as its argu­
ment a matr·ix that describes a series of lines 
and draws them. For examp le, if the variable 
BOX contains : 

1 0 0 

0 10 0 

0 10 10 

0 0 10 

0 0 0 

then DRAW BOX gives : 

D 
The desired values can be placed in BOX 

by entering 

aox ~ s J p1 o o o 1 0 o o t o 1 0 o o 1 0 o o o 

where 

p 

(rho) is the reshape {primitive} funct ion. The 

Table l: Geometric transformation functions used in this article. 

z~o TRANSLATE: X Yields Z, a matrix which describes the object X having been translated 0{1] , and 0{2] 

z~A ROTATE: X 

Z+P /.IA CN !FY X 

in the X and Y directions, respectively . 

If 0 is a scalar (a single number), it is assumed to be a translation in the X direction . 

Yields z. a matrix which describes the object X having been rotated A{I], A [2}, and 
A{J] degrees counter clockwise (looking in) about the X, Y, and Z axes, respectively. 

in that order. 

If A contains only one or two values. enough zeros are assumed to precede it to make 
its length equal to three. 

Yields z. a matrix which describes the object Z having been magn ified P{1] and P{2] 
times in the X and Y direct ions, respective ly . If P is a scalar, the function extends that 
number to al l coordinates . 
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left argument of rho specifies the shape to 
be given to the right argument. If two mat ­
rices describing two objects are to be put 
together, they can be catenated in the fi rst 
dimension using 

, [ ! ] 

For example, using the TRANSLATE func­
tion (whose description follows): 

aox2-10 10 TRANSLATe BOX 

DRAW BOX . [11BOX2 

gives: 

The geometric transformation functi ons 
used in this article are summarized in table 1. 
In the descriptions given in table 1, TRANS­
LATE and MAGNI FY are de cribed a op­
erating only in the X and Y directions. This 
is a simplification for the purpose of the 
paper. They are capable of performing three­
dimensional manipulations. 

In addition to the Graphpak functions, 
the fo ll owing APL functions are used here: 

V Z-A 1 F B 

[ ! ] Z- 8/A 

v Z•·SIN X 

v z-cos x 

[!] Z- 20X•( 0 2lt360 

The IF functi on i used to make the APL 
code used in the paper clearer to readers 
not fami liar with APL. The SIN and COS 
funct ions are also used to make the code 
clearer to readers not familiar with APL ; 
but in addition, they take an argument ex­
pressed in degrees (the PL primitive trigo­
nometric functions assume their argument 
to be expressed in radians). 

the display window afte r rotating it 180° 
requires : 

DRAW 1 00 76 TRAN SLATe 180 ROTATe RYTc 

Incorporating the above into the APL func­
tion LOGOS 'I (listing 6) to test the hypo­
thesis produces figure 6. 

Next the designer tr ies to make a spiral 
by add in g an X and Y translation to the 
shrinking logo using a sine function (in 
APL, inc is designated by: 

10 

fo llowed by an argument in radians) which 
decreases in magnitude. After some experi­
mentation the fu nc tion in listing 7 was 
fou nd. 

otc the hift by 13 units in statement 5 
of li sting 6. This was necessary because the 
translation using sines (statements 10 
thru 15) carried the design into negative 
X values. Execution of LOGOS2 results in 
the pattern of figure 7. 

There is still some empty space which 
could be fil led with some type of interesting 
design. After experimenting with rotati ng a 
shrinking line, the function in listing 7 was 
developed. 

Lines 10, 11 , and 12 of PICTUREl create 
a symmetrical picture by reflecting the fig­
ure generated about the Y axis. Line 13 de­
termines the minimum translation required 
to get the figure within the display window. 
Execution of PICTUREl results in figure 8. 
After rotating and making mailer drawings 
of the design created by PICTURE2, they 
are placed in the design created with logos. 
The fin ished product can be seen on the 
cover of this issue of BYTE. 

In summary, we have fol lowed a graphic 
designer using APL and Graphpak through 
two problem and have seen the ease with 
which the e software tools can be used for 
creating and manipulating gra phic images. • 
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A good practice in 
APL is to localize varia­
bles needed only within 
a function by placing 
them in the header line 
of the function. In this 
way all the local varia­
bles will disappear from 
the workspace when 
the function completes 
execution . .. RGAC 
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Real-time

•interrupts

add
•immense 
power

loyour

computer. 


With a real-time calendar/clock 
your computer can extend its influence 
into the future - take action at any 
pre-programmed date and time_ 

Imagine the possibilities! Program 
a daily printout of appointments. Pro­
gram house temperature to rise at 6 a_m. 
every morning. Program games in 
which fast reaction time wins. Turn lights 
on and off to simulate occupancy of 
an empty house. In your business, print 
time and date on all computer output ­
hard copy or video display_Make your 
computer a frequency counter or time­
interval meter The possibilities are 
endless - especially if you use our Intro! 
control system to send commands 
over existing wiring. 

We have superb calendar/clocks 
for Apple II and S-100 computers. The 
Apple II clock keeps time for over 2 
years in l ms increments. Programming 
is simple because of the on-board ROM 

The 100,000 Day Clock for S-100 
bus computers keeps time in J00 µsec 
increments. Programming is easy with 
most BASICs - especially our Intro! 
BASIC 

Both clocks feature crystal controlled 
accuracy and on-board battery back­
up. Very simple to interface. Easy to set 
And provided with interrupts that do 
not derail ongoing computer action 
when the clock commands action. 

Calendar/ clock for Apple II is $179 
assembled and tested. For the S-100 
clock $219 assembled and tested_ See 
them both at your local computer shop. 

Mountain Hardware Inc, 5523 Scotts 
Valley Drive, Scotts Valley, CA 95066. 
Phone (408) 438-4734_ 

I 

Mountain Hardware 
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EYTE's Eits 

UCLA Comp uter Club 20th 
Anniversa ry Party 

T he UCLA Compu ter C lub wil l be 
ho ld ing a 20 th anniversary party and 
reu nion in Octobe r 19 78 . The tentative 
dace is October 14. The in ten t is to have 
club members from every era (WDPC, 
Comp ut ing Fac ility, ARPA, CCN) 
present so that everybody lias o ld frie nds 
to talk to. "Res istors" are a lso we lcome. 

If you are a former UC LA Computer 
C lu b member, or you knew o ld members 
and wou ld li ke to see the m again, ple ase 
send your name , add ress, and phone 
numbe r to Joe Katz, Computer C lub, 
3514 Boel te r Ha ll, UCLA , Los Angeles 
CA 90024. A comp lete li st w ill be sen t 
to everyone who responds whet her they 
decide to att end or not. • 

A Worm Invades an Apple . .. 
(or, Comp ute r versus Computer) 

Rumor has it tha t the undergro und 
tec l1nology of defraud ing the tel ep hon e 
monopoly took a dubious step forward 
with the notor ious "Capt C ru nch 's" 
latest escapade . Word is th at t he Federa l 
prosec utors in the trial wi ll int roduce an 
Apple 11 comp u te r in evide nce as the 
ins t rume nt of the crime. • 

More Notes from the Rumor Mill : 
Heath Software 

Accordi ng to hig hly reliable sou rces, 
Hea th is offering a sligh tl y sca led down 

version of the DEC RT l 1 operating 
sys tem (ve rsion 2C) as part of their H27 
dual full -size flo ppy d isk kit . The soft · 
ware package, cal led the HT l 1 , is being 
bundled wi th th e floppy ki t for a tota l 
price of approx imately $1700, a nd will 
be ava il ab le in October 1978. T he RT l 1 
operati ng system (we ll -known in mini · 
co mpu te r circles) plus the RX01 dual 
floppy d isk sys tem wou ld cos t about 
$7000 if purchased from Digita l Equip­
men t Corpo ra tion (D EC). 

The on ly difference between the 
RTl 1 and HTl 1 pac kages is t hat the 
la t te r does not have the super macro· 
assembler or the foregroun d-backgrou nd 
monitor (p lus some additional uti li ties). 
It does have DEC's s tandard BAS IC , 
however. Heath wi ll also be offering 
DEC's standard FORTRAN package fo r 
$100 . 

F inally, there is a possibility that 
Heath w il l be offeri ng a UCSD Pasca l 
package for $200 in the near future .• 

Computer land's Second Birthday 

Compu terlan d , cu rren t ly the largest 
computer store chain, reports to us that 
th ey wi ll be celebrat ing their second 
birth day o n Satu rday, September 23. 
Custome rs and friends arc invited to 
loca l outlets of the chain. In our 
op inion , as pat rons of the Nas hu a NH 
store, Compute rland has to be one of 
th e best plan ned an cl ma naged reta il 
ope ra tions in th is business . We trust 
th at the Nashu a store is typica l of the 
other s tores in this cha in, which number 
over 40....CH • 

Capacitor Val ue 

In Rob in Moseley's a rt ic le "A Low 
Cost Ligh t Wan d Amp li f ier" (May 1978 
BYTE , page 92), the va lue of capacito r 
C l shou ld be ap prox imately 47 m F. 

Anyone us ing the optional peak 
de tector to measure the amp li fie r outpu t 
shou ld allow for the forw ard drop of the 
tw o de tector d iodes and adjust the 
circuit for a DC output voltage from the 
detec tor o f approx imate ly 0.5 V. • 

Meetings in Bedford MA 

In July 1978 BYTE, we mentio ned 
in the Clubs an d News letters sect ion 
that th e New England Comp uter Society 
meets monthl y at t he Mitre Corp Cafe­
ter ia, Bedford MA. However, we neg­
lec ted to mention that they meet the 
firs t Wednesday of each mo nth a t 
7 PM . (Membe rs of the BYTE edi tori a l 
staff a re usua lly in atte ndance at these 
mee t ings.) • 



Totally Integrated, Entirely Self-Contained 

THE PET 
PERSONAL COMPUTER 

With technology so advanced, 
Concept so remarkable, 

Operation so utterly simple, 
Cost so incredibly low. 

The PET has given rise to a brand new era.. . 
The Age of the Personal Computer 

HIGH SPEED PRINTER 

FEATURING AN IEEE-488 BUS 

ACCESSORY 

THE PET has become the standard for the personal com­

fa".!;';d i'!"sJ:ic,;eon~uro~t'lRbS~E~Hu~~~~y~'Q~ 

have given special tn"bute to the " mind-boggling" PET. 

IN A LEAGUE WITH IBM, HP 

ANO WANG MINICOMPUTERS 

THE PET is a minicomputer and should not ba confused with 

geme products that hook up to household T.V.'s. What sets 

it apart from other computers is price. While others cost 

from 511 ,000 to 520,000 and more. THE PET. with similar 

power, costs only 5795.00. 

Features an IEEE-488 Bus - like HP's mini and full size 

computers. This standard data and control channel permits 

direct cor>nection to many peripherals. Over 120 pieces of 

compatible fX!uipment such as cour ters. timers, speccrom 

anai)'zers, digital voltmeters and c.inter plotters, from HP. 

Pru111ps. !'like. and Textronix, etc.. are currently available . 

ROM Magazine. January 19?B. writes, "THE PET comes 

out of the box, plugs into tlY.; wall, and is ready to use." It is 

equ'flped with a CRT video display with reverse and bflnk 

features. an alph1>-numeric keyboard with complete graphics 

and a built- in standard cassette tape deck. 

THE PET ras BK bytes of RAM [user memory] . Optional 

equii:>ment permits expansion to 3<?K . Ann. it has 14K bytes 

ol ROM [program memory] . 


THE PET COMMUNICATES IN BASIC. 

THE EASIEST COMPUTER LANGUAGE 

ii THE PET wants you to press a key, it wal flash, " Press 

such end such" , on the display. Yau speak back to it through 

its full size 73-key keyboard. 


EXTENSIVE CHARACTER 

ORIENTED GRAPHICS 

The unit features a 9-inch. high resolution. 1000 character 

CRT. Characters are arranged 40 columns by 25 i nes an an 

B xB matrix far superb graphics . 


WHAT IS THE PET REALLY FOR? 

It is the sir{Jle most important teaching device for any com­

puter related subject . It will entertain the most sophisticated 

data application. or the simplest inquiry/response essigr>­

ment. IN THE LAB it handles instrumentation, process 

monitoring, and more. A number of Fortune 500 companies 

heve already made 1t an integral part of their lab and generel 

office system. 


TECHNICAL SPECIFICATIONS 
MEMORY 
Random Access Memory (user memory); BK inlernal , 

expandable lo 32K bytes 
Read Only Memory (operating system residenl in lhe 

computer); l 4K byles 
BK-BASIC interpreter program, 4K·Operaling system . 
1K·Oiagnoslic routine 

VIDEO DISPLAY UNIT 
9 " enclosed . black & white. high resolul ion CRT 
1000 character display. arranged 40 columns by 25 lines 
Bx 8 dot mat rix for characters and conl inuous graphics 
Aulomalic scrolling tram bottom of screen 
Winking cursor with full motion cont rol 
Reverse field on all characters 
64 standard ASCI I characlers: 64 graphic characters 
KEYBOARD 
9'11 • wide • 3 " deep; 73 keys 
All 64 ASCII characters available without shill. 

Calculator st yle numeric key pad 
All 64 graphic and reverse field characters accessible 

from keyboard (with sh ift) 
Screen Control: Clear •nd erase 
Editing: Character insertion and deletion 

CASSETTE STORAGE 
Fast Commodore designed redundant ·recording scheme. 

assuring rel iable data recovery 

As a BUSINESS TOOL 1t will ; Maintain ledgers. Keep payroll 
records. Creete P & L' s. Cont.rel inventory. Store and 
analyze sales data. Or·aw ber graphs. Issue 1nvo1ces. Hoak up 
to or>-ine computer system. ATHOME it will; Compute state 
and federal tax returns Make heat and insulation analyses. 
Keep Christmas lists. Keep checkbook and finances up to 
date. A variety of games. from Bleck1eck to Galaxy, 1s cur­
rently available. 

Bar Graphs Amortization Chart 

Black Jack Teach ing Trigonometry 

HIGH SPEED PET PRINTER 

This powerful word processor prints hardcopies , invoices. 

ccmputer ccrrespondence . Faster than an IBM Selectric, 

THE PET Printer delivers 60 characters per second at a sus· 

tained rate .. with upper and lower case capability. 

Characters are one-eighth inch tall end are printed in a 7 x B 

dot mat.rix . The printer uses a standard B Y2" wide paper 

rotl. And. it is only$695.00. 

PERIPHERAL SECOND CASSETTE 

This optional comporent expands storage and increases 

flexibility. Only$99.95. 

MILES OF SOFTWARE 

Meny programs are available now. including, " BASIC BASIC" 

which shows how ta write a program. Yau can develop your 

own programs to meet personal requirements . 

~~~~~~~~~ 

Cassette drive modified by Commodore for much higher 
reliability of recording and record re l enlion 

High noose immunity. error detect ion. and correction 
Uses standard audio casselle tapes 
Tape files. named 
OPERATING SYSTEM 
Supports mu ltiple languages (BASIC resident) 
Machine language access;bilit y 
File managemenl in operating system 
Cursor control. rever se lield . and graphics under simple 

BASIC cont rol 
Casselle file management from BASIC 
True ra ndom number generation or pseudo 

random sequ ence 
INPUT/OUTPUT 
All olher 1/0 supported through IEEE·4B8 insl rumenl 

interface !or peripherals 
110 automa1ica lly managed by operaling system sohware 
Single characte r 110 wilh GET command 
Easy screen l ine-edit capabili t ~ 
Flexible 110 structure for BASIC expansion with peripherals 
BASIC INTERPRETER 
BK BASI C: 20 % faster than most o!her BK BASICS 
Upward expansion l rorn BASIC language 
String'S, integer'S , mu lt iple dimension arrays 
10 significant digi ts; floati ng pomt 
Direct memory access: PEEK and POKE commands 
DIMENSIONS 
16" wide; I B'h " deep; 14" high. Weight : 44 lbs. 

Immediate Delivery 

GAME PROGRAMS ARE 59.95 EACH: 
0 Black Jack 0 Draw Poker 0 Galaxy Games 
0 Space Flight 0 Target Bong, Off·The ·Wall 
0 Lunar Lander , Wumpus, Rotate , Tic·Ta<·Toe 
0 Osero, Reverse O Spacetrek Cl Kingdom 
PROGRAMS AT Sl4.95 EACH: 
0 Mortgage Analysis 
0 Diet Planner and Biorhythm 
0 Basic Basic-by Lodewyck and James 
PROGRAMS AT 524.95 EACH: 
O Basic Investment Analysis-loans. annuities. retum 
on regular and irregular sequences of payments . 
calendar calculations 
0 Stock Portfolio Recordkeepins and Analysis· 
keeps track of buys. sells, and dividends. Calculates 
current value, rates of retum 
D Checkbook Recordkeeping and Analysis·keeps 
track of checks and deposits. Analyzes expenses 
by date and type 
PROGRAMS AT 529.95 EACH: 
0 Basic Math Package-matrixadditoon. mulbpl1cation, 
determinants and inverses ta 16 x 16. sollJtion of 
simultaneous rinear eq.,ations. vector and plane ~eometry 
calrulabons. ontegraoon by trapezoidal, Simpson s rule 
or Gaussian quadrature. dif'ferentiation 
0 Basic Statist ics Package-mean. median, variance. stan­
dard deviation, skewness. kurtostS . frequency distribu~on . 
linear regression. T-tests. correlation analyses 

FREE QRIENTATION PACKAGE 

Your PET comes complete with two programs and an easy­

to-follow ir>StnJction manual. By working through the routines 

you will quickly discover how easy it Is to gain commend of 

your personal computer. 


SERVICE WORLDWIDE 

Because your PET is self-contained end compact. profes­

sional factory service is never fer away . If major service lS re­
q·J1red. the unit can simply be retumed by UPS to an 
authorized Commodore PET Clinic. 
To order your PET send check or money order for $795.00 
plus $20.00 for shipjling and insurance. To order the PET 
Printer. add $695.00 plUs $12.00 for shipping and ir>­
surance. The Second Cassette is $99 .95. No shipping end 
insurance charges are required when ordering a second 
cassette or programs with your PET. Credit card orders are 
invited to caWour tol free number below. Orders will be 
accepted on our TELEX. No. 25-526B. 
Use THE PET for 30 days with no obliga~on . If, for any 
reason. you are not satisfied. returr it for a prompt and 
cour teous re fund. ORDER DIRECT 


CREDIT CARD ORDERS CALL TOLL FREE 


800-323-2272 

ILLINOIS RESIDENTS CALL: 312-595-0461 


TELEX ORDERS: 25-5268 


Order you r PET. Printer Accessory. Second Cassette 
and Programs lrom Contemporary Markeli ngat : 

790 MAPLE LANE DEPT. BT-9 
BENSENVILLE, llllNOIS 60106 

Cont~Pm2{9!Y 
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SYNCHRO·SOUND 

ENTERPRISES, INC. 

One-stop shopping

for Hardware and Software 


Everything you need in small computer systems with special emphasis 

on TERMINALS! Look at these units . .. compare price, quality, delivery, 


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


LEAR SIEGLER ADM 3A TERMINAL 
•Full addressable cursor ADM 3A $759 95 
• 	 Display format-24 lines Kit . . . . . . . • 

of 80 characters per line ADM 3A 854 95 
•Communications rates- 75 to Assembled ·· • 

19 200 Baud Lower Case 69 00 
• C~mputer interfaces option ·· · · · ··· · • 

- EIA standard 

·~~:'j~jiij.i-~~ADDS REGENT 100 
11111 VIDEO DISPLAY 


TERMINAL 

Display Format-80 characters per line by 24 
lines. 25th line reserved for terminal status. Re­
verse video, underline, half and zero intensity 
and blinking are all standard features. 

$1325.00
' 	 ' ' 

I 	 I I 

.~------------------------------TELETYPE MODEL 43 PRINTER 

• 132 Characters per line 

• 	110 or 300 Baud switch selectable 

•Full keyboard 

•RS 232C Serial Interface standard 

OKIDATA MODEL 110 
LINE PRINTER 
• 110 CPS dot matrix 

Friction $1199 OO
Feed . . . • 
Tractor
Feed.. .. . 1349•

OO 
RS 232C 
Serial
Interface . . . 260•

OO 

OKIDATA MODEL 22 • 125 lines per minute 
LINE PRINTER 132-column print line 

• 	 Upper/lower case 
• 	 8 different 

character sizes 
• 	 12 IPS paper slew 

Trac tor Feed .. . . $2449.00 
RS 232C Serial lnlertace ... 379.00 

DECWRITER II -	~ 
• 	 132 column printing 
• 	 10-30 CPS 
•Full keyboard 
• Tractor feed 
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SYNCHRO·SOUND 

ENTERPRISES, INC. 

CENTRONICS 
703 SERIAL 
PRINTER 

•Low 
cost 

~...I 

of ownership 

. ~ - ­ -

• Bidirect ional logic seeking printing 
•Microprocessor electronics $ 2805 OO 
• Excellent print quality • 

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

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

brightness levels 
• RS232 and 

With 22 Slot 
Mother Board 

$649.95 
PCS-80/15 Kit 

699.00 

current loop ~~~~~;;;:~and much more. 

Assembled ....$1149.00 /Kil . . . 

HAZELTINE MODULAR 1 
INTELLIGENT TERMINAL 
• 1920 character display 
• 8 different video levels 
•Fu ll editing capability 
• Removable keyboard 

and much more 

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

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

KSR with Keyboard . . . . . .. $2025.00 
Receive on ly version 

--~~=·. ~895.00 

• Fully IBM 3740 media 
and format compatible 

• Full formatter 
and controller 

FLOPPY DISK 
SYSTEM 

Digital Systems 
Dual Drive System 

built-in 
$2475.00 

Dual Density 
Version 

2745.00 

SPECIAL BUYS 
Vista V80 Floppy Disk System ..... . ..... $619 .95 
Cromemco Z-2 Kit . .. . ..... .... ...... . 565.25 
Compucolor 8001 Color Computer . . . . . . 2595 .00 
IMS 16K Static Memory ... .. ... . . ...... 525.00 
North Star Microfloppy Disk Kit . .... . ... 599.00 
North Star Horizon 1 Kit ... . .... . . ... . . 1499.00 

• North Star Horizon 2 Kit . ... .......... .1899.00 
Javelin 9" Video Monitor . .. . ........ ... 159.95 

Assembled . . . . 

$1659.00 /, 

Livermore Modem Model 76 .. . . . .... .. . 299 .00 
Micropolis Model 1053MOD 2 ....... _. 1799.00 
IMSAI AP44-44 Col. Printer Kit .. .. .. .. 299 .00 
TDL Xi tan Alpha 1 Assembled . . . . . . . 939 .95 

We carry a full line of the following : TDL, 
Centronics , Seals, Hazeltine, Micropolis, Vista, 
Hayden, IMSAI , Cromemco, Digital Systems, 
Compucolor, learn, Lear Siegler, Ok idata, 
DEC, Javelin, North Star, Peripheral Vis ion. 
Same day delivery and shipp ing on most 
items. Full modern repair facilities on 
premises for complete servicing of 
everything we sell. 

SYNCHRO-SOUND ENTERPRISES. INC. 
The Computer Peop le 
193-25 Jamaica Avenue, 
Jamaica, New York 11423 
212/468-7067 TWX: 710-582-5886 
Hours 9-4 daily Visit our new showroom 
and Saturday Working units on display 
Dept. BBB BankAmericard •Master Charge 
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an order of magnitude faste r than an equiva l· 
ent program executed in terpretively. In fair· 
ness, it must be also poin ted out that in ter· 
preters are usually eas ier to use, and more 
suitable for an interactive environment. 

Th is series of articles is an attempt to 
describe how a compi ler for a subset of 
Pascal was implemented on an 8080 com­
pu ter system. It is not our intention to go 
into details for the reaso ns for the choice 
of the language. Pascal is widely recogni zed 
as superior to many other languages. For 
an overview of the la nguage, readers are 
referred to August 1978 BYTE. The publi­
cation, Pascal: User Manual and Report, by 
Kathleen Jensen and Ni klaus Wirth 
(Springer-Verlag, 1974) should also be 
consulted as the authoritative source book 
on the langu age in its original fo rm . 

This is not, of course, the first Pasca l 
compiler ever written for microcomputers. 
However, instead of waiti ng for a Pasca l 
compiler to be written for our particular 
processor, we decided to undertake the 
project o urse lves. In this way, we can add or 
subtract featu res from the original Pascal to 
suit our needs and system capabilities, so 
that it can be easil y integrated with other 
system software developed so far. 

2 Stage Compiler 

The compiler is divided into two stages: 
a p-com pil er and a translator . Instead of 
having the compiler generate machine code 
directly, it generates code for a hypothetica l 
rnach ine, ca ll ed the p-rnach ine. These codes, 
called p-codes, are then converted into the 
ta rge t mach ine codes by the translator. 
Div id ing the task of a com pi ler into two 
stages offers several advantages. The com­
piler can be written abstractly, without com­
mitting onese lf to a particular machine and 
worrying about de tails of code generation 
and op tim ization. Such a compiler is said to 
be portable, meaning tha t it can be used on 
other com pu ter systems with minimal start 
up effort. It is only at the last stage of code 
translation from the p-codes to actua l ma· 
chine codes that we have to commit our­
selves to a particular machine . 

Another advantage this method offers is 
greater flexibility when writing the com ­
pil er. The compiler and the translator can be 
coded and debugged separately. The flex i­
bility of such a compi ler was apparent to us 
as we started to introduce more and more 
Pascal features into our origina l min imal 
subset. Seldom was it necessary for· us to 
introduce new p-codes other than those 
originally specified . 

There is also one more reason for breaki ng 

A"Tiny" 


Pascal Compiler 


Part 1: The P-Code Interpreter 

Kin-Man Chung Roughly speaking, a comp il er is a pro­
124 Scottswood Dr gram that translates the statements of a high 
Urbana 1 l 61801 level language ( uch as Pascal or FO RTRAN) 

into a semanticall y equivalent program in 
Herbert Yuen some machine recognizable form (such as 
PO B 2591 , Station A machine or assembly code). The fo rmer is 
Champaign ll 61820 usually referred to as the source program 

whi le the latte r is called the object pro­
gram. An interprete r, on the other hand , 
reads in the sou rce program and starts 
exection directly , without prod ucing an ob­
ject program. 

There is little doubt th at comp ilers and 
interpreters are a necessary part of any 
computer system. The reason most per­
sonal computer systems do not have high 
level language comp il ers is not that there is 
no need for them . Comp il ers, being in herently 
more complex than interpreters, require 
more effort to write and more computer 
memory to run . The main advantage of a 
compi ler over an inter preter is th e relative 
speed. A compil ed program typically runs 

About the Authors 

Kin-man Chung is currently a graduate student at the University of 
Illinois at Urbana-Champaign. Presently his equipment includes an 
Altair 8800 with 44 K bytes of memory, a North Star disk system, a 
700 cps impact matrix printer, and a Selectric terminal. His current 
interest in microcomputers is the development of an Interactive Pascal 
compiler for microcomputers, and a high resolution graphics system 
capable ofanimation. 

Herbert Yuen received a master of science degree in computer 
science from the University of l/llnois at Urbana-Champaign. He is 
presently working full-time as a research assistant at the university. 
His primary interest In microcomputers is software systems develop­
ment. One o f his future plans is to implement a small information 
retrieval system for a microcomputer. 
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Now you can buy a complete operational key­
board with full ASCII code capabilities. built to 
commercial standards, yet priced for the personal 
user who needs only one. This is not a surplus unit 
or a manufacturer's overrun, it's a new board de­
signed specifically for the personal computer user. 

MAX is MOS/LSI encoded, and includes all 128 
ASCII characters, two-key rollover protection and 
two non-encoded keys with relegendable keytops 
for user assignment. Everything you need to start 
entering data immediately. 

Individual keys for CARRIAGE RETURN, LINE 
FEED and ESCAPE are provided to give you these 
important functions without multiple key closures. 
A low-cost MAX option kit (Part No. 620002) lets you 
add four CURSOR keys and a HOME key if you need 
those functions. Coding is already provided. 

MAX low-profile switches have gold contacts with 
wiping action for long life and reliability, and plung­
er action that is smooth and precise. 

Maxi-Switch is a leading supplier of keyboard 
products to the data terminal industry, and MAX 
comes from a fine family. Get the full story on the 
new MAX keyboard for personal computing. 

MAX is sold only through authorized dealers such 
as Century Research & Marketing. To order your 
MAX, use the coupon supplied. 

Circ le 218 on inquiry card . 

Send to: Centu ry Research & Marketing 
4815 W. 77th St. 
Mpls ., MN 55435 
612-831-8586 

Enclosed is $69.95 (plus $5.00 shipping and handling) per 
MAX keyboard. (For Cursor Kit, add $3.95.) Please send 

__MAX 

keyboards to ______________ 

Address ________________ 

City_________________ 

State __________ Zip ______ 

9U7 EAST RIVER ROAD • MINNEAPOLIS, MINNESOTA 5543~ 

(812) 755°7860 ­
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Figure 7: Memory overlay structure of the modules of the compiler. The 
North Star DOS and BASIC start at hexadecimal 2000 and take up approxi­
mately 74 K bytes of memory. The p-compiler is the largest BASIC program 
of the system; in its compressed form (void of all comments and blanks) it 
occupies 74 K bytes. It reads Pascal source programs created by the editor 
from disk files, and generates relocatable p-codes directly in mem0ty. We use 
hexadecimal 0000 to 7 9FF for p-codes and find it adequate for Pascal source 
programs under about 300 lines in length. The smuller translator (9 K bytes) 
produces 8080 codes directly filled into memory. The origin of the codes 
can be specified. The run time routines (which toted 7 K byles of memo1y) 
ore needed only when the translated 8080 codes are being executed. The 
Interpreter is written in Pascal, compiled and translated. The BAS IC inter­
preter is no longer needed when it or any other Pascal program is being run. 

the compi ler into two stages: most small 
computers do not have enough memory 
space to store the complete compi ler. After 
the p-codes a re ge nera ted, th e p-compi ler is 
no longer needed, and can be overlaid with 
the translator. Therefore the compiler and 
the transl a tor can share the same memory 
locations. 

Actual ly we also use two other utility 
programs: a text editor and a p-code in ter­
preter. Th e editor is used to p1·epare the 
Pasca l source programs. The inte1·preter is 
used to in terpret the p-codes produced by 
the p-compi ler. This provides another 
alternative fo r running the Pasca l programs. 
Because it is equipped wi th various de­
bugging aids, such as setting up breakpoints 
in p-codes and outputt in g values for vari­
ab les, debugging can be easily done. Only 
after a program is verified to be correct is 

P -CODE 

RUN · TIME ROUTINES RUN · TIME 

DOS DOS 

STACK 

RUN - T IM E 

STACK 


P·CODE PASCAL 
INTERPRETE R PROGRA MS 

@ INTERP RET ®EXECUTE 

the translator loaded, and 8080 code pro­
duced . This all ows easy development of 
th e Pascal programs without sacr ify ing 
efficiency at run tim e. Figure 1 shows 
the overlay structure ror the various mod­
ul es of the compi ler. Figure 2 shows the 
logical flow during a program development. 

In thi part of the series on our project, 
we will describe the general plan . The 
Pasca l subset is defined using syntax dia­
grams. A description of the p-rnachin e and 
its codes are also give n. We will discuss the 
p-compi ler, translator and runtime routines 
in the fol lowi ng pans. 

Bootstrap Compiler 

How does one in trod uce a new language 
in to a computer sys tem with lim ited com­
puter resources? By compute1· resources we 
mean not only th e computer hardware like 
memory and peripherals, but also sof tware 
too ls . We have learned from experience not 
to attempt programs with the complexity 
of a com pil er in machi ne or assembly la n­
guage. Th is le ft us with BASIC. Although 
it is not the most desirab le language to 
wr·ite a compiler with , it turned out to be 
adeq uate. Some carefu l thought is needed, 
of co urse, to han dl e recursive subroutin e 
calls from BASIC, a feature central to our 
com pi ler wr iting. 

The alternat ive to BASIC is to go to a 
com me1·cial computer and write the wh ole 
or part of the compiler in an appropr·iate 
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salisfaclian starts here 

MEET THE 

ECONORAMT..M
FAMILY • • • 

These static memory kits deliver 
outstanding performance at prices 
even the dynamics can 't match. What 
others consider "extras" we consider 
necessities, such as buffering on all 
lines, reliable OMA, sockets, gold­
plated card fingers ... and all the 
other signs of quality that make up an 
Econoram. 

More good news: Our memory kits 
(f>xcept Econoram II"") are now 
"Unkits" . All sockets and bypass caps 
are pre-soldered into place, turning 
an otherwise tedious assembly job in­
to a pleasurable , one evening project. 

We want to be your memory sup­
plier: and that means offering a 
superior product at the lowest possi­
ble price. 

8K ECONORAM II™ 
Just try to find a more cost-effective S-100 
package! Better yet, get 3 kits (24K of memory) for 
only $375. Add $20 per board for 
assembled/tested. $135 

16K ECONORAM IV™ 
Ideal for S-100 buss system builders who need a 
big chunk of memory that draws less than 2000 
mA. Manual write protect for 4K blocks; use with 
or without phantom line. Add $35 for 
assembled/tested. $ 2 7 g 

24K ECONORAM VIF"' 
A dense and flexible S· 100 board that draws less 
than 2000 mA. Configured as two SK and two 4K 
blocks with independent addressing and protec· 
tion. Use with or without phantom l ines. Add $40 
for assembled/tested . $445 

• • - --­

MORE ITEMS ••. 

TRS-80 16K 
CONVERSION KIT 

Why settle for the limitat ions of a TRS-80 4K 
system? Expand it to 16K with our conversion kit. 
In cludes eight uPD416 1 x 16K dynamic 
memories and instructions for converting your 
machine to 16K. You could pay up to $290 

elsewhere ... but our kit is only $19 0 • 00 
CPU POWER SUPPLY 

Here is an economical, conservatively rated 
power supply for small computer systems or 
digital/analog bench work. Delivers + 5V @ 4A 
with crowbar over-voltage protection ; also gives 
± 12 @ 'h A per side . Adjustable negative bias 
supply, 5 - lOV@ 10 mA. All in all , if you need a 
small power supply you can 't beat the perfor· 
mance or the price. $ 50 
11 SLOT MOTHER 
BOARD "UNKIT" $90 

Those who recognize value have made the I 0/1 1 
slot Motherboard one of our most popular non· 
memory kits . Now, we've made it even more 
desirable by pre-soldering all 11 edge connectors 
in place to take the tedium out of assembly . In· 
eludes our much-copied active termination cir· 
cuitry that takes the noise, glitches, ringing , and 
overshoot problems off your buss for optimum 
data transfer ... as wel I as all edge connectors 
and plenty of bypass capacitors. 

18 SLOT MOTHER 
BOARD KIT $124 

Same features as our 11 slot version ; includes 
18 edge connectors and active term ination cir· 
cuitry . 

COMING SOON: 
A NEW FAMILY OF 
ECONOROMS™ 
Don't load and reload often used programs or 
routines; store them in one of our ROM boards. 
We're putt ing final touches on 2 boards; one is 
16K, configured as 4 independent 4K blocks with 
optional power on start , and uses 2708s. Our other 
board combines both ROM and RAM and uses 
2716s. Watch this space for further developments. 

®@IDIB®OO~
BILL GODBOUT ELECTRONICS ~ 

BOX 2355, OAKLAND AIRPORT. CA 94614 :~,. 
TERMS: Please allow up to 5% lor shipping; e•cess refunded . ~ 
Add $I handling for orders under $ l 0 . Cal res add tax . COD OK 
wi th street address for UPS. For VISA /Mastercharge"' orders 
(S 15 min) ca ll our 24 hr. order desk at (415) 562-0636. Prices 
good through cover month of magazine. 
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16K RAM 

Fully Static TMS 4044 

250 nsec. chips-$425 
Z-SOA 4 Mhz. Fast-This fully assembled and tested 

16K board was designed to operate without wait states 
in a 4 Mhz. Z-BOA system allowing over-generous time 
for CPU board buffers. 

450 nsec. chips-$375 
For 2 Mhz. Systems-Same circu it as above but 

priced lower because of less expensive memory chips . 
It is fully assembled, burned-in, tested and guaranteed. 

BK Versions Also Available 
Both boards available fully assembled with sockets 

for all 32 MOS chips but supplied with only BK of chips. 
BK-250 nsec.-$265. 4K chip set-$95. BK-450 
nsec.-$235. 4K chip set-$85. 

Fully Static la Beat - Both boards use the 
state-of-the-art Texas Instruments TMS 4044 which 
requires no complicated and critical clocks or refresh. 
The fully static memory chip allows a straight-forward, 
"clean" design for the board ensuring OMA compatibili­
ty. They use a single B volt power supply at 1.8 amps 
nominal. 

Fully S-100 Bus Compatlble-E.ach 4K addressable 
to any 4K slot and separately protected by DIP switches. 

Commercial Quality Components-First quality 
factory parts, fully socketed, buffered, board masked on 
both sides, silk-screened, gold contacts, bus bars for 
lower noise. 

Guaranteed: USA customers - parts and labor 
guaranteed for one full year. You may return undam­
aged board within ten days for full refund (factory orders 
only - dealer return policy may vary). Foreign 
customers- parts only guaranteed; no return privilege. 

Check your local computer store first 
Factory Orders - You may phone for VISA, MC, 

COD orders. ($3 handling charge for COD orders only) 
Purchase orders accepted from recognized institutions. 
Personal checks OK but must clear prior to shipment. 
Shipped prepaid with cross-country orders sent by air. 
Shipping - normally 48-72 hours. Washington resi­
dents add 5.4% tax. Spec. sheet, schematic, warranty 
statement sent upon request. 

A_eattle Computer Products, Inc. ~ 1114 Industry Drive, Seattle, WA. 96186 
(206) 255-0750 

language. The finished product (or part of 
it) can then be transfe rred to the smaller 
computer. This is, however, a luxury most 
of us cannot afford. 

Of course, the compiler written in BASIC 

START 

WRITE 
PASCAL 
SO URCE 
PROGRAM 

ENTER 
SOU RCE 
PROG RAM 

>- r)YE_s__,~~~~~ ~~~--' 

1;------1 
II LOAD / NO 

IP-COMPILER r---<:_") I 

EDIT 
SOURCE 
PROGRAM 

I IL __ ___ _J 

~~;---1 
I IN TERPRETER I 
I AND RUN ·TI ME r ­
I ROUT INES I
L __ ___ _J 

,-----1 
I LOAD I 
I TRANSLATOR J- ­
I IL_____ _J 

I 
ICOMPILE 

I NTO I 

P·CODE 
 I 

1--L---, 
I LOAD EDITOR / 
I AND SOURCE I 
I PROGRAM IYE S L _____ _J 

NO 
- --<'- ") 

I NTERPRE T 

P-CODE 

PROGRAM 


YES 

NO 
--<_") 

TRANSLATE 
P·COOE 
INTO 
6060 CODES r ----­, 

r_>---­
I 

---1 
LOAD 
RUN-T I ME 

I 
I 

I ROUTINES I
L _____ .J 

EXECUTE 
6080 
CODES 

END 

Figure 2: Flo wchart showing development 
of a Pascal program. 
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would be very in efficient and slow. But th is 
actua lly would not matter, si nce it would 
onl y be used as a bootstrap compi ler. The 
co ncept of bootstrapping should be famil iar 
to most personal computer owners. We 
usually use it when ini tial ly starting up 
our compute rs. After turning on the power, 
a bootstrap loader is firs t loaded into the 
computer (either ma nu al ly or through the 
use of read on ly memory) . This bootstrap 
loader is then used to load the loader, which 
in turn loads the mon itor into memory. The 
bootstrap loader is a smaller version of the 
loader; it is just big enough to load the main 
loader and not adequate to be a ge neral 
purpose loader. 

The same idea can be appl ied to com­
pi ler writi ng. A compi ler for a smal l subset 
of a language is first written. This subset 
should be big enough so that a comp il er for 
a bigger subset of the same language can be 
written in it. The larger compiler is then 
written and compiled, using the first com­
piler. Next, a compiler for a still bigger sub­
set of the same language can then be written 
and com pil ed, using the second compiler, 
and so on until a compiler for the complete 
language is produced. In actual practice, no 
more rhan three stages are used . It does not 
matter if the first compiler is very ineffic ient. 
The idea is to get a working, albeit primitive 

and ineffic ient, comp il er with min imu m 
starting effort. 

Pasca l Subset Syntax 

Th e syntax of Pasca l ca n be described 
precise ly by us ing a notatio n usually ca ll ed 
Backus-Naur form (BNF). This is a co llec­
tion of rules for the grammar of the lan­
guage. Instead of dealing with Backus-N au r 
form directly, we use an equi va lent but more 
understandable notat ion: the syntax dia­
grams. Figure 3 describes the syntax of the 
Pascal subset we are inte rested in. 

In the sy ntax diagram, the sq uare boxes 
are called nonterm inal sy mbols, while the 
ovals are called term inal symbols. Terminal 
symbols are the basic buil ding units of the 
language and req ui re no further expansion. 
In ou r case, the names that represent the 
terminals are also their textua l representa­
tions in the language. The nonte rm inal sym­
bols in the syntax diagrams can be ex panded 
using ru les specified in another sy ntax dia­
gram, and there is a syntax diagram for each 
nonterminal symbol in the syntax diagram. 
A branch in the diagram represents options 
all owable by the gramm ar. When all non­
termin al symbols are eliminated by ex­
pansion in th is fas hion, we wou ld have a 
va lid program. We sta rt off a compilation 
wi th the nonterminal program. Lookin g at 

SAVE THE WHALE 

The world's best computer may be inside a Sperm Whale's head. 
The Sperm Whale has the largest brain of any creature that has ever existed 

on our planet. The bra in of this 18-meter marine mammal weighs up to 9 kilograms. 
It uses echo-location to find giant squid at ocean depths of over 1,000 meters. 
More than 13,000 sperm whales are scheduled to be slaughtered this year 
by agreement of the International Whaling Commission . 

The CONNECTICUT CETACEAN SOCIETY is a small , totally volunteer, 
non-profit education and conservation organization dedicated 
to seeking the abolition of all whale killing . Any 
concerned citizen can help our efforts by sending 
name and address and a $10 or more contribution to : 
CCS, P.O. Box 145, Wethersfield , CT 06109. 

There are two mountain peaks 
of evolution on planet earth: 
on the land, homo sapiens­
human beings : in the sea , 
cetaceans- whales . dolphins, 
and porpo ises . -

-· ~ .......;.~ · ~ -'~";""'.~ : 


..~~~-:,~;~£;:;;::-:: ~.~x::''. ~~-~-·~~:-~~~:~;.~~~i.. . 
" 4 ... ~ . ..?:­

0f.a1Wll'lj li-y 
D D115r11t ll . '-:~)::.:.;> . :,~~~- .-~~~:::~-;,::;;.;_;::

' .:___.... . .....f-
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PROGRAM 

BLOCK 

CONSTANT 

BLOCK 

Figure 3: Syntax diagrams of the Pascal subset. For the syntax diagrams of the full Pascal set 
refer to the book by Kathleen Jensen and Niklaus Wirth, entitled Pascal: User Manual and 
Report. These diagrams totally define the subset of the language that we are using. 

the syntax diagram we see that a program 
is a block fo llowed by a period (.). Looking 
at the syntax diagram for block, we notice 
that it can have an optional declaration part 
fo llowed by the main body which begins 
with the string begin , fo llowed by any 
number of the nonterminal symbols, state­
ment, separated by semicolons( ;), and then 
the string end . The statement block can be 
further expanded by the syntax diagram for 
statement, and so on. 

The reason we go through the de tails 
here is because it is important to precise ly 
describe the features we want to include in 
our language before starting to write the 
compiler. It is the first step towards writing 
the compiler. These syntax diagrams will 
later become flowch arts for the syn tax 
analy zer of the compiler. 

Readers fam ili ar with Pascal wil l no 
doubt notice several important features 
missing from our subset. There is no GOTO 
statement. The on ly data type we have is 
integer and integer array of one dimension. 
Also missing from the subset is the structured 

data type, pointer type, user defined ty pe, 
and file type. A less obvious omission is 
passi ng th e parameter of a procedure by 
address; the parameters are passed by value 
only . Aside from the fact that these features 
are difficult to implement, they are not 
indispensable in our bootstrap process. Of 
course, features like user defined type and 
structured type are some of the unique fea­
tures of Pascal, and should not be omitted in 
the long run . Bu t we feel that they can be 
added later. 

We have also included some trivia l but 
nevertheless useful enhancements to the 
language , which we hope do not deviate 
from the standard too much. One is the 
addition of the opt ional clause else to the 
case statement which provides an exit path 
if the value of the variable does not fa ll 
into any of the case labels. Another is the 
inc lu sion of format controls in the read and 
write statements. Following an express ion 
in a write statement, a pound sign, #, indi­
cates numeric form and a percent sign, %, 
indicates hexadeci mal format. If there is no 
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format control , a character whose ASCII 
code equals the expression is output. Also a 
hexadecimal constant is prefixed by %. This 
allows processing of hexadecimal numbers 
without conversion by the user. 

EXPRESSION 

SIMPLE EXPRESSION 

To allow interfacing Pascal programs with 
assembly programs, a facility is provided to 
read or write a byte from or to absolute 
memory locations. The array mem is a re­
served array name that is used to do this. 

SIMPLE EXPRESS ION 

TERM 

TERM 

TERM 

IOENTIFIER 
LETTER 

LETTER 

INTEGER 

DIGIT 

·~CJ ( 

STRING 

1 ( CHARACTER)0 ( ) 
HEXINTEGER 

HEXADECIMAL HEXADECIMAL 
DIGIT DIGIT 

) 


·0 


HEXADEC IMAL HEXADECIMAL 
DIGIT DIGIT 

Figure 3, continued: Elementary constructs for Pascal subset. Hexinteger Is usually not defined 
In Pascal but is used here so that actual memory locations can be easily manipulated. Continued on page 149 
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The ultimate floppy disk controller, 

DOUBLE 
DENSITY means 

DOUBLE 
CAPACITYwith 

DOUBLE 
RELIABILITY 
Replace your old controller 
board with THE DOUBLER. 
Your disk system capacity is 
doubled. Your cost? $495. 

S- 100 compatible 

S uppo rts up to four drives ­
Sin g le- or double-headed­
min i· o r full -size d . 

IBM compa tible-· 3 740 and 2 D 

CPIM • version 1.4 compati ble. 

Transparent single or double 
d e n si ty operation. 

Reads/wr ite s c onsecutive sectors 
fo r high-speed ope ration. 

F u ll formattin g capabilites. 

Pe rforms powe r-on jump. 

Dig ita l phase·lock oscillator w ith 
wri te pre-compe nsat ion . 

Auto matically unloads drive heads 
when not in u se. 

THE DOUBLER comes fully as­
sembled and extensively tested. 
Priced at $495, including: PROM 
bootst rap; CBIOS for CP/M • ; 
hardware UART with RS 232 inter· 
face; complete documentation ; 
utility programs; and a one-year 
Wa ffanty. • cPIM Is a lrade.mark OI 0rgll31FleSf!!iUCh 

Available l'IOW at retail computer 11tore11. 

524 Union St. San Francisco, Ca. 94 13.l 

415-398-0289 
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Continued from page 17 

List price was aboul l 00,000 Yen, which 
means it wi ll sel l discount for abou t 
80 ,000+ Yen. Like t. he P 1200 (already 
o n sale i·n the US) the PC 1300 seems to 
use Shar p 's ow n 4 b it 1 c h ip 64 pi n 
flatpack m icroprocessor, with 2 K bytes 
o f read on ly mem ory o n chip. Sharp 
ea rlie r re leased the EL-600.0 , a child's 
ar ithme t ic prac ti ce ca lcul ato r. 

Mitsu bishi had a 4 b it microprocessor 
(M58840) with on-chip 8 bi t ana log to 
digi t al cn nver t er (5% acc u racy c laimed). 

Panafacom had the C15, a BAS IC 
language 16 b il mach ine with touch key· 
board, vi deo display, 15 ips Phi lips 
casscltc , bu l no pr inter (it wi ll be a n 
optio n). It s BAS IC includes graphics, 
matrices (opt io n) and s t ri ngs , c as~ette 
tape u tili t ies a nd commands for i ts IEC 
bu s option. (The 16 bi t chip is nol new.) 
700 ,000 Ye n wit h 16 K memo ry, 16 K 
expansion wi ll be op ti on. T h ry also have 
a do ii yourse lf kit, 1hr "L-k it ," with 
color g raphics. 

NE C's BASIC s1ation, a do it yourself 
8080 boa rd wil h he xadec ima l keyhoard , 
plus separate alpha n umeric key board, 
video (T V) and cassclte interfaces, runs 
a 4 K Ti ny BAS IC: wi t h peck, pok e and 
graphic commands. It costs abou t 
200,000 Ye n . Their Level 2 BAS IC, wit h 
str ings, subsc ri p1 s a nd ar rays, and sta nd· 
ard (sin, log, e tc) math rou ti nes plus u p 
ro 18 character alph ;rnumeric names, is 
clue in lu ly. (1.rvc l 1 and Lrvcl 2 are no l 
compatible, maybe thry plan to usr their 
new 16 bi t chip µ PD768 B) . 

A small compa ny, IN P EX, has an 
8085 kit with la rge key board for ma· 
ch ine language progra mm ing; t he keys 
co rrespo nd to oprn drs Casi is abou t 
80,000 Yen . 

KS Wilkinson 
CPO Bo x 1748 
Tokyo 100-91 

JAPAN 

RARE C HASSIS? 

I wa n l to tha n k Dan Fylstra for his 
article in t he May 1978 BYTE, page 22, 
"Conver t Your T V Sci t o a Vi deo 
Monitor ." It was cleM ly writte n it ncl well 
illustrated. I was abnu l lo purchase a 
T RS-80 from Radio Shack a nd h is article 
convi nced me 1ha1 I shou ld buy a 
Hit achi T V and a Pickles and Trout con· 
vcrtcr . T ht1S I would have both a com­
pu ter d ispl ay and a portable TV. 

Bu t a las ! I live in Dal las TX. And in 
Da ll as TX not one store that I ca ll ed 
t ha t h andles Hit achi T Vs h<1s the models 
wit h t he SX chass is! What's more, the 
Hitachi d istrict offices listed in the yel· 
low pages have closed an d I was give n 
a p hone nu mber in A t lan ta GA! Now I 
co uld have ca ll ed long dista nce to 
Atla nta, b ut I was n 't interested in order­
ing a T V from A tlanta or Tokyo. Cha nces 
are t he model has been d isco n t inued 
anyway. 

Pick les a nd Tro ut had a good idea, 
bu t docs a 12 inch T V exis t 1ha t is not 
AC/OC? A T V c h a~sis wit h a transformer 

type power supply does a llow an e asier 
hookup than does a "hot" c hassis . But 
if one is not general ly available, lhere 
is a market for an AC/DC converte r th a t 
is as specific as the Pickles and TroLJI 
unit. 

As for me , I orde red the RS -80 
comple te with display ca1 hode ray wbc 
(CRT). After a ll , t hey toss in the cassc1 1c 
recorder if yo u buy the whole th ing! But 
I do ho pe th e SX chassis docs exis l else· 
where so o t hers ca n use Mr Fyl stra 's 
article. 

Cl a rence J Stinson 
9138 Ch imney Corner 

Da ll as TX 75243 

NE EDE D: SAT EL LITE RECE IVER 
WITH IMAG IN G CAPABILITY 

I would be so grateful for some 
in fo rma tio n concern ing sa tellite receiv­
ing stations using computers for d at a 
storage a nd video disp lay. (I ;i m inter· 
es t ed in observ ing cloud cover .) 

If t here has been any arti c le in your 
publica t io n (or any oth er, for t l1a t 
matter) wh ich deals with this subject I 
would be so p leased to know about it. 
Perhaps someone has developed such a 
s tatio n usi ng th ei r microcomputer, ;incl 

wl10 wou ld be ge nerous e nough to shue 
the ir knowledge with 01h e rs as an 
arr ic le . 

Th ank you for any help yo u can 
provide. 

Brad Slocum 
236-D E Reel Oak Dr 
Sunnyvale C A 94806 

We've not published such cm ar t iclt· 
to dot e, but it would make <111 £'xcel/en/ 
top ic for the homebrewer. For 0111pu l 
one could use one of the new elec tro­
staric prinrers with graphic capabiliry 
wh ich retail for about $800 ·· or simpl,v 
display the images on your video ou tputs 
with b it map graphics, possibly using 
colors where ovoi loble . . . .CH 

DREAMING . . . 

I am 12 Y, years o ld, and pl ;1n to ge t a 
compu ter system u p a nd running in th e 
near fu tu re. T he m ain frame I have SC· 

lected is t he Hea t hkit H 11 , incorporating 
the D EC LS l-11 processo r. I c hose thi s 
mainframe because of the processor em· 
ployed a nd the low price , o n ly $1 295. 
Th is price is offse t by a few d isa dvan· 
tagcs, such as its bus, with only six 
slo ts, an d the fact th at it s price is onl y 
re la t ive ly low (at th is tim e I h ave only 
$724 .08). But , like any other problems 
in th is worl d , t hese can be solved. I can 
fix the b us problem by simply buying 
an expansion in t erface from DEC, but 
this makes the second problem worse 
yet. And, u nli ke othe r problems, buy ing 
more o f wha t you need (money) simply 
defea ts itself in its p urpose . So I jus t 
have to save. (A nd save , an d save.... ) 

However, by the time I I in a ll y do 



have the money for it , something bigger 
and better (and slightly more ex pensi ve) 
wi l l have appeared on the horizon. I will 
probably contin ue at this pace un t i l I am 
a millionaire at 21. At this point, of 
course, I wi ll buy a large computer from 
DEC or some other company and charge 
peopl e to timeshare on it. On ly prob lem 
is, I don't know where I am going to ge t 
the million do ll ars in the fi rst place. 
It 's nice dreaming, though, and my 
dreaming is going to get me somewhere 
in this world . ( I hope so , anyway!) 

Norman Aleks 
659 Driftwood Ln 

San Dimas CA 91773 

A sound philosophy . . . . 

GOTCHA! 

On pai:c 154 of the May 1978 BYTE 
you described the new prod ucts by 
Lucas -A dams Labs Un l td. The address of 
th is manufacturer was not printed. 
Could you please let me know the 
address so that I can enqu ire about the 
products? 

KL Yeap 
2217 7th Av NW 
Ca lgary, Alberta 

CANADA T2N OZ9 

Unfortunately, Lucas-A dams Labs 
Unltd did not supply us with their 
address. However, we thought that our 
readers would be interesred in their 
(totally fictional) product line so we 
published the press release. I om sure 
that with perseverance, their address 
may be found in the combined annals of 
April fools jokes for th is y ear . . . RGAC 

KUDOS FOR KENT 

It seems E W Kent (" The Brains of 
Men and Machines," January through 
April 1978 BYTE) has viola ted Higher 
Education Law # 1: Never explain com ­
plex issues in understandable terms. 
Kent must be aware of the ram ifications 
of violatini: this most basic pr inciple of 
higl1cr educat ion, the most significant 
being the release of usa ble informat ion 
to lay peop le who might understand it 
and use it. 

Kent has produced a classic, and has 
given the com puter sc ientist a game plan 
for the crea tion of the first real cyber­
netic system. He has also given the 
electrica l engineering commu nity a new 
direction: if you are an engi nee r, thin k 
neuron and cortex instead of bus and 
processor. Whi le you are doing this (i n 
conj unction wi th peop le like E W Kent), 
the compu ter scien tist wi ll be developi ng 
algori thm s and ope rating systems to 
support your hardware. We have a long 
road ahead , but thanks to Kent we're 
on our way . 

David R Fashenpour 
5411 Cerro V ista 

San Antonio TX 78233• 

Gentlemen: 

Please rush me my Complete Computer System. 

Enclosed is $5145 D Check D M.O. D Master Charge

D BankAmericard # Exp. Date: ___ 


N .Y. Residents Add 8% Sales Tax. 

Shipped F.O.B. Hicksville, N.Y . - Collect. 




SINGLE ASSUMED FLOW Figure 7: Th e process block is the "black box " ofprogramming: it is enteredINPUT ----~: :· OF EXECUTI ON 
PATH 	 by a single input path, does some arbitr(Jfy operations upon data, and is 

exited by a single output path . The "arbitrG1y operations" can be as simple 
PROCESS as one step in an arithmetic calculation, or as complex as a compilation ofa 

program - it all depends on the point of view taken. 
SI NGLE 
OUTPUT-----<) l
PATH 

Some Words About Program Structure 


Albert D Hearn 
98 SW 13th A v 
Boca Rato n F L 33432 

Microprocessor programming, at th is 
point in tim e, is a bl ack art. Once you have 
learned the bas ic instruction set, you 're on 
your own. Some people get the knack of 
this mysterious task fairly qu ic kly, and 
some do not. Those who do wel l seem to 
have developed some sort of system for 
going about it . The point is that an or­
ganized, systematic ap proach is req uired 
if there is any hope for continued program­
ming success. The purpose of this art icle 
is to describe to you one such method 
which has become very popular with pro­
grammers of all types, usin g all kind s of 
computers from micros to the giants. 

Concept 

Wh at we're looking for is simplicity in 
the writing of programs. This is usu ally 
achieved if the program ca n be red uced 
to a collection of basic com ponents wh ich 
fit together in very well -defined ways. This 
is the concept behind structured program­
ming. 

Any program can be cons idered to have 
only two basic bui lding blocks. One is the 

process block shown in figure 1. It simply 
performs some defined function, or proc­
ess . It might represent a simple function 
requir ing only a few, maybe only one, in­
structions in the program, or a much larger 
functi on requiring many instructions. What­
ever it does , it has one input and one output. 

The second basic block is the decision 
block shown in figure 2. This elementary 
capability of any computer is that which 
gives it all its power and flexibility . It is 
the abili ty to alte r the path taken by the 
program based upon the value of some 
parameter or co ndition which can be tested 
by ce rtain instruct ion types. For example, 
two numbers can be compared and a test for 
equality used to decide which of two pro­
gram paths will be taken as a result. 

Th ese two fundamenta l building blocks 
wi ll now be used in the construction of a 
set of basic program structures with which 
any other program can be built . The three 
genera l structures are cal led sequence, if­
then-e!se an d loop . Variations of these wi ll 
be examined, as well as combinations which 
can be used to build more complex functions . 

Figure 2: The decision block is a simpler concept than the process block, in 
the sense that the amount of computation required rarely approaches the 
generality of an "arbitrary process. " A decision block has one input and, 
depending upon a binary condilion, takes one of two output paths. In this 
figure, the names "true," "then" and "yes" denote one possible path ; the 
names " false," "else" and "no" describe the other possible path . In pro­
gramming languages, the " th.en " or "else " terminology for the two paths 
is frequently built into the language design; the other terms are frequently 
seen in flowchart representations of programs. 
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INPUT 
PATH l 
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FALSE, TRUE,l
NO, YES, 
ELSE THEN 

------· ... ------' 
TWO OUTPUT PATHS 
("UNSTRUCTURE D"l 



Remember : In structured programming, everything 
is a process block, with one input path and one 

output path . 

Editor's Note: 

BYTE Flowchart Flow Conventions 


As an "ideal" standard, flowcharts 
in BYTE use a direction of f!olV con­
vent/on as follows: 

Default flow : Vertical flOIV is 
from the top of a diagram toward 
the bottom, and horizontal flow 
is from the left of a diagram to­
wards the right, unless explicit 
flo w is used. Thus: 

I IMPL I ED FLO W 
I SHOWN BY ARROWS 
I 

1'- - • 
I 

I 

+ I 
I 

I 

+ 

Ex pli cit flow: Vertical flow 
upward or horizontal flow left­
ward in a drawing is shown with 
an explicit arrow at the end of the 
flow path, thus : 

EXPLICIT FLO W 
A RROW AT END 
OF PATH WITH 
HOR I ZONTAL FLOW 
TO LE FT OR 
VER T ICAL PA TH 
UPWARD 

Merged fl ow: When two or three 
paths of f low merge, the two or 
three inputs to the j oint path have 
arrows noted: 

OUT PUT OUTPU T OUTPUT 

XB1 Extender Board 
Board Only $9.DO 
Wllh Connector $13.50 

MB4 4K Static RAM (low powar) 
Kit $129.95 

MB3 2K/4K EPROM (1702A)
Kit leu PROM'a $65.00 
2K­ $105.D0/4K­ S145.00 

i. . ,,,.,,. ~· ' 
~·'r j ' ·' • ~.... -­ • 

~ ~~ I 

.._· 

M87 16K Static RAM (low power) 
Kit 1449.00 

We' re-the btye 'boards! 

Compare the Cybercc:im blue boards with any others on the market 
today. You'll find exceptional quality plus prompt delivery and 
significant cost savings. All Cybercom kits are guaranteed 90 days 
for parts and labor. 

Contact your local computer hobbyist store or write for details. 

Solid State Music 
2116 Walsh Avenue, Santa Clara, eA 95050 
Telephone (408) 246-2707 

Circle 3G5 on inquiry card. 
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SINGLE 

INPUT --- -', 
 ·;

SEQUENCE PAT H 
STRUCTURE r- -- ­ -----, 

ASSUMED FLOW 
I 

'-----.1 
OF EXECUTION 

I PROCESS 
FROM THE /~ I N 
OUTSIDE ~ I 
THIS LOOKS 
L IKE A :<:f -- ---~ jPROCESS I 
BLOCK I PROCESS 

I N +I 
I 

I 

L----­

SINGLE 
OUTPUT -- - · ' · ~ 
PA TH 

Figure 3: The sequence structure is the simplest programming structure. 
It can be viewed from the outside as the equivalent of a process block, but 
upon close examination it is found to contain one or more process blocks. 

Basic Structures 

The simplest of the program structures, 
shown in figure 3, is the sequence structure, 
which is composed of one or more process 
blocks strung together ser ially . Like the 
process block from which it is bui lt, the 
sequence structure has only one input path 
and one output path . In fact, you will soon 
see that one of the rules that we want all 
structures to conform to is that they have a 
single input path and output path. Further· 
more, an entire program, which can be rep­
resen ted by one large process block, should 
also conform to th is rule . 

The next structure is the if-then-else 
structure, shown in figure 4. It consists of 
a decision block and two process blocks. 
Only one of the process blocks is executed 
for any single pass through the structure. 
The result of the test or compari son repre­
sented by the decision block determines 
which process block is chosen . Notice that 

SINGLE 
INPU T ----'. ·; /I F-THEN-ELSE 
PAT H f STRU CTUR E 
r---- ------ ---- - , 
I 	 I 

//~ I 	 I 
ASSU MED FLO W ~ I TR UE(THEN , YES) I OF EXECUTION 

~ ____ _I -+ I 

'= I • 

1 
I 


I 	 I 
I 	 I 1I FALSE T RUE I 

FROM THE OUTSIDE 	 I PROCESS PROCESS I 
TH I S LOOKS LI KE 	 I 
A PROCESS BLOCK 	 I BOTH ·- • 1 

I PATHS I 
L-~I~ -----------J 

5~NT~Lu\ ___ --. > ... 

PATH 


Figure 4: The if-then-else structure is composed of a decision block and two 
process blocks. The process blocks may themselves be viewed as any form of 
structure with a single input and a single output path; and thus might In fact 
be sequence structures, if-then-else structures, etc. 
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regard less of which path is taken there is 
one common exit path from the if-th en-else 
structure. This is required to maintain our 
single exit philosophy. 

An If-then-else structure does exactly 
what it says: if a condition is true, then 
take a specified action, else take a specified 
alternate action. However, th ere are times 
when only one action is required in only 
one of the paths. No action is necessary 
in the other path. In an actual flow dia­
gram, this is of course show n by drawing 
a flow line in place of one or the other 
process block of the if-then-else structure 
since the most trivial process is simp ly 
going to the next process without doing 
anything. Note however that only one of the 
process blocks can be made up of this 
simplest case of "do nothing" since if both 
process blocks were eliminated from th e 
if-then-else structure, the net effect would 
be to "do nothing" all the time whether 
or not the condition was true or fa lse. 

The If part of an if-then-else structure is 
simply any program instruction which can 
perform a test and take one of two paths 
depending upon the outcome. In an as­
sembly language, this is usually a condi­
tio nal ju mp or a branch instruction based 
upo n the outcome of some comparison, 
arithmetic operation or other operation 
which affects processor status flags used in 
such branches and jumps. The branching 
instruction specifies the destination address 
of the beginni ng of one path . Whether it is 
the then or the else leg is arbitrarily defined, 
and the next sequential instruction is as­
sumed to begin the opposite path. 

Some higher level languages like BASIC 
have ready-made if-then -else instructions. 
BAS IC has IF and THEN; ELSE is implied. 
The fo llowing shows how an If-then-else 
would look in BASIC: 

IF X=Y THEN 10 

} FALSE PART 

GOTO 15 
10 

} TRUE PART 

15 END 

In th is example, the else code immediately 
follows the IF instruction. The GOTO 15 
ends the else path and causes the program 
to branch to the common exit point at 
line 15. The then path starts at line 10 and 
ends at Ii ne 15 . [BASIC is considered to be 
an "unstructured" language because of 
the need for an explicit GOTO following 





__ _ ______ __ 

SINGLE 
INPUT -----<-, skeleton programs for each. Leave blanks 

,,...-DO - UNTIL STRUCTUREPATH 
,-- ­ ---------1 for the actual co nd ition to be tested, and 

leave space fo r the actual code which will 
perform the then and else functions. Later, 
when you need an if-then-else wh ile writing 
a program, you can draw upon your set of 
prewritten structures. Not only does this 
elim in ate your having to invent similar pro­
gram seque nces over and over again, but it 
also prevents many bugs and greatly eases 
the effort you have to put into program 
writing. 

The last basic structure is the loop, 
which provides a means of repeating a se­
quence of instructions un til some stop 
condition is found to exist. There are two 
ki nd s of loop structures: do-until and 
do-whf/e. 

A do-until structure, shown in figure 5, 
performs the function in the process block 
at least once. After that, a test is done to 
determine if the condition for stopping the 
process looping has been found true. As 
long as the condition is not true, the loop­
ing continues. When it becomes true the 
looping ends and the exit path is taken. 
This type of structure can be used, for 
example, when you need to search a table of 
values, looking for a particular value. If you 
know that the table will always contain a 
match ing entry, the program routine need 
not be more complicated by logic to detect 
end-of-table before a matching value is 
fo un d. Notice that the first table entry is 
always examined before the decision is made 
to continue (th is is because the ending 
condition decision is based upon the value 
of that entry). 

Th e second type of loop is the do-while, 
shown in figure 6. The difference between 
th is and the do-until structure is that the 
test is done before the process block is 
executed. In many cases there is not a lot 
of significance to this difference because 
both types of structures can do the same 
jobs. 

In specific situations you will find that 
one form will usual ly be better suited or 
more convenient than the other. The pri ­
mary difference to remember is that the 
do-until form always executes the process 
block at least once whether or not the 
until condition is true, and that the do­
while may not execute the process at all if 
the while condition is false at the time of 
the first test . Experience wit I best teach 
you which to use in the various situations. 

A variation of the loop structures of 
either form might be considered, the endless 
loop or do-forever . This form of loop occurs 
when the while or until condition is never 
changed to allow execution of the output 
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Figure 5 : The do -until structure Is a looping form whose purpose is to exe­
cute a given process block at least once. After executing the process bloc/?, 
the "until condition" is tested and if found to be false, execution loops bacl? 
to repeat the process block before testing the condition again. 

the " false part " of an IF-THEN-ELSE 
construction.] 

If you use assemb ly language in you r 
programming, and your assemble r has a 
macroinstruction capability, then yo u can 
write yo ur own if-then-else macros. lt is 
beyond the scope of th is article to describe 
how this is done, but it isn' t very difficult. 

If you use assembly language and don't 
have faci lities for writing macros, then you 
can simulate the fun ction of the macro­
assembler in order to gain the advantages 
of structured programming. Simply sit 
down and write yourself a set of standard 
If-then-else structures. Take the five or 
six most common decision types {equal, 
not equal, zero, greater than , etc) and write 
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I NPUT -- --<-' 

PATH,--­ ,..-oa - WH I LE STR UCTURE 

----------, 
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SINGLE 
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 • 


Figure 6: The do-while structure is a looping form whose purpose is to exe­
cute a given process block only if the "while condition" Is true. Thus it can 
execute the process block zero times if the condition is false initially, or an 
arbitrary number of times so long as the condition remains true during re­
peated execution of the process block. 

72 September 1978 © BYTE Public,uiooi Inc 



Radio Shack's personal computer ~ystem? 

This ad just might make you a believer. 


So how are you gonna beat the system that 

does this much for this little? No way! 


... The amazing new TAS-80 "Buelneaa" 
32K/Level-l l/2-disk/ • Above, except 

includes 32K RAM,line printer system at line printer, 
and two d isk drives$3874 

You can't beat 
the 4K system at 

$599 


... or the step-up 
16K system at 

$899 


. . . or the fast 
4K/printer system at 

$1198 


. . . or the Level-I I 
16K/printer/disk 

system at 
$2385 


TRS..SO "Breakthru" 
• TRS-80 microcomputer 
• 12" video display 
• Professional keyboard 
• Power supply 
• Cassette tape recorder 
• 4K RAM, Level-I BASIC 
• 232-page manual 
• 2 game cassettes 

TAS-80 "Sweet 18" 
• Above, except 

includes 16K RAM 

TRS-80 "Educator" 
• Above, except 

includes 4K RAM and 
screen printer 

TRS-80 " Profeaalonal" 
• Above, except 

includes 16K RAM, 
disk drive, expansion 
interface, and 

.. Level-II BASIC 

Get details and order now at Rad io Shack stores and dea lers in the USA. Canada. UK. Australia, Belgi um. Ho lland, France, Japan. 
Write Radio Shack. Div ision ol Tandy Corporat ion . Dept. C-096. 1400 One Tandy Center. Forl Worth. Texas 76102. Ask for Cata log TRS-60. 

1tad1elhaeK 
Prices May Vary at Ind ividual Stores and Dealers The biggest name in little computers @ 
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SINGLE 
INPU T --- ~.; 

PATH 

THEN 

THEN 
PROCESS R 

ELSE 

T HEN 

SI NGLE 
OUTPUT- - - -.: ~ 
PATH 

Figure 7: The various types of structures wn be nested by noting that any 
place wh 11rl' u procl'SS block is indicuted, 11 n1or11 complex structure ca11 be 
used ~ince ir, too, 011/y has one i11put path and one output path of execu tion. 
thus, for exwnp!e, this flowchurt shows nestiny of a process Q block and an 
if.Lht: n-else structure 11 the else port ot the if-th en-else structure with condi­
tion X=Y?. This secu11d it-th en-rise in tum hus u third if-th en-else us part of 
its else port. The colored oU£!ines show the nesting of one structure within 
another. 

Figure 8 : A n unstructured 
flowchart performs un end­
less process as might be 
implemented In an auto­
mobile interlocl?. This is a 
complete and viub/e solu­
tion of the problem, but it 
involves numerous brunch­
ing operutions performed 
i11 w1 u11cu11trolfed (G"O I OJ 
fushion. 

path of the structure. Intentional endless 
loops are occasional ly used , as in the low 
level programm ing trick of hanging up 
execution in a tight loop to flag errors, 
or the quite legitimate endless loops which 
form the outer level of control of a typical 
executive or monitor program. But for most 
programming purposes, an endless loop is a 
bug or error in th e program . 

An Example 

Now using the basic structures, we can 
construct a program of any size and com ­
plexity by combining and nesting in any 
manner as long as some fundamental rules 
Me adhered to : 

• 	 The program as a process should have 
only one input path and one output 
path . 

• 	 Structures within the program can 
be nested but each structure must be 

. totally contained 	within the struc~ure 
in which it is being nested (this will be 
illustrated later) . 

• 	 There should be no branching unless 
it is part of a structure (for example, 
the GOTOs required in languages like 
BASIC} . 

• 	 Refrain from attempting tu optimi ze 
the program by violating the above 
rules. There is a right time for this 
later. 

Before we look at an example of struc· 
turing a program, let's first look ac how 
nesting of ba ic structures works. Figure 7 
shows a flowchart of a program which, 

NO 

YES 
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overall, could be represented by a single 
if-then-else. But when it is looked at in more 
detail, the else leg contains another if-then­
else as part of the instruction sequence 
there; the else leg of that structure con­
tains yet another if-then-else. The heavy 
outlines show that each of th e nested struc­
tures arc totally enc lo ed by their parent 
structures; there is no overlap. A BASIC­
like program to perform the function shown 
in figure 9 appears as listing 1. Again, I 
use outlines to illustrate that each structure 
is embedded in its entirety within another 
higher leve l structure. Notice that I have 
used indentation of lines to increase the 
readability of the program . Each separate 
struclure should be at a different level of 
indentation than its parent. 

"00 FOREVER" 

ENDLESS LOOP 

THIS ACTS LIKE THE 

YES I TH~N IKEY ON 

f' 

PROCESS 

KEY NO !~I <;~ I 
IN LOC K 

i' 
YES (THEN) 

T RUE PROCESS 

N~'o'""'
? 

THEN! 
TR SS 

SUBROUTINE 
NO-.....ojc 

SOUND THE NON-NULL 
BUZZER PROCESS 

PROCESS B L OC K I N 00-FOR€V€R 

NO (ELSE! TH I S AC T S L IKE FA L SE 

10 

20 

30 

31 

32 

IF X=Y THEN 32 

process Q 

IF A> B THEN 31 

process R 

IF C< D THEN 30 

process S 

CONTINUE 

CONTINUE 

END 

BLOC K OF IF·TH€N-€LS€ 

FA LS E PROCESS 

? 
N """~'o 

THEN) 

1 SS 


SUBROUTINE 


SOUND THE ~ 
BUZZER 

TH IS I S TRUE 
PROCES~ OF 
IF-TH€1 -€LS€ 

TIME 
DE L AY l I 


Listing 7: A BASIC-1/ke 
program equivalent for the 
flowchart of figure 7. The 
lines in the picture em­
phasize the structured pro­
gramming formallsm. 

Figure 9: Tal?ing the algorithm of figure 8 and casting ft into a slandardized, structured pro­
gramming form e//mlnates all GOTO operation · in languages 111ith a complete if-then-else 
structure, and In languages lll?e BA SI C, reduces use of GOTO operations to standardized struc­
tures. In this flowchart, we 've positioned all the bloc/?s to emphasize the nesting of structure. 
One of the primary reasons for the emphasis on structured programming is one of communica­
tions of Ideas to other programmers (or the originating programmer at a later date}. The claim 
is made that a flowchart like this one, and its equivalent representation in listing 2, provide a 
standardized way of communicating algorithms which mol?es the listing or chart easier to under­
stand and read. 
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Listing 2: A BASIC-lil?e 
application program for 
activating a buzzer of an 
automobile given several 
conditions. A subroutine 
BUZZ is indicated (by a 
call with the l?eyword 
GOSUB) to actually sound 
a noise during the loop. 
In this BASIC-like repre­
sentation, several liberties 
with syntax have been 
taken. 
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Let's look now at an example of a simple ber, you cannot simply branch in to th e 
program and show how a structured version other bu zzer block because those two 
might differ from an unstructured ve rsion. structu res woul d th en overlap . The inef­

The program is one which might be part fic iency implied by the doubl e ap pearance 
of a fu ture automobi le com pu ter con tro l of that block might bother you , but it wil l 
system using a microprocessor. Its pu rpose probabl y tu rn ou t that the block will be 
is to trigge r a bu zzer if the igni tion key is written as a sub routi ne and the only in­
left in the lock when the left front door is effi ciency will be an extra cal l instruction. 
opened, or if the headlights arc left on Listing 2 is a BASIC-li ke program for the 
wh en the key is not in the lock. A delay is structured flo wchart. (Here " BASI C-li ke" 
performed before condi tions are chec ked means usi ng th e syntax of BASI C but 
again. al lowing variab le names to be many char­

Th e fl owchart in figure 8 shows how we acters in length fo r purposes of il lustra ting 
might have drawn it without attempting to their meaning. ) I have not attempted to 
app ly any of the principles of structured make the program com plete and have taken 
programm in g. Now, loo k at figure 9 wh ich some li berties in order to il lu strate my 
shows th e struc tured vers ion. Both forms poi nts. 
of the program do the same fu nction, bu t A few words of ex planation are in order. 
the structured form is clea rly more straight­ First, the instructions at lines 3, 4 and 5 
fo rward and easier to write code fro m. represe nt a do-until structure which is used 

Basically, a number of th in gs happened to implement a delay by simply increment­
to the flowchart when it was structu red. ing a cou nter (X) unt il it reaches a large 
First, all the branches {or GOTOs) became va lue. The name BUZ Z represents the line 
forward branches except those in loop number of a sub rou tin e (no t shown) wh ich 
structures. Thi s allows for read ing the chart ac tivates an electronic buzzer in the car's 
from top to bottom in an orderly way . dash . 
Secondly, each decision block and process Now is the time to go back and look at 
block has been put into a proper structure the program to make it mor·e efficien t in 
and nested total ly wi th in its parent struc­ its operation or in the amount of memory 
ture. Third ly, every structure regard less required. This should be do ne onl y if it is 
of its place in the overall program has on ly abso lutely necessary. If it is necessary, try 
one input and one outpu t. to maintain the structuri ng to the extent 

One thing has happened that might ap­ that it doesn't destroy th e clari ty of the 
pear to be a little strange LO you. The se­ program or increase its com plexity. In our 
quence structure wh ich pe rfor ms the buzzer exampl e program, notice that there are 
fu nction appears twice now, where it onl y three CONTINU E instructions at Iines 
appeared once before. Th is is necessary in 13, 14 and 15 lead ing to a GOTO at line 
order to keep the st ructure clean. Remem- 16. The speed of the routine can be im­

proved and the memory requirements can 
be reduced by el imin ati ng the CONT INUEs 
and changing any instruction which refer­
ences any of them to go to I ine 16. Alter­LET X=O 
natively, you could change each of those 

IF KEY :i= ON THEN 72 references to go directly to I ine 1 al though 
you wou Id be seriously interfering with the 

4 
L ET X=X+1 3 
IF X=5000 T HEN o in tent of structuri ng.

GOT035 In conc lusio n, I invi te you to try the 6 GOT0 13 
techniques described in this article when you 

IF KEY=IN LOCK T HEN 117 write your nex t program . If you have done 
it any other way before, it takes a litt le IF LI GHT*ONTHEN 10 8 

GOSU B BUZZ9 gett ing used to, but I think you wil l ult i­
10 GOTO 13 mately agree that it has a lot to offe r. 

Hopefully, you will see the be nefits in the11 IF DOOR * OPEN T HEN 13 
12 GOSUB BU ZZ form of less time spent gett ing your pro­

CONTINU E13 gram des igned, written and debugged . In 
14 GOT O 1 short, I be li eve that it can help make pro­

gram ming even more enjoyable.• 
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BYTE Publications, Inc. is proud to announce the 
creation of its new Book Division, which publishes 
books of interest to computer people. Readers 
will find a wide range of topics published as BYTE 
Books, including new material as well as collec­
tions of reprints of the best BYTE magazine arti­
des. Users of small computers will find PAPER­
BYTE1M Books to be complete descriptions of 
useful system software including detailed user 
documentation, source listings where possible, 
and the PAPERBYTE™ bar code representation 
of executable code. 

To keep the cost reasonable and available to the 
greatest number of readers, the books will be 
paperback editions in the 8-1/2 x 11" format You 
may purchase the initial selections directly from 
BYTE via mail order or from your favorite com­
puter store or book distributor. 
PROGRAMMING TECHNIQUES is a new series 
of BYTE BOOKS concerned with the art and 
science of computer programming. It is a collec­
tion of the best articles from BYTE magazine 
and new material collected just for this series. 
The book provides the personal computer user 
with background information to write and main­
tain programs effectively. 

The first book in the Programming Technique 
series is entitled PROGRAM DESIGN. It dis­
cusses in detail the theory of program design. 
The purpose of the book is to provide the per­
sonal computer user with the techniques needed 
to design efficient, effective, maintainable pro­
grams. Included is information concerning struc­
tured program design, modular programming 
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 
Publication: Fa ll 1978 

In SIMULATION, the second book of the series, 
are articles dealing with various aspects of spe­
cific types of simulation. Both theoretical and 
practical applications are included. Particularly 
stressed is simulation of motion, including wave 
motion and flying objects. The realm of artificial 
intelligence is explored, along with simulating 
robot motion with the microcomputer. Fina lly, 
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: Fall 1978 

The third book is NUMBERS IN THEORY AND 
PRACTICE. This book includes information of 
immense value to both the novice and the expe­
rienced personal computerist The mechanics 
of the binary system are discussed, including 
division and multiplication, as well as the places 
to look for numerical error in programs. Floating 
point numbers, what they are and how to use 
them, are covered. There are also sections on 
numerical methods (functions, approximations, 
statistics), Boolean math, and several different 
approaches on how to obtain random numbers. 

ISBN 0-931718-14-7 
Editor: Blaise W. Liffick 
Pages: approx. 100 
Price: $6.00 
Publication: Fall 1978 

The fourth book so far scheduled in this series 
is called BITS AND PIECES. The articles col­
lected for this book are mostly unrelated and do 
not neatly fit into the topics of the previous three 
books, but still have a lot to do with programming 
techniques. Areas such as multiprogramming 
and interactive computing with the personal 
computer are discussed, as well as stacks, sort­
ing, Polish notation, and program optimization. 
This is by far the most general book of the series. 

ISBN 0-931718-15-5 
Ed itor. Blaise W. Liffick 
Pages: approx. 100 
Price: $6.00 
Publication: Fall 1978 



RA6800ML: AN M6800 RELOCATABLE 
MACRO ASSEMBLER is a two pass assembler 
for the Motorola 6800 microprocessor. It is de­
signed to run on a minimum system ofl 6 K bytes 
of memory, a system console (such as a Teletype 
terminal), a system monitor (such as Motorola 
MIKBUG read only memory program or the 
ICOM Floppy Disk Operating System), and some 
form ofmass file storage (dual cassette recorders 
or a floppy disk). 

The Assembler can produce a program listing, 
a sorted Symbol Table listing and relocatable 
object code. The object code is loaded and linked 
with other assembled modules using the Linking 
Loader LINK68. (Refer to PAPERBYTE™ publi­
cation LINK68: AN M6800 LINKING LOADER 
for details.) 

There is a complete description of the 6800 
Assembly language and its components, includ­
ing outlines of the instruction and address for­
mats, pseudo instructions and macro facilities. 

ach major routine of the Assembler is de cribed 
in detail , complete with flow charts and a cross 
reference showing all calling and called-by rou­
tines, pointers, flags, and temporary variables. 

In addition. details on interfacing and using the 
Assembler. error messages generated by the 
Assembler, the Assembler and sample 10 driver 
source code listings, and PAPERBYTE™barcode 
representation of the Assembler's relocatable 
object file are all included. 

This book provides the necessary background 
for coding programs in the 6800 assembly lan­
guage, and for under.standing the innermost 
operations of the Assembler. 

ISBN 0-931718-10-4 
Author: Jack E. Hemenway 
Pages: approx. 120 
Price: $25.00 
Publication: Fall 1978 

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 system 
monitor (for instance, Motorola MIKBUG read 
only memory program or the ICOM Floppy Disk 
Operating System). and some form of mass fil e 
storage (dual cassette recorders or a floppy disk). 

It was the express purpose of the authors of this 
book to provide everything necessary for the 
user to easily learn about the system. In addition 
to the source code and PAPERBYTE™ bar code 
listings. there is a detailed description of the major 
routines of the Linking Loader. including flow 
charts. While implementing the system, the user 
has an opportunity to learn about the nature of 
linking loader design as well as simply acquiring 
a 11seful software tool. 

ISBN 0-93171 8-09-0 
Authors: Robert D. Grappe! 

f, Jack E. Hemenway 
Pages: 48 
Price: SB.00 
Publirnticin: Summer 1978 

TRACER: A 6800 DEBUGGING PROGRAM is 
for the programmer looking for good debugging 
software. TRACER features single step execution 
using dynamic break points, register examina ­
tion and modification, and memory examination 
and modification. This book includes a reprint 
of "Jack and the Machine Debug" (from the De­
cember 1977 issue of BYTE magazine), Tracer 
program notes, complete assembly and source 
listing in 6800 assembly language, object pro­
gram listing, and machine readable PAPER­
BYTE™ bar codes for the object code. 

ISBN 0-9317 18-02-3 

Authors: Rohert D. Gra ppe! £, 


Jack f:. Hemenway 
Pages: 24 
Price: S6.00 
Avi'l ilable now 

Circ le 34 on inqu i ry card _ 
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TINY ASSEMBLER 6800, Version 3.1 is an en­
hancement of Jack Emmerichs' successful Tiny 
Assembler. The original version (3.0) was de­
scribed first in the April and May 1977 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 Assem­
bler". This provided 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 PAPER­
BYTETM bar code formats of both Version 3.0 
and 3.1 make this book the most complete docu­
mentation possible for Jack Emmerichs' Tiny 
Assembler. 

ISBN 0-931718-08-2 
Author: Jack Emmerichs 
Pages:80 
Price: $9.00 
Publication: Summer 1978 

SOPERWUMPUS is an exciting computer game 
incorporating the original structure of the WUM­
PUS 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 
Company. 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 
Publ ication: Summer 1978 
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MONDEB: AN ADVANCED M6800MONITOR­
DEBUGGER has all the general features of Mo­
torola's MIKBUG monitor as well as numerous 
other capabilities. Ease ofuse was a prime design 
consideration. The other goal was to achieve 
minimum memory requirements while retaining 
maximum versatility. The result is an extremely 
versatile program. The size of the entire MON­
DEB is less than 3 K. 
Some of the command capabilities of MONDEB 
include displaying and setting the contents of 
registers, setting interrupts for debugging, testing 
a programmable memory range for bad mem­
ory 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 location to which con­
trol will transfer upon receipt of an interrupt This 
is a PAPERBYTE™ book. 

ISBN 0-931 718-06-6 
Author: Don Peters 
Pages: approx. 72 
Price: $5.00 
Publication: Summer 1978 

BAR CODE LOADER. The purpose of this pam­
phlet is to present the decoding algorithm which 
was designed by Ken Budnick of Micro-Scan 
Associates at the request of BYTE Publications, 
Inc., for the PAPERBYTE™ bar code representa­
tion of executable code. The text ofthis pamphlet 
was written by Ken, and contains the general 
algorithm description in flow chart form plus de­
tailed assemblies of program code for 6800, 
6502 and 8080 processors. Individuals with com­
puters based on these processors can use the 
software directly. Individuals with other proces­
sors can use the provided functional specifica­
tions and detail examples to create equivalent 
programs. 

ISBN 0-931718-01-5 
Author: Ken Budnick 
Pages: 32 
Price: $2.00 
Available now 

BYTE BOOKS Division • 70 Main Street • Peterborough, New Hampshire 03458 r- --------------- ­

1 Name Title Company 

I Street Oty State/ Province Code 
0 Check enclosed in the amount of$ ____ 
0 Bill Visa D Bill Master Charge Card number ________ Expiration Date ___ 

., 

I 
I 
I 
I 
I 

-' 


I Please send the books I haue checked. 
0 Program Design $6.00 
0 Simulation $6.00 

I 
I 0 Numbers in Theory & Practice $6.00 

0 Bits & Pieces $6.00 
0 RA6800ML $25.00 
0 Unk68 $8.00 
BYTE BOOKS, BYTE BOOKS logo, and PAPERBYTE ,__ are trademarks of BYTE Publications, Inc. 

0 Tracer $6.00 
0 Tiny Assembler (3.1) $9.00 
0 SUPERWUMPUS $6.00 
D Mondeb $5.00 
0 Bar Code Loader $2.00 
Add soe per book to cover postage and handling 

Please allow 6-8 weeks for processing your order. 
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SEE 
ECONORAM™ IN PERSON 

AT A STORE NEAR YOU. 
ALABAMA 	 COMPUTEALAND OF SAN DIEGO GEORGIA MINNESOTA OKLAHOMA 


4233 CONVOY STREET 

COMPUTER CENTER OATAMART, INC. 	 P.S. INC. - RES. LABS BITS, BYTES I MICROSSAN DIEGO, CA 92111
433 \IAllEY AVE. 3001 N. FULTON DR. 	 1825 FIRST AVE. NO. 2918 N. MACARTHUR 8LV0.(714) 560-9912 
BIRMINGHAM, ALA. 35209 ATLANTA, GA 30305 MOORH EAD, MINN 56560 OKLAHOMA CITY, OK 73127 

(LOS) 947..567 COMPUTER COMPONENTS (40•) 200-0336 (218) 23.3·6882 (40519'7·56'6 


58.48 SEPULVEDA BLVD. 
ICP, COMPUTERLAND VAN NUYS, CA 9141 I NEBRASKA1~7 CHAMBLISS LANE (2131 786-7.t 11 HAWAII 	 OREGON 
BIRMINOHAM, ALA. 3$226 BYTE SHOP OF OMAHA 
(2Q5)97!Hl707 	 COMPUTER STOP CORP. COMPACT COMPUTERS ALTAIR COMPUTER CENTER 8523 PARK DRIVE 

16919 HAWTHORNE BLVD. 100& UNIVERSITY AVE. 	 8105 SW NIMBUS AVE.OMAHA NE 681 27 
ARIZONA 	 LAWNDALE, CA 90260 HONOLULU, HI 98825 BEAVERTON, OR 97005 1• 02) 33g. 7350 

1213} 371-4010 1806) 949-1557 	 ($03) 6-4'·2314 
BITS & BYTES COMPUTER 
6819-C NORTH 21ST AVE. NEVADAHALTEK ELE CTRONICS SMALL CO MPUTER SYSTEMS 


PHOENIX, AZ 85015 1062 LINDA VISTA PENNSYLVANIA
3149 C WAIAL.AE AVE, 
MT, VIEW, CA 9-4040 HON OLLI LU, HI 96616 CENTURY 23!6021 2•2·2507 

(BO&J 132.s2•e 4568 SPAltlO MOUNTAIN ROAD ERIE COMPUTER CO. 

PERSONAL COMPUTER PLACE LAS VEGAS, NV 69102 1253 WEST 8TH 

18AO W. SOUTH ERN {702) 876-7a97 ERIE PA. 16502 


1•15)00~10 

l.C. ELECTRONICS SUPPLY 


MESA. AZ &S202 ILLI NOIS {!1•) 454~91
&19 W. KATILLA AVE. 

1602) 833<1949 NEW JERSEY ORA NGE, CA 92667 
BYTE SHOP OF ILLINOIS MICRO-COMPUTER PRODUCTS, INC. 
1802 S. NEIL STAEET COMPUTER EMPORIUM 116 SOUTH PUGH ST. 

!714) 833-2382 
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(213137 1·2421 	 (319} 386-3330 NEW YORK. NY 10018 (8 17) 469- 1502 

(212)221-1404 COMPUTER SHOP OF SAN ANTONIO 

!-4~ E. STEARNS COMPUTER TREE, INC. &el2 SAN PEDRO 
BYTE SHOP OF LONQ BEACH CA NADA 

ORTHO N HOLDINQS L TO. KENTUCKY 	 SAN ANTONIO, TX 78216LONG BEAC H, CA 9081ti 	 409 HOOPER ROAD12411 STONY PLAIN ROAD
C213l s91.n11 	 EN DWELL, NY 13760 {512) 828--055.J 

EDMONTON, ALBERTA CONT EMPORARY COMPONENT SALES, INC. 
(607) 7•8·1223 B't"TE SHOP OF PASADENA CANADA T5N 3N3 BOWMAN fJELO AOM INISTRATION SLOG. COMPUTERS ' N THINGS 

4ril6 SOUTH LAKE AVE. (403) 488-2921 LOUISVILLE, KY 40205 COMPUWORLD INC. 2825 HANCOCK DRIVE 
PASADENA, CA 9\10 1 (502) •5&4848 2930 W. HENRIETTA ROAD AUSTIN, TX 78731 

PACOM DISTRIBUTORS, INC.
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SAN 01EGO, CA 92111 1350 BUFFALO AOA.0 CORPUS CHRISTI, TX 76411(00• ! •JS-3282 COMPUTER SHOPPe, INC. 
(7141565-6060 3828 VETERANS BLVO. 	 ROCHESlER, NY 1462< 1512) 855·"1516 

TJB MICROSYSTEMS LTD. 
BYTE SHOP OF SAN JOSE 10991 • 124TH ST. METAIRIE, LA 70002 (718) 32B·SSM NEIGHBORHOOD COMPUTER STORE 

2826 UNION A.VE. EDMONTON, ALBERTA (5CM~ <15'.-6600 4902 - 3'TH ST., SUITE 20 
NORTH CAROLINA LUBBOCK, TX 79410 SAN JOSE, CA 95124 CANADA T6E 5G7 

(408) 377...665 1•03) 455-5298 BYTE SHOP OF GREENSBORO (80&1 797-1•88 
218 N . ELM STREETMICHIGANBYTE SHOP OF SANTA 8AR8AAA UNITED KINGDOM COLORADO 	 GREENSBORO, NC 27401

4 WEST M.SSION COLOMA COMPUTER CO. (9 19) 275-2983SANTA BARBARA. CA 93101 POOR RICHARD'S CALCULATOR CO. COMPUTER CENTRE 

(3051966-26l8 204 WEST LAUREL COLOMA. Ml 490.)8 BYTE SHOP OF RALEIOH 
5647 JILL ANN DRIVE 

20 OURNSFORO AVE. 
FT. COL.LINS, CO 80521 1213 HILLSBOROUGH ST. FLEET, HANTS{6161 468-41 ... 58YTE SHOP OF SANTA CLARA UNIT ED KINGDOM GU13 9TB(3)3) 22M776 	 RALEIGH, NC 276053400 EL CA MINO REAi. MICRO COMPUTER WORLD (919) 833-0210 02514-29607 

SANTA CLARA, CA 95051 SOUNO·TAONIX 313 MICHIGAN NE 
{406) 24S..4221 900 • 9TH AVE. 	 ROM'S N RAM'S GRANO RAPIDS, Ml 4'3503 VIRGINIA 
BYTE SHOP OF TARZANA {6 ltil .4S 1 ·8972 GREELEY. CO 8063 1 CRABTREE VALLEY MALL 

HOME COMPUTER CENTER, INC.(3M)356-1588 	 RALEIGH, NC 2761218"24 VENTURA BLVD. COMPUTER MART 	 2927 VIRGIN IA BEACH BL VO.(919) 781-0003 
1800 W, 14 MILE VIRGINIA BEACH. VA 23-452TAR.ZANA., CA 913$6 

c2 13J 3A3-:me FLORIDA ROYAL OAK. MI 48073 (804) 340.1977 
BYTE SHOP OF THOUSAND OAKS 1313) 5 78-0900 OHIO

ALTAIR COMPUTER CENTER WASHINGTON2707 THOUSAND OAKS BLVD. 6220 SO. ORANGE BLOSSOM TRAI L DOUG BRINKS SOUND BYTE SHOP OF OHIO 
THOUSAND OAKS, CA 91360 SUITE 1602 	 675 WEST RIVER ROAO 19$2"4 CENHRRIDGE ROAD COMPUTER SHOP OF SPOKANE 
(805) •97-9595 ORLANDO, FL 32809 KAWKAWLIN, Ml 48631 ROCKY RIVER, OHIO •41 18 S. I07 WAL.l STREET 
BYTE SHOP OF TUSTIN (305) 851-0913 ~517} 662-6767 (216) la3-3261 SPOKANE. WA 99204 
674 EL CAMINO REAL ($09) 45&-0311

COMPU"TER STORE LUZIER ELECTRONICS CVBERS HOP 
TUS11N, CA 92680 16'9 W. BRANDON BLVD. 22530 GORDON 	 1451 SOUTH HA.MILTON PEASONAL COMPUTERS 
f114) 73\.16e6 BRA NOON Fl 33511 ST. CLAIR SHORES, Ml •8081 COLUMBUS, OHIO "43227 SO. 104 FREYA 
BYTE SHOP OF WALNUT CREEK (8 13)68.$.7659 p 13) 773.9535 (e 1•l 2J9-8061 SPOKANE, WA 99202 
2989 NORnt MA1N 1509) S3095S 
WAt.NUT CREEK, CA 9'tS96 RETAIL COMPUTER STORE 
j415)9~2 • 10 NE mH STREET 
BYTE SHOP OF WESTMINSTER SEATTLE, WA 98115 
14300 BEACH BLVD. (206) 52•·4101 
WESTMIN$1"EA, CA !12683 YE OLDE COMPUTER SHOPP£. INC. 
(714189.f.·9131 1301 GEORGE WASHINGTON WAY 
COMPUTERLAND OF DUBLIN R1CHLA.NO, WA 99352 
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COMPUTER STORE OF CHARLESTON 


B84G LA CIENEG A BLVD. 

COMPUTEALAND OF INQl.EWOOO BILL GODBOUT ELECTRONICS SUITE 15, MUNICIPAL. PARKING BLOG. 

CHARLESTON, W. VA 25301INQLEWOOO, CA El0302 	 BOX 2355, OAKLAND AIRPORT. CA 94614 
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Antique 


Mechanical Computers 


Part 3: TheTorres Chess Autotnaton 


Dr J ames M Williams 
58 Trumbull St 
New Haven CT 06510 

But now these men were 
suggesting that a machine 

could assist in or substi­
tute for a human mental 

activity . 

19th Century Developments 

The automata of the 18th century were 
in fact seq uence controlle rs possessing both 
digital and analog stored programs whose 
readouts were mechanisms that imitated 
human and animal actions (computers of a 
sort) . Duri ng the next century they inspired 
a flood of au tomata, the bes t of which von 
Helmholtz descr ibed in his 1847 book, Uber 
die Erhaltung der Kraft, as be in g equal in 
achievement to the best in any other branch 
of science. Derek Price's book, Automata 
in History , incl udes material from von 
Helmholtz (see bibl iographical notes). 

In the 19th century men were starting 
to co ntemplate how mec hanisms might be 
able to improve the huma n state. Charles 
Babbage had this notion in mind when in 
December 1837, precise ly 99 years after 
Vaucanson 's marve lous demonstration (see 
Jul y 1978 BYTE "Antiq ue Mec han ical 
Computers, Part l ") he wrote the first 
sentence of On the Mathematica/ Powers of 
the Calculating Engine: ''The objecl of the 
presen t vo lume is to show the degree of 
assistance which mathematical sc ience is 
capable of receiving from mechanism." An 
obscure acco untant of Ma nchester, Percy 
Ludgate, working without know ledge of 
Babbage, expressed the same tho ugh t when 
he wrote in 1909 the first sente nce of On a 
Proposed A nalytical Engine: " I propose to 
give in thi s paper a short account of the 
resu lt of about six years wo rk, undertake n 
by me with the object of des igning machin­
ery capable of perform ing calculations, 
however intricate or laborious, without the 
immed iate guidance of the human intell ect." 

I think we may be too nea r to our machines 
to see t he revo lution residing in what these 
men said . Before Babbage and Ludgate, 
machines ampl ified or ass isted or enabled 
the physical act ions of humans. But now 

these men were suggesting that a machine 
could assist in or substitute for a mental 
activity of a human. Machines wou ld enter 
into the realm of the huma n brain. It was 
a breathtaki ng idea, but not an easy one to 
put into effect. Babbage's two mac hines 
were neve r fairly begun, nor was Ludgate's. 
(In Babbage's case the reason was not that 
ni neteenth century mac hi ne technology was 
uneq ual to the task, but rathe r because he 
ke pt changing his co ncepts and never pro­
duced any completed working drawings as 
he continuously visual ized bigger and bigger 
machi nes. For him , the end was never in 
sight, and he left off worki ng at a point 
where the machine would have been the size 
of a basketball co urt and some yards high. 
His so n completed the "M ill " (ALU) with 
its printhead long afte r Babbage's death, in 
1906. See Rande ll in the bib I iographical 
notes fo r a photo of the Mill and a repro­
duct ion of the prin tout of mu ltiples from 
1 to 23 of rr in 28 sign ifica nt figures.) 

Torres and the Incredible Chess Play ing 
Automaton 

Gifted chess pl ayers have been known to 
play several concurrent games, making 
moves without hesitation from board 1 to 
board n, then back to board 1. The best 
chess playi ng programs of today can't do 
that with any degree of success against most 
ski lled players. But the remarkable fact is 
that in 1911 a machine was inve nted that 
automatically played a particular endgame 
of chess (King and Rook versus King) aga inst 
a human oppo nent, and detected any false 
moves! 

Leonardo Torres was the inve ntor, and 
hi s machine was displayed in the Mechanical 
Laboratory at the Sorbonne early in 1914. 
Photo 1, take n fro m a 1915 iss ue of the 
Scien tific American Supplemen t, shows the 
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MODEL CC-8 
$185.00 (4800 Baud) 

9600 BAUD CASSETTE RECORDER 

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate 
108 .at 4800 ~AUD. Can b~ used from 110 to 9600 BAUD into a UART - no clocking 
required. This 1s not an audio recorder. It takes RS232 or TTL signals from the terminal or 
computer and gives back the same signals . No audio interface is used . Motor start/stop is 
manual or through TTL or RS232 signals. 

Tape speeds are l.6" I 3.0" and 6.0" per second. 110 volt, 60 Hz;, 5 wa t ts. (220 Volts on 
special order) . Can use high quality audio cassettes (Philips Type) or certified data cassettes. 
Can be used in remote locations from a 12 Volt battery . 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM 
RELOADING and DATA STORAGE. Manual control except for motor start /stop. 6800, 
8080 or Z80 software for file or record searching available on request with order. Used by 
major computer manufacturers, Bell Telephone and U.S. Government for program reloading 
and field servicing. 

$195.00 (9600 Baud and 220V/ 50 Hz) AV AILABlLITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM . TERMINAL and TAPE PORTS 
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-8 or 3M3B). 

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal 1/0 
(RS232, 20 mA or TTL) and the data cartridge 1/0, plus the motor controlling parallel I/O 
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or 
IMSAI. NO MORE BOOTSTRAPPING. Loads and Dumps memory in hex on the terminal, 
formats tape cartridge files, has word processing and paper tape routines. Best of all, it has 
the search routines to locate files and records by means of six , five , and four letter strings. 
Jus t type in the file name and the recorder and software do the rest. Can be used in the 
BiSync (IBM), BiPhase (Phase encoded) or NRZ modes with suitable recorders , interfaces 
and software. 

This is Revision 8 of this controller. This version features 2708 type EPROM's so that 
you can write your own software or relocate it as desired . One 2708 preprogrammed is 
supplied with the board. A socket is available for the second ROM allowing up to a full 2K 
of monitor programs. 

Fits all SlOO bus computers using 8080 or Z80 MPU 's . Requires 2 MHz clock from bus. 
Cannot be used with audio cassettes without an interface. Cassette or cartridge inputs are 
TTL or RS232 level. 

AVAILABILITY - Off the shelf. 

2SIO (R) CONTROLLER 
$190.00, Tested & Assmb. 

6800 CONTROLLER for SWTP 
$190.00, Tested & Assmb. 

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS MIKBUG with lK 
of ADDITIONAL ROM PROGRAM 

This is a complete tape controller for the SWTP 6800 system . Has 3K of EPROM space 
for your own programs. A l K ROM (2708) is provided with all tape and monitor functions. 
The ROM program is identical to our extensive 8080 ROM program . 

Has one ACIA for one or two tape drives , one UART for an additional Serial port and a 
4 bit parallel port for motor control. Will control one or two CC-8 or 3M3B drives with the 
software provided. Can be used with other tape drives controllable with 4 TTL bits if 
appropriate software changes are made. 

Extra serial port is provided for your use with a second terminal or printer (RS232, TTL 
or 20 ma) . 

The ROM program supplements the MIKbug program and is entered automatically on 
reset. SWTbug compatible ROM is also available . 

AVAlLABILITY - Off the shelf. 

Z 80 BOARD for SWTP COMPUTER 

Now you can use the 8080/Z80 software programs in your SWTP 6800 machine . Re­
places your MPU board with a ZBO and ROM so that you are up and running with your 
present SWTP memory and MPS card. 1 KROM on board replaces MIKBUG. 

AVAILABILITY - Off the shelf. 

__________ ____________ _..,..190.00, Tested & Assmb. 

For U.P.S. de livery, add $3 .00 . Overseas and air shipmen ts charges collect , N.J . Resi dents add 5% Sales Tax . WRITE or CALL for further 
informati on. Phone Orders on M;:;s1er Charge and BankAmericard accep1ed. 

3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561 -3600 TWX 710.997.9530 
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(b) 

Photo 7: Front (a} and back (b) views of the 7977 chess playing automaton invented by Leonardo Torres. The unit played a 
particular chess endgame (King and Rook versus King} only and could force a win. The chessboard is shown in the lower right 
of center in photo la. Horizontal and vertical arms moved the pieces (which were actually electrical jacks} from square to 
square, and the logic circuitry consisted of batte1y driven relays arranged in a logical tree structure (see figure 3). Photos cour­
tesy of Scientific American (Supplement 80, Number 2079, November 797 5). 

Torres was a true amateur 
who did his work because 

he loved it. 

machine. It seems to have been powered by 
the array of weights ato p the console, but 
it used electricity (a lmost surely from a 
battery) in its logic system, which consisted 
of commutators and intri cate switchgear. 
Indeed, most of the face of the co nsole is 
covered with relays and switches with their 
linkages and wiring, but one can make out 
the vert ical chessboard, sa ns chess pieces, in 
the lower right quadrant of the face. It is 
about 8 to 10 inches (20 to 25 cm) wid e 
and has holes in the center of each of the 
64 squares that are rea ll y plug hole in to 
which fitted the carved chess pieces (actually 
jacks on their lower end s used to make 
electrical contact). Sequential switches of 
two sorts are visible on the apron in the fore­
gro und, and the signa ll ing la mps consist of 
a 3 lamp cluste r in the middle with another 
single lamp on the right. 

The machine in operation must have been 
an amazing sigh t, for its visible act ion was 
automatic. The sliding ar ms (poorly shown 
in the photo; located both above and to the 
left of the board) would grasp the chosen 
White piece, unplug it, transfer it to a new 
computed location, and reinsert the piece 

into the board. Then it wai ted for Bl ack's 
next move. This is a degree of automation 
I don't recall seeing si nce I last gazed at a 
Linotype, and in 1914 it must have been an 
awesome spectacle. To be sure, Bl ack al ways 
was checkmated, even with the first move, 
sin ce White (the machine) had too mu ch 
strength. If Bl ack made a false move, the 
machine would sense it and light a signa l 
lamp, then wait until the piece was moved 
to a legitimate square. Three false moves in 
the course of a ga me would " ja m" the 
machine, which would not contin ue pl ay 
un til a reset switch was closed and pieces 
were properly placed. Possib ly the pieces 
co uld be pl aced anywh ere on the chessboard 
upon initiating a game; accounts do not 
make this clear. At any rate, the algorithm 
is quite general and directs the White King a 
square at a time, and the White Rook a rnw 
or column at a time inexorably toward the 
Black King until he is hemmed in. 

In 1922 an improved version was dis­
played. Photographs and a description may 
be found in Chapuis (see bibliographical 
notes). This more mod ern machine had a 
horizo ntal chessboard grooved to accom­
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The most 
complete
Software Library
inthe 
Business... 

for your SBOO or BOBO micro. 
Technical Systems Consultants tailors powerful software to small systems. Ou:r 
large variety of assembly language programs is priced to fit a personal 
computing budget, but designed to handle the most demanding jobs. We 
feature editors, text processors, assemblers, math packages, diagnostics, games, 
and more. Documentation is very extensive with almost every program 
including a complete, fully commented source listing! Most programs are 
available with cassette or paper tape and now some TSC 6800 software is 
offered on SWTPC compatible disks . Send 25¢ for a complete catalog today! 

Im'" Technical Systems 
j',7'===·= __ ,,.,,.,,. Consultants, Inc. 

,;'.;';::: :.:.=~ Box 2574 W. Lafayette, IN 47906 

Specialists in Software & Hardware for Industry & the Hobbyist 
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IF BLACK KING 

IS NOT IN SAME ZONE WITH ROOK AND VERTICAL 


ZONE WITH ROOK 

IS IN SAME 

DISTANCE BETWEEN BLACK KING AND ROOK IS 

MORE TH AN EQUAL TO ONE SQUARE, AND 
ONE SQUARE DI STANCE BETWEEN KINGS IS 

ROOK MOVES 
HORIZONTALLY GREATER TH AN EQUAL TO TWO SQUARES, AND THE NUMBER 

TWO SQUARES OF SQUARES HORIZONTAL DISTANCE IS 

ROOK MOVES ONE SQUARE 

TOW ARD BLACK Kl NG 


ODD EVEN NOT AN YI
WH ITE KING MOVES ONE I 

lSQUARE TO WARD BLACK KING t 
ROOK MOVES ONE 
SQ UARE HORIZONTAL 

WH ITE KI NG MOVES ONE 
SQUARE TOWARD BLAC K KING 

'----...-----''--...---''----...-----' 
ZONE ZONE ZONE ROOK MOVES ONE SQUARE 

TOWARD BLACK KING 

Figure 7: A chart of the algorithm used by Torres' 7 97 7 chess endgame playing automaton. 

" It is necessary that the 
automata imitate living 

actions according to their 
inputs, and adapt their 

conduct to changing 
circumstances." 

modate wires that sensed the location of a 
piece, and a complex clutch and gear system 
within the tableto p acco mplished White 's 
moves, vi a magnets. It was al l powered by a 
few small electric motors, and a phonograph 
record prono unced the words "echec et mat" 
when Black was check mated . Figu re 1 shows 
a chart of the action , drawn from the 
Scientific American artic le. fAccording to 
David Levy in Chess and Computers, the 
Torres machine is still in good working order 
and can be seen in the museum at the Poly­
technic Institute in Madrid SPAIN ....CM} 

Torres was one of those vital persons who 
ornaments the history of science: a person 
of intense curiosity and independent means 
who devotes time and energy to the explor­
ation of arcane subjects many decades 
before the professionals find their way in to 
the original excavations and mine the un­
covered veins of ore left behind. He was a 
true amateur who did his work because he 
loved it; history is studded with these men: 
Schliemann, Humboldt, Lavoisier, Rumford, 
Kelvin, Bab bage, Bohr, etc . 

Leonardo Torres was born in 1852 in 
Santander on the north coast of Spain, and 
was trained as a civil engineer. Unfortunately 
I cou ld learn on ly very litt le about hi s life 
since the biography by his son is in French 
and is not avai lable to me, but a fe w facts 
emerge: he was a patrio t, and a capable 
politician as well, who arranged for the 
Spanish government to li berally subsidize 

his "large and well-equipped mechanical 
laboratory at Madrid." Perhaps this is 
related to the fact that in 1906 in Bilbao 
harbor he displayed before the King a small 
sca le radio controlled boat which "could 
se lect between various rudder positions and 
speeds, and cause a fl ag to be run up and 
down a mast." A lifelong Francophile, 
during World War I he desi gne d a plane 
called the Astra-Torres fo r the French Air 
Corps. He also pursued quite mundane 
things: designs for aerial cablecars, apparatus 
to test lubricating powers of oil, a "uni­
versal pantograp h" that automatically cor­
rected any unwanted jiggles by a special 
linkage. 

One of his first interests was mechanical 
analog comput ing devices, perhaps before 
1900. He was fam iliar with Babbage's 
publ icat ions. In a paper dated 1920 he 
outli ned an electro mechanica l calculating 
machine he exhib ited in France. The machine 
co nsisted of a modified typewriter and 
several boxes of apparatus, co nnected only 
by a bundle of wires, al l mounted on a 
table for d isplay . (A picture of the machine 
is in Randell's book; see the bibliography.) 
Th e o perator types in the numbers desired 
to be man ipulated toget her with the sign of 
the operation to be performed, and after a 
few mom ents an = fol lowed by the result 
is typed out. Th is is a 4 function machine 
that can deal with perhaps six or seven digits. 
This was in 1920, mind you' He revealed the 
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SS-16 
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FULL FLOPPY DISKS, A 4800 BAUD DIGITAL CASSETTE, 64 COLOR VIDEO BOARD OPTION, RS232 AND 20 
MA CURRENT LOOP ALL COMBINED WITH ONE OF 11-lE INDUSTRY'S FASTEST BASICS AND A FULL ASSEMBLER, EDITOR, 
LINKING LOADER PACKAGE. SYSTEMS ARE AVAILABLE COMPLETELY ASSEMBLED AND TESTED OR IN UNASSEMBLED 
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"Construct ion of rnech­
an isms which pl ay the role 
of ense organs is nol diffi­

cult in theory ." 

theo re ti ca l und erpi nn ing for his ca lculati ng 
apparatus in general terms in 19 '14, in the 
Essais sur l 'automatique. (I n 19 '14, auto­
matique was a new word, translatable as 
automation or as au tom atics.) 

Torres ' es ay is so lucid and fresh that 
today, 64 years after publica tion, it ti ll 
casts muc h illum ination on the hum an and 
machine in te rface. After describi ng a fi rs t 
type of au tomaton , a machine designed to 
mimic the movements o f a living creature, 
he describes a second ty pe of automato n 
(Torres' own italics). " ... those that imi­
tate, not the sim ple gestures, but the 
thoughtful actions of a man, and which 
can sometimes replace him ." He gives 
exam.pies: " .. . the se lf-pro pel led torpedo, 
wh ich knows how to maneuver in order 
to arrive al ils targe t, the balance which 
weighs coi ns so as to choose the ones which 
are of lega l weight." He speaks of the need 
for a " . .. specia l chapter of Lhe theory o f 
machi nes wh ich wou ld be call ed Auto­
matics" and of the need to in vestigate 
" means fo r co nstructing automata endowed 
with a pattern of behavior of grea ter o r 
lesser comp lexi ty." "These automata will 
have sense organs, ie: th ermometers, mag­
netic compass, manomete rs, etc" toge ther 
wi th " limbs, ie: machi ne or mechanisms 
capable of executi ng the operations which 
they are instructed to do." And they wil l 
need power so urces. " Moreover, it i essen­
t ial, bei ng the chief objective of Automatics, 
that the automata be capab le of discern ­
ment ; that they can at each moment take 
account of the information they receive, 
or e11en information they have received 
beforehand, in co ntro ll ing the req uired 
operatio n. " "It is necessa1y that the automata 
imitate living beings in regulating their 
actions according to their inputs, and adapt 
their conduct to changing circumstances. " 

Afte r no t ing that construction of mech­
anisms wh ich play the role of sense o rgans is 
no t d ifficu lt in theory, and that new ap pa­

rat us to ach ieve th is measuring (se nsing) 
fu nction is invented every day (what canno t 
be measured today wi l I be measured tomo r­
row or shonly}. he add s that the sa me ma y 
be said of devices to effect the automato n's 
work. No one can point to a limit in the 
inventing of machines to perform fun ctions. 
Bu t, " It is not the same when one as ks 
wheth er it is poss ib le to co nstruct an auto m­
aton which, in order to deci de on its manner 
of wo rk ing, ponders on the cir·cum stances 
wh ic h su rro und it. The estimate is, I bel ieve, 
that thi s may be done only in so me very 
simp le cases ... it is though t possible 
to auto mate the mechanical o peratio ns per­
fo r·med without th inking by a workman, bu t 
that those requir ing the exercise of menta l 
fac ulties will neve r be executed mechan­
ical ly." " I shal l try to show in this article, 
from a purely theoretical point of view, 
that it is always possible to build an autom­
aton whose actions depend on a greater or 
lesser number o f circumstances, according 
to rules which one can impose arbitrarily 
during its construction. " In reference to 
this quote, Torres descr ibed a sim ple digita l 
device, but with the novelty that it displays 
a worked out fo rm o f co ndi t ional branch­
ing: ahead of its time, like so much of 
Torres' writ ings and work. 

In his writ ings, Torres selected his words 
so carefull y that it is poss ib le to argue hi s 
disti ncti on between " to discern ," a process 
or··inpu t which he welcomes and illustrates 
as measurements; and "to ponder," a verb he 
seem s to reserve fo r human thought, where 
mo re has to be take n in to acco unt tha n just 
the info rmation of the moment or informa­
tion previo usly received. And what is tha t 
" more"? I suggest that only peo pl e who 
know mechanics very well can appreciate 
fu lly the chasm between their creat ions and 
those of life (ie: be tween organic info rm a­
tion and mechanica l info rmation). Rande ll 
observes, and I heart ily agree, tha t " In all 
th is wo rk [Torres ] was deliber·a tel y exp loi t­

- - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - -- - - - - . 
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16k static RAMs with Alpha Micro or Cromemco bank switching 
memory expansion techniques. 

Computer users are so confident of Dynabyte's 16k dynamic 
RAM they have made it the most widely used S-100 dynamic 
memory in the world. 

If you intend to become a proficient data processor but 
instead are unhappily debugging your system, or want to avoid a 
lot of debugging, then Dynabyte will be a great choice. 

As you spend less time monkeying with hardware and more 
time computing, you' ll become more confident of your abilities 
and proud of your accomplishments. Isn't that what owning a 
computer is all about? 

Tell your computer retailer with confidence that you want 
Dynabyte boards-the plug-in-and-run performers. 

1005 Elwell Court, DllllllBll,'EPalo Alto, CA 94303. • 
(415) 965-1010. •• • 

t6k Dynamic RAM. The Industry's most 
popular S-100 dynamic RAM. Self-contained 
refresh logic is transparent to the 8080 processor 
and never generates a WAIT state. !MHz direct 
m emory access, 16k addressing. The Original 
Great Memory by Dynabyte. 5399. 

Naked Terminal. 80 character x 24 line = 
1920 character display capacity. Not just a video 
interface but a full terminal; plug into a 
mainframe with keyboard and monitor and save! 
Upper and lower case; black/ white or 
whi te/ black; block mode editing; addressable 
cursor: half and full duplex; no software support 
required; addressable status and 1/0 ports. 5350. 

Plug-in-and-run performance takes the uncertainty out of 
owning a computer. That's the kind of computer products 
Dynabyte builds. 

Confidence in your computer is increased because you know 
that Dynabyte S-100 boards are factory assembled by trained 
technicians, burned in for 72 hours at elevated temperatures and 
continuously tested for three days. 

That was true of the industry's first assembled and tested 16k 
dynamic RAM from Dynabyte, and it continues with all the other 
products from Dynabyte. 

Once you plug Dynabyte boards in their careful design, 
factory prime components and quality construction keep them 
running. Dynabyte backs them with a one year warranty-the 
longest in the industry. 

lncompatability is coming to an end. Dynabyte's 16k and 32k 
static RAMs come with access times of either 250ns for Z-80A 
processors or 450ns for 8080 and 8085 chips. You can use the 

32k Fully Static RAM. 250ns or 450ns; 4k 
boundary addressing; no DMA restrictions; full 
Schmitt trigger buffering; no wait states; 
complete S-100 compatibility; conservative 
thermal design includes eight regulators and 
heat sinks. 250ns. S995. 450ns, $925. 

16k FuUy Static RAM. 250ns or 450ns; bank 
select is provided and is compatible with most 
popular schemes for memory expansion beyond 
64k including Alpha Micro and Crom emco 
systems; 4k block addressing along 4k 
boundaries; write protect with alarm for each 4k 
block; full Schmitt trigger buffering. 250ns. 5555. 
450ns, S525. 
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Commodore 	 Radio Shack 

PET TRS-BD 

You can find out what our customers already know - Personal 
Software consistently offers great software products. Check out the 
programs below- they each represent many man-months of expert 
programming effort. We 're sure you'll be pleased with the results. 
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MICROCHESS 1.5 by Peter Jennings for 4K Level I and II TRS-BOs: 
In Z-BO machine language, easily loaded from cassette using the 
CLOAD com mand (TBUG is not needed) . Uses standard algebraic 
chess notat ion to describe moves. Checks every move for lega lity . 
Handles castling and en passant captures. You can play white or 
black, set up and play from special board situatio ns. or even watch 
the computer play against itse lf! With 3 levels of play . .. . . $19.95 

--~~~--,- ­. 	 ' 

BRIDGE CHALLENGER by George Dulsman for BK PETs and 16K 
Level 11 TRS-BOs: You and the dummy play four person Contract 
Bridge against the computer. The program will deal hands at random 
or according to your cri terion for high ca rd points. You can rev iew 
tricks, swap sides or replay hands when the cards are known. No 
longer do you need four people to play ! . . . . . .. . . . .. ... .. $14.95 
6502 ASSEMBLER IN BASIC by Dan Fylstra for BK PETs: Accepts all 
standard 6502 inst ru ction mnemon ics. pseudo-ops and addressing 
modes. Evaluates binary, octal. hex . decimal, and character 
constan ts, symbols and expressions. Assembles object programs 
anywhere in memory. Includes one and two pass versions of the 
assembler. text ed itor and disassembler. with a 30 page manual and 
PET machine language programm ing hints ... ... . ........ $24.95 
ORDERS: Check, money order or VISA /Master Charge accepted; 
programs and cassettes guaranteed. If you have questions. please 
ca ll us at 617-783-0694. If you know what you want and have your 
VISA / Master Charge card ready, just pick up the telephone and 

DIAL TOLL FREE V/S.4' 1 -800-325-6400 
24 hrs In Missouri dial 1-800-342-6600 7 days 

Or you can mail your order to the address below. OUR -CA TA LOG 
describes many other great software products, including an 
ASTROLOGY program, a FOOTBA LL game, a GRAPHICS ut ility 
package and many others. For your free r.opy. send a letter giving 
your PET or TRS-80 serial number, memory size. and your most 
wanted sofrware product. 

Personal SoftwareTM 
P.O . Box 136-89, Cambridge, MA 02138 

90 Scp 1em~r 1978 © BYTE Pubfic.i1ions Inc Circle 302 on inqu i ry card . 

ing the new faci l i ties that electromechanical 
techniques offered and challe nging accep ted 
ideas as to the limitations of machines." 
But he not onl y exploited, he revelled; he 
d id more than challenge: he expressed his 
disbel ief and undertook to amaze his 
ske pti cs. 

Torres worked on what he enjoyed, and 
a spir it of breathless, childlike fun is visible 
in all his activit ies. Imag ine in 1906 a rad io 
con t rolled boat that coasts up to a dock 
where stands th e King of Spai n, cut it 
engine, heels sharply to starboard, and runs 
the roya l flag smartly up and down the 
mast ! The King sat utes, the crowd cheers 
i Viva la Espana.' What ecstasy it must have 
been for Torres. This is something beyond a 
demo nstrat ion of Hert zian waves as applied 
to potential weapons of war. It is something 
human: a radio contro lled triumph. But such 
moments do not rec ur freq uent/ y . Torres 
the in ventor-sc ient ist is almost surely speak­
ing in this quotat ion from the Scientific 
American article (see bibliography) aboul 
his 1911 chess play er: "There is no claim 
thal it wi ll think or accomplish things wh ere 
thought is necessary, bu t its inventor claims 
that Lhe limits within which thought i 
really necessary need to be better defined , 
and th at the automato n can do m.;rny things 
that arc popu larly classed w ith thoug ht. " 
You can hear the muted sadness, the resigna· 
tio n mingled with pride. Well, i t still can 
play a fl awless endgame of chess. If o nly it 
co uld be made to l ive. The next one I make 
will, at least , talk. 

BIBLIOGRAPHICAL NOTES 

1. 	The information in these arti cles has been 
sy nthesized from various sources I have 
encou ntered in reading abo ut the history 
o f com puters, several histories o f which 
make mention o f Vaucanson in the sen ­
tence that directly precede the one 
about Babbage. I found no li terat ure 
exp laini ng Vaucanso n's creations unti l I 
came across: 

Chapui s, A l fred E, and Droz , Edmond, Auto· 
mata: Historical and Technological Study, 
Editions du Griffon, Neuchatel SW ITZER · 
LAND, 1958. 

Herc an astonishing and ca tho lic va riety 
of au to mated devices are described and 
ill ustrated, most of them trivi al , such a 
pictures with clockwork-driven, moving 
figure . It is maddening that Chapuis' 
Automata treats the great mechan ica l 
compu ters of the past with litt le ca re. 
Chapuis and Droz were in a unique posi­
tio n because they read French , th e 
language of most of the or iginal docu · 
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CP/M™ OPERATING SYSTEM 
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• Up to four IBM-compatible floppy disks 
• Documentation includes: 
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CP/M Editor Manual 
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STANDARD 
MAC™ MACRO ASSEMBLER 
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• Complete guide to Macro Applications 

SID™ SYMBOLIC INSTRUCTION 
DEBUGGER 
• Symbolic memory reference 
• Built-in assembler/ disassembler 

TEX™ TEXT FORMATTER 
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• Text prepared usi.ng CP/M™ Editor 

Pl ase send me the fo llowing: 
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ments. They had pursued the field of 
automata so long (Chapu is & Edouard 
Gel is published Le Monde des Automates 
in 1928, as well as making a film abo ut 
automata in 1945) that their fame on the 
continent would have enab led them to 
study the machines minutely. They 
meticulously reconstructed the dates of 
inception, untangled the inventors of 
automata, and deduced the fate of the 
machines. Their myri ad il lu strations are 
unsurpassable. 

2. 	You can read a translation ofVaucanson's 
own description of his autom ata in: 

Ord-Home, Arthur W J G, Clockwork Music. 
Crown Publishers, New York. 1973. 

which is currently in pr·int. Thi s book 
mentions and il lu strates the Eureka 
poetry composing machine, a violin 
play ing device, and quotes a newspaper 
account of one or two astonishing autom­
ato ns (unl ess they are fabr icated) such as 
a life-s ize mannequin that plays violin 
so natas under keyboard contro l. There is 
litt le else of interest regarding stored pro­
grams. Lots of fun, though. 

3. 	 A most valuable su r·vey which speaks of a 

TERMINALS FROM TRANSNET 
PURCHASE 


12-24 MONTH FULL OWNERSHIP PLAN 

36 MONTH LEASE PLAN 


PURCHASE PER MONTH 
OE SCRIPT ION PRICE 12 MOS 2< MOS 36 MOS 

DECwriter II . .. . .. . .. .$1 ,495 $145 $ 75 $ 52 
DECwriter Ill . . . . . . . . . . 2,895 275 145 99 
DECprinter I . . . . . . . . . . 2,295 219 117 80 
VT52 DECscope . . . . . . 1,695 162 85 59 
VT100 DECscope . . . . . 1,695 162 85 59 
VT55 DECgraphic CRT 2,695 260 135 94 
ADM 3A CRT . . . . . . . . . 875 84 45 30 
HAZELTINE 1400 CRT . 845 81 43 30 
HAZELTINE 1500 CRT . 1,195 115 61 42 
Tl 745 Portable . . . . . . . 1,875 175 94 65 
Tl 765 Bubble Mem. . . . 2,995 285 152 99 
Tl 810 RO Printer ..... 1,895 181 97 66 
Tl 820 KSR Terminal .. 2,395 229 122 84 
Data Products 2230 . . . 7,900 725 395 275 
QUME, Ltr. Qual. KSR . 3,195 306 163 112 
QUME, Ltr. Qual. RO .. 2,795 268 143 98 
DATAMATE Mini floppy 1,750 167 89 61 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
1o<r. PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 
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RIBBONS • INTERFACE MODULES • FLOPPY DISK UNITS 


PROMPT DELIVERY • EFFICIENT SERVICE 
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2005 ROUTE 22. UNION. N.J. 07083 

201-688-7800 

great many mechani sms and machines 
from the histo ri cal viewpoint , but 
describes them hardly at all is : 

Price. Derek J deSoll a. Automata in H istory: 
Origins of Mechanism and the Mechanistic 
Philosophy, Technology and Culture, volume 5, 
number 1, 1964. 

which is worthw hi le for the long per­
spective it offers on mech anics, and for 
the sense of continuity it conveys regard­
ing human endeavor. You begin to learn 
that the world has always been filled with 
restless, thoughtful, imaginative and inven­
tive peo ple. 

4. 	 It is fun to read a sple ndid ly researched 
volume like: 

Carrol l, Charles Michael, The Great Chess 
Automaton, Dover Publications, New York, 
1965. 

which is still in print and desc ri bes a 
near ly centu ry long hoax (for which 
Vaucanso n had unwittingly cleared the 
path), as well as Maelzel 's actual mechan­
ical achievements that blossomed into an 
ind ustry by 1900. 

5. 	 For me the doyen of computer historians 
is: 

Randell, Brian. The Origins of Digital Com · 
puters: Selected Papers, Springer Verlag, 
Heidelberg, New York, 1973. 

where the developments that preceded 
and led up to the digital computer are 
spel led out event by event. As if Randell's 
crysta lli ne commentary were not enough, 
he in cludes original papers (some in lucid 
translation) by Babbage, an incredibly 
clever man, and just about eve ryb ody 
who did an ything useful in the develop ­
ment of computers, such as Aiken, Hop ­
per (the only woman in the book), 
Eckert, Von Neumann , Gold stine, and 
Mauchly . They are included here, along 
with Leonardo Torres. Many machines 
are also included , such as the Zuse re lay 
computer of wart ime Germany, the Bel l 
Labs relay computer, Altanasoff's Iowa 
State computer with its novel capacitor 
storage system, and of course, EN IAC 
and EDSAC, those feeble giants. 

6. 	The fo llowing article makes fasci nating 
reading: 

Anonymous. " Torres and His Remarkable 
Automatic Devices (He Would Substitute 
Mach inery for the Human Mind.)", Scientific 
American Supplement 80, number 2079, 
6 November 1915. 

7. 	To rres' machi ne is also described in: 

Levy, David, Chess and Computers, Computer 
Sciences Press, Po tomac MD, 1976.• 
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In performance. In quality. In availability. OEMs, educa· 
tors, engineers, hobbyists, students, industrial users: 
Heres our Versatile Interface Module, a fully-assembled , 
tested and warranted microcomputer board that's a 
true single-board computer, complete with keyboard and 
display. All you do is provide a +5V power supply and 
the Versatile Interface Module gives you the rest- and 
that includes fast delivery and superior quality. 
Key features include: 
• Hardware compatibility with KIM-1 (MOS Technology) 

products. 
•Standard interfaces include audio cassette with re· 

mote control; both 8 bytes/ second (KIM) and 185 
bytes/second (Versatile Interface Module) cassette 
formats: TTY and RS232; system expansion bus; TV/ 
KB expansion board interface; four 1/0 buffers; and 
an oscilloscope single-line display. 

To place your order now. contact your local area distributor or dealer. 

OEM Distributors Technico 
Kierulff Electronics General Radio 
Sterling Electronics (Seattle only) Western Microtechnology 
Zeus Components Future Electronics 
Century/ Bell A ll iance Electronics 
Lion ex Arrow Electronics 

Hallmark Personal Computer Dealers 
lntermark Electronics Newman Computer Exchange 
Quality Components Ann Arbor, Michigan 

Circle 356 on inquiry card. 

• 28 double-function keypad with audio response. 
• 4K byte ROM resident SUPERMON monitor including 

over 30 standard monitor functions and user 
expandable. 

•Three ROM/ EPROM expansion sockets for up to 24K 
bytes total program size. 

• IK bytes 2114 static RAM expandable to 4K bytes 
on-board and more off-board. 

• 50 1/0 lines expandable to 70. 
•Single +5V power requirements. 
•Priced attractively in single unit quantities with OEM 

discounts available for larger quantities. 

!§ 
Synertek Systems
COrporation. 
2589 Scott Blvd .. Santa Clara. California 95050. (408) 988-5690. 

Technico Energy Electronic Products 
Columbia, Maryland Los Angeles, California 

Computerland General Radio 
Mayfield Heights, Ohio Camden. New Jersey 

RNB Enterprises Advanced Computer Products 
King of Prussia, Pennsylvania Santa Ana. Californ ia 

Computer Shop Computer Components 
Cambridge, Massachusetts Van Nuys. California 
Computer Cash 
Anchorage, Alaska 
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Let Your Fingers Do the Talking 


Scanner Applications 


(]iaPcia's 
(]ir.ic~i• (]ellar.i 

Steve Ciarcia 
POB 582 
Glastonbury CT 06033 

I would like to thank 
Dr Russell Reiss for con­
tributing ideas which have 
led to this and other 
articles . ...SC 

In "Let Your Fingers Do the Talking ­
Add a Noncontact Touch Scanner to Your 
Video Display " (August 1978 BYTE, page 
156), I detailed the hardware design of a 
noncontact touch scanner which sits over a 
conventional video screen. This system, 
though lower in resolution, allows a fingertip 
to simu late the function of a light pen and 
with proper programming can become as 
important a perip heral as the common 
ASCII keyboard. 

Quick Hardware Review 

The scanner consists of 32 pairs of in­
frared light emitting diode u·ansmitters 
and photo transistor rece ivers arranged 
around the perimeter of a picture frame. 
There are 16 pairs on the X axis and 16 pairs 
on the Y axis. The hardwa re logic sequen­
tially activates the 32 pair·s, fast in the X 
direction (horizontal) then in the Y direc-

Photo 7: The basic information returned from the touch panel is a coordinate 
pair for one of 256 possible finger sized locations on the video display 's face. 
Here, using the program in listing 3, the displayed coordinates 7 0 and 9 
correspond to the point just touched on the screen. 
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tion (vertical). If a physical obstruction is 
placed in the plane of the scan, one X and 
one Y beam are interrupted. The corres­
ponding X and Y beam addresses are stored 
when this happens. Since there are 16 pairs 
per axis, each coordinate can be represented 
by a 4 bit code and both the X and Y 
addresses can be packed into one data byte. 

The end result of the hardware logic is a 
very simple scanner to computer interface. 
The scanner output is one 8 bit byte con ­
tai ning the 4 bit X and 4 bit Y addresses. 
The only other signals are a little something 
often rnferred to as hand shaking. A data 
ready line is set to a high level output when 
the scanner has sensed an obstruction. 

This data ready signal can be tied to a 
parall el input port and scanned as I have 
done, used as a control line on a peripheral 
interface ci rcuit, or used directly to generate 
a processor interrupt. If the touch panel is to 
be exercised in BASIC, the first method wi ll 
prove to be easiest. The latter method, nor­
mally used with a mach ine language program 
rather· than BASIC, will be the most efficient 
from a memory utili zation standpo in t. 

I contin ue to use BASIC wherever the 
interface data processing speed al lows it. In 
this way I can write illustrative program ex­
amples which are not tied to a particular 
processor. Of course, the speed advantages 
of machine language may be useful if your 
programs using the touch panel have a lot to 
do; so fee l free to strike out on your own 
using these BASIC programs as a model. 

Whatever the software method util ized to 
recognize the data ready bit, the program 
action must be the same. After the data 
ready bit goes high, the data byte is stored 
and the data ready is reset by momentarily 
pu lsing the ready reset line low. In BASIC, 
the easiest way to do th is is to tie th e ready 
reset line to one bit on a paralle l output port 
(it need only be a strobe rather than a 
latched output) and then sequentially 
execute two OUT instructions. The 10 ms 
pulsewidth I get on my machine is the result 
of the time it takes for BASIC to respond. 
The program examples presented in the 
listings use the following port allocations (in 
decimal): 



Get Graphic with Your Computer! 

11ATJST 
F1~CJ 
ClJ/':1PlJTEA 

r----------EXCITING 3-D MAZE BOOKS---------, 
3-DIMENSIONAL MAZES by Larry Evans. 3-DIMENSIONAL MAZES, Volume 2 by Larry Evans 

0 Puts you in to the puzz le through exciting perspect ive 0 Bril l iant, tantaliz ing puzzles that are irresistib le to solve. 
drawing. $1 .50. $1.95. 

MAZE CUBES by Larry Evans 
0 Features 12 colorful cu bes which , when constructed, f it 3-D OPTICAL ILLUSIONS by Larry Evans 

together to form a variety of 3-dimensional maze games. Six 0 Enjoy the mystery and beauty of opt ica l il lusions in three 
basic games create over 1 mill ion maze possibi li ties! Simp le dimensions! Five dazzli ng projects to bui ld, co lor and amaze. 
instructions and examples of game variations comp lete t his Each phenomenon is thoroughly explained. $2.50. 
ideal en tertai nment for al l ages. $2.95. 

ALTAIR DESIGN, MORE ALTAIR DESIGN, 
& ALTAIR DESIGN 3 developed by Ensor Holiday 

O Keep the loved ones busy whi le you use your system. 
give them any or al l of these computer generated Alta ir 
Design Books to start them (or yourself) on endless hours 
of creative co loring. No other coloring books are qu ite l ike 
these. Perfect for the doodler or as gifts for your comp uter­
phile fr iends. $2.50 each. 

MATHEMATICAL ELEMENTS FOR COMPUTER 
GRAPHICS by David F Rogers & J Alan Adams 
0 Th is book introduces the mathematica l theory under ly ing 
computer graphics. The main concent ration of the book is 
fundamenta l mathematical techniques (rotat ion and su rface 
descr ipt ion) rather than procedural techniques (hidden l ine 
elimination ). Each subject. such as surface description. three 
dimensional t ransformati ons. and surface curves, is given a 
thorough mathematica l description. A lgorithms fo r many 
fundamental elements of an interactive graphics package are 
given in BASIC. This is a f ine add ition to the library of an y­
one seriously interested in graphics. 239 pp. $1 1.95. 

ARTIST AND COMPUTER edited by Ruth Leavitt 
0 A vi sual treat, as you encounter rep roductions of 

numerous works b~ com?uter oriented artis'.s and _read 
about. these works in their own words. 160 li lustrat1011s, 
many in color. $4 .95. 

PROJECTS IN SIGHT, SOUND, & SENSATION 

by Mitchell Waite 


0 Dedicated "to al I space cowboys." Detailed theory and 

pract ice of seven fascinat ing amateur electronics projects, 

along wi th a complete and detailed appendix on how to 

make PC boards. The pro jects incl uded in this book are: The 

Syntheshape. an art generator t hat can be used to generate 

innumerable complex and beau t iful patterns on the screen 

of an osci ll oscope. An electronic music box that will play 

over 3000 possib le melod ies when the lid is lifted. A way to 

control muscle tension exp lained in chapter 4 . A muscle­

wave bio-feedback moni tor can be used to achieve deep 

relaxation. The laser-light show transfers light into fasc i­

nating patterns in a darkened room. Other projects include a 

Kirl ian camera , a digital ESP machine, and neon-l ight ran­

dom izer. $5.25. 


Fo r your convenience in ordering, p lease use this page plus the order form on page 111. You may 
photocopy this page. 

~ITS·Th;,Mi;;~~;;~t;;
54

Bookstore 
25 Route 101 West, P.O. Box 428, Peterborough, NH 03458 
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Data Ready 	 Inpu t Port 2 
(least significant bit) 

Ready Reset 	 Output Port 16 
(least significant bit) 

X, Y Coordinate - Inpu t Por t 16 
(brb4 is X address) 
(b3·bo is Y address). 

100 	REM THIS IS THE ONLY SOFTWARE NECESSARY TO EXERCISE THE 
SCANNER 

110 	REM· •· RESET SCANNER••· 
120 OUT 16,0 : OUT 16,255 : REM THIS WILL GIVE A SHORT RESET PULSE TO 

PORT 16 
130 REM ** TESTDATAREADY • • • 
140 T=INP(2) : REM THE DATA READY SIGNAL IS BIT 0 OF PORT 2 
150 T =T AND 1 :REM MASK ALL BUT BIT 0 
160 I F T<> l THEN GOTO 140 :REM TEST TO SEE IF DATA READY IS SET 
170 REM' .. READDATA ' .. 
180 O= INP(16) :REM SCANNER ISATTACHEDTOPORT16 
190 Dl =(DAN D 240)/16 :REM MASK AND SH I FT RIGHT 4 BITS 
195 REM D1 IS THE X COORDINATE 
200 D2 =D AND 15 
205 REM D2 IS THEY COORDINATE 
210 RETURN :REM RETURN IS ONLY NECESSARY IF CALLED AS A 

SUBROUTINE 

Listing 7: Subroutine used to determine activated coordinates on the scanner. 

10 PRINT "MY SCREEN ITCH ES!! PLEASE SCRATCH IT! " 

20 GOSUB 100 :REM ACTIVATE SCANNER 

30 PR INT " OH!! THAT FEELS SO GOOOOOOOD!!!" 

40 END 


Listing 2: Example of using the entire video screen as a push button. 

I 00 S •USR ( 255) : REii THIS IS A SCREEN CLE AR FOR DG Z- BO 

110 PRINT ' THIS 15 A TEST OF TOUCH INPUT ' 

120 PRI NT'THE SCREE N IS CURRENTLY BEING SCANNED ~y AN ARRAY ' 

130 PRINT' INFR ARED LEL1S llN[I OPTI CAi. SENSORS ' 

140 F'RIN T 

I 50 r·R I Nl • PO I N'l II r THE SC RF EN SOllEPl.llCE • 

160 GOSU I< 1000 :REii GOfO IHE SCANNER SUBROUTINE AN [• REfURN lol!TH COOR!•!NATES 
170 PRINT ' THAN~YOU' 

!BO F•f.:tNT 
190 PR INT 
~00 f'RINT' THE SCANNER HllRPl.IAR E 51\YS lHll' YOU TUUC:Hfl• LOCllTION' 
~10 PR'JN1 · x... •;v1.·nN[I v- ·a1 _i ,· ON(\ t6Xl6 liRT0 1 
:!20 GOSUI< 2500 : REii CAI l Sl!GHl (o EU\Y ri ll ER 
250 Sc USR<255> :NEii CLEllR SCREEN 
260 PRlNT ' LEI II~ DEMONSTRATE THE COORDINATE SYSTEM ' 
::?7 0 1-·RINl ' P!l!Nl YOUR FINGER AT THE SC REEN AN[I I ' I I F·Rt NT OUT tX1Yl' 
~BO PRINT ' lO EXIT JUST POINT TO LOCllT!ON (15 •1 5) - --UPPER RIGHT' 
290 GOSU~ 1000 :REii CALL SC ANNE R 
300 S=USR< 255> :REii CLEAR SCREEN 
310 IF Dl = l 5 THEN 320 ELSE 330 
320 IF D2 =1S THEN END 
330 PR INT 
340 PRINT DI,D2> :REM PRINT COORDINATES 
350 GOTO 290 
1000 REii *** RESET SCANNER *** 
1010 ouT 16.0 :ou r 161255 
1050 REM *** TEST DATA READY *** 
1060 T= INP<2> 

1070 T=T AND l 

1090 IF T</ l THEN GOTO 1060 

1090 REM *** READ DATA *** 

1100 D=INP<16l 

1110 Dl=(D AND 2 40 )/ 16 :REM THIS IS THE X VALUE 

1120 D2=D AND 15 :REM THI S IS THE Y VALUE 

1130 RETURN 

2500 FOR W=I TO 2000 

2510 NEXT W 
2520 RETURN 

Listing 3: This program outputs the coordinates of the point you are touch­
ing on the screen. The output of the program can be used at a higher level to 
indicate some object that is printed on the screen. 
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Using the Touch Panel 

Using the touch panel in any BASIC pro­
gram, whether it be game or instructional, 
wil l necessitate having a subroutine to read 
and reset the scanner placed somewhere 
within the BASIC progra m. The total soft ­
ware necessary to exercise the touch panel 
is shown in listing 1. 

If a GOSUB 100 command is encount­
ered, BASIC vecto rs to th is subroutine and 
begin s execu tion . This subrouti ne will not 
return until someone touch es the screen. 
Variable Dl would contain the X coor·dinate 
and D2 would contain the Y value. Each ca ll 
to this subroutine results in return ing to 
th e main program with the X, Y address of 
a single to uched point. To obtain ten touch 
inputs would req uire calling this routine ten 
tim es. 

Th e simplest program utilizing the scan­
ner wou ld be one which sensit izes the en tire 
screen to act as one gia nt push button . Such 
a program is similar to a press any key op­
tion on a keyboard. 

Th e program in listi ng 2 prints "MY 
SCREEN ITCHES !! PL EASE SCRATCH 
IT !" on the video screen, waits for some­
one to touch any place on the screen and 
then respo nds with the message in lin e 30. 
Notice that we did not use the coord inate 
information from the scanner because we 
on ly needed to take advantage of the fact 
that the subroutine returns only if data is 
ready. 

Test the Coordinate System 

If one bu il ds the touch panel, the first 
program written should be one that illus ­
trates the coordinate system dynamically, 
such as the program in listing 3. (Al l 
BASIC programs in 	 this article are wr itten 
in Micro Com 8 K Zapple BASIC.) 

After printing an opening commen t on 
the video screen, 	 the program calls th e 
scan ner subroutine as before. This time 
when it returns, it prints ou t the X and Y 
coord in ate which was touched as shown in 
photo 1. Th e rest of the program is a repeat 
of this basi c cycle with one exce ption. The 
values of Dl and D2 are both compared to 
15 after each scan. Should you point at 
coordinate posi tion (15 ,15) the program 
ends. 

Converting Position to Function 

So fa r we have disp layed only the r·aw 
output of the scan ner and have not used it 
in its true app lication . Tell ing you that you 
are pointing to location (4,2) illustrates that 
the touch panel function s, but does no use­



Heathkit HB Owners: 

ARE SERIOUS? 


Ihen upgrade your HB 
to a ZBO with the 

I !Ill DISK SYSTEM 

Powerful Capaoilities 
The only full size dual diskette 

system configured especially for the 
Heathkit H8 Computer is now avail­
able for immediate connection. The 
INFO 2000 Disk System is the best 
performer for any microcomputer : 
it's incredibly fast , it uses full 8" 
diskettes, and it gives you immediate 
Z80 capability. The recording format 
is standard IBM 3740. So you're as­
sured maximum storage capacity, sup­
erior error protection, and full inter­
changeability with other CP/M* based 
systems. 

Simple Connection 
The Disk Adapter Board supplied 

with the INFO 2000 Disk System con­
tains its own Z80 microprocessor. Just 
swap this board with the 8080 that 
came with your H8 and you'll have in­
stantly upgraded to a Z80 microcom­
puter. The 280 instruction set includes 
158- - more than twice as many as the 

Circle 176 on inquiry card. 

080. Z80 instructions feature power­
ful block transfer, block search, block 
I/0 instructions, relative addressing, 
bit manipulation, index registers and 
greatly enhanced interrupt processing. 
All you need to do is plug in the adap­
ter board, cables and AC power, and 
you're ready to run . 

Hassle-Free Operation 
Designed just for the H8, the 

INFO 2000 Z80/Disk Adapter Board 
includes an EPROM contammg 
PAM-Z. This is a Z80-oriented panel 
monitor which permits the H8 front 
panel to operate in both hexadecimal 
and octal modes. A CP/M disk operat­
ing system is included which enables 
you to use Disk BASIC, FORTRAN, 
COBOL, PASCAL and hundreds of 
applications programs. Plus, you can 
still utilize all Benton Harbor software. 
The flick of a switch gives you either 
software mode . . . instantly ! You 
should have a minimum of 16K RAM, 
and to take full advantage of all the 
software you can implement , 32K is 
recommended. You'll also need the 
standard Heath serial board and a 
terminal for a full system. 

We're Serious 
The H8 is a good beginning. But 

why stop there. Go for the best. With 
this combination of low cost computer 
and a powerful disk system, you can 
now perform a tremendous range of 
tasks. Use your H8 as a sophisticated 
business system and a powerful design 
and development tool. 

If you 're serious. 

Delivered assembled and factory­
tested, the complete disk system in­
cludes dual diskette drives, Z80/Disk 
Adapter Board, power supply, cabinet, 
cables, and CP/M disk operating sys­
tem. Full price $2950. Available for 
immediately delivery. 

*CP/M is a trademark of Digital Research 

INFl!lll 
CORPORATION 


20630 South Leapwood Avenue 

Carson, California 90746 


(213) 532-1702 
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An industr ial grade 
alphanume ri c termi nal in­
co rporating touch panel 
input is being m anufac­
t u red . For in formation 
con tac t : 

General D igital Corp 
700 Burns ide Av 
East Hart fo rt CT 06 10 8 

Photo 2: Here is a picture of an experiment which was backed up by a fair­
ly long BASIC program: using the screen as the input device for a simulation 
of an ordinary 4 function calculator. The imagination or the user, to use a 
we/I- worn cliche, is the only /imitation upon t1y ing experiments with special 
purpose keyboards and interactive sequences on the screen. Use of the video 
display behind the touch panel area makes easily altered software the deter­
mining factor - rather than phy sical tools in the worlu hop. 

100 £ :. USf.'C :.-:;:;l 
110 l°f'l'. INf "Nl\Hf l'HiORES~ ' 
lZO F'O R L .: l ro 1:' 
130 PRINT 
140 NEX 'f I 
J!j O PR HH "PHONE VI JAL CHARACTfKJS I tr:· 
160 GOS UB 1000 
170 I F DI 7 THEN GOT O 300 ELSE GO I O ~00 
200 REM THIS ROUTINE OEC IO~S Jr YllU ME f 'OI N I INu 10 
20 Z REM SE CTOR 1 OR ~ 
210 IF D:? . 7 THEN PR lNT "UNL I S rEh NUHftER ' :Ga ro ::!O()CJ 
2~0 PRIN l " BREIWA !THE Ll lTLE IJCIOFEl<I C IARC I A ' 
230 GOTO ~000 
JOO REM THJS ROUTINE M:CU 1ES tr YOU Ai:;,: £ PO!Nfl NG TO 
l02 REH SECTOR 3 OR 4 
310 IF D:? 7 fHEN PrH Nr· s cor rt SH T F.~RlfR - - I Ullf:.: I EGGE11 f411~'41LAR Al Af.•M ' : GOIU :!000 
J20 ~RINT ' 80X ~B~ GL A S lUN~UR Y, CONN . 0 60\J ' 
J30 GOTO ~00 0 
9 90 REM 
992 REM SCANNER SU8T<OUTI NE 
1000 our 16 , 0 :our 1 6 · ~~~ 


1010 T « lNPC~) 


10 20 T= T AN~ I 

1030 IF T< • I IHf.N GOT O 10 10 

1040 [l u JN P < 16 > 

1050 Dl i tD AN(• :!4 0 1/ 16 
1060 02=0 AND IS 
1070 RET URN 
~000 FOR N~ t TO ~000 

2010 NEXT N 
2020 GOTO 100 

Listing 4: Illustration of a BASIC program which divides the screen into four 
sectors and performs a function dependent on which sector is touched by the 
user. 
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!0, 151 17, 15) !15, 151 

N .IJ M [' iJ O DRESS 

sect or 3se ctor 2 

(0 , 71 115 , 7l 

!O, Ol (7, Ol ( 15 , 0) 

se c tor 2 sector 3 
0 <• :S 7 7< x:S r5 
7 < y :S>5 7 < y $ 15 

se c tor I sector 4 
0 < • :S.7 7 < . $15 
0 < y$7 O<y:S7 

Figure 7: Physical arrangemen t o f sectors 
on the screen as used by program in listing 4. 

ful work. If instead some letter or word 
were at (4 ,2) and the program used this 
higher fun ction ou tput rather than just the 
numerical coordinate, we'd have something. 

Fortunately it isn 't all that di ffic ul t. By 
div idi ng the scanner sy tern into fields and 
havi ng each field represent a func tio n, we 
can do useful work. A 2 level prog1-am must 
be wri tten. First, it should h ve the capa­
bi lity of forma tti ng th e scree n so that the 
printi ng is beneath the proper touch coor­
dinate. Then, after return ing fro m the scan ­
ner ubrouti ne, it must translate th is posi­
tion va lu e into the function des igna ted by 
the printi ng on the screen . 

A sim ple program which divides the 
screen into fo ur fi elds or sec to1-s and per­
forms a function depe ndent on which sector 
is touched is shown in listing 4. Figure I 
descr ibes the mathemat ica l re lationship 
between the coordinate system and th e 
BAS IC p rogram of listing 4. 

After printing the opening lines on the 
screen the program calls for the data from 
the scanner. The X coordinate (Dl ) is first 
tested to sec if it is greater than 7. If it is, 
then either sector 3 or 4 must have been 
chosen. If Dl is less than 7 the n it mu st be 
sector 1 or 2. After choosing wh ether it is 
th e right or left half of the screen the test 
is repeated with the Y coo rd i na tc. 1n theo1-y , 
this binary sea rch method woul d require 11 0 

more than eight such tests if all 256 poin ts 
were designated as separate fields. 

A fu rther ex tension of th is bin ary search 

V /r.IJL
PHONE 

CH.IJR.IJC TERIS TIC 
sec t or I se c tor 4 



ENT 


Our good news comes in a small package . [r 's the 
new Verbatim 0

' Mini Data Cartridge, model TC-150. 
We 've de igned it co store data for roday 's 
minicomputers . Inte ll igent calculators and te rminals. 
Word processors. Point-of-sa le terminal . Data 
acquisition instruments. And more . Matter of fac t. 
it plug right in wherever you 're now using 3M's 
DC-IOOA or HP's 9162-0061 mini-cartridges. It can 
be used on HP, Tl, Savin, Qantex and 3M drives, 
among others. 

Small wonder! 
The TC- I50 offers rhe same rug >ed packaging, 1 ng 
life and 100% performance te ting of all our 
Verbatim products. And because each Min i Data 
Cartridge u es quality Verbatim media, you 're assured 
that your data will play back the way you recorded 
it, bit for bit, by te fo r byre. 
Actua l data storage figures depe nd on yo ur dara 
format, but the recording formats for the Verbatim 
TC-150 range from single- track 800 bpi up to 
dual-track 1600 bpi . With room to grow. 
Quality mini media . That's our busine s. At 
Information Terminals Corp. the whole message 
is quality. 
In forma tion Terminal Corp., 
323 Soquel Way, Sunnyvale, CA 94086. 
(408) 245-4400. TWX: (9 10) 339-9381. 

Call Toll Free: ( 1) 800-82 1-7700. Ext. 515 
(In Missouri call : 800-892-7655 , Exe. 515) 

In Europe : WH£.t-l 
In formation Terminals .A. yQUP. DA.}~s fy
Case Postale 296 MUS1 PL'"' • 
121 5 Geneve 15 eel 
Switzerland p
Telephone: 41 (22) 34-90-55 ~· 
Telex: 22647 lTGE cH Ve ba \rt'\ 
In the Far East: er .11. ~® 
ITC- Far Ea t i1 
404 Roppongi Skyheights 
3-2-21 Roppongi , Minatoku 
Tokyo, Japan 
Telephone: (03) 583- 1981 
Telex: J47879 
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-- -- --- - -------------------------, 

- - --·------------------------~.._______ 

100 f~EM HilS f'hOGl\ AM [1I S f-"LAYS A ~E.YB'OARl• ON THE CF.:f SC F:EEN 

\JO f.i'EH AtW ILLUSTF\AlES I•nTA ENTRY' UJTHOUT A f'HY :..i ll :AL l'\(l'fiOAR°[I 

I 20 REM JUS T i·o 1NT "T IH LE TIERS AND I I u ILL • T n ·<. YOUR MESSAGE 
: OO r·RIN 1 •o C V E F G W 
:2 10 ? F.:HH 

~· R INT~· ~ 
~:!O 1-'k" INf• t J ~ M H 0 f'" 
~ 30 r·k tHI 
23'.... Pf.:J NT ..~ i'I O 1·h lHT •o ~ u v u 
~~o Ph' JNT 
'.::'~!'. ' "(dNT 
~60 1~ r,: UH'" Y s~·tH.:t-. • 
.' 61 F'F.:JNT 
:' 6 ~ Pk I Hr 
~ 6J PJ\'. INT 
:,•,.,4 f' h' lNT 
:.' 6 J LO SUlt ~:;oo 

~6t.t GO SUP 1000 
270 IF n~ = l ~ THLfJ r RtN r CHk t([r l /~ t65 ) ;:GOTO ~6~ 

~90 H l.12 .., = 10 IHE tl Pt\INf C'IR•c[) t/~f.7JH:GOTO 26!:1 
;:90 I F o~ .·- o "THE:fl PR INT CMRtCOl/ ~t91>r:GUTO ~65 
JOO 1r 02~ · s TH(rj JO~ [LSE 310 
JO~ If <O l /2t0 9 ) .., 91 THEN PRINT CHR S <32> J:GO TO ~6S 

JOJ ;;·rntH CURt( 1/2+09 >J:OOTO 26~ 
310 IF D2•0 THEN GOTO 320 ELSE 330 
32 0 IF Dl •l S THEN 3JO ELSE GOTO 265 
330 s~usRc~55) : REM CLEAR SCREEN 
l•O ~Rl NT·To RETRY EXERCISE---- TOUCH SCREEN· 
J~O OOSUD I 000 
ltO 0010 ~ 00 
1000 OUT 161 0 : ou r 16· ~~~ : REi i LINES 1000- 1070 RE n~ lHE scnNNER onTA 
10 10 T ; !NP C:!> 
! O:;:-:> h T :.tm ! 

10.!(' JF l ·~> l T-'Ff.' GOTO 1010 

10 ·~ ~ 1•= 1NF' ( l6 ) 

:c~o 1· 1 ~ 10 ANO ~4~) /J~ 


: O! -:t *• :O = f1 ·"tfD I ~ 


~ OJO R!:. ruf\H 

~soo fO k A -0 70 ~00 :R EH THIS IS A SHORT DELAY 

:"~ 1 0 ~ILX J n 
:-' ~20 R( T U~ O 

Lisling 5: Keyboard simulation program. 

100 h <M THIS IS O S!Mf'LE PROGR AM TO ILLUS TRA TE S IMULTANEOUS 
110 kE11 ltl'\Tn INPUT F'f<OP1 EJ fHE R lf.lE TOUCH PANEL OR THE h.EY&OARO 
1 :00 0 1.1 JNf' <OJ :REH f\EYflOAJ.:lJ IS All ACHE[I TO PORT 0 
! JO REM MS~ rs ~EYBOORO STRDFE - -- BITS 0 TO 6 ARE 7 ~IT ASCI I 
140 Jr a ·O THEN GOJO ~:o :REH. CHECK l\EYliO~F.'(t SH<O~( 
1~0 I - IN,-.. (:!> ;h'.(H. SC hNNEfl: lJATA R~ A(tY lS PORT:' LS I' 
160 I ~ T I'\ II • I 
170 tf T t 0-~ C fl UOTO l;?O 
100 Lu l:H· 4 16) :llJ r (lJ AN11 ::!4 0>110 :O:! -a (J ANO 15 :REH RE AC\ SCANNER COOR(llNATE 
190 PRIU l '"f,. nNEL lOUC HEO AT LOCAlJON ('"ltt;[f::? • )• 
:.:ioo GUSU l4 :_1 40 
:1' 10 'iO TO 1::' 0 

:.1 ~0 ' 'k l UI · l\. EY f10l'I Ji [1 l\EY '"; (Hf.c t ( IfW(0)) f • f 'RESSCll • 

:!J O 1.iUIO l ~O 


:! 'I C" 'lU1 16 • 0 !OUl 1 61~~:;. : R( N Rt:~ET SCANNEJ\ IMF\'[I Ul'I F\.( 

;·:,o I\[ IUl..:H 


Us Ing 6: M.;Lhod for scanning two inpul devi.;es simultaneously on a Digital 
Grcu;; Z-80 5y:;l em . 
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Photo 3: Touch panel input using the pro­
gram of listing 5. The line of text at the bot­
tom of the display was entered by touching 
the index finger to each letter in tum. The 
photo is shown with the letter P about to be 
pressed. 

concept is used in the calculator of photo 2. 
Whi le never meant to replace the hand held 
ca lculator it uses a routine similar to the 
previous example to determine the action 
of each of the 16 possible entries. Th e 
picture is included to present the reader with 
one of the many possible applications of 
the scanner. The program, however, is quite 
long and difficult to explain in an intro· 
ductory artic le such as this. 

Simulated Keyboard 

One use of the touch panel wou ld be the 
simu lation of di rect keyboard entry . Ob· 
viously this tech nique is va lu ab le only where 
limited data entry is required. Large menu 
se lection programs with numerous choices 
displayed may not always have the parti­
cu lar item of interest. By having one of 
the available selections be a keyboard 
display and entry routine such as photo 3 
and listing 5, the miscellaneous entry could 
be accommodated. Th e program of listing 5 
displays a keyboard on the video screen and 
allows one to type by pointing to the in­
dividual characters. The exam pl e docs not 
include punctuation and a carriage return, 
but they co ul d be easi ly accommodated. 

One final note. Using the touch pane l 
need not eliminate the standard ASCII key­
board as an input device. By using the 
BASIC INPUT command, keyboard entry 
is sti ll avai lable to the user as is the scanner 
through a callable subroutine. A prog1·am 
could be written where some entries come 
from the touch panel and others from the 
keyboa rd . A more versati le program would 
all ow input from either device at any time. 

Listing 6 is a simple prog1·am which 
demonstrates how BAS IC can scan two in ­
put devices sim ultaneousl y and provide 
approp ri ate response. 

I hope th at this touch panel design wi ll 
spark the creative interests of other com­
puter enthusiasts. In a field where tech­
no logy advances by lea ps and bounds and 
product obsolescence can be desci-ibed in 
months, innovative ideas are necessary to 
extend the concept of creative home com­
puting. By adding advanced peripherals and 
high level languages, system obsolescence is 
delayed consid erably. 

Next mon th: build a 5 W dual voltage DC 
to DC converter for your interfaces .• 



That's the word that sums up the dynamic small computer show in New 
York that was established last year at the Coliseum. The lecture areas were 
filled by interested people, the exhibits were great, the attendance was the 
highest of any small computer show in the country. 

The big point is that everyone who came went away happy. Accountants, 
hobbyists, lawyers, doctors, brokers, retailers, business people, program­
mers, research scientists and just plain homeowners. 

The second big point is that we're doing it again. This t ime, bigger and 

better. Top seminars, top exhibits. r----------­
Small computers from $500 up, • 
software and kits. I NAME I 

Save time. ~I ADDRESS (please print) I 
1Get your tickets ~!~d me tickets in advancesf~:ePersonal & BusT~~ss Small I 

in advance by mail. I Computer Show, Sept. 15-17, 1978, in the New York Coliseum. I 
(Check One) One Day ($5) _ Two Days ($9) _ Three Days ($13) _ 

Send check or money order (U.S dollars) payable to I 1IPERSONAL & BUSINESS Persona l & Business Small Computer Show to 78 E. 56th St. , 
SMALL COMPUTER SHOW New York , N.Y. 10022. I

• 78 East 56th Street, New York , N.Y. 10022 ·-----------­Ci rcle 26 7 on inquiry card . BYTE September 1978 101 



Jonathan Bondy 
Box 148 

Ardmore PA 19003 

Table 7: Price compari­
sons of Industrial quality 
Digital Equipment Cor­
poration LSl-7 7 modules 
and systems with fun c­
tionally similar modules 
for the Altair (S-700) bus. 

About the Author 

Jon Bondy has been involved with computers for over ten years, and is 
currently employed by General Electric '.s Space Division as a computer 
systems engineer. He has had experience with a wide variety of computer 
systems and languages. His chief interests are instruction set design and com­
puter architecture in general, including an enthusiasm for that class of high 
level language oriented stack machines inspired by the Burroughs "D" 
machine. He gives lectures occasionally for and is vice president of the 
Philadelphia Area Computer Society. 

S2L: An Altair (S-100) 

to LSl-11 Bus Adaptor 

For many months, those of us who ad­
mire the arch itecture of the PDP-11 com­
puters have been look in g for a way to adapt 
the wealth of Altair (S-100) bus products 
to this processor. The introd uction of the 
Heath Hl 1 (LSl-11 based) processor has 
further· emphasized th e need to solve the 
problems which have thus far made the 
LSl -11 incompatible with the Altair (S ­
100) bus peripherals. This art icle describes 
the problems which exist, and one so lution 
which I see for them . It has been written 
in advance of ac tuall y implementi ng the 
solution, but it shou ld prove valuab le to 
all those experimenters who wish to take up 
the chall enge of an LSl -11 to Altai r bus 
adapter. 

For years, the only prob lem with th e 
LSl -11 as a personal computer· has been 
price. Th e processor board (KDl 1-F) it­
self is a rather good dea l at a discount leve l 
of 20 to 30 percent, but the accessories 
are somewhat expensive compared with 

Typical Hobby 
Component Price (S-100 Products) 

Memory $500 for 16 K bytes 

Serial 10 $1 00 

Paralle l $100 

Video display memory $200 

Power supply $100 

Backplane $150 

Chassis $200 

Protowping card $25 

typical personal computing products as 
seen in table 1. 

Most of the extra expense of the LS 1-11 
systems can be attributed to three factors: 

1. The 	 DEC prices are generally higher. 
The memory prices demonstra te this. 

2. 	The use of highly regulated power 
su pplies with the DEC products re­
sults in a more costly power supply. 
In add ition, few experimenters are 
like ly to homebrew such a power· 
su ppl y du e to its complexity and its 
being the single element wh ich cou Id 
cause major destruction shou ld it 
fail. 

3. The 	 LSl-11 has no front panel 
switches, and instead req uires the 
user to examine and modify the state 
of the machine via a ser ial console 
device. While most industrial cus­
tomers of DEC are able to afford the 
high cost of a serial terminal , many 

Typical DEC/MOB/ 
RDA Price Comments 

$900 for 16 K bytes 

$230 Required 

$200 

$600 

$400 to $ 1000 

$350 

$350 

$75 to $150 Two sizes 

These prices were effective at the time of the article's writing. Current prices differ marked­
ly_ . .CH 
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hobbyists have discove red that 
memory mapped video is both cheaper 
and fas ter than a serial device. Be­
cause of th is, DEC's dec ision to use 
the serial interface in this fashi on 
forces a user to either suppo rt two 
terminals (one serial and one memo ry 
ma pped) or make do with the serial 
device. It is un fortunate that a ser ial 
device, at any reaso nable da ta rate, 
is si mply unacceptab le for some of 
the app lications which an experime nt­
er might wish to pu rsue, o ne exam ple 
of which is state of the art word 
processi ng ap pl ications. 

The three confl icting forces of the high 
prices of the LSl -1 1 systems, the des ire 
for that processor's archi tec ture, and the 
problems with the ser ial terminal require­
ment have kept me fro m going ahead with 
an LSl -11 system fo r wel l over a year. I 
have fi nall y star ted on a project of my own 
which is to adapt an LSl -11 to Altair (S-100) 
bus peripherals and memory. 

My idea was that, since th e widest variety 
of reasonably pri ced periphera ls are ava ilable 
on th e Alta ir (S-100) bus, I shou ld buil d an 
Altair (S-100) to LS 1-1 1 bus adaptor (S2 L). 
In orde r· to start th e design o f an Altair 
bus adaptor, a num ber of dec isions had to 
be made. In it ially , I dec ided that splitti ng 
the 16 bit LSl -11 bus (also known as the 
"Q" bus) into two 8 bit Altair (S-100) 
buses, one fo r the even bytes and one for 
the odd by tes, would create too much 
havoc. Certainly one could purchase pairs 
of memory boards and al locate them in the 
memory add ress space app ro pria te ly, but 
whe n dea ling wi th devices su ch as memory 
mapped vi deo displays, adjacent bytes on 
the screen wou ld be eve ry other byte in the 
address space of the LSl -11 . Addi t io nally, 
two of every ca rd wou ld be needed in mos t 
cases, and adjacent memory mapped 10 
ports (th e o nl y ty pe being co nside red in 
the case of the PDP-1 1 archi tecture) wo uld 
be on alternate cards. For th is reason, I 
felt tha t only one Altair (S-100) bus should 
be con nected to the bus adaptor. This 
implied that mul t iple byte reads an d writes 
wou ld have to be performed by th e bus 
adaptor and some sort of state machine 
would have to be bu ilt to do this . 

The project was made more difficu lt 
by the fact that the LSl -11 all ows both 16 
bit word width reads and writes, as well as 
si ngle byte wr ites. (Single byte reads are 
not required, since the processor can ignore 
whateve r data it wishes.) . Additiona ll y, a 
r·ead modi fy write cyc le is provided, and that 
had to be supported by the bus adap tor . 

VECTOR 
PACKAGING MATERIALS 
SAVE TIME & MONEY 

I 

S100 CARDS- 100 PLUG CONTACTS-Convenient universal 
tinned pads and bus l ines. For in terface , memory expansion, 
breadboardi ng. Mount almost anything anywhere on card . 

S100 CONNECTORS for WIRE WRAPPING or SOLDERING 

Model VP2
BEAUTIFUL 
NEW VECTOR.PAK 
CASES for m icro-computer 
circuitry , assembled . Constructed 
of aluminum, finished in vinyl. Slide out covers for easy 
access. Includes card gu ides, heavy chassis plate, perforated 
bottom cover for cooler operation . 
Card guides perpendicular to front panel, Model VP1 . $163 .00. 
Card guides parallel to front panel , Model VP2, $159.00. 

Model 
8803 

S100 MOTHERBOARD, $29.50. 11 pos1t1ons ready for 
con nect ors . Glass epoxy. et ched circuitry for passive or 
act ive term ination, 12 tantalum capacitors and instructions. 

PLUS revo lutionary Slit ·N-Wrap wiring tools, Micro-Vector­
bord,® printed circuit k its, l.C. sockets, extenders. 

Send for new catalog. 

@VECTOR ELECTRONIC COMPANY, Inc. 
12460 Gladstone Avenue, Sylmar, CA 91342 

phone (213) 365-9661 , twx 910-496-1539 
54 0777 
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--

Finally, both direct memo ry access and 
vectored in te rrupts had to be supported if 
th ere was to be any hope of running LS l-11 
software on the beast which would resu lt. 
It sho uld be noted th at just because a 
memory address responds from the Alta ir 
(S-100) bus, th at doesn't mean that it 
couldn't be bu ilt to look to the LSl -11 as 
if it were a " normal" LSl -11 device inter­
face. I wouldn't be giving up the facili ty to 
use sta nd ard PDP-1 1 software by bui ld in g 
this bus adaptor, but merely making it a bit 
more diff icu lt. 

I should note here that what fo ll ows 
Figure 7: Block diagram is an untested design based on the refe r­
of the S2L interface which ences given at the end of the article and 
aflows Altair (S-700) bus some co nversations with fr iend s who have 
peripherals and memory Altair (S-100) systems. A vari ety of Al ­
to be used with the tair (S-100) schematics from Processor 
LSl-17 "Q" bus. Details Technol ogy, IMSAI, Tec hn ical Design Labs 
of memory control, in­ and Cro memco, to name a few, were 
terrupt control and DMA scanned to try to insure some approxima­
control logic blocks are t ion of compatib ility, but the design is 
found in figures 7, 8 and neither built nor tested. I welco me any 
9 respectively. 

BDALO- BDA Ll5 

DAT A( 16 LINES r---.1 
BUS 

LSC MP 

( 
OOUTSE L 

I 


BSYNC MEMORY 
CONTROLBO IN 
LOG IC 

BDOUT -

BWTBT 

-
-

BRPLY 

.._ 
Bl RO 

I NTE RRUPT 
CONT ROL 
LOG I C 

BIACK I 

..__ ­

~ 

~ D I RECT 
BDMR M E MORY 

ACCESS 
BDMG I CO N TROL 

L OGIC 
BSACK 

IMSBCLK 

comments from readers who are interested 
in th is project. 

The block diagram of the S2L bus in ter­
face box is shown in figure 1. It consists of 
three main sections devoted to memory 
signals, direct memory access signals and 
interru pt signals. The sc hematics for the 
control logic blocks may be found in "figures 
7 thru 9, but for the t im e being, I will 
discuss their function rather than their de­
tailed implementation in order to simp lify 
the discussion. 

Let us first cons id er a memory read 
operatio n as diagrammed in figure 2. Note 
that all times in the t im ing diagrams are 
sequenced correctly, but, many times 
th ey are not to scale. Also, note that the 
clock (<1>2) may be shown as bei ng synch­
ro nous with some signals, but th is is not 
necessa rily so since the LS l-11 bus is an 
asynchronous bus. The LS l-11 indicates 
the start of a bus cycle by asserti ng the 
BSYNC L signal. ("Asserted" means goi ng 
in to a logical 1 state, not becom ing +4.5 V; 

ALTA I R 
(S- 100) 
ADDRESS 
BUS 

15 LINES 
ADDRES S 
L ATCH 

~D 
ADD RESS 
BUS 
DRI VERS 

16 LINES )ADDRESS 

RECEIVER 

16 LINES 
,----.I 

AC L K_J 

16 LI NES 

- ROY I * '-------'\ 
- R DY 2* 16 LINES 
-MW RITE* 
- BOEN* 
- ALCLK 
- LSCM P 
- OOUTSEL 
>--- MSBCLK 

LSBCLK 
'-- LDEN 
-W RITE* 

READ* DATA
02• ( 8 LINES LATCH I ( 8 LINES 

( M SBl 

11 I 
DATA I 

-v10!v11• ( 8 LINES L AT CH ( B LINES 
l LSB) 

-BEN BL 

L LS BCLK 

( GLINES INTERR UPT 1 6 LINES
VECTOR 
BUS 
BUFFER 

I 
BENBL 

-HALT* 

,...._ HLDA* 

*ALTA I R (S-100) BUS SIG NALS 

LDEN 

I NT E RRUPT 
VEC TOR 
ROM 

i...... 

"'w 
z 
_J 

"' 

PRIO RITY 
ENCO DER 

8 LIN ES ( 

S L INE S { 

DATA 8 LINES 
OUT 
MU L Tl-
PLEXER 

DATA 
eus 
DRIVERS 

8 LINES ) 

ALTAIR 
(S-1001 
DATA OUT 
BUS 

ALTAIR 
(S - 100) 
DATA IN 
BUS 

VECTORED 
I NTERRUPT 
LI NES 
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• 

• • 

••••••••••••••••••••••• 

You Own 
the Solution, 

We Offer You 
the Problem! 

(\ 
=> ' egy
~ics 

If you own a micro­
computer, you may face a 
fairly common dilemma: 
scarcity of applications. 
After the initial hardware 
thrill has worn off, what are 
you going to do with all that 
computing power? 

Every two months, 
Strategy & Tactics Magazine 
publishes something to do 
with that power. It's called a 
conflict simulation - a 
game-like re-creation of a 
real-world military battle or 
campaign. In such a conflict 
simulation, all the relation­
ships of the various military 
uruts, the terrain, and the 
objectives are quantified 
and classified in a very 
orderly and rigidly specified 
manner. The unique data 
handling/problem solving 
opportunities are fascinating 
and plentiful - indeed, they 
are the chief attractions for 
most serious players. 

Many of the sub­
routines in conflict simula­
tions are naturals for 
computerization. For exam­
ple, combat is usually 

in the Shcmmdoah,1862 


resolved by recourse to a 
probability table using dice; 
movement is regulated by 
digitally valued hexagonal 
cells; and most events are 
ordered by a program-like 
"sequence of play." In fact, 
the games in Strategy & 
Tactics are virtually paper 
programs needing only your 
ingenuity and enthusiasm to 
interface with the micro­
computer environment. 

Every issue of 
Strategy& Tactics comes 
with a complete conflict 

• SP/ has been serving customers by mail since 1970 	 • 

=,. Sood<""'~-eyommo 	 i 
i•I §~!,~,!'.~:!York, N Y 10010 = 

• Please enter my subscription to Strategy &Tactics/or: 	 I 
• 0 1 year (six issues) $ 15 0 2 years ( 12 issues) $28 0 Single issue $5 I 
• 	 A /so send me thef ollowing SP/ games, recommended for new players: • 

0 Blue &Groy, four Civil War battles : $ 12 • 
D Nnpoleon's L11s1 Bntlles, four baules o f Waterloo: $12 

• D Modern Ba Illes 11 , four contemporary conflicts : $12 • 

• name 	 • 

• st ree t 	 a t # • 

simulation game plus a 
feature length, data-rich 
article on the same subject. 
In addition, there are other 
articles on historical and 
contemporary military af­
fairs along with information 
about the latest simulation 
game designs offered by 
SPI, publishers of 
Strategy & Tactics. 

Send now for a one 
year subscription to Strategy 
&Tactics - and start 
creating your own solutions 
to our fascinating problems. 

cit 	 state zi • 
• SPA CE BELOW FOR OFFICE USE ON LY: 
• cc total cred it post tax • 
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LSl-11 BUS SIGNALS I
1 

BOAL 

BSYNC 

~
I • 
~ffij-~, I 

' 

DATA 

BOIN 

BR PLY 

$ 
I 

S2L SIGNALS 

ACLK 

LSCMP 

MSBCLK 

LSBCLK 

LDEN 

I I ' ' 
I I 

I I I 
LATCH : READ READ END 
ADDR I MS BYTE LS BYTE CYCLE 

FROM FROM 

I I i 

I 
START ALTAIR ALTAIR 
CYCLE (S - 100) (S -100) 

Figure 2: Timing diagram ofan LSl-7 7 memory read cycle as it is interpreted 
by the S2L interface and passed on to the Altair (S-700) bus. 

LSI-II BUS SIGNALS 

BOAL 

BSYNC 

BDDUT 

I 


BR PLY I 

I 

I 

I I 


ALTAIR (S-100) BUS SIGNALS 
I I 


02 I I ; 


ADDR ' _{ii%f'4% , ;:~. r----'~-SB_A_DO-iR•£@Jfi~g#'@;,MI 

I I ' I 

WRITE I I I 


I 

I 

I 

I


S2L SIGNALS 	 I 

I 


ACLK 

LSCMP 

DOUTSEL ---~--~ 
I 	 I ' I I' I I 
I I I I 

LATCH START WRITE WRITE END 
ADDR CYCLE MSB LSB CYC L E 

TO TO 
ALTAIR ALTAIR 
(S-100) (S-100) 

Figure 3: Timing diagram of an LSl-7 7 memory write (76 bit word) cycle as 
it is interpreted by the S2L interface and passed 011 to the Altair (S-700) bus. 
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I am us ing the trailing "L" to denote nega­
tive logic, so in this case assertion means 
going to 0.4 V.) The negative logic used 
by al l LSl -11 bus signals is due to the bus 
being implemented with open collector 
logic, rather than the three state logic which 
is common in most hobby computers . The 
rising edge of BSYNC should be used to 
latch the data and address bus lines (BDALO 
L to BOAL15 L) , since at this time they 
contain the address for the bus cycle . When 
BOIN L is asserted, the first of th e two 
Alta ir (S-100) bus cycles occurs. This cycle 
occurs during the first complete cyc le of 
the 52 L clock that occurs after BDIN L 
is asserted. The first byte read is the most 
significant byte of the word (ie : the byte 
with lhe odd address), and the LSCMP 
signal is asserted during this t ime in order 
to provide the correct address on the Altair 
(S-100) bus. I am assuming that since on ly 
16 bit word reads may be made, all addresses 
on the bus during read cyc les will be even 
addresses_ 

The falling edge of the 52L clock (<1>2) 
latches the most significant byte of data 
enabled by the low state of the MSBCLK 
signal ( ® in figure 2). Then the second 
read cycle is initiated, this time for the least 
significant byte (even address). When the 
cycle completes, the least significant byte 
is latched with the next S2L clock enabled 
by a low state on the LSBCLK signal (@ 
in figure 2). After this, LDEN is asserted 
to drive the latched data onto the LSl -11 's 
"Q" bus, and B RPL Y L is sent back to the 
LSl-11 to te ll it that the data on the bus is 
valid . The termination of the BOIN signal 
indicates to the S2L that the data has been 
accepted by the LSl-11, and the S2L then 
terminates BRPL Y L. 

For this interface to work with a reason­
able variety of Altair (S-100) bus memory 
boards, phase 2 clock, RDY1, RDY2 and 
WAIT signals are provided. Any 52L clock 
pulse may be inhibited by one or both of 
the ROY lines until a slow peripheral has 
data ready, or has accepted data, in a 
manner similar to that of the 8080 and 
6502 processors. 

The write cycle, d iagramr:ned i11 figure 
3, is al most identical to the read cycle. The 
differentiation between read and write is 
made by the LSl-11 by asserting the BDOUT 
L signal rather than BOIN L. During a write, 
rather than having to provide two clocks to 
latch the bytes read, the S2L must provide 



Osborne & Associates announces two new books . .. 


AN INTRODUCTION TO MICROCOMPUTERS: 


VOLUME 2 - SOME REAL MICROPROCESSORS 


VOLUME 3 - SOME REAL SUPPORT DEVICES 


There are hundreds of microprocessors on the 
market today, but there's nothing like Volume 2 and 
3. These books provide the only detailed descrip ­
tions of real products from an independent source. 

NEW MICROPROCESSORS 

Volume 2 describes individual microprocessors.and 
support devices commonly used only with the 
parent microprocessor. The new edition represents 
a massive expansion of our previous Volume 2; 
among other new material it includes the first 
detailed description of the Intel 8086 16-bit 
microprocessor. 

NEW SUPPORT DEVICES 

Volume 3 describes support devices that can be 
used with any microprocessor. The majority of this 
book is new material; in particular it has one of the 
most comprehensive discussions of memory 
devices ever printed. 

NEW UPDATES 

Because of the tremendous amount of material 
that Volum es 2 and 3 must cover, these books have 
been written to be updated on a regular bimonthly 
schedule. Six update sections for each of the two 
volumes may be purchased on a yearly subscrip ­
tion basis. Each update will describe new products, 
or products not covered in the original volumes; 
updates also provide additional information for 
products already included, and errata pages for 
previous text. 

NEW FORMAT 

For your convenience, Volumes 2 and 3 are printed 
in loose leaf form and may be purchased with or 
without a binder. 

The 7 9 78 edirion of Volume 2 and the new Volume 3 
of AN INTRODUCTION TO MICROCOMPUTERS will 
be available at the end of September. To order 
these or other Osborne & Associates publications, 
check the appropriate boxes below . 

...•...•.......•......•...............................................................•.•.......................•..••. 

These pr ice s effective July 1 , 1978. PRICE QTY AMT 

Volume 2 ­ Some Rea l Microprocessors 

\978 Edit ion - With Binder 
$20 00 

W11hou1 Binder $\5.00 

Binder alone $ 5.00 

Volume 3 ­ Some Rea l Suppori Devices 

With Binder 
$20.00 

Withoul Binder $\5 00 

Binder alone $ 5.00 

Volume 2 and 3 Updates ISubscnpl ion 
to s1:.: issues of each sencsl 

$40.00 

Volume 2 Upda tes only (six 1ssuesl $25.00 

Volume 3 Updates only lsix issues) $25.00 
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LSI-II BUS SIGNALS 
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DEPENDS ON ADDRESS OF BYTE 

Figure 4: Timing diagram of an LSl-17 memory write (8 bit byte) cycle as it 
is interpreted by the 52L and passed on to the Altair (S-700) bus. 

LSI- 11 BUS SIGNALS 

BOMR -------' 

BDMGI 

LBSACK --------------' 

BSYNC 

BR PLY 

ALTAIR (S -100) BUS SIGNALS 

HALT __~ L 
HLOA L 

DIRECT MEMORY ACCESS ACTIVITY_/ 

Figure 5: Timing diagram for the initiation of DMA activity on the Altair 
(S-700} bus between memory segments on that bus and peripherals 011 that 
bus. (DMA from an Altair (S-700} bus peripheral to peripherals or memo1y 
011 the LS/-71 "Q" bus is not supported in this design.} 
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a byte selection signal (DOUTSEL) to a 
mu ltiplexer which wi ll determine which 
half of the word will be written at any time. 
The timing is as in the figure. As in the case 
of the read, I assume that on ly word width 
w1·ites wi ll occur with a word (even) address. 

In order to perform a single byte write 
cycle, the S2L perfor·ms a normal write 
cycle, except that it skips the first of the 
two Altair (S -100) bus writes. Since it is 
the write to the address with the inverted 
lowest bit which is skip ped, the correct 
byte is written in half of the time, and the 
cycle term in ates normally. The diagram for 
th is is shown in figure 4. 

The LSl-11 bus supplies signals with 
which the memory and device interfaces 
reply to the LS 1-11 when I0 transactions 
take place (BRPL Y L). The S2L adaptor 
wil l respond with a BRPL Y L signal whether 
th e address requested is implemented or 
not. This will cause problems with some 
LSl-11 software and firmware, espec ially 
the firmware ODT LOAD command which 
sizes memory automatica lly by sensing when 
memory addresses fai l to set a BRPL Y L 
response . Also, the system of reply signals 
has another advantage which wi ll be lost 
when using the S2L adaptor: when attempt­
ing to write to RO Ms on the LS 1-11 system, 
no BRPL Y L is generated and a bus time­
out error occurs, which is a good error 
detection system. The S2L wil I effective ly 
eli minate this facility. 

The procedure for dealing with di1·ect 
memory access (DMA) is much eas ier on 
the Altair (S-100) bus tha n on the LSl-11 
bus, and the S2L interface enab les the 
Altair (S-100) devices to take advantage 
of the simpler protocol. Looking at figure 5, 
the device starts the DMA cycle by asserting 
the HALT L signal to request use of the bus. 
The assertion of BDMR L by the S2L 
requests the use of the bus by a peripheral 
of the LSl-11. The simultaneous assertion 
of BDMG I L and the termination of BSYNC 
L and BRPL Y L indicates that the OMA 
privilege has been granted by the LS l-11. 
The S2L then responds by terminating 
the BDMR signal, and by asserti ng both 
the BSACK L signal to tell the LSl-11 that 
the bus is in use, and the HLDA L signal to 
tell the Altair bus peripheral that it may now 
use the bus. Note that if more than one 
peripheral wishes to perform direct memory 
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BIRO ------' 

BOIN -------' 

BIAKI ---------' 

BRP LY ___________, 
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ALTAIR (S-100) SIGNALS 

Figure 6: Timing diagram 
of the 52L interface's re­
sponse to an Altair (5-700) 
bus vectored interrupt sig­
nal. When one of the 
eight possible vectored in­
terrupt signals is asserted 
(low), the 52L interface 
responds by creating a 
vectored interrupt se­
quence for the LSl-7 7 
"Q"bus. 

BSYNC 

BWTBT 

BRPLY BOIN 
(FIG. B) (FIG. 9) 

access, neither will be able to determine 
easily which device is being se lected. When­
eve r the Altair (S-100) bus peripheral is 
finished with the bus, it term inates the 
HALT L signal, causing the S2L to terminate 
the BSACK L signal, releasing the bus for 
the LSl-11 to use. 

Note that this interface will not all ow 
Altair (S-100) bus devices to perform DMA 
to any memory which is on the LSl -11 side 
of the S2L; I felt that the simplicity of the 
interface as shown, combi ned with the 

LDEN 

r--t------------------i.__> MSCLK 
-------------------.....---.,.LSCLK 

ROYI 


RDY2 


!ll2 

CLK 

BENB L 
(FIG. 9) Figure 7: Memory Control Logic. 

complexity of the extended function inter­
face, was justification for leaving things 
as shown. In any event, one justification 
for the development of this adaptor was that 
Altair bus memory was cheaper than DEC 
memory, so one can expect most of the 
system memory to be Altair (S-100) bus 
memory. 

One other point to make is that the 
LS l-11 on board memory is dynamic and 
requires refreshing, which the LSl -11 does 
by microcoded routines . This microcoded 
refresh creates bursts of bus activity every 2 
ms, lasting about 130 µs. These bus acti­
vatio ns can cause problems in a real tim e 
environment, and can cause data overruns 
in DMA devices if these devices do not 
allow enough internal buffering to last the 
130 µs. Although nonburst-mode refresh 
is possib le, the prices which DEC asks for 
th e module are pretty high for the facility . 
For this reason, use of Altair (S-100) bus 
static memory and disabling of the KDl 1-F's 
dynamic memory and refresh microcode 
might be useful to some people. 

The eight vectored interrupt lines on the 
Altair (S-100) bus lend themselves directly 
to interfacing with DEC's vectored interrupt 
scheme. Looking at figure 6, the timing for 
the S2L 's interrupt sequence is given. When­
ever one of the vectored interrupt inputs 
from the Altair (S-100) bus {VIO thru Vl7) 
is asserted, BIRO L is sent back to the 
LSl-11 to request interrupt service. The 

READ 

+5V 

BSYNC 
(FIG . B) 

LSCMP 

QA OB OC OD MDI---~ ~---<II 
CK2 

74 95 
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BASIC is one of the best ways to learn about this popu lar computer 
language. BASIC (which stands for Beginner's All-Purpose Symbolic 
Instruction Code) is easy to learn and easy to apply to many pro­
blems. Basic BASIC gives you step-by-step instructions for using a 
terminal, writing programs, using loops and lists, solving mathe­
matical problems, undertanding matrices and more . The book 
contains a wealth of illustrations and example programs, and is 
suitable for beginners on many different levels . It makes a fine 
reference for the experienced programmer, too . $8 .95. 

ADVANCED BASIC by James S Coan 
0 Advanced BASIC is the companion volume to James Coan's 
Basic BASIC. In this book you'll learn about some of the more 
advanced techn iques for programming in BASIC, including string 
manipulation, the use of files. plotting on a terminal, simu lation 
and games, advanced mathematical applicat ions and more . Many 
useful algorithms are covered, including some clever sorting tech· 
niques designed to reduce program execution time . As with Basic 
BASIC, there are ma ny illustrative example programs included. 
BASIC does n't have to be basic with Advanced BASIC! $7.95. 

APL 
L>o· - ,. ...~ ·­ Structured 
l,.,_, .. r • .....&-._ Programming 

in APL 

8080A/8085 ASSEMBLY LANGUAGE 
PROGRAMMING by Lance A Leventhal 

D This book provides an introduction to assembly language pro­
gram ming for the 8080A and the 8085 processors. Inc luded are 
sections on the instruction sets for the two processors, assemblers, 
simple program examples, code conversion, tables and lists, sub­
routines, 10, interrupts, program design, and debugging. Many 
examples and illustrations are included. 467 pp. $8.50. 

ASSEMBLY LEVEL PROGRAMMING FOR 
SMALL COMPUTERS by Walter J Weller 

0 One of the most professionally produced books we've seen. 
From front cover to back, this book is clear, detailed, and beauti­
fully produced. Using a pseudo mnemonic assembly language, 
Walter Weller takes you inside t he whys and hows of table refer­
encing, data stacks, number conversions, floating point arithmetic, 
and much, much more . Surely one of the most complete books on 
this topic. 276 pp . $14 .95 hardcover. 

advanced 

STRUCTURED PROGRAMMING IN APL 
by Dennis Geller & Doniel P Freedman 

0 "...Our approach is to present the fundamentals of structured 
programming in APL. Students may go on from here to learn to 
wr ite faster programs or more compact programs, or more aesthetic 
programs; this we hope, is where t hey learn to write working pro­
grams." From the Preface. $9 .95. 

APL AN INTERACTIVE APPROACH 
2nd edition, revised by Gilman & Rose 

0 Here's an excel lent way to introduce yourself to the APL lan­
guage. APL is rapid ly becoming one of the most popular high level 
languages in the computer field because of its clarity and concise­
ness . Gilman and Rose have extensively updated their popular book 
to inc lude the latest information about APL and the va rious forms 
now in use. Since the examples are all carefully spelled out, th is 
book is particu lar ly recommended for those who do not have access 
to an APL termina l. Answers to all problems are included. $11.95 . 

Break the Language Barrier 
AND COMMU NICATE WITH YOUR COMPUTER 

lllTS·M· DIAL YOUR BANK CARD ORDERS ON OUR TOLL-FREE HOT LINE : 1-800-258-5477. 

The Microcomputer Bookstore 
25 Route 101 West 
Peterborough , NH 03458 

D My check enc losed : 

Check :tr : ____ __________ 

Amoun t=­-­--­-------­

City___________ State______ Zip _____ 

Signature _ ______________________ 

Total 

Number of books _ _ ___ 

0 My card :±:: :_______________ _ _ _ _ Postage $ .75/book or 
$1.00 outside U.S. 

Expires : ______________ 
Grand Total 

Prices subject to change without notice. Dealer Inquiries Invited. You may photocopy this page. 

Circ le 37 on inqu iry card. BYTE Soptembe' 1978 111 



Figure 8: Direct memory 
access control logic. 

KALT 

+5V 

aBR PLY D{F IG. 7l 

BSYNC ~~~~~~~~~~~L~__;--+---~C 
{F IG. 7l R Q 

BDM GO 

_ _.______, "'>:>-----f;_ H L DA 

BSACK 

LSl-11 wi ll respond by asse rting BIAKI L 
and BOIN L, th e fo r·mer to request Lhal an 
in terru pt vector· be placed on th e bus, and 
the latter to indicate that data is com ing 
in on th e bus. Th e S2L respo nds to this by 
placing the vector on the bus, and by assert­
ing BRPL Y L, to inform th e LSl-11 that the 
bus value is now val id data. The te r·mi nati on 
of BOIN L and BIAKI by the LSl-11 results 
in the 52L's te r·mina tio n of BRPL Y L and 
the re lease of the bus for- other uses. At 
this point, an intem1p t should occur. Each 
of the eight interrupt lin es is pr·ioritized 
and wi ll cause an LS l-11 interrupt when 
asse rted . Th e LSl -11 vecto r· address fo r each 
Al-tair (S-100) bus vecto r·ed interrupt lin e 
wi ll be th e value programmed in the read 
only memory . 

I am not go in g to go through the sche­
ma tics in figures 7 thru 9 in deta il, since 
th eir function is fair ly we ll-defined by the 
timing diagrams and the above discussions. 
However, a few notes are in order. The use 
of the 7495 is a bit subtle since the load , 
which occurs via CLl<2 whe never a BO IN or 

BDOUT signal is asserted, changes the mode 
of the shift register from LOAD to SHIFT. 
This allows the first wr ite to be ski pped 
cond itio nal ly upon the state of the BWTBT 
L signa l at the start of the wr·ite cycle, and 
allows the shifting to stop when the one bits 
coming in fro m the ser ial input reach the 
third flip flo p. The latches used for most 
significa nt byte and least sign ifica nt byte 
storage are 8551 s since they have th r·ee 
sta te buffers, which allow the ir· outp ut to 
be placed on the LSl-1 1 bus conditionall y. • 
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Bus Structure," by Wi lliam M Goble, Interface 
Age, June 1977, page 66 . 

LSJ-1 1, PDP-11/03 User's Manual (E K-LS l 11-TM­
002), DEC, 1975. 

Microcomputer Handbook, DEC. 1976. 

Also : numerous A l tair {S-100) bus peripherals 
sc hematics borrowed from friends served as back­
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the electric P~,~~,!! II™ 

The Electric Pencil II is a Character Oriented 

Word Processing System. This means that text is 
entered as a string of continuous ~ha racters and 
is manipulated as such . This allows the user 
enormou~ f r~ edom and ease in the movement and 
handling of text. Since line endings are never 
delineated, any number of characters, words, 
lines or paragraphs may be ins~rted or del eted 
anywhere in the text. The entirety of the t ext 
shifts and opens up or closes as needed in full 
view of the user. The typing of carriage returns 
as well as word hyphenation is not r e quired 
since lines of text are formatted automatically. 

As text is typed in and the end of a screen 
line is reached, a partially completed word is 
shifted to the beginning of the following line . 
Whenever text is inserted or deleted, existing 
text is pushed down or pull e d up in a wrap 
around fashion. Everything appears on the video 
display screen as it occurs which eliminates any 
gu es swork. Text may be reviewed at will by 
variable speed scrolling both in the forward and 
reverse directions. By using the search or the 
search and replace function, any string of 
characters may be located and/or replaced with 
any other string of characters as desired. 
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SPN VT! TTY or similar Tarbell North Sta r $125. 
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OS SOL Diablo 1610/20 CUTS $150. 

The HELIOS Electric Penci1 ! ! ! DP VTI Diablo 1610/20 Tarbell $150. 


DV VDM Diabl o 1610/20 Tarbell $150. 

Pencil to CP/M file conversion ! ! ! OSN SOL Diablo 1610/20 CUTS North Star $175. 


DPN \/TI Diablo 1610/20 Tarbell North Sta r $175. 

CP/M to Penc i l file conversion ! ! ! DVN VDM Di ablo 1610/20 Tarbell North Star $175. 
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Math in the Real World 


Joel Boney 
Motorola Inc 
6707 LaSalle 

Austin TX 78723 
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He is responsible for the 
software input in the sys­
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7 6 5 

Your system is completed. You bought a 
kit with lots of memOl'y and spent many 
hours assembling it. The manu fact urer's 
manuals are dog eared. You've read var ious 
wo rks on computer programming which 
insp ired you to wri te intege r mu ltiply and 
div ide routines and create yo ur ow n math e­
matical sta tement processo r. The routines 
are thoroughl y debugged and now you are 
ready to enter your first mathemat ica l state­
ment : 5 ..;. 2 =. Th e co mputer promptly 
responds with '2' . Wel l, th at's not real ly 
wrong in integer arithmetic where remai nders 
arc often dropped, but most of us learned in 
the th ird grade that 5-:- 2 rea ll y eq uals 2.5. 
How do yo u get your comp uter to answer 
2.5 instead of 2? Rc,1d o n. The an wcr li es 
in fl oa ting po int or real rcprcscnt.i ti on and 
mani pulation of numbers. 

Floati ng Po int 

A fl oating point nu mber is a number that 
can be rc prc cntateci by .i n integer pOl'tio n 
and a fracti onal portio n. The nu mbcr 2 .5 is 
a floa ting poi nt o r 1·ca l number; so ai-c 3.3, 
0.9 and 2.0. All ca n be represe nt ed by <tn 
intege r part and ,1 fract ional part. The nu m­
bers : 1, 8 and ·17 arc not rea l sin ce they have 
no fract io1ul portion . Nu 111 bc1·s in sci en ti fie 
notation such as 2.37 X I 08 arc 1·cal. 

Before jumping head firs t in to how Lo 
repre ent flodting poi nt numbers in th e com­
puter , an U1H.Jcrst<1 nding or how floa ting point 
number Me rcprcscntatcd in base ten i 
in truct ive. For exa mple, in the number 
125.76, the digit positions co rrespond to: 

4 3 2 0 

SIGN EXPONENT 
I 

l FRACTION 
I 

I I 

FRACTION 
I 

I I 

FRACTION 
I I 

byte l 

byte 2 

byte 3 

byte 4 

Figure 7: Format for the arrangement of data 1i1 the computer's memo1y for 
the binary floating point representation described here. The high order bi/ 
o f by te 2 will usually be '7' because ofnormalizal ion. The only time that this 
will not happen is when the number being represented is zero. 
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1 x 102 100.00 
2x101 = 20.00 
5 x 100 5.00 
7 x 10- 1 = 0.70 
6 x 10- 2 = 0.06 

The decimal point merely tel ls where the 
boundary ex ists between th e positive powers 
of ten and the negative powers of ten. um­
bers to the left of th e decimal poi nt are 
posit ive powers of ten and those to th e right 
are nega ti ve powers of ten. In binary (base 2) 
numbers the same ru le appl ies. The base 10 
equivalent o f the binary number 101 .11 is: 

1 x 22 
0 x 2 l 
I X 20 
I X 2- l 
I X 2- 2 

1 x 4 
0 x 2 
1 X 1 
1 X .5 
1 X .25 

= 

= 

4.00 
0.00 
1.00 
0.50 
0.25 

5.75 

The '.', which is now call ed a bi nary 
point, denotes the di vision between positive 
and negative powers of two . This concept 
can be ex panded to any base, but here we 
will only cons ider base 10 and base 2. In 
general the '.' migh t be call ed the "base 
poin t. " 

Quite often it is more conven ient to 
re prese nt real deci mal numbers in scientific 
no tat ion . This all ows both very small and 
very large num bers to be written with th e 
few est number of digit (eg: 3.75 X 10 10, 
rather th an 0.000000000375). Numbers in 
scientific notation are represented by three 
parts: integer portion, fractional portion and 
ex ponent. In order to conserve memory 
with in the co mpu ter an d to make calcula ­
tions have fewer steps , it is more conven ient 
to represent all rea l numbers with only a 
fraction and an ex ponent. Th is is acco m­
pli shed by moving all di gi ts to th e right of 
the base point while adjust ing the ex ponent 
approp ri ately. Thu s al l 11um bc1·s arc of the 
form: .FFF X 70EE in base 10 (wh ere 
"FFF" are the fractio nal di gits and "EE" 
is Jn ex pression for the power of ten ex­
ponem ). Thi s change of form does not in 
any way alte r the va lue of the number or 
change the accuracy of the subsequent 
calcula t ions. For example: 3.75 X 1 o2 



Binary 

00000000 .10000000 00000000 00000000 
00000001 .10000000 00000000 00000000 
00000001 .11000000 00000000 00000000 
10000001 .1 1000000 00000000 00000000 
01111111 .10000000 00000000 00000000 
11111111 .10000000 00000000 00000000 
00000000 .10000000 00000000 00000001 

becomes 0.375 X 103 thus eliminating 
the intege r portion of the number. 

If the fractio nal portion of a number 
has a fixed number of digits as is the case 
within a com puter , then the greatest ac· 
curacy is achieved if the digit following 
the base point is nonzero. Using a 5 digit 
fraction, the num ber 0.37868 x 1 o5 is more 
Jccura te than 0.03787 X 106. We now have 
formulated two rules that will make calcula ­
t ions easie r an d maintain maxim um accuracy: 

• 	 Floating point numbers will consist 
of only a fraction and an exponent. 

@ 	 Floating point numbers wi ll be ad justed 
so that no zeros immediately follow 
the base point. 

The only exception to these ru les is the 
number zero which is all owed to violate 
rule two. Man ipu lati ng numbers so that 
they confo rm with the above rules is called 
normalization. 

All of the above examples were in base 
ten, but as might be expected the concepts 
are just as valid in base two except the 
exponent is now a power of two instead 
of ten . Therefore, number are of the form: 
. FFF X 2EE (where FFF and EE are now 
hexadecimal representa ti ons of binary m11n· 
bers). At this point we must decide upon 
a specific format to use within the compute r· 
th at will give suffi cient accuracy without 
wasting memory . A fraction conta in ing 
24 bit gives an accuracy of 1/224 or about 
seven decimal places. A two's complement 
exponent of base 2 containing seven bits 
gives an exponent range of approxima tely 
±10±19. This format has sufficient magni­
tude range for many app lications and can 
represent numbers over 38 dec im al orders 
of magn itude. 

There are several common formats for 
floating point numbers. In some, the expo­
nent is a power of 16 and a fraction is 
considered normalized if any of the fo ur 
most significant bits are set. Exponents 
are often represented in " excess" form 

Decimal 

0 .5 x 20 0.5 
0.5 x 21 1.0 
0 .75 x 21 1.5 

- 0 .75 x 21 -1.5 
0 .5 

- 0 .5 

0 .50000006 

x 

x 

x 

2 - 1 

2 - 1 

20 

0.25 

- 0.25 
0.50000006 

Table 7: An example of 
binary floating point nwn­
bers and their decimal 
equivalents. 

Listing l: A lgorithm for inputting real numbers. This algorithm will result 
in a floating prni'lt number in the four byte form described in this article. 

Begin 
Clear exponent and integer of answer 
Clear fraction of answer (4 bytes) 
Do while input character * '.' 

If input character ='- ' then set fraction sign = l 
If input character is a number then 

Convert input character from ASCH to binary 
Integer: = integer * 10 + input number 

!': 1~ dif 

End do 
N : = 1 
Do while input character = number and N < 8 

Convert input character from ASCII to binary 
Frnction : = fraction + (Table(N) * input number) 
N : =N + l 

End do 
Do white integer > 0 

Shift integer and fraction one bit right 
Increment exponent 

Enddo 
Normalize answer 
Roundup answer 
Delete integer portion and fraction byte 4 

End 

instead of two's co mplement form. In this 
form some appropriate number is added to 
all exponents so they il re il ll posit ive . The 
spec ific format I chose cons ists of four 8 
bit byres for each number and is shown in 
figure 1. The high order bit (bit 7 typ ical ly) 
of byte one is the algebraic sign of the 
number· (1 = - ). The low order seven bits 
o f th e First by te (bit 6 to bit O) arr the 
signed two's comp lement va lue of the 
exponent. Bytes two, three and four contain 
the norma lized unsigned fraction with the 
understood bi nMy po int preced in g byte two . 
Note th at bit seven of byte two is 1 fo r all 
normali zed numbers except zero because of 
normaliz ing rule two. 

Some sample numbers and their dec im al 
equiva lents arc given in table 1. 

Ins and Outs 

Now that we've defined a format for real 
numbers , how can we put it to use? Several 
subrOLilines will be required. We need to be 
able to read real nurn be rs from a terminal 
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and convert them to our defined format and 
vice versa. Also, we need to outline how we 
can operate on real numbers once they are 
converted. First, the ins and outs. 

The conversion to an d from the terminal 

Table 2: Decimal fraction to binary equivalent con11ersions. The table covers 
only the first seven digits since the accuracy of the routines we are consider­
ing is only seven places. This conversion assumes that the exponent is set to 
zero. 

Decimal Binary 

0.1 00011001 10011001 1001 1001 10011001 10­ 1 

0.01 00000010 10001111 01011100 00101000 10-2 

0.001 00000000 01000001 10001001 00110111 10­ 3 

0.0001 00000000 00000110 10001101 1011'1000 10-4 

0 .00001 00000000 00000000 10100111 11000101 10-5 

0 .000001 00000000 00000000 00010000 11000110 10-6 

0 .0000001 00000000 00000000 00000001 10101101 10­ 1 

Example 1. 

1 x 0.10 1 x 00011001 10011001 10011001 10011001 
+ 5 x 0 .01 5 x 00000010 10001111 01011100 00101000 

00100110 01100110 01100110 0 1100001 

Example 2. 

Integer Fraction Exponent 

00001101 00100110 01100110 01100110 01100001 00000000 

Example 3. 

Integer Fraction Exponent 

00000000 11010010 01100110 01100110 01100110 00000100 

Example 4. 

Exponent Fract ion 

00000100 11010010 01100110 01100110 

Table 3: Portion of table used to convert the exponent of 2e into decimal 
notation of the form F x 70Exp. 

e (index) Exp ( 1 byte) F (3 bytes) 

4 00000010 (2) 00101000 11110101 11000001 (0.16) 
3 00000001 (1) 11001100 11001100 11001100 (0 .80) 
2 00000001 (1 I 01100110 01100110 01100110 (0.4) 
1 00000001 (1) 00110011 00110011 00110011 (0.2) 
0 00000000 (0) 00000000 00000000 00000000 (0) 
1 00000000(0) 10000000 00000000 00000000 (0.5) 
2 00000000 (0) 01000000 00000000 00000000 (0.25) 
3 00000000 (0) 00100000 00000000 00000000 (0.125) 

is the most di Fficul t part of handling floating 
point numbers. An attempt is made here to 
outline a procedure that is well adapted to 
microprocessors. Several other algorithms 
are outlined in Th e Art of Computer Pro­
gramming, volume 2 by Donald Knuth (see 
references fol lowing this article) including 
information on converting to and from 
scientific notat ion. 

Suppose the inpu t string 13.05 is typed at 
a terminal. Since the computer will see the 
characters as they are typed left to right, the 
program in listing 1 can easily convert any 
number preceding the decimal point into a 
binary integer. In this example the 13 
becomes 00001101, assumin g an 8 bit 
integer. Once the decimal · point is read the 
fr ac ti on can be calculated if a table of 
unnormalized fractions correspondin g to the 
binary equivalent of 10-n is stored in 
memory. Since there is no need for n to be 
larger than the accuracy of the final format, 
table 2 was cal cu lated with n equal to seven. 
Table 2 was ca lcu lated using a BASIC pro­
gram to determine which bits in the fraction 
should be set. Note that the fractions in th is 
table are 32 bits wide instead of the 24 bits 
required in the final answer. This is done to 
insure the accuracy of the conversion. Using 
this table and sta rting with a zero exponent 
byte and zero in a 4 byte fractional portion 
in the answer, when the first number fol ­
lowing the decimal point is typed on the 
terminal it is multiplied by the tab le val ue of 
the fraction for 0.1 and added to the frac­
tion of the answer. Subsequent inputs ar·e 
multiplied by 0.01, 0.001, etc, and added to 
the answer until the bottom of the table is 
reached after seven inp uts or· the input 
strin g is exhausted. Since the input numbers 
are 0 thru 9, it is easier and takes less time in 
a microprocessor to do the mu ltiplication 
by successive additions. For the example 
input, 13.15, the fraction is calculated by 
examp le 1. Including the intege r portion 
and the exponent the input becomes the 
representation in example 2. Normalizing 
th is by shifting the integer and fractio n four 
bits to th e right and ad ding 4 to the expo­
nent it becomes example 3. 

Now the integer portion and the low 
order byte of the fraction can be de leted 
after incrementing the next to low order 
byte if bit seven of the low order byte was 
set (rounding up) . See example 4 for the 
final val ue in the correct 4 byte format. Had 
the input number been - 13.05 instead of 
+13.05, the only difference in the number 
generated wou ld be bit seven of the expo­
nent (fraction sign bit) would be set. Note 
that if the input had been something like 
0.005 the normalizi ng process described 
above would require left shifts of the frac­
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tion while decrementing thus creating a 
negative exponent. 

Outputting real numbers is slightly more 
difficult. The fraction and exponent part 
must be de alt with simu ltaneously since 
conversion of the exponent from base 2 to 
10 will affect the fraction. Du e to this com· 
plexity , it is preferable to output rea l num­
bers in scientific notation. The output form 
that is used is 1305 E + 2 instead of 
o.1305 x 10+2. 

To accomp li sh the convers ion we will 
need a rather large (4 by 128 byte) tab le to 
convert 2e (where e is the exponent of the 
real number to be output) to F X 10Exp 
(where F is an unnorm alized fraction in our 
3 byte notation and Exp is the power of 10 
of the number we wish to print. A portion 
of the midd le of the table is given in table 3. 

The base 2 exponent e is not a member of 
the table, but is used as the index into the 
table to retrieve values of Exp and F. Using e 
we access the tab le and multiply the fraction 
F times the fraction of the number we wish 
to output using a multiply fraction sub­
routine descr·ibed later. The resu ltant frac­
tion of this multiplication wil l be the frac­
tion that must be converted and printed 
fo llowed by the letter E and the decimal 
value of Exp, including its sign, from the 
table to obtain the desired scientific 
notation. 

Printing of the fraction uses the same 
table as used for converti ng to rea l forma L. 
In the first iteration the binary fraction for 
0.1 is subtracted from the fraction unti l the 
fr action goes negative. For each subtraction 
except the last a counter is incremented and 
becomes the number to print. After the 
number is printed, the fractiona l value of 
0.1 is added back into the fraction. Th is 
whole process is effectively a binary divide 
by 0.1. After 0.1 is added back, the pro­
cedure is repeated for 0.01, 0.001 , etc, until 
all seven output digits are printed . This 
process is summarized in listing 2. 

It shou ld be noted that the above algo­
rithms pose particu lar problems on various 
imp lementations and the programmer shou ld 
be cautious of such things as overflow and 
carry flags as well as round off errors while 
doing the mu I tiprecision operations. 

The Arithmetic 

Now we have a format for floating point 
or real numbers and we know how to input 
and output them. All that remains is the 
internal man ipulation subroutines. All these 
subrout ines require two normalized real 
arguments, which in the fol lowing text and 
listings wil l be referred to as argument 1 
(ARGl) and argument 2 (ARG2). They all 

Listing 2: Algorithm for outputting real numbers. This algorithm uses table 2 
to convert the fraction. Th e output algorithm shifts the fraction and integer 
part left until the exponent equals zero or bit 7 of the integer word is set 
to 7. If bit 7 of the integer word is set, any further shifts will destroy the 
number. 

Type entry =record of 

Exp: 8 bit binary 

F: 24 bit fraction 


Var conv-table: array [-64..63 J of entry 

table : array [ 1..7] of 24 bit fraction 

(* e is the base 2 exponent of the number to be output*) 
Begin 

Fraction: =conv-table fel. F * fraction of number to be output 
If Fraction sign = 1 then print '-'; enclif 
Print decimal point 
N: =1 
Do while N < 8 

CTR: = - 1 
Do while fraction is positive 

Fraction: =fraction-table(N) 
CTR := CTR+ l 

Enddo 
Fraction: =fraction + table (N) 
Convert CTR to ASCII and print it 

Enddo 
Print ' E ' 
If conv-table[e ] .Exp is negative then print ' - '; Endif 
Convert conv-table[ e J.Exp to decimal ASCII and print it 

End 

create a normalized real answer (ANS). We 
wil l use the predefined format except that 
dur ing the internal man ipu lation some extra 
bits are occasional ly needed at the right of 
the fraction to re ta in accuracy . Only a 
couple of bits are necessary, but since most 
microprocessors have 8 bit words, it is easier 
to add a whole byte to each fraction thus 
creating a 4 byte fraction instead of the 
prescribed three bytes. This fract ion will be 
rounded to a 3 byte fraction in the defined 
format before returning to the cal ler of the 
manipulation subroutines. 

Addition is defined as ARG 'I + ARG2 = 
ANS. Once aga in the base 10 analogy will be 
useful in understanding how to implement 
an algorithm . If we desire the sum of the 
two normalized real numbers 0.375 X 1 o5 
and 0.22 X 104, we must first make the 
exponents equal before we can add the 
fractions . Once the exponents arc equal, the 
fractions can be added and the answer given 
the common exponent. Th us, the exampl e 
becomes: 

0 .375 x 105 
+ 0.022 x ·1 o5 

0.397 x J05 

To make the exp on en ts equal in th is 
example, the number with the smaller expo­
nent was shifted right n decimal digits and 
its ex ponent incremented by n. It is desir­
able to adjust the smaller number since 
shifting the larger number wou ld require 
left shifts that might resu lt in numbers 
being sh ifted into the integer portion which 
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would violate the defined format. Any 
shi ft ing, however, can create accuracy 
problems in a fixed digit (or bit) computer, 
since if the magnitude of two numbers 
differs by a large amount, their su m will be 
equal to the larger number. For example, if 
we had a calcul ator with six digits for a 
fraction and we added 0.300 X 108 and 
0.20 X 1 oO, the answer would be 0.300000 
X 108 since sh ifti ng 0.20 seven digits to the 
right would cause it to become zero. 

Listing 3: Algorithm for real addition and subtraction. Before additions or 
subtractions can take place the numbers must be manipulated so that th eir 
exponents are equal. 

Begin 

Do while exponent ARG l * exponent ARG2 


If exponent ARGl > exponent ARG2 then 

Shift fraction ARG2 righ t one bit 

Increment exponent ARG2 


Else 

Shift fraction ARG 1 right one bit 

Increment exponent ARGl 


Endif 
End do 
If frac tion ARGI is negative then 2's complement fraction ARGl ;Endif 
If fraction ARG2 is negative then 2 's complement fraction ARG2 ;Endif 
If o peration is addition then 

Fraction ANS: = fraction ARGI +fraction ARG2 

Else 


Fraction ANS: =fraction ARGl - fraction ARG2 

Endif 

Exponent ANS: = exponent ARGl or ARG2 

Normalize ANS 

Roundup ANS 


End 

Listing 4: Real multiplication algorithm. When multiplying real numbers it 
is not necessary to worry about the exponents being equal. Multiplication 
con take place under any conditions. 

Begin 

Fract ion ANS: =fraction ARG l * fraction ARG2 

Exponent ANS : = exponent ARGl + exponent ARG2 

Set overflow flag if exponent overflowed or underflowed 

No rmalize ANS 

Roundup ANS 


End 

Listing 5: The real division routine must check to see if the dividing number 
is zero. If it is, the overflow flog is set and the routine is ended. The frac­
tional part of the number to be divided should always be smaller than the 
dividing number. This is assured by shiftli1g the number to be divided one 
place left and incrementing the exponent. 

Begin 

If fraction ARG2 = 0 then 


Set overflow flag 

Else 

Shift fraction ARGl one bit right 
Increment exponent ARG! 
Fraction ANS : =fraction ARG ! / fraction ARG2 
Exponent ANS := exponent ARGl - exponent ARG2 
Set overflow if exponent overflowed or underflowed 
Normalize ANS 
Roundup ANS 

Endif 

End 


118 Sep1embtr 1978 © BY TE Public.i t ion~ Joe 

Binary real addition is ident ical Lo the 
above decimal example except the sh ifts are 
by /1 binary bits and th e exponent is a power 
of 2. The algorithm in listing 3 first checks 
to see if the ex ponents are equal. If not 
equal, the fractio n of the sma ller argume nt is 
shifted one place right and its exponen t 
inc remented. This continues un til the 
exponents are equal. Since our format stores 
the fractio ns as abso lute uns igned va lues, all 
the fractional portions of negative fract ions 
must be two's complemented befOl"e addi­
tion can prnceed . Once the negation of any 
negative fractions is completed, the fractio ns 
can be added by a mu ltiprecision addit ion. 
The fractio nal porti on of the answer is then 
composed of the sum of the adj usted frac ­
t ions and the exponent becomes the com­
mon exponent. This answer may nee d Lo be 
normal ized. In fac t, all the man ipulation 
subroutines will require a check for normali­
zation before ex it, and therefore a subrou­
tine to normal ize arguments is desirab le. 

Subtract ion is defi ned as ARGl - ARG2 
= ANS. The subtraction rou tine is identical 
to the add ition routine except a multiple 
prec ision subtract is substituted for the 
addition . In most implementat ions the 
add iti on and subtraction routines are the 
same routine with a fl ag to indicate whether 
a subtraction or addition of the fraction 
should occur. 

Multip licat ion of real numbers is eas ier 
than addition since the fractions can be 
multip li ed regardless of the exponents. 
The multip lication algorithm in li sting 4 
is defined as: ARGl * ARG2 = ANS. The 
multiplication of the fractio ns involves a 
32 bit by 32 bit multiplication, but only th e 
most significant 32 bits of the result are 
necessary which reduces the comp lex ity of 
the multiplication somewhat. 

For details on writing a mu ltip lication 
subroutine check the references, or better 
yet check the user grnup library for you r 
microprocessor to see if one already exists. 
The biggest problem with real multip lication 
is that overflow or underflow of the expo­
nent can occur durin g the addition of the 
exponents. Therefore, the subroutine must 
take precautions to check for overflow o r 
underflow and flag the resu It as erroneous 
if either occurred. The answe r obtained by 
the above algorithm may need to be normal­
ized before returning it to the caller. 

Division is similar to mul t ip lication and 
is defined as A RG 1 /A RG2 = ANS. Since 
most divis ion algor ithm s will not terminate 
if ARG2 is equal to zero, the div ision 
algorithm in listing 5 first checks the frac­
tion of ARG2 to see if it is zero. If it is 
zero, the algorithm should return with an 



overflow indication. Also, many division 
algorithms require th at th e fraction of 
ARG 1 be sma ll er than the fraction for 
ARG2. The division routine cou ld check to 
see if this condit ion exists, or better yet, 
since we know both numbers arc normalized 
(ie: the most significant bit is set) and since 
we have added an extra byte for acc uracy, 
we can always shift ARGl one bit to the 
right and insure that it is less than ARG2. 
Of course, we must add one to ARGl 's 
exponent to compensa te for the right 
shift. Now we can proceed with a norma l 
32 by 32 bit divide of the fractions. Once 
the fractional portion of the answer is 
complete, the exponent of the answer is 
equal to the exponen t of ARGl min us the 
exponent of ARG2. Agai n precautions must 
be taken to insure (or at least flag) that no 
underflow or overflow of exponen ts has 
occurred. The answer may need to be 
normali zed. 

Conclusion 

This art icle has attempted to give an 
overview of wha t is necessary to create a 
package of fl oa ting po in L subrou tines th at 
can be used for many applications. Floating 
point manip ul ation is not trivial and some 
microprocessors will be better adapted to 
the task than others. Instructions that can 
han dl e multiple pr·ecision arguments such 
as "add with carry," "subtract with ca rry" 
in conjunction with shifts and rotates on 
memory make the imp lementation simpler. 
Be cautioned that the procedures outlined 
are general and any particu lar microprocessor 
will require special procedures to adjust for 
processor pecu liarities. In any case, it seems 
the majority of the code is dedicated to 
shifting fractions right or left to insure 
accuracy or in checking for various error 
conditions. 

On the positive side, a good debugged 
binary floating point package takes less 
memory and runs faster than the decimal 
float ing point impl emented in many BASIC 
packages. The add, subtract, multip ly and 
div ide rout ines lay the framework for the 
programmer to create more exotic subrou­
tines such as sine, cosine, etc. Best of all, 
when we ask our computer to divide 5 by 2, 
it responds with 2.5.• 
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Th follow ing software is now being offered for use on 
the North Star disk systems and Horizon Computers. 

CP/M'" r-nos .inti Util!1ies 
Microsoft rQRTR,\ N-80 
Microsofl COBOL-BO 
Microsofl Disk E.~tenclcd BASI 
Xitan SUPER UASIC 
Xitan DISK BAS IC 
Xitan Z·TEL TCXI ·clitor 
Xitan Texl OulJJut Processor 
Xitan Macro ASSEMBLER 
Xilan Z·BUG 
Xi1 an LI KER 
Xitan Package A3 (ils keyed above) 
Xitan Package A3+ (as keyed above) 
Xitan FortTan IV 
CBASIC Compiler/ Interpreter BASIC 
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Interface/Motherboard 
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•	 Complete interlace logic and full y buffered motherboard 

in one unit 
• On-board regulation o f power for KIM 
• 	 Eight slots of S-100 compatibili ty for additional RAM. 

Video and 1/0 boards. PROM Programmers. Speech 
processors . 

• 	lndudes all parts. sockets for !Cs, one 100 pin connector , 
and ful l Assembly/Operating docum entation 

•Kit $125, Assembled $165 
• All units shipped from stock 

FORETHOUGHT PRODUCTS 
P.O. Box 386-F ~ 

Coburg, OR 97401 ~ 
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Our MacroFlopp~t 
goes twice the distance. 

lnrroclucing tl1e Micropolis MacroFloppy"" :1041 and :1042 disk drive sub­
systems For tl1e S-100/ 8080/ Z-80 bus Packing 100% more capacirv into a 
5X ·incl1 floppy disk than anyone else. 143K bvtes. to be exact. For as little 
as 5595For$695. 

Tl1e MacroFloppy:1041 comes with the M1cropolis Mod I floppy packaged 
1ns1de a orotect1ve enc losure !without power supply) And includes an S-100 
controller. Interconnect cable. Micropolis BASIC Usei"s Manual. A diskette con· 
tai111ng M1cropolis BASIC. ancl a compatible DOS with assembler and editor 
me ·1041 is even designed to be used eitl1er on your desk top. or to be inte­
grated ngl1 into your S-100 chassis. 

The MacroFloppy:1042 comes with evervtl1ing tl1e :1041 has. and more 
Sucl1 as d c. regulators. its own line voltage power supply, and, to top it off. 
a striking covei: Making it look rigl1t at home just about anywhere. 

Both MacroFloppy systems are fully assembled, tested. burned-in. and 
tested aga in . For zero sta1t-uo pain. ancl long term reliabili ty. Tl1ey're also 
backed up by our famous Micropolis factory warrantv. 

And both systems are priced just right $595 for the MacroFloppy:1041 
and s795 for t ile MacroFloppy 104 2 

You really couldn't ask for anything more. 
At M1cropolis. we l1ave more !)vtes in store for vou. 
For a descnpt1ve brochure. in the U.S call or write Micropolis 

Corporation. 7959 Deenng Avenue. Canoga Park. California 91304. Pl1one 
!213! 703 -112'1 

Or !Jetter vet. see your local dealer 

MICROPOLIS™ 
More bytes in store for you. 

Sep te mber 6 -8 , COMPCON Fall '78 . 
Ca pi iol Hi lton Ho1e l, WJShing1on DC. 
Spo nsored by 1he IE EE Co m pu 1er 
Sodety, this conl eren cc will cover 
computers and communic11ions, inter · 
I.ices and in teractions. Such 1o r ic .1s 
m i roprocessors in comm unica tions . 
multiple comp ut er sys tems, .1dv.111ces in 
commu nica t ions tech nology Jnd mJny 
o thers will be discu ssed J t this conlcr · 
ence . Contac t K enneth H CrJndJll Jr. 
COM PCON Fall '78, POB 639, Si l · 
vcr Spring M D 2090 I. 

September 11-12, Microprocessors: 
Hardware , Sof twa re and Application , 
Worcester Poly tec hn ic l ns1i1u1c, Wor· 
cestcr M A. T his in tensive, highl y locuSl'd 
program is geared specifi ca ll y for tech· 
nicJI professiona l who need com pre· 
hcnsivc knowledge of the la tes t micro­
processor tech nology. It w ill give the 
allendec a bc !ler unders tanding of 
curre n t and fut ure m icroprocessor based 
syst em s, li kely tre nds and re levant 
techn o logies and a firm foundation in 
criti cal areas of microprncr,sor ys1 cm 
des ign and project ma 11 agcm 0 nt. Con tac t 
Con t inuing Profess ional Education , Wo r ­

120 ScfH<"mber )978 f:'1 BYTE Public .a tions 1nc 

ces ter Pol\'1cch11ic lns1i tu 1 • Worces ter 
MA 01609. 

Sep tembe r 11 -1 5, Cod ing and Infor­
mation T heory , Georgia In titu tc of 
T ec hnology . T l1is co urse wi l l presem the 
fundamen 1als of rep resen tati on , storage 
and 1ransmi sion of data. Protec tion 
aga inst qoragc and tra nsm iss ion errors 
using erro r de tec tion and error cor rec t­
ing ( inc luding Ham m ing) codes will be 
deve loped. Ef fic icnc\' enhancement 
th rough informa tion co mp ressi ng codes, 
pred icti ve run encod ing and Markov 
cha ins (p robab il ist ic finite stale 
machi nes) w il l be discussed. Contac t 
Short Co urse Program Office, 6266 
Bor l tcr Hall, U L A E>o. tensio n, Los 
An~elc s CA 90024, (213) 825·3344 or 
825 · 1295. 

September 12-1 4, Computers in Cardi o­
logy, Stan ford Un ive rsity. T his con­
fere nce will inclu de co n tributed pre­
sen tations on the app li ca ti on of com­
pu 1rrs 10 ca rd iovascu l;1r research, d iag­
nos i' and 1rcat111cn 1. Con tac t Mrs Droni 
Moo, conference coord in ator , Ca rd io· 
logy Division, 1an ford Universit y 
Sch oo l of Medicine , 70 I Welch Rd . 
Suite 3301, Palo A lt o A 94304, (4 15) 
497 ·7507. 

Sept ember 12-1-1 , WESCON /78 Show 
and Con vent ion , Los Angeles Co n ven­
t ion Cen ter .rn d Los Angeles Bonaven­
ture Ho tel. Con t.ic t Elec t ro n ic Con ve n · 

t i ons Inc, 999 Sepul veda Blvd , El 
Segundo CA 902 45, (213) 77 2-296 5. 

September 15-17, 2nd Annual Personal 
and Business Small Computer Show, 
New York Col iseum, New York NY . 
Exhibi to rs will include major manu· 
fac tu rcrs. d ist ribu tors and pu bl icat ions 
in 1h e co mpu ter field. A lec tu r·e series 
w ill incl ud e topics of in teres t to busi ness 
and pro fess ional peop le, hobby is ts and 
the ge neral pu bl ic. Contac t D R 
McG ly nn , 71 N Moger Av , M t Kisco 
NY 10549. 

Septem ber 18-20 , Computer Crypto­
graphy , T he George Washing ton Univer­
sity. This col•rse is designed to aid 
managers and users of comp uter systems 
in the pro tection of computer data. 
Commerc ial products wi l l be d isc usscd 
ge nerica lly and relative capabi li ties d is­
cussed in ge nera l. Emp has is wi l I be 
placed on the implementation , use, 
cos t and im pac t of cry p tographic 
sys tems in computers and in evo lving 
compu ter networks. Con tact Continuing 
Enginee ring Ed uca t ion Program , George 
Wasl1i ng1on Uni vers i ty, Washi ngton DC 
20052, (202) 676-6 106 o r the toll free 
number (800) 424 -9773. 

September 18-22 , Digital Filters, Georgia 
Instit u te o T ec hno logy . T his course w il l 
provide a p rac ti ca l introduction to th e 
subjec t of digita l fi lters. T opi cs will 
incl ude the f requency approac h, Fouri er 



MetaFlopp~t goes 
The Micropol1s MetaFloppy'" gives you more than four times tl1e capacity of 
anyone else's 5X -inch floppy Because 1t uses 77 tracks instead of the usual 35 . 

The field-proven MetaFloppy, with tl1ousands of units delivered. comes 
1n a complete family of models. And, like our MacroFloppy"·' family of disk beyond.dnves. MetaFloppy is designed for he S-100/ 8080/ Z-80 bus. 

For maximum capacity, choose our new MetaFloppy 1054 system Wh1cl1 
actually provides you with more than a m1lhon bvtes of rehal)le on-hne stor­
age For less money than you'd believe possible 

The MetaFloppy 1054 comes complete with four drives in dual config­
uration A controller Power supply, Cl1assis Enclosure. All cabling A new BASIC 
software package. And a DOS with assembler and editor Tl1ere·s even a built· 
in Autoload ROM to eliminate tiresome button pushing 

If that's more storage than you need right novl( rrv our 
MetaFloppy:1053, with 630.000 bvtes on-line Or our Meta· 
Floppy:1043. with 315.000 !)ytes on-line Either way, you can 
expand to over a million bytes on-line in easy stages. when you 
need to Or want to. 

In other words, if your application keeps growing, we've got 
you covered. With MetaFloppy 

The system that goes beyond the floppy. 
For a descriptive brochure. 111 he U S call or write Micropol1s 

Corporation. 7959 Deering Avenue. Canoga Park. Californ ia 91304 
Phone 1213! 703-1121. 

Or better vet. see your local dealer 

M ICROPOLIS™ 
More bytes in store for you . Circle 236 on inq uiry card . 

er ies and integrals, nonrecursivc filter 
des ign, theo ry of recurs ive fi lter design, 
discre te Four ier tra nsfo rm s, fast Fo urier 
tran form implementation, estima tion of 
power spec tra and nonlinear phenome na 
du e to q uant izi ng signals . Th is course 
wil l be of interes t to those who use 
linear combina tions of data . The 
emp hasis is on its bas ic nature and 
prac ti cab ility. Contac t Non ie Wata nabe, 
Sl1o rt Courses, 6266 Boe lter Hal l, UCLA 
Exte nsion, Los Ange les CA 90024. 

September 29 -0ctober 1, Internati onal 
Microcomputer Exposition , Dallas Con· 
vent ion Center , Dallas TX . This exposi · 
tion will be directed to ward all levels of 
tech nol ogy fr om the professio nal engin· 
eer to the beginning computer ho bbyist. 
In addit ion to the semin ars, a panel of 
experts will be available to answer 
quest ions. Contact Be ver ly Tanne r al 
(214) 27 1·93 11. 

October 5-8 , Midwest Personal Compu l · 
ing Show , Apparel Center's Expocenlcr, 
Chi cago IL. More than 200 disp lays fea· 
turi ng th e full spec trum of the latest 
personal computi ng develo pments arc 
expec ted lo be prese nted b\• manufav 
tu re rs an d d istribu tors. A compre hen ive 
progra m of semi nars, fo ru ms and Pr•C· 
tical application cl inics will paralle l the 
four days of exh ib its. Contact Midwest 
Pe rsona l Comput ing Ex posit io n. ISCM , 
222 W Adams St , Chicago IL 60606, 
(312) 263-4866 . 

October 16-19, Informat ion Manage­
ment Exposit io n and Conferen ce, 
McCormick Place, Ch icago IL. The 
theme , st rategic p lan ning in the info r· 
ma tion age, was se lec ted 10 convey the 
need for a corpora te stra tegy for the 
gathering, storage , re t rieval, dissemi na· 
ti on ,111d management's use of informa· 
lion. Computer equ ipment to be demon ­
stra ted will include large , med ium an d 
sma ll sys tems, mini an d mic ro systems, 
mall busi ness sys tems, te rmi nals, pe riph · 

erals , data comm unica ti un systems, data 
co llectio n and pre para t ion hand ling sys· 
terns, magnet ic med ia an d accesso ries. 
Contact Clap p & Poliak In c, 245 Park 
Av , New York Y I 00 17. 

October 24-26, Pro ject Manage me nt for 
Computer Systems, New Yori-. NY. This 
3 day seminar will ill ustr•te tech niques 
for planning, i111plemen 1i11g, ins talling 
and co ntro l I ing projects. Sµecific 
examp les and case studies wi ll be dis · 
cussed . T his semi nar is inte nded for 
computer pro ject ma nagers, data pro · 
cessing managers, VPs of adm inistra t ion, 
financial managers and others invo lved 
in ED P systems development and imµle · 
mcntation. Contact the University of 
Chicago, Center fo1 Cont inui ng Edu· 
ca ti on, 1307 I: 60th St, Chicago IL 
60637. 

October 27-29, Bi£Conw '7 8, l\l .ir11ult 
Motor Hote l, Atlanta GA. l3 i1Cu111p '78 
wil l h igh light t l1c sma ll budge t ncces>,11y 

fo r the indepen dent busi ne>'> opcratur to 
be ab le to pu rchase an in-house com­
pu ter '>ystcm. All facets of the sma ll 
busi ness compu ter industry will be on 
disp la from the latest innovat ions in 
comp uters to business software and 
word process ing, upp lies and serv ices. 
ContJCl I-cl burg Associate Inc, 12203 
Raritan Ln, POB 735, Bow ie MD 207 15, 
(30 l ) 262-0305. 

October 30-November 1, 2nd Annu al 
Da ta En t ry Manage ment Associ a tion 
Confe rence, Sheraton 1-IMbor hlancl 
Hote l, San Diego CA. The con ference 
theme is data entry today and tomorrow 
and wil l concen trate on the human side 
of data entry and dist ribu ted da ta entry. 
There will be a lul l schedu le of semi nars, 
panel di scuss ions, and workshops , in· 
eluding ha nds-on workshops wi th var ious 
vendors' equipment. Con tac t ~arilyn 

Sodek , DEMA, 16E Weave rs Hil l , Green· 
wich CT 06830. 

October 31-November 3, Tulsa Com ­
pu ter Confere nce , Skyli ne Shera ton 
East, Tulsa OK . Co111ac1 Tu lsa Chapter 
AssociJtion for Systems Ma nagement, 
-~ 1 10 S 100 E Av. Sui te 128, T ulsa O K 
741 <15. 

ovember 5-8 , Compute r Applica t ions 
in Medical Care, Washington DC. Th is 
IEEE sponsored symposium o n com­
puter apµ lica1 io1h in medical care is 
designed to info rm phys ic ian, and health 
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We've 

reduced digitizers to 


two words. 


Bit Pad" 

Bit Pacl~ 

Bit Pad 

Bit Pad" 

Bit Pad" 

I ®--- Il!!!IT~J!ll!l.111!!1 

,.....___,___(....... __ 

I 

Bit Pad is the low-cost digitizer for small computer systems. 
Better than a joystick or keyboard for entering graphic in­
formation, it converts any point on a page, any distance into its 
digital equivalents. It's also a menu for data entry. You assign a 
value or an instruction to any location on the pad . At the touch 
of a stylus, it's entered into your system. 

Who can use it? Anyone from the educator and the engineer 
to the hobbyist and the computer games enthusiast. The data 
structure is byte oriented for easy compatibility with small 
computers, so you can add a power supply, stand alone dis­
play, cross-hair cursor and many other options. 

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

$1,000 creativity prize. Just write an article on an original Bit 
Pad application and submit it to any national small-computer 
periodical. If the editors publish it-and the decision is solely 
theirs-Summagraphics will pay you $1 ,000. 
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care profess ionals abou t current and 
potentia l app lications of comp ute r tech­
nology 10 patient care; and to ide nt ify 
areas of fut ure resea rch and deve lo pment 
that nee d to be add ressed. Contact 
Abund 0 Wist, PhD, genera l cha irman, 
Medica l Co llege of Virginia, (804) 
770-4957. 

November 6 -8, Asilomar Co nference on 
Circui ts, Systems and Computers, 
Asilomar Ho tel and Co nfe re nce 
Grounds, Pacific Grove CA. This con­
fere nce, sponsored by the I EE E Com­
p u ter Socie ty, wil l delve in to areas suc h 
as ci rcuit theory and des ign , communi ­
cat ion and contro l syste ms, computer 
systems, compute r aided design, etc. 
Contact Donald E Kirk , Electr ica l 
Engi neering Dept, Naval Postgraduate 
School, Monterey CA 93940. 

Novem be r 8-11, Asian Business Expo/ 
Hong Kong, Kowloo n-Canto n Ra ilway 
Convention Complex, Hung Hom, Hong 
Kong. Th is exposition wil l feat ure d is­
pl ays of over 100 b usiness services and 
eq ui pment with the opportu n ity to 
participate in sem inars. Contac t Indus­
trial & Scient ific Conference Ma nage­
ment In c, 222 W Adams St, Ch icago IL 
60606' (312) 263-4866 . 

November 13-16, COMPSAC, The 
Palmer House, Chicago IL. The IEEE 
Compu te r Socie ty's second interna ti o na l 
comp uter softwa re and app li cation co n ­
ference . This con ference wil l bring to­
ge ther computer pract itione rs, users and 
researche rs to share their ideas, ex peri­
ences and requ ireme nts for app licat ions 
software, man agement techn iques, and 
sofi ware developme n t support, in cluding 
automated tech niques. Contact Wallace 
A Depp, executive d irec to r, Processo r 
and Computer Sof tware System Divi­
sion, Bell Laboratories , Naperville IL 
60540, (312) 690-211 1. 

November 19-22 , The 11th Annual 
Microprogramming Workshop, Asilomar 
Conference Ground, Pacific Grove CA. 
This worksop wi ll provide a forum for 
the discussi on and compariso n o f design 
techniques for firmware and fo r the 
supporting hard ware. Informal in ter­
action between grou ps working in 
similar research and app lication en viron­
ments wi ll highligh t the topica l session . 
For more information contact Dr Allee 
G Parke r, Micro-11 program chairman , 
Dept Electri cal Engineering , Carnegie· 
Me llon Uni ve rsity , Pittsburgh PA 15213, 
(412) 578-2472. 

November 28-30, 9th An nual Canadian 
Computer Show , Interna tion al Centre, 
Toronto CA NA DA. Products disp laye d 
at this show will include: comp ute r and 
data processing equipment, supplies and 
services, inc lu ding m inicomp ute rs, peri ­
pheral hardware and software, keyp unc h 
serv ices, consu lting and co ntrac t pro· 
gramming and timeshari ng. Contac t 
Indus trial Trade Shows of Can ada, 36 
Butterick Rd , Toronto Ontario MSW 
328, (416) 252-7791 .• 



Power Wiring Table 

Plugging Number Type +5 v Gnd 

ICl 7404 14 7 
IC2 74 00 14 7 

the KIM-2 Gap IC3 7486 14 7 

One or my uses of the KIM-1 computer 
is to create programs that wil l execute on a M Gar th Notley 

smaller dedicated 4 K byte 6500 processor RFD 1 Route 129 
Yorktown Heights NY 10598such as the 6505. However, the user manual 

for the KIM-2 4 K byte memory expansion 
says the fol lowing: 

Note . . . It is not possible to put your 
expansion m em01y in the memo1y 
bloc!? 0400-7400 hex already decoded 
on K!M-7. 

want to use the addresses hexadecimal 
0000 to OFFF to hold al l the programs and 
sim ulated 10 routines that wi ll eventua ll y 
go in the 6505, then use addresses hexa­
decimal 1000 to 13 FF for the programs 
that test the 6505 programs. Readers with 
the same problem may care to use my 
solution which I have bee n using successful ly 
for some months. 

Use address switch se tting 0001 fOI' an 
address ra nge of hexadecim al 1000 to 1 FF F. 
Then modify the connections for address 
lines AB lO, AB11 and AB12 as in figure 1. 
Th is modi rication wil l map the KI M-1 
address range of 0400 to 13FF in to a KIM-2 
add ress range of 1000 to 1 FF F. • 

Figure 7: Modification to allow the address of the KJJ\11-7 from hexadecimal 
0400 to 7 3FF to be mopped into a KIM-2 address range of 1000 to 7 FFF. 

KIM - I KIM-2 
CONNECTION CONNECTION MEANING 

I CI 
7404 

2EM N ABIO 

4 p ABI IEN 

3 l@--c>R ABl2
2 7466 

EP 

See Sol® 
at all these 
fine 
computer 
centers 
AL: Birmingham: ICP Computerland, 
(205) 979-0707. CA: Berkeley: Byte Shop, 
(415) 845-6366. Citrus Heights: Byte 

Shop, (916) 961-2983. Costa Mesa: Orange 

County Computer Center, (714) 646-0221. 

Hayward: Computerland of Hayward. (415) 

538-8080. Modesto: Computer Magic. 

(209) 527-5156. Mountain View: Digital Deli, 

(415) 961-2670. San Francisco: Computer 

Center, Inc .. (4 15) 387-2513. San Rafael : Byte 

Shop, (415] 457-9311 . Walnut Creek: Byte 

Shop, (415) 933-6252. CO: Boulder: Byte 

Shop, (303] 444-6550. Denver: Byte Shop. 

(303) 399-8995. CT: Bethel : Technology 

Systems, (203) 748-6856. FL: Miami: Byte 

Shop of Miami, (305) 264-2983. GA: Atlanta: 

Atlanta Computer Mart. (404 ) 455-0647. 

IL: Lombard: Midwest Microcomputer. (312) 

495-9887. IA: Davenport : The Compuler 

Store of Davenport, (319) 386-3330. MD: 

Towson: Computers. Etc .. .. (301 ) 296-0520. 

Ml: East Lansing: General Computer, 

(517) 351 -3260. Troy: General Computer, 

(313) 689-8321 . MN: Minneapolis: 

Computer Depot. (612) 927-5601 . MO: 

Florissant: Computer Country. (314) 

921-4434. NH: Nashua: Computerland/ 

Nashua. (603) 889-5238. NJ: Cherry 

Hill : Computer Emporium, (609) 667-7555. 

lselin: The Computer Marl of New Jersey, 

(201) 283-0600. NY: Endwel l:TheComputer 

Tree, (607) 748-1223. New York: The 

Computer Mart of New York. (2121686-7923. 

Wl'1ite Plains: The Computer Corner. (914) 

949-3282. NC: Raleigh: ROMs 'N' RAMs, 

(919) 781-0003. OH: Akron: Basic 

Computer Shop. (216) 867-0808. Columbus: 

The Byte Shop. (614) 486-7761. OR: 

Beaverton: Byte Shop Computer Store. (503) 

644-2486. Portland: Byte Shop Computer 

Store, (503] 223-3496 Salem: Computer 

Pathways, (503] 399-0534. PA: King 

of Prussia: Computer Mart. (215) 265-2580. 

RI: Warwick: Computer Power. Inc.. 

(401 J 738-44 77. SC: Columbia: The Byte 

Shop. (803) 771-7824. TN: Kingsport: 

Microproducts & Systems, (615) 245-8081. 

TX: Arlington: Computer Port . (817) 469-1502. 

Arlington: Micro Store. (817) 461-6081. 

Houston: Interactive Computers. (713) 

486-0291. Houston: Interactive Computers. 

(713) 772-5257. Richardson: Micro 

Store. (214) 231-1096. UT: Sall Lake City: 

Home Computer. (801) 484-6502. VA: 

Mclean: The Computer Systems Store. (703) 

821-8333. WA: Bellevue: Byte Shop 

Computer Store, (206) 746-0651. Seatl le: 

Byte Shop of Seattle. (206) 622-7196. 

WI: Madison: The Madison Computer Store. 

(608) 255-5552. Milwaukee: The Milwaukee 

Computer Store. (414) 259-9140. 

CANADA: London. Ontario: The Compuler 

Circuit Ltd.. (51g) 672-9370. Vancouver. B.C.: 

Basic Computer Group Ltd .. (604 ) 736-7474. 

AUSTRALIA: Victoria: Sontron Instruments. 

(03 ) 569.7867. PHILIPPINES: San Juan, 

Metro Manila: Integrated Computer Systems. 

Inc.. 784-071 . JAPAN: Tokyo: Moon 

base Shinjuku. (03) 375-5078. GREECE: 

Athens: NKA Attikos. Inc .. 360-7542. 

UNITED KINGDOM: Huntingdon. England: 

Comart , Ltd. (0480) 215005. MEXICO: Mexico 

City: Industrias Digitales. 905-524-5132. 

VENEZUELA: Caraca::.. Cvmponentes Y 

Circuitos Electronicos. 355-591 . SWEDEN: 

Stockholm: Werner Etektronik, (0)8-717-6288. 


Processor lt:'L.t ir eul y 
See ad on pages 8 & 9. 
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DIRECTORY 

The following is the second BYTE Clubs and Newslet te rs Directory (the 
first was published in January 1977 BYTE). The directory was compiled 
from information supplied by the vari ous clubs li sted. A fo rm was sent to 
al l clubs and newsletters listed in the first direc tory reques ting up-to-date 
inform ation. If the form was not re turned, we del eted the club from the 
second directory. In addi tion, the listing was co1Telated with back issues of 
the magazine and materials on file in th e BYTE offices. If information is 
mi ssing in one or more categories, it means the data was no t provid ed. We 
will be keeping the fil e available and updating it for the next directory; so, if 
there are errors or if you have a new club which has just been fo rmed, send 
the in fo rmation to : Laura Hanson, Clubs and Newsl etters Editor, BYTE 
Pu blications Inc, 70 Main St, Pe terborough NH 03458. 

The listings follow this 
form: 

1. 	 Name of organiza tion 
2. 	 Mailing address 
3. 	 Meeting location 
4. 	 Meeting algorithm 
5. 	 Newsletter or publication 
6. 	 Contact person 
7. 	 Contact phone number 
8. 	 Dues or subscription fees 
9 . 	 Special interests 

10. Other comments 

Zips 00000 - 10000 

1. 	 New England Co mput er Socie ty 

2. 	 POB 198 
Bcdro rd MA 0 1730 

3 . 	 Mitre Corr Cafe teria, Rt 62, Eas t of 
Rt 3, Beel ford MA 

4. 	 First Wed nesday of mo nth 
5 . 	 NECS Newsle11 er (month ly) 
6. 	 Dave Day, pres id ent; Dave Mit ton, 

secre tary 
7. 	 (603) 434-4239, (617) 493-3 154, 

res pec ti vely 

8. 	 $6peryear 
9. 	 Current users groups a rc PC Net 

(pe rsonal computing network) , 
TRS -80, 6800, Digital G roup , PET , 
RCA-1802 . 

1 . 	 The Alcove Computer Club 
2. 	 230 Main St 

No rth Readi ng MA 0 1864 
3. 	 Same 
4. 	 Spec ial events 
5. 	 No ne 
6 . 	 J P Vullo 
7. 	 (617) 664-4271 
8. 	 None 
9. 	 Hardware and soft ware; systems such 

as MITS, T RS -80. 

1 . 	 The Boston Computer So cie t y 
2. 	 17 Chestnu t St 

Boston MA 02108 
3. 	 Com mon wea lth School 

15 1 Commonwealth Av (corner 
Dartmou th St) 
Boston MA 

4. 	 Fourth Wednesday of every month a t 
7 PM 

5. 	 Be ing deve loped 
6. 	 Jona than Rote nberg 
7. 	 (6 17)227- 1399 
8. 	 $5 per year; includes admission to all 

meetings and even ts p lus m ai ling list 
9. 	 An info rma tion exchange and 

resou rce ce nte r based upon members' 
needs. T he BCS sponso rs: sub· 
gro ups, advanced and beginner hard-

LEAR SIEGLER ADM/3A 

$825 


DIABLO 1620/1 

$2790 


LOWEST PRICES • IMMEDIATE AVAILABILITY 

INTERTUBE $695 
• 24 LINES • 80 CHARACTER DISPLAY 
• U/l CASE PLUS NUMERIC KEYPAD 
• BLINKING, UNDERLINE. REVERSE-VIDEO, Y, INTENSITY 
• TRANSMIT A CHARACTER, LINE OR PAGE AT A TIME 

• DIRECT OR REMOTE CURSOR POSITIONING 

• EIA RS·232 INTERFACE ITO 19,200 BAUDI 
• 20/60 mA CURRENT LOOP ITO 9,600 BAUD) 
• PRINTER PORT 

$999 TELETYPE 43 ' ' 	' 
• 132 CHARACTER LINE, UPPER/LOWER CASE 

• EIA RS·232 INTERFACE 
• 10 OR 30 CPS (SELECTABLE) 
• MULTIPLE HAROCOPY CAPABILITY 
• BUilT·IN TEST FEATURES 

T.I. 810 PRINTER 

$1695 


OECwriter 11 

$1550 


P. 0 . BOX 3297 • SANTA ANA, CALIF. 92703 • (714) 731 -4338 
ORDERING INFORMATION: TO RECEIVE YOUR EQUIPMENT AS QUICKLY AS POSSIBLE. 

T.I. 745 PORTABLE 	 PLEASE INCLUDE THE FOLLOWING - A) YOUR COMPLETE SHIPPING ADDRESS, INCLUD­ SOROC 10120 
ING ZIP. B) A CERTIFIED CHECK FOR THE FULL AMOUNT OF YOUR ORDER (PERSONAL 
OR COMPANY CHECKS REQUIRE TWO WEEKS TO CLEAR) ; INCLUDING HANDLING• AND$1695 	 $795
6% SALES TAX, IF A CALIFORNIA RESIDENT. 

SATISFACTION •HANDLING CHARGE : IF TOTAL ORDER IS LESS THAN $750, ADD 3%; $750 TO $1999, 

GUARANTEED ADD 2%, OVER S1999. ADD 1%. 
 ALL UNITS ARE FULLY 

ASSEMBLED. YOUR MONEY WILL BE RE ­ TERMINALS ARE SHIPPED FREIGHT COLLECT • PLEASE MAKE ARRANGEMENTS TO RECEIVE YOURFUNDED lN FULL IF THE EQUIPMENT. YOUR ORDER WILL BE SHIPPEO BY SURFACE CARRIER UNLESS OTHERWISE INDICATED.
EQUIPMENT FAILS TO MEET EVERYTHING SHIPPED IN FACTORY CARTONS WITH MANUFACTURER'S WARRANTY. WRITE FOR OUR 
THE MANUFACTURER'S 

SPECIFICATIONS. 
 FREE CATALOG. 

MICRO·MAIL WELCOMES ANY SUGGESTIONS THAT MAY HELP US SERVE YOU BETTER 
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ware and software sess ions, oftwarc 1. The Southern New Engla nd 2. 1776 Ra ritan Rd 
exchJngc, vario us ty pes of gues t Comput er Society Scotc h Plai ns NJ 07076 
speakers, e tc , when needed and 2. 267 Willow St 4 . Main m ee ting third Friday of m ont h ; 
feas ib le. cw Haven CT 0651 1 8080/Z-80 user group f irst Friday of 

3. Va r ies month; 6800/6502 user group fourth 
1 . TRS Club 5. Yanl?ee Bits Fr iday of month 
2. 96 Do1han St 6. Arthu r Downes 5. Yes 

Ar lington MA 02174 7. (203) 562 ·8034 6. Sol Libcs 
5 . Yes 8. $3 covers d ues a nd ncwslc lle rs 7. (201) 277-206 3 
6. Poi K Pow 9. Micros, m inis and macros from the 8 . $5 per year 
9. TRS user gro u p; T RS casse tte or ELF to IBM 360 and so f t ware a t all 9. Us er gro ups: CPM , Radio Sh ack, 

diskcne media. A software library is leve ls PET, 8080/ Z-80, 6800/6502, 1802 
avdi labl e a t low or copying cost. 10. Som e t imes we w ill se nd a sam ple a nd 9900. Cl asses: BAS IC, 8080 pro­
Library incl udes inventory, secu rity, copy of Yankee Bi1s. Anybody is gramming, 6800 programming, 6502 
games, da ta base, sort, e tc. we lcom e no ma tter wha l level of programmi n g a nd "Gelling Started." 

interest or kno wledge. ·10. Software lib rar ies, a nnu al member 
1. Rhode Island Compu ter Hobbyi st s direc to ry, annua l festival, and an nu al 

( RI C H) 1 . Bridgepo rt Area Soc iety for In volved contest. There are 800 members. 
2. c/o E D lannuccillo Com put erists (BAS IC ) Starting PC netw ork. 

POB 599 2. 12 Wi ldwood Dr 
Bristol RI 02809 Trum bu ll CT 066 1 1 1. New jersey Apple Users Group 

3. Iabbour Electro ni c City 3 . T rumbull Tow n Library 3 . Computer La b o f NJ 
4. Third Tuesday of September, 4 . eco nd Wednesda y each month 141 Route 46 

October, November, March, April, 5. MICROFLASN publ ished monthly Budd La ke NJ 07828 
May 6. l\I So ng 4. First Frid ay of month, 7 :30 PM 

5. Yes 7. (203) 268-9807 (nights). 6. Dan Fischler 
6. E D la nnu cci llo (203) 576-6556 (days) 
7. (401) 25 3·5450 8 . $8 per year 
8. $2 per year 9. Hard ware, sof1 w.ire, Jny thing what· Zips 10000 - 20000 
9. Construction projects soever to do wit h co mpute rs 

10. Ou r c lu b is sma ll and fr iend ly. 10. Established Augus t 1977 with 40 1 . New York Amate ur Computer C lu b 
Members come from ma n y vocatio ns paid members an d 150 on the maili ng 2. POB 106, Chu rch St Station 
and many are students; most arc not lis t. New York NY 10007 
experts in co mputers . We demon­ 3. Va ries 
s trate eq uipm ent and help each other 1. Amateur Computer Group of 5. Untitled, monthl y 5 to 10 page 
wi1l1 prob lems. New Jerscy newslc ll er 

BASIC is BASIC is ••• 

And BASIC does what it should . But if you 're ready to s tep up 
from Beginner's All · purpose Symbolic Instruction Code, look 
a t OPUS, the high-level 8080/ 280 la nguage from A.S.I. ... roots 
in BASIC, but designed for business applications. OPUS gives 
you the capabilities you need, like extended precision, string 
handl ing, and easy formatti ng. OPUS/ TWO takes up where 
OPlJS/ ONE leaves off , allowing subroutines, overlays, and 
extended disc file management. 

But we didn 't stop there. OPUS programs and data are 
directly upward-compatible, all the way up through TEMPOS, 
A.S .l. 's mul ti-user, multi-tasking operating system. 

Ask your dealer, or contac t A.SJ . We'd like to tell you more. 

OPUS/ ONE __. _.. $99.00 OPUS/ TWO .......... $195.00 

S.O.S. .. ............. $385.00 TEMPOS .. . ...... .. .. $785 .00 


ORDER A MANUAL NOW a nd we' ll apply the price

DD 1oward your software p urchase. 

ADMINISTRATIVE SYSTEMS, INC. OPUS User's Manual ..... .. .. .. ............. $12.50 

S.O.S . Manua l Set (includes OPUS Manual) .... . $20.001642 S. Parker Road, Suite 300ODD TEMPOS Manual Set (includes OPUS Ma nual) . . $20.00Denver, Colorado 80231 (303) 755-9694 

MASTER CHARGE a nd VISA accepted.DD 
Add $1.50 pe r manual (set) lor shipping/ha ndling in U .S . 
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DI RECTORY, continued 1. 	 Computer Hobbyists in Process ing 
(CHIPS) 

2. 	 POB 4840 
Genera l Elec tric Co, CSP3-l 6 
Syracuse NY 1322 1 

6. 	 Bob Schwart z or John Fred erick 3. New York Institute of Technology 3. Baker Hall, Electro nics Park 
7 . 	 (2 12) 663-5549 , 866-4298, 4. Second Friday of mont.11 - 8080 Syracuse 

respectively gro up; th ird Fr id ay of mo nth - 4. Usually th ird Thursday each month 
8. 	 $I 0 per year reg ul ar meeting ,111d 6800 group except Ju ly and August 
9 . 	 Mostly 5100, word processing, some S. Til e Stac/1 5. CHIPS News/el/er 

music types. 6 . Aileen Harrison 6. Dave Flagg or Jerry Green 
7. 	 (5 16) 938 -6 769 7. (3 15) 456-1903 , 456·7357, 

1. 	 Long Isla nd Computer User Society 8. $10 per year, $5 s tudents respect ive ly 
(LICUS) 9. 6800 group, 8080 group, Pascal, 8. $4 per year 

2. 	 POB 322 BAS IC, ki t bui lding, Jnd 9. Hobby systems of al l kind s and al l 
East Northport NY 11731 troll blcshooting. applicat io ns. 

3. 	 Cornmack High School South 10. Approximate ly 50 members and 
Cornmack NY 	 average meeti ngs attended b y 38 to1. 	 AEC Transfer 

4 . Second Tuesday of each month 	 45 members. Membership no t re ­2. 	 8 Gedney Wd\' 
5. 	 Queue (month ly) st ri cted to GE and is drawn from 60 

or 147 Fos te rtown Rel 
6. 	 John Voll ers or Jim Zukowski mile radius around Syracuse.

Newburgh NY 12550
7. 	 (516) 493-3612, 586 -3555/ 

5. 	 A EC Ne 111sfet1N 757 -9 329, respectively 	 1. Rom e Area Computer Enthusiasts 
6 . 	 Willi.1111 Ca llal1an Ir 8. 	 $ 3 per year (RACE) 

9. 	 Soft ware development and 7 . (914) 565-462 1 2. RD 1, W Carter Rd 

appl ications dea ling mainly with DE 8. 25 cent entry fee; $5 Rom e NY 13440 

equipment subsuiplion fee (subject lo cha nge) 3. Pa tt y 's Stagecoach In n 


10. 	 Inform al grou p mee tings; we t ry to 9. orrespondencc cl ub; news letter 4. Second Tuesday at 7 :30 PM 
have a guest speaker di scuss a with emphas is on science and science 5. Micros Along the Mohawk 
relevant subject of interest. fi c1ion aniclcs. 6. Michae l Troutman 

10. 	 Readership supported for articles 7. (315) 336-0986 
1 . 	 Long Island Computer Associa tion and sw ries, nonprofit; glad LO hear 9. Spec ial interest groups around the 
2. 	 36 Irene Ln E from anyone in terested in receiving 6800 and 8080/Z-80 micropro-

Plai n view NY I 1803 or con trib uti ng to news letter. cessors as well as one for beg inners . 

BOLD IT!

Anywhere you 


_,.. 

wantit. 
PanaVise t ilts, turns , rotates . 

One quick turn of the control 
knob and you securely position 
your work exactly where you 
want it. Holds firmly but gently 
the most delicate electronic 
parts and P. C. boards. 

Whether you ' re into building 
home electron ics, trouble 
shooting, or professional serv­
icing ... you'll wonder how 
you got along without this mod· 
estly priced 'extra hand .' 

Mode l 396 Wide Opening Pana V1se \ 
shown . An ingenious variety o f other 
in terchangeab le bases, ho lders and 
accessories also available . See your 
electronics distributor, o r wr ite 
for FREE broch ure 

fClVi\\ '"'n fi\\~ ......... ® 
~~VG:IC Dept . CEl 
5224 Chakemco St., South Gate, CA 90280 

y-­

1. 	Students Cybernetic Laboratory 

(SCYL) 


2. 	 c/o A E Adams 

RFD Box 260 

Chaffee NY 14030 


3 . 	 Yorkshire NY 
4. 	 Irregu lar 
5. 	 Ir regu la r, a t present 
6. 	A E Adams or Karl Gram pp 
7. 	 (716) 849-1433 
8 . 	 None 
9. 	 Inte l 80!>0, Business app lications 

10. Club just no w becoming react ivated 
and reorganized . 

l . 	 Rochester Area Microcomputer 
Society 

2. 	 POB D 
Rocheste r NY 14609 

S. 	 Memory Pages 
6. 	 Glenn Alexander, president 
7. 	 (716) 377·0697 

1. 	 Ithaca Computer Group 
2. 	 POB 91 

Ith aca NY 14850 
5. 	 None 
6 . 	 S Edelm an 
7. 	 (607) 273 -3271 
8. 	 No ne 
9. 	 All 

1. 	 Electro notes 
2. 	 I Pheasant Ln 

Ithaca NY 14850 
3. 	 None 
4. 	 None 
5. 	 Elec1rono1es - Newsfeuer of the 

Musical Engineering Group 
6. 	 Bernie Hutchins 
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7 . 
8. 

9 . 

l0 . 

1. 
2. 

3. 
4. 
5 . 
6. 
7. 
8. 
9. 

10. 

·1. 

2. 

3. 

4 . 

(607) 273 -8030 

News lc11 cr, monthly 22 page issues , 

$20 per year 

Elec1ronic music, i ncluding digi1al 

co ntro l of<1 nJlog synthcsilers, and 

special music sy nthesis 1echniqucs 

Bac k issue ,ind other publicat io ns 

arc available; w ri le for o rder forms, 

dcsc rip 1i ons and sample issue. 


Pinsburgh Area Computer Club 

400 S111i1 hli eld St 

Piu sbu rgh PA 15222 

Northway Mall Communily Room 

Third Sunday, 11 AM 

Ye s 
Fred Ki1man 
(4 12) 391·3800 
· 12 per yeJr 
Robols and lh c MACC 
!11c c1ings consis t of a general t.tl k, 
fo rm al meeting Jnd spc;tker . 

The Central Pennsylvania Computer 

Club 

1979 Crooked Oak Dr 

Lancas ter PA 1760 I 

Eli 1.abc1h 1own Public Library ­
al1 crnatc locJtions occas ional ly 

Th ird Frida y o n even numbered 

months, four1 l1 Wednesday on odd 

numb ered months; 7 PM 10 9 PM 

bo1h night s 


5. 	Ou/a Dump 
6. 	 Joseph Pall a· 
7. 	 (7 I 7) 569·3 137 

8 . 	 $3 studcn l s, ~ 7 ad ult pe r year 

( includ es su bscrip lion to Data D11mp) 
9. 	 We arc a small group (30+ mem­


bers) which provides hel p 10 

newcomers and fosters interac tion 

among system owners. 


1. 	 PET User Group 
2. 	 POB 371 


Montgomeryville PA 18936 

5. 	 PET User Notes 
6. 	 Gene Beals 
7. 	 (215) 257·8195 
8. 	 SS 
9. 	 Commodore PET Info rmatio n and 

program exchange. 

1 . 	 Philadelphia Area Computer Society 
2. 	 POB 1954 


Philadelphia PA 19 105 

3. 	 Science Bu il d ing, LaS all e Co llege 

20th O lney Av 
Philadelph ia PA 

The listings fo l low this 
form : 

1. 	 Name of organi zat ion 
2. 	 Mai ling address 
3. 	 Meeting location 
4. 1ecting algorithm 
5. 	 Newsletter or publication 
6. 	 Con tac t person 
7. 	 Contact phone number 
8. 	 Dues or subscrip tion fees 
9. 	 Special interes ts 

10. Other corn men LS 

I A Great 	 I
--------------·-····
I 
 Microcomputer 	 I 

At A Fabulous 	 I


1
I Price I 

I From Computer I 

I Enterprises: ;


I The VDP-40 	 1 

I Video Data Processor I 

I I 

I I 

I Credit Card I 

I Price: I 

I $4207.00 I 

I I 

I I 

I I 

I I 

I I 

I I 


l),•,1g1ll'll for till' oritu.' or 1or 1he honil'. 1hc IMSAI Vidl'o Do1.1 l'ruces>or. the• I 

VIJP-40, pl .tte' .i mit ruu1111putl•r wt'il wi th in the budgc:I of 1he JvcrageI 	 I 

... m.111 bu..,111t·~sn 1 .;rl or ... y..tcm-. devl' loper. The VDP·4U m.1y be used to com·I 	 I
putt.•r11c• the Li ccounlmg .ind invcnlory tunc1 ion s o( a ·mall bu · iness. The 
VDl'-41) « 111 communic,Jll' lo ;idd11ion.1l VDP-40> or other 8080/U S-b"'edI c..0111 pu1 ' ' ' · Mld . in .1u .h .1 h.·rmm.1\ ir1 ,\ d.-i 1,1 conununi ;i t iun~ network . I


I 1lw VD P·40 i.., ,1 iu ll y 1flll'gr,ned ..,,,.,rem, fea w nng an 8085 nll Croproce~so r . 

12K 1{1\ /\ \ "'""""~" 1wu S"'"""h rloppy d"k', 9-indi CRT. hl«Wy·dury I
I Jl""''" ' "PPly, 1iro1<;,,1on.d key lm.Hd, 1erm in,11cdl regula1ed mOlhcrboard. I
I 
.111d 'l'r i.ll .1 nd p.1 r.illl·I 110 port.. in . 1 h.1ncl~ome c 1hincL 

·11 u.: 1/\\),\1 VIJl'-40 come' tu lly "''" "1nhlecl ,1nd ll'>ll'<I. liwll-in >l'ri.i l dnd I
I 	p,1 r,1llt: I 1'0 pol'h provi dl' lht• nw.1rh h; unn _. l, viti ~ipprop ri ,1 ! <.• cl1bli ng, 
pl·r iph(11,1I dl'vi ('"' induclrng line printers. modems .:rnd .1u ili.1 f'y 1erminJ lo;. I


I Bu1ll - in e~1Mn~ion t. p.1hili1y ,1 llow-. 1lw l.l"i('r to 11Krl',l'- ·the RAM, 110 po rt-. 
.ind numlll'r oi di' k dri ve<. I
I 	 I
SYS I LMS FE1\ TURES.I • Full1• ln1c•i-:r.11c:d Computini.: System in,, 'ingle C.1bine1• I l igh Speed 6085 i'roce>SOr 	 I 

• 60 ' 2-1 Video DisplayI 
 . sv• .inch Twin Floppy Disk Dri ve I 

• lnlegra ted CRT DisplayI 
• Microprocessor-Driven Keyboard With N-Key Rol lover I 

• Termina ted/Regu lated Molherboard 


I • Heavy- Duly Power Supply I
I 

• Printer/Modem Pon Included I 


I • 32 K RAM Memory Included 
• 2K ROM Moni lor lncludcci I
I • Disk Expansion C.1p,1bilily in Excess of 4.5 Megabytes oi On-Line S1oragc 
y-iem ExpansionI Ex1r.1 sltm In our S-1 00 bus mothcrnoard and our new I 


pmVPr ' upply ,1llow almn. I unlimi1ccl expansion. 
Nt•t•d more disk exp.1nsionl A con trol ler opl lon oi the VDP-40 allow expan· 

I 	 I 

I 	 I
•ion IO we.lll'r th .in 4.5 M lly1e .
I 	 I
1\dcl .1 line prinlcr, .111 IBM compal ibll' tape drive. a modem: all arc available.I 
wilh 1hc in1crfacc> and oflwMe 10 m,1ke ii work ior you. 

•• NO-RISK GUARANTEE 	 : 
C.mrrll,111on Woth 'n Ohlt ~a1 10 11 If WE Don't Del1vl'r In qo I 


I Dars 	 I
I hol s.11 1sf.ir11011 Or You M,1y Relurn l'roclull 
Plus All M,rnufauurcrs' F;ictory Guarantres 

I Shipping <harge>: SIO per CPU on larger unm: SI.lo per 1c11 . Sl .00 min. •• 
J')( r order .I Deh \(·r ~ is stock 10 JO da)'S on most items . Shipm en t Is immtd1a1c ror 
pa)mcn1 b> i:uhtcr's check. mane)' order or charge card Al1o""' ) weeks I 

fo1 persona l check s 10 d ear N.Y. State resident s add approp . sales ta:.: .I A' atlabtlit , pm<• and 'I'<" may change wi tho ut no1tcc. I 


1

I 	 I 


Operating Hours: I

I 	 TM M-W 10-5E.S.'l'. I
I 
 'l'h-F 10·9 E.S.'l' . 

I Closed Sat & Sun. •• 

P.O. Box 71

I 
 Fayetteville, N .Y. 13066 I 

I Phone (315) 637-6208 Today! I 

.. 
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4. 	 Third Saturday of the month, 2 PM 
5. 	 The Datu Bus 
6. 	 Di ck Moberg or Jon Bondy 
7. 	 (215) 923·3299, 642· 1057, 


re pcctivel y 

8. 	 $10 ($5 stu<lcnt) 
9. 	 Subgro ups o n mos t major processors/ 

computers; starsh ip su bgroup (lor 
space travel simu lat ion with micro· 
computers). compute r network and 
Pascal 

10. 	 PACS cu rrent ly has over 250 1111;111· 

bers ,ind is grow ing fast. Emphasis 
is pl,1ccd on edu ca tion <1 nd monthl y 
courses arc offered on A/D design, 
Pascal , 6502 l3ASJCs, operating sys· 
tems, and many other topics. For 
meeting information and o ther local 

rnmputcr news, dial the PA CS ho t · 
line: (2 15) 925·5264. 

1. 	 Delaware Users of Microprocessor 
Syste m s (DUMPS) 

2. 	 2'105 M,1xwcllton Rd 
Stan ton DE 19804 

5. 	 None 
6. 	 Joelie S Hobson 
7. 	 (302) 998 -5594 
8. 	 one 

GOING TO PC EXPO '78? 

Then Visit Our "Show Within The Show"! 

Small Business Systems 

USER READY! 

PolyMorphic Systems 

S - 100 BUS. FLOPPY DISCS 
BUSINESS & PROFESSIONAL 
SOF TWARE AVA ILABLE N OW' 

FULL DOCUMENTATION SUPPLIED WITH EACH. 

ATTENTION CIRCUIT DEVELOPERS! 
•AP BREADBOARDING , POWERACE . GREAT JUMPERSSEE • B&K PRECISION TEST EQUIPMENT • PANAVISE 

us • NLS MINI SCOPES • ISOTIP CORDLESS SOLDER IN G 
FO R: • EDP POWER SUPPLIES • OK WIRE WRAP 

• CSC LOGIC PROBES 

"HANDS-ON " DEMOS! MOST ITEMS STOCKED AT SHOW. 

If you can·1 make rt to the show. 
r'\, visit our headquarters rn New York . @ATLAS 

ELECTRONICS 
1570 THIRD AV E NU E We 	are always availab le to help you
NEW YORK. NY 10028 with the right equipment or 
212-427 - 4040 accessory i tems. 

OUR 25th YEAR 
*NE W YORK COLISEUM, SEPT. 15, 16, 17, 1978. BOOTHS 4101-4104. 

" 

r 

TECHNICO, INC. 
16-B IT -WORD . FULL SIZE 
DISCS . USER · FORMAT AHLE 
SCREENS GE N ERATOR . 
REPORl WR ITER AVAI LABL E 

... N O W ' 

-

DI RECTORY, continued 

9. 	 Curren t I \' har<lw.irc u1 icn t c<l 
10. 	 Meeti ngs con i>t ol gcncrJI busines>, 

tech nica l talk u1 clcmonstrat iun, 
and r;ip sess ion. 

Zips 20000 · 30000 

1 . 	 Washington A 111,H cur Com put er 

So cie ty 


2 . 	 420 I Mass;1c huscll s /\v, # 168 

Washington DC 200 16 


4. 	 L;1s1 Friday uf each mon th, 7 :30 l'M 
5 . 	 / WACS ($5 per year) 
6. 	 Bub Junes, ed it or 

10. 	 For more information , send a SASE 
Lo the Jbuvc ,1d clrcss . 

1. 	 Microcomputer Inves tors As ociati or1 
2. 	 2415 Ansdc l C1 


Resto11 VA 2209 I 

3. 	 i\s cal led 
5. 	 Tile Microco111p 11 ter l11ve~1u 1 

6. 	 JJCk WilliJl11S 
7. 	 (703) 620·2591 
8. 	 Nonprofit, prok~siunJ I " "od,1tio11, 

$3 0/mem be!' 
9. 	 The fundamental purpose of the 


associJtion is tu fJci l itatc the c>.· 


------ - . 

change of da ta and in orma tion re lat· 
ing to invcs tmcn band m i ~roco111 -

putcrs wi th the express puqJu>c of 
such interch ange bei ng d i rcc t~cJ 

tuwJrd maximizing profi ts in stocks, 
bonds , warra nts, stuck op tion> and 
commodit ies, includ ing cu111mudi ty 
op tions and futures straddles. 

I . 	 Lhcsaµ.,ake Mi~ruwmputer Club In ' 
2. 	 POB 87 
3. 	 White Oak Lib r.ry 


11 70 I New Hampshi re Av 

Si lver Spring MD 


4. 	 Fou rth Monday at 7:30 PM 

7:30PM 


5. 	 Tile A nalyticu/ Enyine 
6. 	 Rich Kulmack 
7. 	 (703) 82 1-287 3 (humc) 
8. 	 $ 12 per ycdl" 
9. 	 ProLcsso r ·uriemecl spcci.i l in terest 

grou p , investors group, store ,rncJ 
forwJrd sys te m with Bdl I 03 .1ccc s 
tor 111cssdgc Jnd sultwdfc inter· 
diangc, PC network ing. 

10. 	 Gcogrdph ically-orien tcd d1,1ptcr> 
Jnd affi li <l tcs in the greater 
WJsh ington DC/Ba ltimore Jrea. 

I. 	Amateur Radio Kesearch and 
J)e vclopment Corp (AM RAD ) 

2. 	 15 24 Spr ingva le Av 
McLean VA 22101 

3. 	 PJt rick Henry Branch Libt ,11 y 

I U I Maple St E, Vienn<l VA 22 180 
4. 	 Fi rs t Munday of eJc h month at 8 P •I 
5. 	 AMRAIJ Nt'wSl!!/1 1!1 
6. 	 Paul L Rindldo 

7. 	 (703 ) 356·8918 
1!. 	 Regula r $10 , secon d in household $5, 

studen t $2. Life : regulM $100, 
secon d in household $50. 

9. 	 Compu te rs , tlmateur radio and 
rad ioteleprinter opera t ion. 

1. 	 Crysta l Ci t y Computer Cl ub 
2. 	 3008 Mosby St 


A lexandria VA 22305 

3. 	 Commissioner's Conference Room, 


Bldg J, I I th Floo1, Cryst,tl PIJ t.a 

A rlington VA 


-l. 	 Fi rst nunho li day MondJy, 11 :JU to 

12:30 
5. 	10 
6. 	 Russel l E AdJms 
7. 	 (703) 548·8261 
8 . 	 $4 per year Jnd $5 wi Ll1 ncwslcuer 
9. 	 Assist ncwcomci; Jnd inten: l1.1ngc of 

programs Jnd ideas 
I 0. Have small library, occasional classes , 

48 members; .tffilia ted with 
ChcsJpeJkc· Computer Club. 

I . 	Charloncsvi l lc Computer Hobb yists 
Club 

2. 	 1928 Arlington Bl vd, #209 

ChJrlo llcsv illc VA 22':103 


3. 	 M•th ·Arn·onomy Build ing 

University of Virginia 


4. 	 ScLund Mond•y of Cddl month 
S. 	 No name, n1on thl y ii possible 
6. 	 Ri d 1<1rd A St•nlcy 
7. 	 (804) 296-5583 or 293-79 76 
8 . 	 $2 per ycJI' (supports ncwslc1tcr) 
9 . 	 Software , systems and h,rd wdrc_ 
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lsluh1r1d 

tn POPUUR 
lUCIAOl lCS 

Write and run machine language programs at home, display video 
graphics on your TV set and design microprocessor circuits-the 
very first night- even if you 've never used a computer before!

I . 	 IBM 5 11 0/5100 Users Group 
2 . 	 554 I f'MI i~mcnl Dr 

Suite 104 

VirginiJ Bedc h VA 2 3 462 


5. 	 Not y et , but probabl y every o ther 
111onl11 

6. 	 Richard E EJslOn 
7. 	 (80<1) 490·01 54 
9. 	 Speci fi call y o ri cnlcd tow ard IBM 

51 I 0 o r IBM 5 I 00 installed users 
10 . 	 Especiall y intcrc;1cd in 5 I I 0·5100 

Jpplkations in the health cJrc 
licld . 

1. 	 Tidewater Computer Club 
2 . 	 677 Lo rd Dunmore Dr 


Virgin ia Be.ic l1 VA 2 34 62 

3 . 	 Electro nic Computer ProgrJmrn ing 

lnst itul c, ] anal Office Bldg, l .i naf 
Shopping Cente r, Militdry Hwy and 
Vi rg inia Beach Bl vd in orfo lk V /\ 

4 . 	 7 :3 0 P 1 firs t and third Tue d Jys 

eac h rnonl h 


5. 	 None as of yc l 
6. 	 C Dawson Yeo111Jns, publi ci t y 


chairm an 

8 . 	 S6 for si x months 
9. 	 Discussions cover ha rdware and 


software, system demonstrat ions. 

10. 	 New members are alw.iys welc ome. 

I. 	Dyna-Micro U crs Group 
2. 	 PO B 105 3 

Lexington V/\ 24 4 5 0 
5. 	 Oigit ul Directions 
6 . Dr Fr ank A Sclllc Jr 
7, (703) 463-6 2 ,14 
8 . 	 $15 initial fee 
9. 	 1tems of intcrc t 10 u ers of M ini· 

M icro Jnd DynJ·Mi cro designe rs 
marketed by E& L Instruments Inc. 

1. 	 West Virgi nia Computer Society 
2 . 	 167 Iroquois Trail 


Ona WV 2 55 4 5 

3. 	 Dunba r Cit y Park, Dunb.11· WV 
5 . 	 "Osei/lat Ions" of the llle51 Vir<tinia 


Co111p111 er Socic ly 

6. 	 Bill Eng land, president 
7. 	 (304) 736-979 4 
8. 	 $ 12 per ye ar, also family and student 

dues; ncwsle11cr subscr iption $6 per 
year 

9. 	 Any and all phases of compu ters 

and associa ted equipment ; digital 

electroni cs 


I 0 . 	 Everyone is welcome to attend 
meetin gs. Member M 1\ CC. 

The listings fol low thi s 
form : 

1. 	 Name of organiza tion 
2. 	 Mai li ng address 
3. 	 Meeting loca tion 
4. 	 Meeting algori thm 
5. 	 Newsletter or publication 
6. 	 Contact pe rson 
7. 	 Con tact phone nu mber 
8. 	 Dues or subscr ipt ion fees 
9. 	 Special interests 

10. 	 Other comments 

--~ ELF II 1eaturinuRCA COSMAC 
microproce~~'. COMPUTER sgggs 

Stl•P rcaJ ing ;1htrn umpu cc r ... :rnll get YlUlf trnmb on one! With 
E LF 11 :ind l.lUr new Shorl Cour.\1' by T1Jm P111man . you ~~n 
ma, !e r l'umpuh:r.., in no fimc .11 all! ELF 11dcmun!tllntlc~ :i ll 91 
commamh ;in RCA 1802 can \.:XCeuh: un ll chc Shorr Cour~1 · 
qun;kly t 4.." ;.u: hc~ you huw h1 u'c each of the IH02's capabi li llc:-. 

ELF 11 \ \1 iJL'L~ ou1pu1 lt:b you di,play an ,1fp hanumcric.: 
rc ;u..101 11 ur ~r;iphh:~ tln any TV 'accn t>r video monitur plu.\ 
i:njuy lht: l;11e,1 v1 Ut:t1 game,, including :Hl i:xdting Ol!'W 

t o ui:.c llmi ~ ~at: ~un game 1h:1 t wa:-. ~rccificully developed fur 
ELF II , 

But tha1 ·!'> ntu ull. O ni.: c ym1°\''-' ma.\h..'n.::d computer funda · 
mcniuh . ELF 11c:m ~1vc you POWEK w uh add-un:-. that arc 
a mong !ht: nHhl ~1J\1 :tnccd found anywhere . u wonder IEEE 
ch~1ph:r' plu' hundrcc.h of univcr~iuc~ amJ m01j1..ir eurpu r;1t1vn' 
h:t\'C chu ,cn lh~ ELF l l tu in tnu.luc.:c lheir 'tudcnts anti rcr­
~onncl l o mi1.•ropn,c.::c""H ..:om puling ! 

Learn The Skill That May Soon Be Far 
More Important Than Your College Degree I 

Thc ;ibihl)' tu u'c " 11,; umputcrni;iy svuo ht.: mure irnpurtanl to 
) '1.1ur earning. puwa 1hom a i..:olll'g.c t.kgrcc . With r.>u l :.t knllWI· 
edge uf, ompu tcr, , yuu arc alw;1y' al 1hc mcn.:y of others " 'hen 
ii i.:oml'' h .l ,olvin1;: h1ghl)' cumplcx h1.-.rne". engineering. in­
Uu,1riul and ' cicn1ific prubl'-'m!'t . Pi.:uplc whu understand t::om· 
poler°' Cirn i.'.ommantl MONEY jrnd lo gd rn on I he ai.: tiun, you 
mu,1 learn compuh!r, . Otherwbc )•ou ' IJ ht: ldt behind . 

ELF II ls The F·A·S·T Way To Learn 

Computer Fundamentals! 


k cg:. rdk·, s of hu"' minirnal yuur com puter h:1ckgmu nd i!\ nuw, 
you c:1n learn tu pru~rnm :1 i..:um r u ter in ;ilmo:-1 nu t imi: ·at all . 
Thal ':. bi.:cau:-.c Nctronii.:~ h:1s dcvdupcd a ... pcc:ial Short 
Cm1nt• ms M h ·ru11rr11 ·1•.\.\0r Ami Compul l'r l 1roJ.!'t1mmi11;: in 
non· tcch n ii,.,':al l;rnguul!C 1h;1t ls::ids yuu Ihrough cvl'.ry one ofthe 
RC COS MAC 1~02\ Cllp:thilitic> 'o yuu'l l understand 
1• 1 ' t • r\· 1Jr in ~ E L F I I 1,.,':;tn du .. mul li1rn ' lo >:•'f t."LI-' II to do it.1 

Ail 91~ommHn ds 1h:1 t an u.;02 c:rn cxcculc are explained to 
ylu1.... tc p· hy·step. Th~ 1ext. wri t1 cn for Netro nics by To m 
Pi11man. i~ a lrcmcm.lou s ad,.. :1ncc over every 0 1hcr prug.ram· 
ming huuk in r ri111. 

Keyed 'pccific~11l y Ill lhe EL I· 11 . ii · i;; lu:1d ed with "' hands 
un .. illu:i.lrations. When you 're fini~hcd , ELF II :mt.I tht.: 1802 
will no lun~cr hul<l any my.;.IL!ric' to you . 

In fac l , not o nly will you he nb le tu u~e ;11>cr:.on;.1I cornpuh!r 
crc~1 t ivcly, you'll :.i lM' be :thlc Ill read magai.inc.\ such a~ 
BYT C. . .. INTERFACE AGE ... POl'ULAR E LEC­
TRON ICS :mu PERSON ,\!. CO Ml' UT INc; :ind wufrr· 
.\lum/ the ar1idc:-. . 

If you work wi1h ltifgl' Cl1111p111cr,. ELF II anc.J ~) Ur ,\hurt 
C11ur,,,. will help you 10 oncJl!'rs tand wha t rm1ki.:s them lick. 

A Dynamite Package For Juat $99.951 
Wirh ELF 11, yuu h:urn hi u..,c mai.:hinc l;rngo:1~c-1hc fumJ a ~ 
mcn1 ~tl l ; 1n ~ 1111yi: ol'a ll 4..'.umpulcr~ . Highl.':r h:vc l l 1 1ngu;1gc~ ~uc.:h 

r-
I NOW AVA/lABlE FOR Elf II­

I 
I D li>m l' itr nmn\ Short Course On Mi · 

croprouHor & Cu mp1der Pru{<ramm· 
ing tcm.·hc' you just ahuut eve r)'lhi ng 

I 
Ihere 1, to knuw Hhm.11 ELF 11 or any 
RCA IHOJcomp111cr. Writtcninnon· 

I 
teehn ic·al l:rnguage . it" " learning 
hrc:ik thmu~h for.·n~i ncers an tJ layme n 
alike . SS.00 r•» tpai11! 

Deluxe mi.:wl c-Lahinct wi1h pkxi~lu~I 0 

I 
du...1 eovi::r for ELF II. $29.IJS 11 11.1' 
$) .50 p&h . 
0 Elf" 11 connccl.., h, 1hc vu.lco inpu tI ur your TV >C t. ir you rrcfer to U>C 
yuur llllh:nn;i r erminn l ~ . urt.ler RF 

J Modulutur. SH.9S pos1paitJ . 
O GIANT UOAKO"" kil wi th l..'.~t"e tl cI 110. RS 2.)2-Crr rY 110. H-hi t. I' 110 , 
decoder' lur 1·1 ,cparntc 1/0 '"'true·I 1iu n ... L1mJ u .... ys ll'nl miJniturlcditor. 
$39.95 pith $2 p&h . 

I 0 Klu..:e l Pr~uluyrict Uoard ;_n;ccpl' up 

I 

to 36 IC -. $17.00 plu, SI p&h .I 0 4k S t ulli:· RAM k11. AJdn:,~:ihlc..• to 
an y -lk p;igl.' to 6-U• . $H9 .9S rdu ' $~ p&h . 

I 
0 U~h.I pl:iti...·J R6-11ln t·onnl"t: lurs lone 
rc4u1red for e"ch rlug·in bo,rtJJ . SS.70 
po~lpaid . 
o Pmfc,,i t.rnal ASCII l\ cyh-ou rd kit 

1 w ith l~.K ASC II urr-..:rllowcr ca.,l.' :-.c t . 
90 rrintat>lc ~ h: 1 rnch.:r:-., unboo.trd reJ,:U · 

1 I. th.If". p;trity . lul;h: ,e lec tion and cho 11.:..: 

I 
uf -I h:.rndsh:Lking , jgnuh hJ m:11c wilh 
11lntv::>I ;rny 1.:ompukr. $64.95 plu~ )::? 

L..!:.'~ 
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-SEND TODAY! -- ­
0 Dclu.c metal c•blnel for ASC II 
Kcyhoard, $19.95 plu> S2 .50 p&h . 
0 EL I· 11 llny BASIC un cassc11e 
1a0e . Commornt.l s include Si\VE. 
L ) 1\ 0 . :!: • .:: • + , ( ), 26 var i ab le~ A·Z . 
LET. IF/TH EN . INPUT. l'RINT. 
UOTO. GO SUB. RETURN . EN D . 
REM. CLEA R. LIST. RUN . PLOT. 
PEE K. PO KE. Come> fully docu · 
m cnlcd und in~ludc~ ulp!1anumcric 
ge ne ra tor required to d 1sp luy al· 
ph:onumeric ch:•r:1c ters dir.cc tly on you1 
rv ~crccn w1thou.1 add1t1unnl hard· 
ware , /\l'tl play> ttek-taek·toc ~lu > " 
d rawing g:1me .1hat .uses ELF II s hex 
hc~bo:ird o.t!'oo :tJOY!ootlC~ . 4k memory re­
41urctl . $14 .95 po:o.lp111d . 
D Turn l'utman"> Short Cou'."" on lln)
llAS IC for ELF II . $5 pu>tp.ud . 
D t:xpansi.on Power Supply (requ ired 
whoo add ing • k RAM J. $34.95 piu> S2 
p&h . 
CJ ELf· B G '" Dt:luxc Syst<m Moni1ur 
on Clll<>M." lh.: lilfh! . ~lluw~ displaying th\! 
con lent..... o~ ~•II rcg1s1cr:-. on yuut TV _:i t 
any p~1n1 in. Yl.>~r ~ro&ram .. Al~o ~ l !r 
" 1"Y' _J br 1" " 1 n•cmury with full .id · 
~n::"'c .... . hl1nk~ng c u rl'ot'r ; ~n d au1U ~... 1011 ­

1ni;. A ntll!tll tur lhl.' !tlenuu~ pmg1J1n ­
111..:r ! Sl-'-95 po~1p.11d . 
t.:~m1ing Soon: ;\ · D. U- 1\ Conv..:n~r. 
L.1~h1 Pen , Cont ro.llcr Bu:1rd. Lolor 
(1 r :1ph1c.:~ & Mu .\1i: Sy:-.tcm . . . trnd 
mort•! 
~/~~~:l:.e!,!'f:!•!._ __ DEALER INQUIRIES INVITED :J 

:1' l'ORfR/\N und BAS IC 1nu>t be translated in to m chine 
language before a cumpu1cr can under l<ind lhem . \\'i 1h ELF 
11 you bui ld oi sol id foundation in compu1ers so you'll reall y 
know what you 'r..: doins. no m atter how complh.:a ted lhings 
gt!l. 

Videu uu tput abv m~kc., ELF II uniqui: among compu!ers 
,clli ns for su..: h tt low pr i..:e . t\ ua..:h.:d 10 your TV !ICI, ELF II 
become~ a fabu lou!'> h~•mc cntc rt ~1nm(11t ccnler. It 's ca pa bk: of 
provid ing cndlC!>) huur) of fun for bvth aduhs and c hildren of 
all age' ! EL .. 11 l.'.an i.'.rcHll.' graphk:-. . a lphanumcrir.: di splays 
and fanta)> tll.'. v1dc" game!'> . 

Nu :1dd i11onal hardwJJc •~ rcQuircd 1u connec t ELF II 10 
your TV \ v1dcv inpul . If you prefer to connect ELF 11 10 your 
:rnh.:nna lcrmiuals in ~lc:.td . simply use u lov. co.st RF modulator 
(tu order r.> nc . see coupon be low). 

ELF Ir~ 5-card ex pansion bu~ (ConneC IO r:!I. not included) 
;1lluw!!. you h>exp:md ELF II as your needs for power grows . If 
you're an engineer or hubbicst . you can abo use ELF JI as a 
counter. al:.1rm, lock . thermo,lat. timer or 1clcphone dialer. or 
for coun1less 01hcr applica1iun!'>. 

ELF 11 Explodes Into A Giant! 
Thank' tu ungoing work by RCA and Netronic,, ELF 11 
add -on' ure amon.: the most advani.:cd anywhere . Plug in lhc 
GIANT BOARD" and you can record and play back program<. 
cdi l and debug prugrnm), communicalc w ilh remote devices 
:.md make th ings hi.:i ppcn in the: OU l!ooidc: world . Add Kluge Board 
lo ~Cl ELt- II lo )Olvc )pccial problems such :JS oet!ra1ing n 
more com plex alarm 'Y!-t lt"m or ~onlrolling a prinllng pn.-ss . 
Add 4k RAM bo:1rd and you can wntc longer programs. slore 
murc informal ion a nd solve more ~ophis t icated problem~ . 

E .1tpande d . ELF 11 i~ perfec t for c: ngj nec ring . bu!ioiness . 
industri;1I. )Cicn1ific and personal fina nce applic~llion~ . o 
u lhc r !!. mall compu1cr anywhere near ELF II \ low price is 
backed by su~h an cxlensi\c research ~ind de,..elupmcn t pro· 
i;r;1m . 

Tht.' ELl'·BUG1 
-f: Mon.itur i~ a n extremely recen t break· 

th1ough that leh you debug program' "'i th lightening speed 
bc-ci.:lu!tle the key 10 dc:bu~ing i:-. 10 knuw whal'!'> i n ~ ide the 
rc~.b lc r~ vf the m1 -.:ru rruccs~o r and, instead o f s ing le stepping 
through yvur progr ~1m . lhi: ELF-BU i.oi Monitor. utilizing. 
bn:ak poinl :>. le is you display the: en1ire con 1cn t ~ of lht: regi~­
ter:. un your TV !!>1.:reen 31 a n y poinl in your program .You find 
uut irnmedi;,11cly "'h';' l \ ~oing un an~ c:.ii: ma ke a ny nec~sary 
1.: h an&cs . Programming 1:. fur1her Mmplified by d1.splaymg 24 
bytes of RAM with full address. blinking curso r and aulo 
sc.:ro ll ing A musl for serious programmers ! 

Nctronics will soon be int roducing the ELF 11 Color 
C.-aphics & Music System- more breakthroughs 1hat EL F 11 
owners wi ll be 1hc fin.t 10 c: njoy! 

Now BASIC Makes Programming ELF II Even Easler! 
Like all computf!r~. ELF 11 under tands o nl y ""machine 
l.1nguagi:·· - the langu:ige i:omputers use to 1alk to each 0 1her. 
Bui. 10 m;1ke life easier for you, we've deve loped an ELF U 
·nny BASIC. lt talks to ELF 11 in machino lansuage for you so 
lha t you c:an program ELF 11 with simpli: words thal cn.n be 
1yped uu t on a keyboard such a' PRINT. RU N and LO/\D. 

"Aak ~~~ ";t:rt~~~rtf~::'fourt~~i~~ Do... 

~.~".~h·~dl~~:.di ti·~ 1bi:.0tt~I 1di~~~~; ~~~f~(}:C{~0~:e ~~~ 
lhan .. big nam~" t:ompolers that co.st a Jo i more money. 

With ELF 11. you le;1m to write and run yuurown progrnm s . 
You' re never reduced tu being a mere keypunch uperator. 
wurking blindly wi th soml.!one else·~ predcvclopcd sorrware. 

No m0:tth:r wha t yuur ~pcci;11ly is , owning a compu lc r which 
you really know how to U~I.! is sur~ 10 make you ;i lender. ELF 
11 is the fa lc~I "'aY there is IU ge t into computers. Order from 
1hc coupon below! 

-	 --------,
<ironies R&D Led.. Dept . 0000 

333 Litchfield Road. Phone 
New Milford . CT 06776 (203) 354.9375 

Yul I want to run programs al home and 
haveenclosed: D S99 .95 plusS3postage 
& ha ndli ng lor RCA COSMAC ELF II iii . 
D $4 .95 lor power supply (required), 
D $5 lor RCA 1802 User 's Manual . D SS 
for Short Course on Microprocessor & 

CompulerProgramming. 

0 I Wini mine wired ind lesled wllh 
power supply, RCA 1802 User 's M1nu1I 
1ndShortCou11elncludedlorjull$149.95 
plu1S3p&hl 
0 I am also enclosing payment (induding 
ap~~ae~eell~ hanciring) lor the ltems checked 

Total Enclosed (Conn . res . add tax ) 

S D Check :iere if 

you are enclosing Money Order or Cashier's 

Check to cxpedile shipment. 

USE YOUR D VISA D Mastel Charge 

(Interbank II - ) 

Account # _ 

Signatu re Exp Dale 

PHONE ORDERS ACCEPTED t2GJJ 35'-9375 I 

Pnnt I 

Name _ ---- ­
Address _ 
 I 
City - ---- I 
State Zip 

http:1ndShortCou11elncludedlorjull$149.95
http:h�~dl~~:.di
http:in~lc:.td
http:t:xpansi.on
http:pu>tp.ud
http:Commornt.ls
http:11>cr:.on;.1I
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DI RECTORY , continued (Jl"fls a'1~ NBwslBttB~s 1. 	 In dian River Comptilcr Society 
2. 	 F IT Elec t Eng Dept 

Coun try Club Rd 
Melbourne FL 329011. 	 Tr iangle Amateur Computer Club fesl./co rnpu ler fest whic h is held 

3. Florida lnst ilUtc of Tcc l111 0Jogy 

Raleigh NC 27609 
2. 	 POB I 7523 Jnn ually firs t weekend in J unc. 

Room 112 
4. 	 Firs t and third Tl1urstl ays of each3. 	 Dreyfus Auditori um 1. Oka loosa Co mput er Ho bby ist Club 

month at 7 PMResearch Tria ngle Park 	 2. 32 Denton Blvd, NW -1*72 
5. 	 Tl lE µ BUS (monthly)4. 	 Last Sunday of each month ;11 2 PM Fon Walton Beach FL 32548 
6. 	 Frank Canova, president5. 	 Newsle tte r 4. Every secon d and fourth I uesday 
7. 	 Messages al: (305) 723-370 1 ext 3306. 	 Russell 0 Lyday Jr 6. Loretta R Guskt:, secre L.iry 
8. 	 $3 in ilial ion rec, $2 per quarter7. 	 (919) 787-4137, 541·6957 7. (904) 2'12·5938 
9. 	 Wide in te res t r,111gc from how to gel 8. 	 Subscrip tio n fee $6 per year 


tarted to large system applk<llions.
9. 	 Introductory as well as advanced 1. Centra l Florida Computer Club Many members ar-c involved in home·topics discussed a l eac h meeting. 2. 	 2821 Sun set Rd brew 8080, 6502, 6800, Z·SO and F8 
i\ popk.1 r L 32703 systems, alth ough other sys lcms MC

3. 13,i>ement ul OrlamJo Ut ilities Bldg, used by members as well.Zips 30000 · 40000 	 500 S Orange i\v, Or l.1nuo F L 
4 . Thiru SundJy of each mon th, 2 PM 

1. 	 Birm ingham Microprocessor Group 1. 	 Atlanta Arca Microcomputer 5. Notes on I.1st ll1C<'ling and points uf 
2. 	 774 Twi n Branch Dr Hobby ist Club 	 i111 crcs 1 ror rie x1 mee tin g 

Birmi ngl1.1111 i\L 352262. 	 POB 7602 6. Joh n W Nee l 
3. 	 "The Computer Ce n ter" (temporary )Atlanta GA 30357 	 7. (305) 862· I 329 
4. 	 Fourth Sunday e,1ch month .11 2 PM3. 	 Deca tu r Federal Savings 8 . I 0 per ye.1r 
5. CW>IC lLerDunwoody Village 	 9. He lping newwnwrs I ll Lile world of 
6. 	 foe Call.1w,1y4. 	 Last Wednesday of each mont h computers; progr<1m111ing classes; 
7. 	 (205) 933·78065. 	 AAMl-IC Newsletter keeping up to d.llc on the l.1tcs1 
8. 	 $6 per ycM6. 	 Jim Stratigos innovations in the computer· world. 
9. 	 one7. 	 (404) 894 -3505 (clays), 10. In progress: complete list uf mem· 


45 7-80 30 (nigh ts) bers show ing type of equ ip ment by 

8. 	 $I 0 per yea r CPUs; type of occup;1 tion; telephone 

Zips 40000 - 50000 9. 	 Personal comput ing; 6800 an d 8080 num bers (work Jnd l1 omc); use of 
10. 	 Cl ub participa tes in the Atl;111tJ h.1111 cumputcrs. 

I . 	 Ama teur Computer Soc iety of 
Co lumbus OH (ACSCO) 

2. 	 Computer D.11J Svs1c111s 
1372 Grandv iew Av 
Columbu; O H ·132 12 

3. 	 Cen ter of cience anti lncluslry 
4. 	 First Wednesclw every month. 

7:30PM 
5. 	 1/ 0 
6. 	 Fred Hatfie ld K8VDU, pres iden t 
7. 	 (614) 48 6·0677 
8. 	 $10peryear 
9. 	 Personal computer network ing, 

implementation of SA M 76 Ian· 
guage versions and amateur 
radio app lica tion s. 

1. 	 The Cleveland Dig ita l Group 
2. 	 8650 Harva rd Av 

Clevelan d OH 44105 
3. 	 Same 
4. 	 Thi rd Su nday of the month, 2 PM 
5. 	 The Shift Register 
6. 	 D<1vld A Rolnlck i, chalrn1;1n: 

programs comm Ittee 
7. 	 (216 ) 524 ·2434 
8. 	 SlOpery ca r 

10. 	 Informal meeti ngs held every 
Tuesday nigh t 7:30 on. Speakers 
come on a regul ar monthly basis 
(Sunday meetings). 

1. 	 Goodyear Computer Club 
2. 	 c/o J F Derry, D· l 09E PIT 

Goodyear T & R Co 
i\kron OH 44316 

3. 	 Goodyc.1r H.111, 8 PM l our1h Tuesday 
c,ich 111011 lh 

4. 	 Ii\ mee ts 7 PM before club 111ec1i11~: 
club 111cc1 s JI 8 PM, busine>s, 
spc.1ker, lfcrnus : I JG meets .1t 9 PM 

5. 	 T/11: Luca 1=:11111011 

130 September 1978 ':: UYT( Public,nio11' In 	 Circle 132 0 1~ inquiry card. 

http:Goodyc.1r


~ "1ire "'rapping center~ 


6. 	 R Messner, Goodyear Aerospace 
Corp , D-4 7063, Akron OH 44 315 

7. 	 (216) 794-7265 
8. 	 $10 pe r year 
9 . 	 In vestme n t analysis gro u p ( IAG ), 

hardware group ( HG), software 
group - under d iscussion (SG), 
se ttin g up cl ub li brary referen ce 
ser vi ce for m agaz ine exchange. 

10. 	 Have clu b Xerox CF -1 6 (Goodyear 
su rplus) and Burro ughs acco unti ng 
m ach ine. Looki ng for space 10 se t 
up . Goodyear employees ca n tele­
pho ne in to GAC Sigma 9 , 5 PM to 
midnight seven days a week using 
HG m odem o r eq u iva len t. Mem­
bersh ip not limi ted to Goodyear 
employees. 

The listings follow th is 
fo rm : 

1. 	 Name of organ iza tion 
2. 	 Mailing address 
3. 	 Meeting location 
4. 	 Meeting algorithm 
5. 	 Newsletter or publication 
6. 	 Contact person 
7. 	 Contact phone number 
8. 	 Dues or subscription fees 
9. 	 Special interests 

10. 	 Other comments 

. - .. 

WIRE WRAPPlnli HIT WH·5 

CONTAI NS: 
Baltery Tool BW-630 
Hobby Wrap Tool WSU-30 M 
PC Edge Connector CON -1 
DI P/ IC Extracto r Tool EX-1 
DIP/ IC Insertion Tool IN S- 14 16 
PC Card Guides & Brackets TRS-2 
Mini -Shea r with Salely Clip SP­ 152 
14, 16, 24 and 40 DIP Sockels 
Terminals WWT­ 1 
Tri-Color Wa re Dispenser WD-30-TRI 
Hobby Board H-PCB-1 
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Circle 378 on inqu iry card . 

Custom Build Your Own 

Microprocessor System 


ASYNC SYNC Memory 
CPU 	 110 Board1/0 Board Board 
Board 

Cabinet with Power Supply 
Board Features: 
• F-8 CPU with 2K RAM, 4K ROM and 2K PROM 
•Asynchronous 2-Channel 1/0; Full Duplex, RS-232-C 
• Synchronous 1/0 ; Half or Full Duplex, CRC, RS-232-C 
•Static Memory with 2K RAM and 4K ROM , 2K PROM 
• Static Memory with SK RAM and 2K ROM, Battery Back-Up 
• FSK Modem; TWX/DOD Compatible, Dial Tone and 

Call Progress Detection, Multi-Tone Dialing 

Cabinet Features: 
• Front Panel PC Card Access 
• Removable Top Cover for Troubleshooting Ease 
• Common-Buss Motherboard allows Random Card Placement 
• Rear Panel Cooling Fan and Optional EIA Connectors 

For additional information regarding your specific 
application, call or write UTEC today. 

UNIVERSAL TECHNOLOGY INC. UTEC 
871 Allwood Road, Clifton , N.J. 07012 

Phone: (201) 779-0430 

. 	 ­



An advanced 
desktop data center 
for $1,995? 
Quitcherkiddin*, 
TANO. 
No Kiddin'. 

Rugged unit • Full ASCII 
keyboard • 24x80 character 
CRT • 32K bytes RAM • 
M6800 CPU • Mini-floppy 
disk drive and controller 
•BASIC software package• 
Over 20 Applications pack­
ages available • User docu­
mentation. 

DEALER INQUIRIES 

•--=--- INVITED 
Order Form -----, 

Send me Outpost 11 ·s. De­
posit $200 each. plus $35 fre ight 
and insurance. (Pay balance on 
delivery.) 
Name ______ _ _ ____ 

Firm /Tit le __________ 

Shipping Address _ _____ _ 

Phone ___________ _ 

Signature ___ _ 
Ma11 to· 

~ 

Corporation 


4521 W. Napoleon Avenue 

Metairie. La. 70001 


(504 ) 888-4884 

TWX 810-59 1-5229 


~~~~~~~~~~~~~~~~g~~ 

· Oulf yo ur k1ddu1 9 

DIRECTORY, con tinued 

1. 	 Compu te, Eva lute, Trade design, ho bb yis t ac tivities, sponsoring 
2. 	 POB I 04 the an nual IEEE computer show at 


Ti pp City OH 4537 1 Purd ue (March 24 1979). 

3. 	 IUPU I, Indianapo lis IN 
4. 	 Las t Wednesday in month 

1. 	 Southeas tern Michigan Computer5. 	 Byte Bact1 
Organization (SEMCO) 

6. 	 Char les Tyzze r 
2. 	 POB 9578 

Detroit MI 48 202 
8. 	 None 
9. 	 Business sys tems. 

3. 	 Ford Automotive Safe ty Center 
Aud ito rium, Dearborn Ml 1. 	 Dayton Microcomputer Association 

4. 	 Second Sunday of every month at 
7 PM 

2. 	 Dayton Museum of Natural History 
2629 Ridge Av 

Dayton OH 45414 
 5. 	 Data Bus 

6. 	 j im Rarus, presiden t 3. 	 Same as above 
7. 	 (313) 775-5320 (24 hour club news 4. 	 Last Tuesday of month, 7:30 PM 

line) 
Data Bus 8. $10 per yea r or $6 per year 50 m ilcs 

5. 	 Dayton Microcomputer Association 

6. 	 Dean Lampman, prcsiden t from De troi t 
Marilyn Mix, vice-president 9. We have a number of special in tr.res t 
Jack Stee le, secretary groups (SIGs). The following arc 

7. 	 (513) 984-2084' 253-9468, some of our interests: Rad io Shack, 
256-8005, respectively 5-lllO bus, KIM, 6800, Digital Gro up, 

8. 	 $10 per year in cl udes Data Bus RCA 180 2, Heathki t, medica l appli­
9. 	 The 6800, 8080, 6502 special ca tions, SIG-B IG large machines and 

interes t groups meet individually microinte rfaccs. A number of our 
at leas t once a mont l1 members are also emp lo yed and 

10. 	 For the past two years we have held in terested in auto mot ive app lica tions. 
a 1 day show of computers for the 10. Charter member of the Midwes t 
pub li c. This year we demonstra ted Affi liat ion of Comp uter Clubs 
at the Dayton Amateur Rad io Con· (MACC); host 1978 Computerfcst; 
ventio n and at the Nationa l Airborne act ive in giving talks to educationa l 
Electron ics Confere nce. institutions; access LO club com puter 

message service ; free time to club 
1. 	 Apple I Library members on HP 2000 BASIC S\'Slem . 
2. 	 51625 Ches tnu t Rd 


Granger IN 46530 1. Mid Mich igan Compu ter Club 

3. 	 M;ii l 2. 15151 Ripple Dr 
6. 	 Joe Torzcwski Linden Ml 48451 
7. 	 (219) 272-46 70 3. Various places (members' homes) 
8. 	 Stamp apprecia ted for reply 4. Irregula r 
9. 	 Promote Apple I comp uter 5 . None 

6. 	 Tony Preston 
1. 	 Floyd County Computer Enthusiasts 7. (313} 735 ·5279 
2. 	 RR #2, POB 466A 8. None 

New Alb any IN 4 7150 9. Helping beg inners select equip111cn 1; 
3. 	 Var ies program li brary. 
4 . 	 Se t mee ti ngs arc uncommon 
5. 	 None 
6 . 	 Na th an Eng le Zips 50000 - 60000 
8. 	 None 
9. 	 Softwa re, robots, art ifica l 1. Eastern Iowa Computer Club 


in tel ligence 2. POB 164 

10. Mos t of our members a rc high school Hiawatha IA 52233 

le ve l and we arc makin g an effort to 3. R C Bldg, basemen t 
gel a compute r cen ter in the local 999 35 th S t 
schoo l sys tem. Any he lp we can gel Marion IA 
wo ul<.l be much appreciatc<.l. 4. Last Su nday of month 

5. 	 Yes 
1 . 	 Purdue University Computer 


Ho bby is t Club (PUNCH) 1. Quad City Computer Club 

2. 	 Room G7, Elec trical Eng ineering Bldg 2. 2155W3051 

Pur<.luc University Daven port I A 5 2804 

Wes t Lafaye tte IN 47907 3. Rock Island Arsen al 


3. 	 Ma tthews Hal l, Pu r<.l uc University Rock Island IL 61201 
4. 	 Monday nigh ts, 7 PM 5. Month ly newslette r 
5. 	 PUNCfi newslener, publ is hed 6. Ceci l Fretwell 


irregularly 7. (319) 386-3 723 

6. 	 Don Gi ll e, president 8 . $6 per yea r 
7. 	 (317) 463·2340 - - --- ­
8. 	 $2 ann ual dues 1. Durant Computer Clu b 
9. 	 General hMuwarc and sof tware 2. 90 1 S 12th St 

132 BYTE September 1978 Circl e 357 on inqu iry card. 



Watertown WI 53094 
3. 	 Meets at above address 
4. 	 Fo urth Monday at 7 PM 
6. 	 Bill Shier, president 
9. 	 Sys tem buil ding 

10. 15 members. 

1. 	 Small Computer Engineering 

Association of Minnesota 


2. 	 POB 4244 

St Paul MN 55104 


3. 	 University of Min nesota, Mechanica l 
Engineer ing Bldg, Room 4 

4. 	 Las t Thursday of month at 7 :30 PM 
5. 	 Twin City Techn ical Hobby isc 
6. 	 Mike Young 
7. 	 (612)884-2841 
9. 	 Hardware of different systems. 

8080, 6800, 6502, MP-12, 1802 use r 
groups. 

I 0 . 685 membe rs. 

1. 	 Resource Access Center 
2. 	 301 0 4 thAvS 


Minneapolis MN 55 408 

4. 	 We spo nsor SCEAM (Sma ll Computer 

Engineering Associa tion o f 
Minnesota) 

5. 	 We pub li sh Twin Cities Techn /caf 
/-lobby ist as a service to several local 
comp u ter clu bs, whose newsletters 
arc contained there in. 

6. 	 R Kop lo w 
7. 	 (612) 781-7608 
8 . 	 None 
9. 	 We are a special educational and 

research program in EDP and ge neral 
techn ica l aid to in ner ci ty, nonpro fi t 
commu nity services. We sponsor 
microhobbyist clu bs and newsletters. 

1. 	 Minnesota Computer So ciety 
2. 	 POB 35317 


Mi n neapolis MN 55435 

3. 	 Brown Institute, 3123 E Lake St 


Minneapolis MN 

5. 	 Tid BITS 
6. 	 Jean Rice 
7. 	 94 1· l05 1 
8 . 	 $ 7 per yea r includ es subsc ri ption to 

the newsle tte r 
9 . 	 8080, 6800, Z-80, 6502, 265 0, 


1802, 8085, TRS-80 

10. Boa rd meeting, film, show and tell, 

main speaker, busin ess mee tin g, and 
ran dom access sess io n. 

1. 	 XXX -11 
2. 	 51459th 5t 


Moorhead MN 56560 

3. 	 By mai l 
4 . 	 Month ly 
6 . 	 C R Corner 
7. 	 (218) 233-6682 
9. 	 Computer contro l; machin c­


in dcpenden L soft ware 


1. 	 RCA 301 Users Group 
2 . 	 RR 2 , POB 585 


Rapid City SD 5770 1 

5 . 	 Yes 
6. 	 Jay Roman 
7. 	 (605) 34 l ·5030 
9 . 	 Communication via newsletter 


information about RCA 301 / 

UNIVAC Series 70 users, equip · 

ment , and software. 


1. 	 Fargo-Moorhead Computer Club 

(FMCC) 


2. 	 POB 2017 

Fargo N D 58 102 


3. 	 F irst Thursday : NDSU Fargo 

Third Thursday: MSU Moorhead 


4 . 	 First and third T hursd ays a t 7:30 PM 
6. 	 Dan Ka ry 
7. 	 (218) 233-6682 
8. 	 $5 pe r year 
9. 	 Circuit des ign , promoting small 


computer in tercst; ge nera l pro· 

gram min g. 


10. About 80 members on list. 

1. 	 Missoula Amateur Computer Club 
2. 	 2203 E Cresccn t 


Missoula MT 5980 I 

4. 	 First Monday of month 
6. 	 David Eggebraa ten 
7. 	 (406) 728-5657 
8 . 	 No dues 
9. 	 All aspec ts o f microcomputers fo r 


persons in wes tern Montan a. 


Zips 60000 - 70000 

1. 	 CACHE (Chicago Area Computer 

Hobbyist's Exchange) 


2. 	 POB 52 

So uth Hol land IL 604 73 


3. 	 Northern Il li nois Gas Bldg, Golf and 
Shermer Roads, Gl enview IL 

4 . 	 1 PM , th ird Sunday of mon th, Jul y 
exclud ed . 

5. 	 MicroSCOPE and meeting 

announ cements 


7. 	 Hot line (reco rded ann ou ncemen t ), 
(3 12) 849- 1132 

8 . 	 $10pe r yea r 
9. 	 Mo re general th an special - CP/M 

local users group; SOL/Cuts and 
8080-T arbell cassette soft ware 
libraries; comp uter aided ins t ruct io n 
group getting s tarted; Nort h Star 
users; Digital Group Users, etc. 

10. Regular presen ta t io ns by man u­
fac ture rs, s tores and fe llow 
hobbyists. 

1. 	 ICE 9ine In c 
2. 	 POB 291 


Wes tern Sp rings IL 605 58 

3. 	 Var ious d inner meeting loca ti ons 
5. 	 I ce 9ine j ournal 
6. 	 R A Hockst rJ 
7. 	 (312) 530-0067 
8 . 	 Newsle tt er su bscrip tion is $ 10 per 


year 


The listings fo llow thi s 
form : 

1. 	 Nam e of o rga niza tion 
2 . 	 Mailing address 
3. 	 Meeting lo cation 
4. 	 Meeting algori thm 
5 . 	 Newsletter or publication 
6. 	 Contact person 
7. 	 Contact phone nu mber 
8 . 	 Dues or subscription fees 
9. 	 S pecial interests 

10. Other comments 

LEARN'l~ 


PROGRAM 

~I lt:H.f,(:f,~l PfT'l'EllS 
And at an a ff ordable pr ice . Th e 
Modu-Lea rn"' home study course 
from Logical Services. 
Now you can learn microcompute r 
programming in ten comp rehensible 
lessons. At home. In your own lime. At 
your own pace. 
You learn to solve complex problems 
by breaking them down into easi ly 
programmed modules. Prepa red by 
profess ional design enginee rs. the 
Modu-Learn"' course presenls sys­
tematic software design techn iques. 
structured program design, and prac ­
1ical examp les from real 8080A 
mic ro-computer app li ca tions. All in a 
modular sequence of 10 lessons . _ 
more than 500 pages. bound into one 
practical notebook for easy reference. 
You get dive rse examp les. problems. 
and so lutions. With thorough back­
ground material on micro-computer 
arch itecture. hardware/software trade­
offs. and useful refe rence tables . All 
for only $49.95. 
For $49 .95 you learn design tech­
niques that make software wo rk for 
you . Modu-Learn™ starts with the 
basics . Our problem-solution ap ­
proach enables you to "graduate" as 
a programmer. 

Circle the reader service number be­
low to receive our free descriptive 
brochure and cou rse outline. 
Use your Master Charge or VISA 
card to order today. Call Pat at ( 408) 
245-8855 . 

Ci rcle 215 on i nquiry card . 

P.O. Box 60968 

Sunnyvale. CA 94088 

408-245-8855 


LOGICAL 

SERVICES INCDRPDRATED 
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Introducing G/2 Extended 
Basic for Processor Tech­
nology's SOL computer 
series. The best Basic you 
can buy. 

Developed by Micro­
soft~M the industry leader in 
microprocessor languages, 
and fully debugged and 
field-proved, this 15.SK pro­
gram offers such outstanding 
features as string arrays, 
16-digit accuracy, fully 
descriptive error messages, 
automatic line numbering 
and renumbering in selected 
increments, long variable 
names, trace function for 
easy debugging, and many 
other superior capabilities. 

G/2 Extended Basic can 
read tapes written in PTs SK 
and Extended Basic. This 
allows you to use all your pre­
viously developed programs. 

Available now on cassette 
tape with full documentation. 
At your dealer, or write for 
information. 

THEREASON ..
YOUBOUGHT .4111 

YOUR COMPUTER. ii" 
,lj~!. . GRT Corporation 


Consumer Computer Group 

1286 N. Lawrence Station Road 


Sunnyvale, California 94086 

(408) 734-2910 


OJ RECTORY, continued 

9. 	 Timeshari ng system for members. com puters arc used for command and 
Very informa tive newsle tter wiL il control app licat ion. 
over 500 subscr ip tions. 

1. 	 SCAMPUS 
1. 	 SPC. 12 Users Group 2. 2215 -A Walker Dr 
2. 	 7706 WGregory Omaha NE 68 123 


Ch icago IL 60656 5. SCfMP Users Grou p News/e1ter 

3. 	 2704 W North Av, Cl1icago IL 60647 6. Tom Boh on , coordina to r 
5. 	 Soon to be an nounced 
6. 	 Manuel C Martinez 
7. 	 (312) 631-6623 Zips 70000 . 80000 
8 . 	 None at prese nt 

1. 	 CEN tral Oklahoma Amateur 
1. 	 S t Lo uis Area Computer Club Inc Co mputing Association (CE NO ACA) 
2. 	 PO B 28924 2. POB 2213 


St Lou is MO 63132 Norman OK 73070 

3. 	 Thornh ill Branch, St Louis County 3. Ok laho ma Stalc Univ Tccl1, 900 N 

Li brary, FccFcc Rtl an tl Willowyck Port land, Oklah oma City 0 K 
4. 	 -i rst T hursday o r eve ry month, 7 PM 4. Seco nd Saturday, 'IO AM 
5. 	 S LACC STACK 5. CENOACA Newsbils (m on thl y) 
6. 	 Frank Cu n is, p rcs idcn l 6. Lee Li lly or Don Ho lyoke 
7. 	 (3 14)993-0589 7. (4 15 ) 737-6121, 329-32 09 , 
8. 	 $5 per year re spec tive ly 
9. 	 Every third meeting is "show and te ll 8. $5 pe r yea r 

nitc." Spec ial grou ps inclucJe: 8080 9. 6800 Users Gro up meets Lh ird 
home brew group; modem des ign S;1tu rd ay a t 333 NW Stl1, #23 08, 
group; Dura te rmi nal group Ok lahoma City OK. Dr James Petty 

10. 	 The clu IJ is a Missouri no t-fo r-p rofit is the con tac t person. Demonstra· 
co rp oration fo r educat iona l and tions and specia l programs planned 
sc ien tific purp oses relatetl to micro­ for c<1ch CE NOA CA mee ti ng. 
cornp u te rs and pe rsona l com pu ting. I 0. Ncwsbil s accepts rrec nonb usiness 
We have a tech ni cal an d so ftw are cJ;issified a<.J verLising (space ava il· 
library for members' use. able) and very low cost business 

advert isin g. CE NOACA was 
l . 	 Computer Network of Kansas City organized in Ja nu ary 1976 and in ­
2. 	 ·125 1 Kansas Av corpo ra ted as a nonprofit organ i· 


Kansas City KS 66 I 05 zation unde r the laws of the sta te 

3. 	 Miclwes l Research Inst itu te, 425 of Oklahoma in June 1976 to 


Volker Blvd, K;insas City MO "provide a forum for the exc ha nge 

4. 	 Second Sun day o f eacl1 mon 1l1 , and dissem ina tion of informa tion 

6 :45 PM 	 among members concerning the 
5. 	 T/Jru-Pu t , Ear l D;1y, ed ito r compute r arts and sciences. " 
6. 	 Haro ld I Sc h wart.z, prcsiden l 
7. 	 (9 13) 37 1-2616 (wo rk), 648-54 10 1. The Tulsa Computer Society 


(ilome) 2. POB 1 133 

8 . 	 $12 per yea r Tulsa OK 74101 
9. 	 Completing motlcrn des igned by 3. Tu lsa Vocational Technical Schoo l 


members; ha rdware schooling and Sem in ar Room 3420 

design and tra ding; softw are sc hool ­ E Memoria l Dr 

ing; ne twork pr io ri Li cs an d so fl ware. 4. Las t Tuesday of month at 7:30 PM 


I 0. 	 We arc in the ve ry in teres ting posi­ 5. Th e 1/0 Port 
tion since ou r start (I wo yea rs ago) 6. Je rry He nshaw 
lo shortly begin a local network. 7. (9 18) 836· 7364 
We hope Lo be Ly ing int o a nat ion­ 8. $6 per year 
wi de ne twork late nex t yea r. 

1. 	 The Computer Hobbyist Gro up of 
1. 	 Mid-America Computer Hobbyists North Texas 
2 . 	 POB 13303 2. POB 1344 


Om aha NE 68 113 Gra nd Prair ie TX 7 5051 

3. 	 Commc rci;tl Fcdc ril l S;iv in gs and 3. UTA, University Hall, Room 1 08 and 

Loan, Be lle uve NE UTA , Green Cen te r, Room 2153 0 
4. 	 Second T l1l1rsday or eac h month 4. 1 PM, th ird Saturday ; 1 PM , fi rs t 
5. 	 M11CN Satu rday, respect ive ly 
6. 	 Tl1omas F Sm ith , presi den t 5. Printed Circuit 
7. 	 (402) 294·4479 (work). 292-6031 6. Bill Ful ler 


(home) 8. $7 per ye ar 

8. 	 $5 per yea r 9. TRS-80, 6502, PE T , 9900, Digital 
9. 	 '1802 SIG an d Poly 88 SIG Group. 

10. 	 Mos t club members arc mili tary 
stationed at Offutt AFB, NE, SA C l. Houston Am ateur Microcompu ter 
Headquarters where a great many Club 
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2. 	 POB 37102 Mi dl and Co ll ege 

Houston TX 77036 Odessa chapter: Elec t Tech Bldg, 


3. 	 Various Rm 203, Odessa College 
4. 	 Second Fr iday and fourth Tuesday 4. Midl and chapter: Second Monday 
5. 	 NYBBLE each month a t 7 :30 PM 
6. 	 Troxel Ba ll ou Odessa chapte r: Second Saturd ay 
7. 	 (7 13) 661 ·6806 eac h mon th at 1 PM 
8. 	 $12 per yea r 5. None 

6. 	 John Rabc11a ld 1 
1. 	 )SC Computer Hobbyist Club 7. Miclla nd: (9 15) 697·4607 afte r 6 PM 
2. 	 c/o EP4/L W Jenkins, president Odessa: (915) 332·9 l 5 I ext 43 


NASA LBJ Space Ce nter weekdays 

Ho uston T X 77058 8. None 


3. 	 Gilru th Resea rch Center, LB j Space 9. Comsumcr (home) comp uters; 

Ce n ter home-bui lt compu ters; co lor 


4. 	 First Th ursday, third Monday 5 graphics; fl o ppy disk sys1ems; 

to 7 PM Selec tri c typewri ter interfaces. 


5. 	 Mee ting an no unceme n t flye r 
6. 	 EP4/L W Jenki ns, presi den t 
8. 	 $7 pe r year first class mai l Zips 80000 · 90000 


$4 pe r year JS C interoffice ma il 

10. 	 Our BYTE subsc ript ion is mai led 1. Sou thern Nevada Personal 

to JM6/Tcchn ical Li brary where it Compu ting Society (SN PCS) 
is avai lab le to club membe rs and 2. 1405 LuciIce SI 


othe rs in the pe riod ical area. Las Vegas NV 89 101 

3. 	 Clark Coun ty Com mu ni ty Col lege 

Cheyenne Campus, Room 106 21. 	 Texas A& M Microcomputer Club 
4 . ·12 noon, scco nli Sa turday eacl1 

Co ll ege Sta tion TX 77844 lllO nlh 
2. 	 POB M9, Agg ielancl Stat io n 

3. 	 Room 203, Zachry Enginee ring 5. HARD COP\' {mon thl y) 

Cen te r, Texas A&M University 6. Ed na H We lls, secretary 


4. 	 Alternate Wed nesdays, tutoria ls 7. (702) 64 2·0212 
on other Wed nesdays 8. Individu al, $ 12 pe r year; fa mi ly ~ I 8 

5. 	 In process of publi shing rirs t issue pe r year; stur.lcnt $3 pe r yea r 
6. 	 Larry Wayne Brown, president 9. O ur prirnary pu rpose is Lo ass isl 
7. 	 (7 13) 693-5748 c;ich other in mak ing in forme d 
8. 	 $5 per semester or $10 per ye ar dec isio ns when buyi ng comp uters, 
9. 	 APL committee {8080); BASIC accessor ies and sof tw;1re . 


committee {6800 ); hardware and 10. We hJvc (May 78) 511 members 

software tutoria ls ; Micro Expo '79. witl1 wide ly var ied tech ni cal 


10. Micro Ex po '79 to be he ld March backgro unds. 
2, 3, and 4 1979 in the Memorial 
Student Center of Texas A& M 1. No rthern Nevada Co mputer Club 
University. 2. c/o UNSCC 

POB 9068 
1. 	 Alamo Computer Enthusiasts Re no NV 89507 
2. 	 7517 Jonquil ! 3 . Uni versity o f Nevada Comput ing 


San An tonio TX 78233 Cente r 

3. 	 Room 104 , Ch apman Graduate 4 . 8 PM, second Wednesday , Septe mber 

Center, T rln ity Unive rs ity thr u May 
4. 	 Fou rth Fr iday of every month 5. None 
5. 	 Alamo Computer Enthusiast 6 . Al Brady 
6. 	 Joh n R Stanton 7. (702) 784-4008 
7. 	 {5 12) 65 7-3069 8 . No ne 
8. 	 $2 per year subscr iption 9. Informat ion exchange for sma ll 
9. All areas. 

1. 	 Northslde Computer Group 
2. 	 5819 Bren da 

San Antonio TX 78240 
6. 	 John McClenny Jr 
8. 	 No dues 
9. 	 6800,6809,6502 microp roccssors, 

bipolar bit slices. Pro jec ts inc lude 
256 by 256 motio n graphics; supe r 
cheap voice syn thesis, maki ng all ou r 
software ROMa ble; fl igh t sim ul ator 
program. 

1. 	 Permian Basin Compu ter Group 
2. 	 Data Processing Dcpl 

c/o Ector Coun Ly Sc hools 
P08 3912 
Odessa TX 79760 

3. 	 Mid land chapte r: St udent Cen ter , 

com putcrs. 

The listings fol low this 
form: 

1. 	 Name o f organiza tion 
2. 	 Mailing address 
3 . 	 Mee ting location 
4 . 	 Mee tin g algorithm 
5. 	 Newsletter or publica tion 
6. 	 Cont.act pe rson 
7 . 	 Contac t phone nu m be r 
8. 	 Dues or subscr iption fees 
9 . 	 Special interests 

10. 	 O th e r commen ts 

Introducing G/2 Standard 
Basic for the SWTPC com­
puter series. It'll load faster 
and do more than you ever 
thought possible. 

Developed by Micro­
soh:M the industry leader 
in microprocessor languages, 
and proved for more than 3 
years in MITS applications, 
G/2 Standard Basic is now 
available for the first time 
for use with Southwest Tech­
nical Products Corporation's 
6800 hardware. 

Four to eight times faster 
than the basic you're now 
using, this interpreter offers 
string arrays, extensive string 
functions, Peek, Poke, Wail 
and Continue, direct execu­
tion of statements in the 
calculator mode, IO nested 
machine language sub­
routines, multidimensional 
arrays and much more. And 
it uses only 7K of memory. 

Available now on cassette 
tape with full documentation 
At your dealer, or write for 
information. 

THEREASON a 
YOU BOUGHT f'• 

YOURCOMPUTER. . ™ 
~· CRT Corporation 


Consumer Computer Group 

1286 N. Lawrence Station Road 


Sunnyvale, CaWomia 94086 

(408) 734-2910 
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Circle 142 on inquiry card . 

Functional Automat ion is a young, extremely well ­
financed mainframe computer company and we're offering 
you the challenge of a life-t ime. We want to give you the 
opportunity to leave your personal stamp on a signi ficant 
project. 

Our computer system employs the first new architecture 
of the ?O's. It is a 64 bit mainframe, microprogrammed 
CPU with 128 bit wide WCS, oriented to high leve l lan­
guages. The software is primarily implemented in PU l. 

Openings currently exist 
in the following areas: 
• Language 

Implementation 
• Operating System 
• System Verificat ion 
• Device Controlle rs 
• Firmware 

FUNCTIONAL 

AUTOMATION 


All functions include 
responsibil ity for design 
and im plementation . 

Send your resume to 
Mr. Jan Grondstra , Func­
tiona l Automation, Inc., 
118 Northeastern Blvd., 
Nashua . NH 03060. 

FORTRAN IV 
THE MOST EXTENSIVE FORTRAN 

SYSTEM AVAILABLE, RUNNING ON THE Z- 80 

* ANSI Standard Fortran IV Compiler 
- Byte, Word, Real, Double, Complex, and 

String data types and operations. 

- Produces efficient and compact code. 

- Comp iles up to 600 statements per m inute. 

- Expressions in Do loops, output lists, etc. 

* 	Linking Loader 
- Merges, links, and locates Fortran and As· 

sembler modules. 

- Searches libraries for needed modules. 

* 	Runtime Libraries 
- ANSI standard formatter . 

- All standard mathematical functions . 

- Sequential, Random and Blocked disk 1/0. 

- Supports CP/M® and user-defined devices. 

AVAILABLE NOW!! $349 
OEM Inquiries invited. 

/ffi@llll :f~/~@ffi/ SERVICES; INC. 
P.O. Box 2400 Stn. A Champaign, lllinois 6 I 820 


CP /M is a Trademark of Digital Research Group. 


Zips 90000 - 99999 

1. 	 Glenda le College Compu cer Club 
2. 	 1500 N Verdugo Rd 


Glenda le CA 91208 

3. 	 G lendale College 
6. 	 R Un terman 
7. 	 (212 ) 240- 1000 ext 200 
8. 	 $2 per year 

1. 	Compucolor- ln tccolor Users Group 
2. 	 5250 Van Nu ys Blvu 


Van Nuys CA 9140 1 

3 . 	 Same as above 
5. 	 Bimonthl y 
6 . 	 Stan Pro 
7. 	 (213) 788·8850 
8. 	 $15 first year 
9 . 	 Business programs; game programs; 

in terfacing lo othe r systems; special 
uses and interfaces to machines. 

10. 	 Program interchange . 

1. 	 San Diego Computer Society 
2. 	 POB 9988 


San Diego CA 92109 

5. 	 Yes 
8. 	 $4 membership donat io n ; S6 news· 

le tter subscription 
9. 	The San Diego Compute r So c iety 

is a nonpro fit , tax exempt corpora· 
ti o n whose purpose is to provide 
its members and the ge neral p ubli c 
with a use ful source of computer 
related info rmation. 

10. 	 Write to above address to r m em· 
bership applicat ion. 

1. 	 Homebrew Computer Club 
2. 	 POB 626 


Mountain V iew CA 94042 

3. 	 Sta nford Linear Accelerator Ce nter 

and Sherman Fairch ild Medical 
Center 

4. 	 Printed in newsletter 
5. 	 Homebrew Computer Club News­

letter 
6. 	 Robert Reiling 
7. 	 (4 15) 967-6754 after 7 PM 
8. 	 Donation of $10 to $12 per year 


requesteu to pay mee t ing and 

newsletter cos ts. 


10. 	 A sample Homebrew Computer 
Club News/et/er, lis tin g meeting 
da tes and location, may be ob· 
tained by sending an SASE to the 
Homebrew Computer Club News­
letter at the above address. 

1. 	 The Apple Core 
2. 	 POB 48 16 


Main Post Office 

San Francisco CA 941 01 


5. 	 Yes 
6. 	 Scot Kami ns 
8. 	 To be determi ned 

10. 	 To qualify as a member , you must 
own or regularly use an App le in 
any memory configuration. 
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DIRECTORY, continued 

1. 	 Bay Area Microprocessor Users 

Group (BAM UG) 


2. 	 121 1 Santa Cl ara Av 

Alameda CA 94 501 


3. 	 145 0 53 rd St, Emeryv ill e CA 
4. 	 Firs t Thursday of each month 
5. 	 Bay Area Microprocessor Users 


Group Ne wsletter 

6. 	 T imo thy O 'Hare 
7. 	 (415) 52 3-7396 
8. 	 Donations ; no dues o r fees re­


qui red . 

9 . 	 T he club is ope n to all interes ted 

pe rsons. It has an edu ca tion foru m 
every mo n th with guest speakers 
to enl arge computer knowledge. 

10. 	 The cl ub also has a so f tware library, 
group buys on eq ui pme nt and a 
swap mee t a t eve ry mee ting. 

1. 	 Diablo Professional Users Group 
2. 	 c/o R j Hendri ckson 

321 Gol f Cl u b Rd 
Pleasant Hill CA 94 523 

3. 	 Library conference room , Dia blo 
Vall ey Co ll ege 

4 . 	 Four th Wednesday of each month 
5 . 	 Meet ing min utes const itu te the 

newsle tte r 
6 . 	 R j Hendri ckson 
7. 	 (4 15) 68 7-83 73 
8. 	 None 
9. 	 Profess ional applica ti ons of per­

son al comp ute r systems. Mee tin gs 
arc comp ri sed o f speakers, demon­
st rat ions and random access 
sess ions . 

1. 	 6800 Compute r Club 
2. 	 PO B 18 081 


San Jose CA 9 5 158 

3 . 	 Un ive rsity of Santa Clara 
4 . 	 First Tuesday of each month 
5. 	 None 
6. 	 Ray Boaz 
7. 	 (408) 269-9522 
8. 	 None 
9. 	 Every th ing on ha rd ware and sof t­


ware for all 6800 systems. 

10. 	 For 6800 use rs we provide t he 

place to exchange software, d iscuss 
prob lems, f in d solutions to pro ­
blems , evaluate vendors, use li mited 

The lis tings follow this 
fo rm : 

1. 	 Name of organization 
2. 	 Mailing add ress 
3 . 	 Mee ting loca tion 
4 . 	 Meeting algorithm 
5. 	 Newsle tter or publica tion 
6. 	 Contac t person 
7. 	 Contac t phone nu mber 
8. 	 Dues or subscription fees 
9. 	 Special in te rests 

10. 	 Othe r comments 

Circ le 78 on inqu iry card. 

.-

PSSST! 
Tip us off to the name of your 
favorite computer store* and 
we'll send you a 

Verbatim 
Diskette for only 

$3.00 
including postage. 

------------,
Mail diskette to. I 
~~~~~~~~~~~~~~~~~ I 

~~~~~~~~~~~~~~~~~ I 
Disk wanted: Mini : 01 10 16 Maxi: Hard Soft I 

System ----- ----------- I 

Please note name and address of store on separate sheet. I 


1 MasterCharge and Visa OK. Give acct. Ii and exp. date. I 

L----------------'
* We' ll tip him to our Verbat im dealer program. 

Dealers: call 800·523-9350 for detai ls. 

Having Reservations About Your' Sottware? 
HUNT NO MORE! 


Smoke Signal Broadcasting presents the 

SG-1 SOUltCE GENEltATOlt 

Program for disassembly of object code into source code 

for direct editing and re-assembly. 

• Output d irected to tape or disk with ei ther SWTPCo's 
co-resident assembl er format , or Smoke Signal Broad­
castin g's Tex t Editing System format. 

• Repor ts number of bytes in source code fil e, number 
of extern al labels, number of local labels, and number 
of variables for computing memory space necessary 
to assembly source code generated . 

,;~ Only $24.95 (on cassette). $30.95 (on diskette) 

:~~We' re the " CHIEF" in 6800 products softwa re 
; ·. 

SMOJIE SICirlAJ~ BB.OAJJ)C!STlNGr 
6 304 Yu cca/ Ho ll ywood , CA 90028 / (213) 462·5652 
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group buying power and ~xchange 
information on home computer 
news and eve nts. We have a soft· 
ware library with programs on tape 
(KCS) at cost of reproduction and 
tape . Al l inquiries are answered 
when time perm its. 

1 . 	 Sacramento Microcomputer Users 
Group (SMUG) 

2. 	 POB 16151 3 

Sacrame nto CA 95 816 


3. 	 SMUD Training Facilities, 59th St 
4. 	 Fourth Tuesday of each month, 

7:30PM 
5. 	 Push & POP 
8. 	 $6 per year 
9. 	 PET and SOL workshops 

1O. Please write SMUG at the address 
above with al l meeting, membership 
and oth er questions. 

1. 	 Aloha Computer Club Inc 
2. 	 POB4470 

Honolulu HI 96813 
3. 	 Leeward Community Col lege 
4. 	 First Wednesday of each month, 

groups .11 6: 30 PM, and meeting at 
8 PM 

DIRECTORY, continued 

5. 	 De Buuga 
6. 	 Bob Holz 

~ i\08) 455-0271 or 455-4854 
8. er year 
9. 	 ( ,'M, Heath, 6800, and PCNET. 

1 . 	 Portland Comrrnter Society 
4032 SE Grant 
Portland OR 9721 -1 
Varies 
Soc ial: First Thursday of each 
month ; Business : Third Wednesday 
and Satu rday of e ~ c h month. 

5. 	 PCS7976 
6. 	 Percy G Wood 
7. 	 (503) 235·9641 
8. 	 $10 per year 
9. 	 Language Theo1 y SIG . 

1. 	 Northwest Computer Society 
2. 	 POB 4193 

Seattle WA 98104 
3. 	 Pacific Science Ce nter 
4. 	 First and third Thursday of each 

month 
5. 	 Northwest Computer News 
7. 	 ( 206) 2 84·6109 (message) 
8. 	 $7 per year 
9. 	 Timeshare at 50 ce nts per hour, 

TURN YOUR COMPUTER 

INTO A TEACHING MACHINE 


The staff at Program Design did not learn 

about educational technology from a book­


we wrote the book! We have been innovators in 

such teaching materials as programmed instruc­


l ion and multimedia presentations. We also belong 

to lhat minorily in education who actually test ma­


terials to see lhal people can learn from them. 

Now Program Design brings this experience to the personal 
computer field . PDI is developing a line of educat ional and 

game programs for the whole fami ly-from preschool child to 
adults. 

Program Design educational software uses the computer's full teaching 
potential in exciting and effective ways . Programs are simple to use and 

memory efficient. and most important ... they teach' 

TAPES NOW AVAILABLE FOR THE TRS-80. PET. APPLE II 

SAMPLE OUR SOFTWARE FOR$2.00. Send us$2.00 . your name. address. and 
type of computer, and we 'll send you a tape for your computer with actual samples of 
our programs. 

Or circle our number on the reply card for a printed catalog. 

Department 200 PROGRAM DESIGN, INC. 11 IDAR COURT GREENWICH. CONN 06830 
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annual computer fair in April and 
software contests 

10. 	 First meeting of each month we 
have guest speaker of demonstra· 
ti on; second meeting of each month 
is an open forum. News circulation 
is 1000. 

1. 	 Apple Core Computer Club 
2. 	 220 N 2nd St #17 


Yakima WA 98901 

3. 	 J M Perry Institute 


2011 W Washington Av 

5. 	 None: monthly notification of 


meeting to members. 

6. 	 Jerry P Starzinski, president or 


Russell Miller, secretary 

7. 	 (509) 452·2540 (after 6 PM). 

453-7169 (8 AM to 5 PM), respec­
tively 

8. 	 .$5 per year 
:J . Many members have SwTPC 6800 

systems. Lively trade of in for· 
mation and programs. Presently 
have eight working systems, three 
being build. Some members going 
into 8080s and others. 

10. 	 Club celeb rated first anniversary 
May 25 1978 and has grown from 
eight founding members to a pre· 
sent membership of thirty. Lots of 
new an d exciting projects in the 
planning stages. 

1. 	 Anchorage Computer Group 
2. 	 364 H 6th St 


Ft Richardson AK 99505 

3. 	 Time and place to be determined 
4. 	 Monthly date to be determined . 
6. 	 Constanti ne T Papas 
7. 	 (907) 862-1238 
9. 	 Assistance to the novice home 


computerist. 


FORE IGN and 

INTERNATIONAL CLUBS 
and NEWLETTERS 

1. 	 Microcomputers in Psychiatry 
2. 	 26 Trumbu II St 


New Haven CT 06511 

3. 	 none 
5. 	Microcomputers in Psychiatry 
6. 	 Marc D Schwarz MD 
7. 	 (203) 562-9872 
8. 	 $6 per year 
9. 	 A bimonth ly newsletter for mental 

health professionals interested in 
sharing experiences and ideas about 
the use of computers in the field. 
Includes inform ation on 
subscribers ' uses of computers 
for psychiatric testing, history 
test ing, therapy, research and simu· 
lations. Also includes reviews and 
notices of commercially available 
hardware and software for use 
in a mental heal th setting. 

1. 	 Transaction 
2. 	 POB 461 

Philipsburg PA 16866 
5. 	 Transaction 
8. 	 .$3 per year 
9. 	 Users group and newsletter for 

PET owners. 

http:FOR$2.00


Circ le 40 on inquiry card. 

l . 	 KIM·l/6502 User Group 
2. 	 109CcntreAv 


Norristown PA 19401 

5. 	 K IM-7 /6502 User Notes 
6. 	 Eric C Rchnkc 
7. 	 (2 15)631·9335 
8. 	 $5 for six issues 
9 . 	 A comm unication medi um for KIM 

users 
10. 	 Around 2000 members worldw id e. 

·1. 	 Buss 
2. 	 325 Pennsy lvania Av SE 


Wash ington DC 20003 

3. 	 none 
5. 	 Buss: The Independent Newsletter 

of /-/eat/I Company Computers 
6 . 	 Char les Floto , editor 
8. 	 $ 7 for 1 2 issues 
9. 	 Software and hardware compatible 

with H8 , H 11 , or ET -34 00. 
10. Samp le issue avai lable upon request 

mentioning BYT E. 

l. 	T RS-80 Users Group 
2. 	 7554 Southgate Rd 

Faye t tev ill e NC 28304 
3. 	 Our group is in terna tional so we do 

not have meet in gs. 
5. 	 TRS·BO U ers Group Nc1 sletter 
6. 	 R Go rdon Ll oyd 
7. 	 (9 19) 867-5822 
8. 	 $10 per year (ten newslette rs, 20 

pages per issue) 
9. 	 Rad io Shack TRS·80 compute r, pro· 

grams for the TRS-80, and inter· 
fac ing the TRS-80 to the outside 
world. 

1. 	 SR·52 Users Club 
2. 	 9459 Taylorsville Rd 


Dayton O H 45424 

3. 	 None 
5. 	 52-Notes 
6. 	 Richard C Vanderburgh 
8. 	 SI per issl.Je of 52-Notes ; back issues 

start lune 1976. 
10. 	 52-No tes: style and techni cal level 

arc aimed at ind iv idua ls with above 
ave rage intelligence and at tention 
spa n, bu t whose forma l educa tion 
niay have ended wilh high schoo l. 
Scope is all of the Texas Instruments 
perso nal programmable calculators. 
Cove rage of the T l-58/59 machines 
began j une l 977. The S R-5 2 Use rs 
Clu b is a n;11ion al/i ntcrn at ional group. 

1. 	 Personal Comput ing So ciety 
2. 	 c/o IJmes White 

The listings fol low this 
form: 

1. 	 Name of organization 
2. 	 Mailing address 
3. 	 Meeting locatio n 
4. 	 Meeting algorithm 
5. 	 Newsletter or publication 
6. 	 Contact perso n 
7 . 	 Contact phone numbe r 
8 . 	 Dues or subscription fees 
9. 	 Special inte rests 

10. Other comments 

If your system needs to know 
what time it is, our Cl.2400 is 
the board for you. The present 
time in hours, minutes, and sec­
onds is always available for input, 
and is continuously updated by 
the highly accurate 60 Hz power 

"""'"" 
Cl.2400 Rea l Time Clock 

line freq uency. Need periodic in- $98 / Kit $135 / Assembled 
terrups? The CL2400 can do 
that, too, at any of 6 rates. Reference manual with BASIC and 
assembly language software examples included. 

If your system needs on/off con­
trol of lights, motors, appli­
ances, etc., our PC3200 System 
components are for you. Con· 
trol boards allow one 1/0 port to 
control 32 (PC3232) or 16 
(PC32 16) external Power Con· 
trol Units, such as the PC3202 
which controls 120 VAC loads to 
400 Watts. Optically isolated .low 
voltage, current-limited control 
lines are standard in this growing 
product line . 

P.O. Box 516 

La Canada, CA 91011 


(213) 790-7957 

PC3200 
Power Control System 


PC3232 $299/Kil $360/ Assm. 

PC3216 $189/Kil $240/Assm. 

PC3203 $39.50/K!I $ 52/Assm. 


(formerly comptek) 

--·Having Reservations About Your Software? 
HURT NO MORE! 


Smoke Signal Broadcasting presents the 

SMArtTEUD 

ACure For Mikbugitus


1024 byte monitor program for use with 
MOTOROLA 6800 microprocessor 

• The only monitor rea lly MIKBUG compatible. 
• Des igned 	to rep lace the Ml KBUG ROM used in many 

systems including the SWTPCo's 6800 m icrocomputer. 
• T R ACE 	 feature all ows user to single step th rough a 

program, examining the reg ist ers if desired . 
• MIKBUG 	en try locat ions maintained, including most 

relatively obscure ones. 
• 	 Quick program debugging when the TRACE is used 

with BREAKPO INT. 
Instruct ion Manual and Compl ete Source Listing .... $1 9 .50 

SMA RTBUG on 2708 including listing .. .... . $39.95 
~SMARTBUG on 2716 inc luding listing .. ..... S49.95 

.'~We're th e "CHIEF" in 6800 products software ,, . 

SMOKE SI6r:NA.L BROADC!STilfir 
G304 Yucca/ Ho ll ywood , CA 9 0028/(2 13 ) 462-5652 
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Circle 120 on inquiry card . 

People hove used our origlnol model C0-0 Controller 
Boord for controlling audio systems. model rollroods, time 
lapse photography. ond dozens of other oppllcotions re­
quiring Intelligent. computer-controlled switching . 

Our Improved model CB-1 hos oll the features of lt.s 
predecessor, 8 reloys that respond 10 on 8 bit word for 
control purposes. 8 opto-isolotors that accept input data 
for hondshol~lng or further control purposes. fu ll S-1 00 buss 
compatibility, address selection switch. quality com ­
ponents and board . and so on. 

But ... the limited use (and expensive!) flat coble con­
nector hos been replaced with new connectors, these 
allow you 10 use pairs of w ires of mixed gouges ond 
lengths as needed. Also . a self-test feature Is built on the 
board Itself, ond o new output design allows replacement 
of the relays with opto-lsolotors. 

The best port Is that you don't poy o penny more for 
these new features. In fact. compared 10 the CB-0 price. 
you pay 2 ,900 pennies less . 

Available 01 computer stores notion-wide. or by direct 
moil (moil orders shipped postpaid In USA, Collfornlons 
and soles tax) . 

MULLEN COMPUTER BOARDS 
BOX 6214 , HAYWARD, CA 94545 
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1202 Ri verview Ln 

Watertown WI 53094 


5. 	 Soon to be announ ce d 
6. 	 Rich ard A K uzmack 
7. 	 (7 03 ) 82 1-2873 (evenings) 
9. 	 The Soci ety's comm unica ti ons 

objectives will incl ude publica tion 
of a newslelter for compu tcr cl ubs 
and a club d irec tory . Surveys will be 
conducted and pub lished to share 
information on matters of interest to 
computer enthusiasts. PCS will 
foster the development of standards 
such as those necessary to the opera­
tion of a personal computer com­
munications network. 

10. 	 This national organization was re­
cently formed to facili tate noncom­
merci al applica tions of computer 
techno logy. It wil l fos ter communi­
cat ion and coordination among the 
numerous co mputer cl ubs and indi· 
vidua ls in the personal computing 
community. The board of directors 
of PCS arc: Charles F loto, Wash ing­
ton DC; Richard Kuzmack, Mclean 
VA; Sol Li bes, Scotch Plains NJ; 
Larry Press, Santa Monica CA ; Jim 
Raru s, E Detroit Ml; Robert Reiling, 
Mountain View CA; Gifford Toole, 
Mississauga, Ontario CANADA ; 
M D Turner, A ustin TX ; and 
James White, Watertown WI. 

1. 	 Theater Computer Users Group 
2. 	 104 N St Mary 


Dal las TX 75214 

3. 	 Assorted conventions of o the r groups 

{US ITT, ATA) 
4. 	 Random 
5. 	 TCUG Newsletter 
6. 	 Mike Fi rth 
7. 	 (214 ) 827-7734 
8. 	 $4 per year 
9. 	 Uses of computers of any size, but 

particu lar ly small ones, in any aspect 
of producing live drama, in cl uding 
l ighting control, ticket management, 
bookkeeping, inven tory , costing, 
research. 

10. 	 A national organization created to 
share data in a specific area. 

1. 	 Association of Small Computer 
Users 

2. 	 75 Manhattan Dr 
Boulder CO 80303 

5. 	 Interactive Computing, Minicom­
pu ter News and Datapro Feature 
Reports 

8. 	 $25 per year 
9. 	 The Association of Small Computer 

Users is a nationwide professional 
organization devoted to providing 
an unbiased source of user oriented 
information on mini and micro­
computers for business and scienti­
fic appl ications. It is organized as a 
nonprofit association to represent 
and serve small computer users and 
to provide a forum for the ex­



DI RECTORY, continued 

change of information among small 
computer users. 

1. 	 Robot Builder 
2. 	 208 Via Colorin 

Palos Verdes Estates CA 90274 
3. 	 none 
5. 	 Robot Builder 
6 . 	 Michael Westvig 
7. 	 (2 13) 378-0580 
8. 	 $6 per year (bimonthly). $12 

overseas, beginning with volume 2, 
number 1 , January 19 79. 

1. 	 Computer Information Organi­

zation Inc 


2. 	 P08158 

San Luis Rey CA 92068 


3. 	 Publi shing only 
5. 	 Radio Shack Computing, Low-Cost 

Word Processing and 5-7 00 Bus 
Compu ter User Notes 

6 . 	 Bi ll Mc laughlin, edi tor 
7. 	 (714) 757-4849 
8. 	 Radio Shack $10 for 12 issues, 


5- 700 $5 for six issues and Word 

Processing $1 2.95 for 12 issues 


9. 	 Real uses of computers: either 
business, home, education, small or 
large organiza tion 

10. 	 Word Processing newsletter is 
deve loping interfaces to ordinary 
electric typewriters, to Selectric, 
Olivetti an d other single element 
typewriters, to Friden and other 
specia l mach ines. 

1. 	 PPC 
2. 	 2541 W Camden Pi 

Santa Ana CA 92704 

) . PPC / ournal 

6. 	 Richard j Ne lson, publisher 
8. 	 S ·15 pe r year 
9. 	 To share programs, techniq ues, 


news, etc, for HP PPCs. 

10. 	Six chapters at present : Cincinnati/ 

Dayton, Chicago, Washington DC , 
Albuque rq ue, Orange County and 
NE lo wa Chap ters. Nearly 2000 
members in 35 co untries. Starled 
) unc 1974. For more in fo rm ation 
send 9 by 12 inch SASE (2 oz 
postage allached) to above 
ad dress. 

The listings fol low this 
Form : 

1. 	 Name of organization 
2. 	 Mailing address 
3. 	 Meeting location 
4. 	 Meeting algo rithm 
5. 	 Newsletter or publication 
6. 	 Contact person 
7. 	 Contact phone number 
8. 	 Dues or subscription fees 
9 . 	 Special interests 

10. 	 Other comments 

WE SHIP FROM STOCK 

TELETYPE MODEL 43 - Only $985 
300 baud, full ASCII character set, 132 column 
width, 30 cps, quiet, light-weight, dependable. 
With RS 232 . . ..... . . .................... $1085 

TECH NICO 990016 BIT COMPUTER KIT .... . $299 
RCA VIP KIT . .. . . . ...... . .. . ........ . . .. . $230 
EX-150 ELECTRONICS EXPERIMENT KIT ...... $65 
HAZEL TINE 1500 .... . ....... . .... . . . . . ... $1045 
HAZELTINE 1500 KIT ....... .... . .......... $895 
HAZELTINE1510 . . .... ......... ... . . ..... $1165 

To order: Check, money order, major credit cards . $6 shipping. 
NYC residents add 8% tax. 

We have no reader inquiry number . Please write or phone. 

OWENS ASSOCIATES. DEPT. 8-S 

147 NORWOOD AVENUE 


STATEN ISLAND, NEW YORK 10304 


Day, Evening, Weekend Calls Welcome! 


(212) 448-6283 	 (212) 448-6298 

..-------&,. 
Having Reservations About Yo~r Software? 

HUNT NO Mont! 
Smoke'Signal Broadcasting presents the 

SA-1 SUPEn ASSEMBLER 

Uses Motorola Standard Mnemonics 

for 6800 Microprocessor 

•Inpu t source cod e from fi le on Smoke Signal Broad­
casting's BFD-68 d isk system. 

•Disk capab ility all ows assembly of source code larger 
than available memory. 

•Outputs object code to disk fi le. 
•Assembly li stings include alphabeti zed and tabulated 

symbo l table. 
•Complete source listing included. 

__ Only $29.00 (on diskette) 

.• We're the " CHIEF" in 6800 products software 

SM«JK~ S!{JrlAL J!KROADt!StIIGr 
6304 Yucca/Hollywood, CA 90028/(213) 462-5652 
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8 . $ 10 (US dol lars only) in USA, 
DI RECTORY, continued Canada and Mexico; $15 (USllll'rJS 8'1.., NBWSIBttB~S 

- . - - -	 do llars on ly) e lsewhe re 
~ 

9. 	 To facilitate exchange of infer· 
mation and software among owners 
of Processor Technology Sol Com­

1. 	 Calculator Lib: The Liberated reporters , etc (al l thi s with the puter Systems (or other computers 
Calcu lator Users Club understanding that no sa laries wi ll with VDM and CUTS or HE LIOS} , 

2 . 	 POB 215 1 be pa id). T he ope ration and future to review ha rdwa re and software 
Ox nard CA 9 30 34 action o f 1he club depen ds u pon produ cts tested for Sol compati· 

3. 	 Ventura Coun ly (we do nol have 1hc interes t, abi lit y and resou rces bility and consume r advoca te . 
a permanent meet ing address yc l) of 1h e indi vidu al members. 10. We mai n ta in a cooperative but 

5 . 	 Qu a rte rly club ac tivit y report and More in formation on The Li berated independent relat ionshi p with the 
the irregularly pub lished ne wsle 11cr Calc ulato r User's Club is availab le manufacturer. Send $ 1 fo r sample 
Culwlutor Lib for a (#1 O) SAS E from Ge ne Hegedus, issue of news letter. 

6. 	 Gene Hegedus Calculator Lib, POO 2 151, Ox na rd 
7 . 	 (805) 486-7191 CA93034. 1. HEX Users Group 

8. Year ly membe rship d ues of the non ­ 2 . 36012 Mi li ta ry Rd S 
profit cl ub is $6 which includes the 1. Computer Faire Aubu rn WA 98002 
quarterly reports. The irregu larly 2. POB 1579 3. None : correspondence o nly 
publ ished news lette r Calculator Palo Alto CA 94302 5. HEX Newsletter 
Lib is $2. 75 per issue postpaid . 3. Varies 6. Cha rl es C Worstell 

9. This glo bal clu b (with members o n 4. Va ries 7 . (206) 927-6038 (Tacoma WA) 
th ree con ti ne n ts} is the fi rst to serve 5. Silicon Gu/ell Gau lle (a random ly 8. F irst time send SASE; $4 for next 
the inte rests of all ca lcu lator users, published 4 10 20 page newspaper) seven issues of newsletter which is 
regardless of th e make of their 6. Jim Warren irregu lar. 
machines. It is ded icated to ex plo ri ng 7. (415) 851 -7075 9. Low cost, effective system without 
the limits of the state of the art of 8 . No ne ASC II keyboard ; Moto rol a 6800 
calcul ator mathematical techniques . 9. Intellige nt machines for h ome, EV K/ 11 kit is most popular_ 

10. The clu b presently is in a forrn a1 ive busi ness and indu stry 10. Have moni tor system Lo use BAS IC 
stage , hav ing been organi zed on on origina l 24 key keyboa rd of 
request s of Calculator U b readers 1. SOL US, The Sol User's Society Motorola 6800 EV K/11. 
and therefore prese n t ly we need 2 . POB 23471 
members who will volunteer as San Jose CA 9 5'15 3 1. Societe' d 

0 

lnform at iq ue Am ateur 
offi cers of the club , worki ng on the 3. local c hapters in vario us cities du Quebec 
editorial com m ittee (fo r the q ua r- across the country 2. C P 9242 
terly report) as correspondents , 5. SOL US New.~ Sai n te -Foy, PQ 

CANADA GlV 481 

P.E.T.TM PRODUCTS 
SOFTWARE/A CCESSORIESIH A RD WA RE 

Memory Expanslon!!·31 .743 Bytes Free! ·NEECO now has rnternal memory 
Expansion Boards Ava il able lor your PET ! 16K. 24K and 32K Memory 
Configuralions. Call or Wflle NEECO and ask lor ou r 'Free• Soltware and 
Hardware Direclory. Power up 10 32K Byles I Call NEECO for more lnlo. 

Softwere-NEECO has too many programs to lis t them all here ! Call or 
write and ask lor our 'Free • Directory ! • · solt wa re AuthOrs !·NEECO 
offers 25% Royalties on Pel programs wi th nat ionwide distribul1on! ..Call 
NEECO tor addil ional inlormation on our 25% Royalty Program 

PET & Peripherals-NEECO offers lasl (o ff the shell?) de li very schedules 
lor the Pel Computer and Perlphersl 2020 Printer. NEECO also offers 
exce ll ent personal & Warranly service! !' lnlerested In a Pe t? Call and 
requesl our P.E.T. lnlo Pak . Feel lree 10 call and ask quest ions. 

The Music Box · Music Composer and sound e ffects generator allows you 
lo compose and hear music on your Pel ! ·Program & Hardware allows 
you 10 disp lay no1es . hear lhe notes . save pages ol music on lape for lat:?r 
playback or modilication ! The Music Box ac lua lly d isp lays lhe no1es as a 
song or lune is played !·Allows you 10 add sound effec1s 10 your own Pet 
Programs.-Endless Posslbll ities! ·Al l Cassella Soltware, plug -I n Hardware. 
and Music Sox lns1ruclions lor only $49.95! Music Box Fits ngh l Inside 
your Pel -No assembly requi red! Music Sox even plays random tunes! 

NEECO Oust Cover· Protect your Pel l Cover you r Pei 's delicate circuitry 
and keyboard lrom dust thal can. over time. cause interm1t1ent chip 
failures ! Heavy, clear Plast ic Oust Cover shows otl your Pet whi le 
protecting 11 lrom dust . spills . and lhose inevi table ·unwanted Sticky 
lingers' ! Man ufaclured 10 lasl as long as your Pef/ ..only St 7.95 

VISA OR MC Phone orders Accepted ..14 % Surcharge on Hard ware) 

'" Author11ed PET S.aln & Sen11c 1 
~ eo.AND ELECT104a ro. 

" Gua ra nteed De li very " 
248 Bridge Street Area Code !4131 Schedules for all of our 

PET Cu.iomers . Call
Springfield. Mass . 739a9626 for our PET Package . 

3 . 	 Pav Vac hon, Salle 3870 , Univ 

Lava l 


4. 	 Second Monday of each month at 
7:30 PM 

5. 	 Lu Routine 
6 . Gill es Pai ll a rd, secretary 

7_ (418) 87 1-1960 

8. 	 No nstudent $20, stude nt $15 or 


journa l onl y $ 10 

10. 	 Ac ti vities for cu rrent year cease in 

Junc with election of new officers, 
a nd resume in Septembe r. 

1 . 	 Ottawa Computer Group 
2 . 	 POB 13218 

Kanata Ontario 
CANADA K2K 1 X4 

3. 	 National Research Council Audi­
torium , 100 Sussex Dr, Otta wa 
Onta ri o CANADA 

4 . 	 F irst Monday of each month, 8 PM 
5. 	 OCG Newsletter 
6 . 	 W Mitchel l, secretary 
7. 	 (613} 596-2287 
8 . 	 $5 per year and $5 initiation fee. 

1 . 	 Associat ion of Compu ter Experi ­
menters (ACE) 

2. 	 c/o Ke n Bevis, 220 Cherry Post Dr 
Miss issa liga, Ontario 
CANADA l 5A 1H9 

3. 	 Hamil ton , Ontario CANADA 
5. 	 Ipso Facto 
6 . 	 Be rn ie Murphy, ed itor, 102 Mc­

Craney St, Oakville O n tario , 
CANADA l 6 H 1 H6 

7. 	 Ten tatively $10 
8. 	 Microco mputers, periphera ls and 

software in gene ra l, wi th RCA- 1802 

142 eo1embtr 19 78 <!'.> BYlE Public .uions Inc 	 Circ le 281 on inquiry ca rd . 



Circl e 9 1 on inquiry card . 

microprocessor and so ftware in 
pa rti cul ar. 

9. 	 T he ACE clu b s tarted in Sep tembe r 
1977 and has about 45 0 membe rs 
fro m ac ross th e US and Canada. 

·r. 	 Toronto Regi on Association of 
Com pute r Enthusiasts (TRACE) 

2. 	 POB 545, S tre e tsv ille , Ontario 
CANAD A L5M 2C1 

3. 	 No rth Campus , Humber College, 
room J209 and Ontario Science 
Cen tre, lec ture hall C 

4. 	 Fourth Frid ay of each m on th, 
8 PM an d secon d Sunday o f eac h 
month, 2 PM, respec ti vely 

5. 	 TRl l. CE News/el/er 
6. 	 Ross Cooling, pres ident 
7. 	 (4 16 ) 488-3314 
8. 	 $15 pe r yea r o r $7 pe r year news­

le tter only. 

1. 	 Kitchener-Waterloo Microcomputer 
Club 

2. 	 E2-3354 Electrical Engineering 
Dept, Unive rsity o f Waterloo 
Waterloo , Ontario 
CA NADA N2L 3Gl 

3. 	 Engineering 4, room 3388 , Uni ver ­
sity of Waterloo 

4. 	 First Wednesday of each 
7 :30PM 

5. on e 
6. 	 Roger K Sa nderson 
7. 	 (519 ) 579-644 5 (home) 

1211 ext 381 5 (work ) 
8. 	 Non e 

month, 

or 885­

9. 	 We hold ve ry in fo rmal meet ings fo r 
1he p urpose of ge tting people with 
simil ar inte res ts toge ther. We also 
have a small de dica ted group o f 
regul ars who are doing interes tin g 
hardware and softwa re deve lop­
me nt. 

I . 	 West Coast Computer Society 
2. 	 POB 44 76 

Vancouver BC 
CAN AD A 

3. 	 Bri tish Colum bia lns ti tu ie of Tech­
nology, room D4 12 

4 . 	 Fi rs t Wedn esday o f each mon th at 
8 PM (no mee tings Jul y and 
August) 

5 . 	 Pri111 Out 
6. 	 Pe ter Luc kh am 
7. 	 (604) 522-3484 
8. 	 $15 pe r yea r 
9. 	 Personal co mp uting. 

The listings follow this 
fo 1·m: 

1. 	 Name of o rgan iza tion 
2. 	 Mailing address 
3. 	 Mee ting locat ion 
4. 	 Mee ting algorithm 
5. ewsle tter or pub lication 
6. 	 Contact person 
7. 	 Contac t phon e nu mber 
8. 	 Dues or subscription fees 
9. 	 Special interests 

10. O the r comm ents 

LSl-11 TIME 


It's TIME you brought your LSl- 11 up to DATE. TIME and 
DATE , two Important parameters in the computer world , are 
available to your LSl-11 on one D UAL SIZE BOARD. When 
re quested , the TCU-500 will present you with the date (month 
and day), time (hour and minutes), and seconds. Turn your 
computer off and forget about the time - your battery sup­
ported TCU -500 won't, not for 3 months anyway . T he correct 
date and time will be there when you power up . 

The TCU -500 Is shipped preset to your local time, bu t can be set 
to any time you want by a simple software routine . 

AT $2 95 

YOU CAN'T AFFORD TO IGNORE TIME 


Time is only one way we can help you upgrade your LSl-11 or 
POP-11 system . We'd also like to tell you about the others . So 
contact Digital Pathways if you 're into -11 's. We are t oo. 

Having Reservations About Your 
HUNT NO MORE! 


Smoke Signal Bro adcast ing presents t he 

SG-1souncEGENE!lATOn 

Program for disassembly of object code in to sou rce code 

for direct editing and re-assembly. 

• Output d irec ted to tape or disk with ei th er SWTPCo's 
co-res ide nt assemble r fo rmat. or Smoke Signa l Broad ­
cas ting 's Te xt Ed iting System format . 

• Reports nu m ber of bytes in source code file, number 
of externa l labels, number of local labels, and number 
o f vari ables for comput ing memory space necessary 
to ass em IJl y sou rce code ge nera tecl. 

_ Only S24 .95 (o n cassette), S30.95 (on d iskette ) 

. =[~We're fhe " CHIEF" in 6800 products software 
¥ -, 

SMOIE SJ[(UrlAJI~ J]JaOA.DCA.STII{* 
G304 Yucc;i/Holly wood , CA 90028 / (213) 462·5652 
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ENTREPRENEURS 

II :.iou i:;an proqtam a min i an.d own one. you mav 
htive a lmos1 ~v c-ry1h 1ru~ ta s1ar1 your own :systeims 
hou~m . Find oul how , rrOmth is de l a~•ed rn ilmi<il hy an 
EDP pro r~ss i Mal who succcssfo ll :.O clid 11. 

HOW TO START YOUR 
OWN SYSTEMS HOUSE 
by Leslie Nelson 
Second Edition Aug. 1978 
213 pages $36.00 

HANDBOOK OF SMALL BUSINESS 
COMPUTER CONSULTANTS 

Pratlical guide ror progrnmmcn s. accoun1 an ts. cnglnccrn lo Decomo an 1ndcpl'nc.J cml SBC 
con sultanl. Sys1ema1ic covr.rag~ ot 1ec:hnical. marketi ng . ll nanclai anl1 l ~ga r aspec ts 

198 pages $28.00 

Forthcoming: 

HOW TO START A SUCCESSFUL 
COMPUTER STORE 	 $38.00 

Bend check to: 

• 
VISA EBBEX PUBLISHING CO. 

285 Bloomfield Ave., Cpt;. BS 
Caldwell, N ..J. 07006 

Crcdl l card orders : send cord # . dtl lC c:<p 
Ad r1 SJ oo ror r ush . air -moll shlp11 lng . N J . rcs1dcn 1s ndd 5% salos i::1x 

COMING TO ATLANTA IN 
OCTOBER··· 

BizCOMP '78 
~ October 27-29 ~ 
~ Marriott Motor Hotel , Atlanta , Georgia ~ 

·Crowds.Exposure.Sales· 
Atlanta ,The Computer City Of The South ... 

BizComp '78, The Reason For Be ing There! 

Plan To Exhibit: Reserve Space Now! 
R1lComp 70 .,.,.1lltlc(lhhf) li l t t11• r1 •l,1l111••ly ·~m.1 l l l)111lc ll ' 1 lH·r· , . .._ •. 11,· t1ir •t1. 111!1•,}1-11r! .-•1't IH1'.lJI•''•' •·tn•r 1 
t~ r 10 he: nh1P to J ) 11rch:1·~L· 1lll 11 1 IV"n1:.1· ui111J)11C1·r ~.v·· l· · 11 1 ,'\II t.111•r, • ii 11 11 .m 111f11r11,, ..,.,, 1111.1111!.•r 

u1iius lry w ill be on d•snl:iv frmu lh" l,1Ci•s 1 1nno·o.1hm1 . '" ( 0111i111I• 1 1• 1:11' 111· ····· .,•1 t1.·••• 1r • .11111 ~·.·•.rrl 
fll'OCCss1ng SLlOCll'I'.!'~ itll (I •;f'fV l (" j• ~ 011Co 111u IA .,., ,11 _,1 ., ··rllph, 1c,,_. , , ,,, Ill• m. 1tl h1r -1 r11 .. rr ,,, 11 ... 

o.;,11 nn11r:1 1 ~· arid di 11:M.'fldc1l1•Mv (i i mic-H)C:Omm 11 N ~·V!-, J .·m · 

Plan To Attend: Daily Seminars! 
Al Oic <Joor mg1s tra!M1t1 w ill t Jf• S· I OD p(_•r cl.Ii' nf't 11 ~,,• .• •lo~·. I• I .;.,10(\ r•'f ' I.)·, Pro• I• :l'.tf.1' 1 I• .-.. u. •( 
f'lf r'J 1H~s Q.c 1otlor 20th wr1.-.n. (J1 doL' •111q 'l'Olir 11.rl!;,• ts ul1•i1'"' 111.11-. .. 1 ..r r. 111 1n 1111111 ,11, -·11 .•r .... , 111 ·.•Jill ! 1•• 

;1U(!Od1ng ;ttld number o l t11;;. kc- rs Pf'' cl ;i y A l l 11ck 1 ~ 1 s , 1J•• r·1)liH t 411 1r·~ I All •'• •rl~· 1('" w1 t1 .1n1·. \'1111 1• ·1_1·1'·1~· 

.-. spec.al copy o r l llC' El(oo r,nm11,ru 5Cl1C'd~df.' T1f;:'k(' 1c, Wiii Il l ' m,11I Pd 1mr11 . •1t1.1h• I·, l lll flll I• I 1•11•1 ,,, 

YQl jr c h ecJt. Please m~1 1t;e c.h ec.:51.s 011 1 10 Fel:5b~JrQ l\s "nf' 1;11 1·~• l1w 

For Complete ) ) ) ) 
Details Write 
Or Call Today! 
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Felsllurg Associates, Inc . 
12203 Raritan Lane-P.O. Box 735 
Bowie, Maryland 20715 
(30 7) 262-0305 
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l . 	 Microcomputer Encounter Group 
2. 	 207-885 Old Esq ui mal t Rel 

Victoria BC 
CANADA V9A 4W9 

6. 	 Varghese Cherian, secre tary 
9. 	 Exchanging inform at ion and ideas. 

'I. 	 Amateur Computer Club 
2. 	 7 Dordells 

Basi ldon, Essex 
ENGLAND 

5. 	 Six times a yea r 
6. 	 Mike Lord 
7. 	 (0268) 411 125 
8. 	 £ 2 PA or $4 (US curre ncy) 

l. 	 Hobby Computer Club 
2. 	 Delftsekade 12 


2266 A J Leidschendam 

NETHER LANDS 


3. 	 Several tow ns in Belgium and the 

Ne t11 erl ands. 


4. 	 Usuall y once each month 
5. 	 /·lobby Computer Club N ielnvsbrief 

(Du tch) , bimonthly 
6. 	 Dick Barnhoorn 
7. 	 Netherlands 070-27353 7 
8. 	 Nethe rl and s: 15 Gu ilder: Belgiu m: 

225 Franc 
9. 	 No bias Lo any sys tem or micro­


processor 

10. 	 Membership passed 800 in May 

1978. Hardware service (cheap 
parts and redu ctions) and software 
li brary started in Ianuary 1978. 
HCC Computer Day in Oc1ober. 
We're taking part in seve ral large 
scale c.x hibit ions to promote th e 
concept or personal comp uting. 

1. 	 Japan Microcomputer Club 
2. 	 Kikaishinko·kaikan, ) El DA 

5-5-8, Shiba·koe n, Minato-ku 
Tokyo JAPAN 

3. 	 Same as above 
4. 	 Twice a month 
5. 	 Micom (Japanese version). Mic om 

Circu lar (J apanese version). Mirro 
Computer News (English version I 

6. 	 Koji Vada, edito r 
7. 	 03-438-18 69 
8. 	 Y6,000 pe r year 
9. 	 All aspects of hobbyist compu ters 

ror persons in Japan.• 

The listings fo ll ow this 
form: 

l. 	 Name of organization 
2. 	 Mai ling ad dress 
3. 	 Meeting location 
4. 	 Meeting algorithm 
5. 	 Newsletter or publica tion 
6. 	 Contac t person 
7. 	 Contac t phone number 
8. 	 Dues or subscription fees 
9. 	 Special interests 

10. 	 Othe r comments 
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The 8080 Progra mmer 's Pocket Guide 
See/bi Computer Consulting Co 
Milford CT 06460 
$2.95 

Tychon 8080 Hex Code Card 
by Tychon Inc 
POB 242, Blacl?Sburg VA 24060 
$2.95 

At fir·st it m igh t seem odd to review the 
8080 Programmer's Pocket Guide a nd th e 
8080 Hex Code Card at the same time, but 
they both serve as qu ick references for 8080 
assembler programming and hand assembly 
of the resu lting programs. Either one alone is 
a great improve men t over thumbing through 
the a ppendices of lar·ger books; ideal ly you 
should have both. 

The 8080 Programmer's Pocket Guide is a 
smal l book let (4.5 by 3.5 inches, 11 .5 by 9 
cm) inte nded as a quick reference to the 
8080 ins tru c ti on sc t. It has th r·ce sections. 
Th e first is a discussion of each instruction 
in the set describing wha t it does, what flags 

Our Model 60 is called "The 
Blue Box" by thousands of 
users . This compact unit 
packs the most testing capabil­
ity per dollar. Pinpoints the 
source of trouble between the 
Modem and Terminal. Pro­
vides access to all 25 lines of 
the EIA RS 232 interface. Has 
12 monitorin g LED 's plus two 

voltage-sensing LED 's. 24 
miniature switches allow iso­
lated testing and observation 
of all signals . Min i-jumpers 
included for cross-patch ing 
and signal monitoring . Sturdy 
10 oz. unit has hard plastic 
case , is battery powered , reg­
ular or rechargeable . Im­
mediate delivery . 

ll'ojj) INTERNATIONALDATA 
SCIENCES, INC 

Seven Wellington Rd ., Lincoln, A.I. 02865 Tel: (401) 333-6200 
TWX: 710-381-0285 Export: EMEC, Box 1285, Hallandale, Florida 33009 

Having Reservations About Your Software? 
HUNT NO ·MORE! 


Smoke Signal Broadcasting presents the 

TD-1 TRACE/DISASSEMELER 

Provides interactive tracing and disassembly for 

6800 program debugging. 

• TRACE allows p rogrammer to contrnl execu ti o n of 
program under test for examination of processor's 
interna l registers and memory on inst ruct ion-by­
i nstru ction basis. 

•DISASSEMB LY converts machine code to easy to 
read mnemonics. 

• Hex code for th e opcode and program counter dis· 
played in addit ion to mnemonic, wh en instruction 
is Iisted. 

•	 Contents o f any register or an y memory location 
may be changed at any t ime . 

,;:.~ Only $ 19.95 (on cassette), $25.90 (on diskette ) 

.f,~We're the " CHIEF" in 6800 products software 

SMOKE SI6rl!t BJ1UJ!DCAS'fIN6r 
G304 Yu cca/Hollywood. CA 90028 / (213) 462·5652 

Circ le 320 on inqu i ry card . Scp lember 1978 © BYTE Publii:.ations Inc 145 



Circle 1 on inquiry card. 

6800 SOFTWARE 

Payroll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $400 
Math Package, 11 Y:> digit accuracy with 

Fortran style formatting .. ...... . . . .. . .... ... . . . ... .. .. $100 
Editor - Text Processor (with mailing lists & labels) . . .....• . . .. $100 
Inventory with Job Cost . .. .. ...... . .. ... .. . . .... . ... ... $400 

other inventory programs from . . . . . . . . . . . . . . . . . . . . . . . . $200 
Accounts Receivable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $400 
General Ledger ......... . ..... . . .. ..... .. .. ..... . . ..... $400 

Stock Market-C lub with Tax Reports . . .... ..... .... . .... . $ 75 
Digisector Software (scans twice as fast) . . . . . . . . . . . . . . . . . . $100 

it affects, and the octal and hexadecimal 
values for it. The second part is a discussion 
of a program for loading Intel hexadecim al 
format paper tapes. The th ird section is a 
summary of the instruction set ordered by 
function . This gives the in struction, its octal 
and hexadecimal values, the number of cycle 
states, and the page on which the instruction 
is discussed. 

I find th is booklet very useful. Th ere is, 
however, one minor blemish that may con­
fuse some users. Par ts of the booklet are 
adapted from Seel bi 's 8080 So ftwore 
Gourmet Guide and Cool?book. This cook­
book, like previous Scelbi publi cat ions, uses 
a set of mnemo nics wh ich were based on 
those for the 8008. Scelbi has since changed 
over to the standard Intel 8080 mnemon ics, 
and they use the standard ones throughout 
the pocket gu ide. However, some of the 
discussions taken from the previous book 
still use the old mnemonics (eg: LBA rather 
than MOV B, A). Also, the text occasionally 

Custom Programming 

Our Specialty 


AAA Chicago Computer Center 
3007 !4 W. Waveland Ave. 


Chicago, IL 60618 

Phone: (3 12) 539-5833 

(3 P.M. - 5 P.M. only) 


refers to ap pendices from the cookbook. But 
these are minor problems; the booklet is 
well worth hav in g. 

Tychon 's 8080 Hex Code Car·d (1 5 by 8 
cm) is a slide rule type summary of the 8080 
instruction set. Also available is a card for 
those who prefer octal. The front of the card 
gives al l the instructions and their hexa­
decimal values, and tells how each instruc­
tion affects the flags. The back of the card 
gives an ASC II chart, a hexadecimal to 
binary conversion chart, a chart of the 
register pairs, and one of the fl ag byte. The 
card itself is made of fairly heavyweight 
cardboard. IF Tychon ever pu ts a pl astic card 
out I'll be among the fi rst to buy it, since 
the present card is used so much that I may 
wear it out . If you ever hand assemble pro· 
grams for the 8080, I highly recommend this 
card. 

John A Lehman 
716 Hutchins #2 

Ann Arbor Ml 48103 • 
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Making an H9 

Understand 

Lower Case 
George J Frye 

Frye Elec t ronics I nc 

POB 23391 
9826 SW T igard St 

T igard OR 97223 

We have been using the Heath kit LS 1-11 
computer as supplied with the ir model H9 
CRT termin al and rece ntly ran into an in ter­
esting problem. Source programs that in­
cluded lower case alph abetical ASCII char­
acters wouId not read out on the terminal 
in an intelligibl e way ; the 64 character 
generator just we nt bananas and inter­
preted these lower case characters as slashes, 
percent signs, etc. 

I have also noted that some other devices, 
such as the Practical Automation DMTP-6­
uP Printer, also use 64 character sets, and 
may be faced with the same problem. 

The Heath terminal is easily modified so 
that both upper and lower case alphabetical 
characters read out as upp er case. {Some 
form of this modification may also work 
with the above printer. ) 

Heath feeds the character generator chip, 
IC205, with a 6 bit signal latched through 
from the ASCII bus. The most significant 
data line is latched onto the character 
generator board but not run to IC205. A bit 
of study wil l show that changing the drive 
to the most significant bit of IC205 from 
ASCI I bus line 6 to an inverted ASCII bus 
line 7 will cause the ch aracter generator 
to recognize lower case and upper case 
alpha characters as upper case {Tektronix 
uses this trick in their display terminals) . 

The modification is easily done by 
cutting the run from pin 15 of IC203 (bit6) 
to pin 1 of IC206, soldering in a wire from 
pin 10 of IC203 (bit 7) to pin 11 of IC219, 
and soldering in another wire from pin 10 
of IC219 to pin 1 of IC206. IC219 is a 
hexadecimal inverter, and the pins 10 and 11 
are the output and inpu t of an unused sec­
tion of this IC. • 

Circle 311 on inqu i ry card . 

SOMETHING SPECIAL FOR 
THE S-100 BUS 

International Microcomputer OUR 
LIST CASHCorp. Keyboard ­ PRICE PRICE 

AS R 37 Format with 128 
Characters and a numeric 
Entry Pad. Assembled 
and tested with enclosure. 16995 14500 

Mountain Hardware lntrol 
AC Controller and Remote 
Kits. 21000 

Mullen Extender Board Kit 
3500with Logic Probe '2fPO 

North Star Horizon I Kit 159goo 133SOO 
IMSAI 8080 Kit (PCS 8010) 69900 56995 

Ask About Our Discounts On The Many 
Other Lines We Stock. 

Above Prices Include Cash Discounts. Shipping Charges Extra. 
Subject To Available Quantities. 

Bus.... 5-' [][] .. •nc. 
Address... 7 White Place 

Clark, N.J. 07066 
Interface. . . (201) 382-1318 

Having Reservations About YollI' Software? 

HUNT NO MORE! 


Smoke Signal Broadcasting presents the 

SD-2 aaoo EASIC COMPILEn 

For High Performance Process Control Programs and 


Business Applications 


• Fast execution---syntax analysis of line not performed 
each time I ine is executed. 

•More power in runtime package---no room needed for 
statement analysis, program editing and li sting . 

• Wider 	variety of faci lities - - nested conditions, IF ­
THEN - ELSE , and others. 

• Decimal fl oating point, accuracy to a minimum of 9 
digits. do ll ar values to $99,999,999.99. 

•P RINT US ING for formatted output. 
• Utili zes RANDOM ACCESS disk fi les. 

,ill:A $325.00 (manual only, $ 10.00) 

.~We're the " CHIEF" in 6800 products software 

SMOKE SIGrlAL BBOADCASTIIG 
6304 Yucca/Hollywood, CA 90028/( 213) 462·5652 
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Continued from page 65 

FACTOR 

_ _ ___,.,I VAR IABLE 

FUNCTION 
___.., IDENT IFIER .---~--. EXPRESSION i-----...,....---1 

FACTOR 

EXPRESS ION t------..JI--------­

VARIA BLE 

------•I IDENTIFIER 1----.....------------------.,......--• 

~ "'"""' ~ 
CONSTANT 

----""',------i: IDENTIFI ER 1----: ---l'.,......----­

"------: I NTEGER 11---------' I 

- ----1: STRIN G :t-------- • 

' I HEX INTEGER I 

Figure 3, continued: Notice that some of the diagrams, for example FAC TOR, contain them­
selves in their own definitions. This is known as a recursive definition. 

For in stance: 	 changed during program execut ion . The 
data storage area contains th e val ues of 

mem [i]:=memfj]; variab les . It is also used to sto re temporary 
reads the byte fro m the memory loca ti on j values during arit hmetical and logica l 
and writes it back to memory loca tion i. operations. 
Machine language subroutines can be cal led Though the var iables can be fetched and 
from Pascal programs. The statement : stored in a random fash ion, the data storage 

area operates as a stack with respect to
Call (i); arithmetical and logical ope rations and run­

can be used to make a ca ll Lo memmy ti me stmage allocatio n. A1·ithmetical and 
address i. logica l operatio ns are done on the top 

elements of the stack, and the results of 
the operations are pushed back on the

The P-Machine stack. In this respect, one might cal l it a 
The p-mach ine is a stack oriented ma­ zero address mach ine, sin ce operat ions 

chine consisting of four registers and two (except store and load instructions , which 
memory storage areas. Memory is se parated must specify an ad dress) are done wit hout 
into program sto rage and data storage areas. reference to any address. Later we will 
The program storage area co ntains the pro­ discuss the use of the stack during rnntime 
gram codes (p-codes), and remains un- storage allocat ion. 
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STATEMENT 

-~-..., VAR IA B LE EXPRESSION r--~~---------------~~-------~--~---

PROCEDURE 
IDENTIF IER 

E XPR ESSION STAT EMENT STATE MEN T 

~OF STATEMENT STATEMENT 

EXPRESSION ~ STATE MENT 1--------------~~~~-~~-----"1 

REPEAT EXPRESS ION 1------------------------1 

EX PRESSION EXPRESSION STATEMENT 

EXPRESS ION 

EXPRESS ION EXPRESSION 1-------------------­

Figure 3, continued. 

The fo ur registers in the p-machinc are 
th e program counter, P, which points to 
the nex t executab le instruction in th e 
program storage; the instruct io n r·egister, I, 
wh ich contains the cunent execution in· 
st ru ction; the stack po in ter, T, which points 
to the to p of the stack, and the base address 
registe r, B, which contains the cu rre nt base 
ad dress. The functions of the first three 
registers shou ld be quite clear from the 
above discussion. The function of register B 
will become clear after we discuss storage 
al location. 

Each var iable in a Pascal procedure has a 

scope and Ii fetime. Th e sco pe of a variable 
is the range within which it can be refer­
enced. The sco pe of a Pascal variable is 
simply the procedure block to which it 
belongs. The Ii feti me of a variab le is fro m 
the time storage is al located for it to the 
time sto rage is disallocated. In Pascal, this 
is the time the procedure defining the vari­
ab le is ac tivated to the time a return is 
exec uted by the procedure . This is different 
from the way variables are treated in BASIC, 
where the sco pe of a variab le is the entire 
program and its lifetime the en ti re execution 
time. 

Seprember 1978 © BYTE Pu bliutions Inc 149 



I DEPT. 11 P. 0 . BOX 2528 
ORANGE , CA 92669 

Circle 201 on inquiry card. 

NEW SOFTWARE 

AVAILABLE FOR 


MICROPOLIS™ 
The following software is now being offered for use on 
the Micropolis MetaFloppy and MacroFloppy disk 
systems. 

CP / M '" FOOS and Util ities 
MitTOSOfl rGRTRAN·SO 
Microsoft COBOL·BO 
Microsoft Disk Ex tended Br,SIC 
Xi tan SUPER BASIC 
Xitan DISK SASIC 
Xi tan Z·TEL Text Ed itor 
Xi tan Text Output Processor 
Xitan Macro ASSEMBLER 
Xitan Z· BUG 
Xitan LI NKER 
X.ilan Package A3 (as keyed above) 
Xi tan Package A3+ (as keyed above) 
Xi tan Fom an IV 
Xi tan DATA BASE M1\ AGEMENT SYSTEM $1,2SO 
CBASIC Compiler/ Interpreter BASIC $95 
MAC Macro Assembler $100 
SI D Symbolic Instruction Debugger $85 
TEX Text Formatter $85 
BASIC·E Compiler/ lmerpreter BASIC $30 
General Ledger S99S 
Accoums Receivable S7SO 
NAO 1 ame & Address Processor $79 
QSORT Disk File Sort / Merge Util ity $95 

Available from computer stores nationwide or order 
direct from: 

LIFEBOAT ASSOCIATES 
164 W. 83rd Street 


New York. N.Y. 10024 

1212) 580-0082 


NORTH STAR 
~,..BASIC PROGRAMS 

REDS SOLD, EACH SYSTE M COMPL ETE ON DISK ETTE 
READY TO RUN. WORD PROCESSING, NORTH STAR TUTO· 

~ RIAL I, NORTH STAR TUTORIAL II (TE ACHES NORTH ST AR !
jl! BAS IC) , ACCOUNTS PAYABLE, ACCOUNTS RECE IVABLE, ,.; 
j11i11 PAYROLL, GENERAL LEDGER, MEDICAL-PROFESSIONAL, Olllll 

~ BILLING , SALES WITH SAL ES ANALYSIS AND GROSS PRO· ~ 
,.; FIT, INVENTORY, HISTOGRAM GE NERATOR, COMPUTE R ,.;
jl! CHESS, MAILING LABELS. $35.00 each . j1! 

ii! SOFTWARE LOCATER (LOCATE, INDEX-FRE E SOFTWA RE). ~ 
~ CHECKBOOK BALANCING, BOWLING-GOLF HANDICAPPER, jl!jl! 
jllill COIN COLLECTION INVENTORY, IMPORTANT DOCUMENT 
~ LOCAT ER, BUDGET PLANN ER, GAM E DISK. $25.00 each . 

Olllll IQ TESTER, COMPUTE R MEMORY DIAGNOSTI C PERSONAL ! 
~ FINANCE , BUSIN ESS FINANCE, BIORHYTHM GE NERATOR, ~ 
~ DIET PLANNER, CRYTOGRAPH IC ENCOD ER, MATH TUTOR, ~ 
,.; A SORT UT ILITY. $15.00 each . ,.;

! EQUIPMENT REQUIRED, SINGLE DRI VE, BK FREE MEMOR Y, ~ 
,.; PRINTER OPTIONA L. ~ 

! TRS-80 LEVEL I & II (ON CASSE TTE) STOCK MARKE T AN ALY SIS . ~ 
~ C.. RAPHICS, TR END LINE A NALYSIS, BU SIN ESS APP LIC ATIONS. S 15.00. ~ 

~ BL A NK DI SKETTE S $3 .80 (UNDER TEN OR DERED , ADD S2.00 FOR ! 
,.; SHI PPI NG : OVER TE N SHIPPED POSTPAID) . ,.;

ii! CPM COMPATIB LE BAS IC PROGRAM LI ST IN GS ALSO AVAI LA BLE. ~ 

~ 
ii! (Ill SOFTWARE1 

From S145 
$400 
$625 
$300 

(A3) $99 
(A3+) $159 
(A3. A3+ ) $69 
(A3. A3 ) IA 
(A3. A3+ ) $69 
(A3+1 $89 
(A3+1 $69 

$249 
$409 
$349 

I
ii! 
~ 

Since procedme ac ti va t ion is strictly a 
fi rst in, last out process, th e use of stack is 
an appropr iate strategy. When a procedu re is 
activated, storage for its local var iables is 
all ocated on the top of the stack, and is 
di sallocated when th e procedure is te m1 i­
nated. Thu s the stack con tains al I th e 
varia bles of th e current ly ac tive procedures. 
The variables of the last activated procedu re 
are on th e to p of the stack, those of the 
second to last activated procedure nex t to 
it, and so on. 

Since sto rage all oca tion is not static, 
addresses cannot be assigned at compile 
time, but must be calcu lated at runtime. 
The base register, B, always poin ts to the 
stai-t ing location of the segmen t or the data 
block in the stack. The addresses ge nerated 
by the comp iler are not absolu te ad dresses, 
but d isplacements from some base addresses. 
If the va1·iable is loca l, then its address is the 
d isplacement from the cu1-rent base register 
B; bu t if th e vari able is fro m an outer pro­
cedure, then the base add ress fo r tha t pro­
cedure should be ca lcul ated, and added to 
the displ acement. 

To do this, and to ensure pro per pro­
cedure or fun cti on linkage, extra storage 
is all ocated on the stack wh en a procedu re 
is activated. Figure 4 shows the var ious 
quan tit ies present in each of the procedure 
blocks. The func tion return va lue is used 
on ly fo r fun cti on cal ls, and sto rage is all o­
cated fo r any paramete rs needed by the 
proced ure or fu nct io n. The base address 
con tains the value of th e current base 
register B, and the re turn address contains 
the program return add ress at the place of 
th e call. The fu nc tions of th e dyna mic 
linkage and the stat ic link age need furt hN 
ex planation. 

The dynamic lin kage for ms a cha in 
th at reflec ts the procedu re act ivat ion hi story. 
It poi nts bac k to th e base add1·ess of the 
procedure th at was act ivated immed ia tely 
before this one. For instance, if prncedure A 
calls procedure B, which calls procedure C, 
then the dynamic link ch ain points from C 
to B, and then to A. It is used to ensure that 
th e program returns to its previous state 
wh en exiting a procedure. In particu lar, the 
base register B must be loaded wi th the cor­
rect base address of the calling procedu re. 
This would be easy to do if we follow a step 
through the dynamic link chain. 

The static Ii n k, on the o th er hand , 
re fl ec ts the stati c hierarchical stru cture of th e 
p rocedures. Each active proced ure has a 
link that points to the procedure (a lso 
active) th at immediate ly contains it . The 
stati c links actually fo rm a tree, wit h the 
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VA RIA BL E N 

• . 
VAR I ABLE I 

RE TURN ADD RE SS 

DYN AMI C LIN K 

STAT IC L INK 

SASE ADDRES S 

PARAME TER N . . 
PA RAMETE R I 

FUNCTION RETU RN VALU E 

• . 

Circle 71 on inqu iry card . 

T-­

8 ­

Figure 4: A typical activation record for a 
fu nction. For a procedure, the function re­
turn value is omitted. Note that the proce­
dure and function parameters, as well as the 
function re turn value, are belo w the base 
register B, and thus would have negative dis­
placements. 

mai n program block as t he root. These lin ks , 
wh ich in genera l are differen t fro m the 
clynam ic links, are used to let programs 
have access Lo the correct base address of 
th e varia bles in an outer procedure, si nce 
at compile r time, o nly the static relationsh ip 
amo ng the procedures are known . The com­
piler therefore g~nerntes the pair (stat ic level 
difference, re lative disp lacement from the 
base address) as addresses for variables . The 
ca lcul ation of the addresses from these 
pair·s wo ul d presu mab ly slo w dow n the 
process, but it is a smal l price to pay for 
nice features Ii ke recursive procedure cal Is. 

Op Code Mnemonic 
(Hexadecimal) 

00 LIT O,n 
01 QPR O,n 
02 LOO v,d 
12 LO DX v,d 
03 STO v,d 
13 ST OX v,d 
04 CA L v,a 
05 INT O,n 
06 J MP 0 ,a 
07 JPC c,a 
08 CSP O,n 

Table 7: Basic p-codes. The v in call, load and store instruc­
tions is the difference in static level between the current 
procedure and the one being called or the one which con­
tains the variable from the base address. An address in a 
p-code program is sho wn by a. The condition code, c, can 
either be 0 or 7. 

Operation 

load l itera l constant 
arithmetic or logical opera t ion 
load var iable 
load indexed va r iable 
store var iab le 
store indexed variable 
ca ll p rocedu re o r fun ct ion 
increment stack po in ter 
jump uncond iti onal 
jump cond itional 
cal l standard procedure 

IMMEDIATE DELIVERY 

Advanced SK Model 
-only $795 

No computer know -how needed! Uses utended " BASIC" . Self · 
conta ined with its own 9" video display, built-in keyboard , and 
digitally controlled cassette recorder. Complete with 14K operat­
ing system and BK memory built -in {expandable to 32K). 

Apple 11 - In stock from $970 
Apple II is a completely con· 
tained computer system, 
with BASIC in ROM, full 
ASCII keyboard in a light­
weight molded carrying ca5'1. 
Expandable to 48K . 

Apple II, the personal 

computer with color! 


PERIPHERALS 

For PET 


PET 2020 Impact Printer - 5 695 

32K Memory Expansion · $595 

Serial Interfaces from $169 

PERIPHERALS 

For APPLE 


Expander Printer · $425 


Centronics 799 
Printer ·S995 

Apple II Disk . $495 

Plus hundreds of software programs too numerous to list! 

THE COMPUTER FACTORY 
485 Lexington Ave. (46th St.) 

New York, NY 10017 212-PET-2001 

Open 10·6 pm Tuesday - Saturday 212-249·1666 

---·Having neservations About Your Software? 
HUNT NO MORE! 


Smoke Si nal Broadcasting presents the 

SE-1 SUPEl\ E~ITDl\ 

TEXT EDITING SYSTEM 


Content oriented with string search and block 
move capability 

•Allows 	any or all occurances of a particular string to 
be changed with one instruction. 

•Disk 	transfer capabi lity allows editin g of f il es la rger 
than available memory. 

•Specific lines can be referenced by particular line 
number, offset amount or string of characters with in 
the line. 

•Automatic line numbering. 
• Designed for file transfers to and from Smoke Signal 

Broadcasting's BF D-68 disk system. 
•Complete source listing included. 
~ Only $29.00 (on diskette) 
~We're the "CHIEF" in 6800 products software 

SMOKE SIGNAL BBO!DCASTilffi 
6304 Yucca/Hollywood, CA 90028/(213) 462-5652 
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Software 

Gomes • CRAPS (Los Vegas style) $6.00 
• 	 MULTIPLE LUNAR LANDER $8.00 
• 	SLOT MACHINE $6.00 
• GAME PACKAGE: Russian Roulette. Mod 

Scientist. and ABM $8.00 
G raphics • PICTURE MAKER with AMP'l ANNY $12.00 

• GRAPHICS PACKAGE I: 	Loser Beam. Space 
Shuttle. and Blast Off $10.00 

• GRAPHICS PACKAGE II: Rain in Greece. Flea. 
Tex1writer. Random Wolk $10.00 

Scientific • FOURIER FIT: Does curve fitting $15.00 
Systems • RANDOM NUMBER GENERATOR TEST $5.00 

• 	HEX MEMORY LOADER $10.00 
• 	 MEMORY DUMP PROGRAM $10.00 
• MEMORY SEARCH $5.00 

All Programs Written in BASIC 

Complete Easy to Read Documentation 


Programs Completely Tested 


SOFTWARE RECORDS 
P.O. BOX 8401-B 

UNIVERSAL CITY. CA 91608 
(co l residents add 6% sales tax) 

modem I 'mo • dam I [modulator 
+ demodulator] n - s : a device for 
transmission of digital information 
via an analog channel such as a tele­
phone circuit. 

• 	 Completely compatible with your \MSAI , ALTA Ill", 
SOL •• or other S-100 microcomputers. 
T rademarks o f *M ITS, ••Processor Technology 

• 	 Designed for use on the dial telephone or TWX 
networks, or 2-wire ded icated lines, meets al l 
FCC regulat ions when u sed with a CBT couplEr. 

• 	 All digital modulation and demodulation with on 
board cyrstal clock and precision fi l ter mean th at 
NO ADJUSTMENTS AHE REQUIRED 

• Bel l 103 standard frequenc ies 
• Au tomated dial (pulsed) and answer 
• Origi nate and answer mode 
• 110 or 300 BPS speed select 
• Complete sel f test capability 
• 	 Character length, stop bit, and parity 
• 	 90 day warranty and full documentation 

D.C. Hayes Associates, Inc. 
P.O. BOX 9884 ATLANTA, GEORGIA, 30319 (404) 455-7663 
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The P-Codes 

Th e p-mac hin e has only 11 bas ic ins tru ct­
ions, which arc listed in table 1. Fo r the sake 
of sim plicity and easy handling in th is ver­
sion of the imp le mentation, a ll in structio ns 
am four bytes lo ng . The co ntents of the fo ur 
bytes are as fo ll ows: 

byte ·1: op - the operation cocle. 
byte 2: can be (i) v - stat ic level dif­
fere nce. 

or 	(i i) c - condition code in a jump 
instruction. 
or (i ii) 255 - denotes absolute 
add r·css in g. 
or 	(iv) not used fo r· some instr uc­
t ions. 

bytes 3,4: c.a n be (i) d - d isplacemcnt 
from the base add ress. 

or (ii) n - numer·ic constant. 
o r· (iii) a - add ress in the p-code 
program. 

The OPR (arithmet ic and log ical opera ­
tions) and CSP {ca ll standar·d procedure) 
ar-e furthe r· subd ivided in to more ins truct ions. 
The comp lete se t of instruction mnemonics 
and operations is listed in table 2. The 
LODX and STOX instructions are used to 
load and store array eleme nts with the val ue 
o l" the array subsnipt on Lop of the stack. 
The cal l standar-d proced ure (CSP) instruc­
ti on is pr im arily used fo r in put and output 
(10) operat ions. Besides the basic fun ct ion 
of inputting and outputting si ngle char­
acters, add itio nal procedures have been 
implemented to re lieve the user from wr·itin g 
10 conversio n mu tines in Pascal fo r num er ic 
and hexadecimal numbers . In the future, 
mor·c proced ures can be added to handle 
the inp ut and output of other· data types 
such as fl oating po int nu mber·s and fil e 
reco rds for tape or disk. Meanwhile these 
seve n inst ru cti ons arc sufficient for conven­
ien t use in writing the bootstrap compiler 
and its related softl:l'_are. 

Readers arc urged Lo read the p-code 
in tCl'pretcr li sting which sim ulates the 
operatio ns of the p-m ac h ine. Th e pmgr·a m 
sta temc rits arc straightfo r·war-d and sc lf­
cxp lanatory. Fam iliar·ity with th e p-machine 
instr·uction set is esse ntial in understanding 
th e code generation pan of the p-compilcr. 

The P-Code Interpreter 

Since th e p-m ach in e_ is a hypothetical 
com puter, there has to be some method of 
executing lhc p-codes generated by the 
compiler . There are two simp le sol utio ns 
to thi s prob lem. One is to write a n inter ­
pr·eter- which can decode an d execute the p­
codes . The other sol uti on is to wr·itc a trans­



lator which can deco de the p-codes and simp le but not usefu l, because the user has 
ou tpu t eq uivalent executab le machine codes no con trol of the program during execution 
for an ex isting computer. Bo th methods unti l it terminates. 
have been used in our com pi ler system. The In order Lo enable user contro l of an 
first method, al th ough ir ru ns slower, is executing p-code prngram, th e main program 
good fo r· deve lo ping programs because many must accept commands from the user which 
debugging faci liti es can be imp lemen ted in inst r·uct it Lo ca ll the sim ul ator a spec ifi ed 
the interpreter. The second method is good 
for prod uction progra ms which may need 
faste r execution speed. A p-code to 8080 
mac hine code translator wil l be descr ibed in G: go - Set program co unter to zero; init ial ize other counters ; start execution . 
pan 3 of this se ri es. S: single-s tep - Execute one p-code ; d isp lay the mnemon ics of the next p-code pointed 

by th e updated program cou nter.The p-cocle interpreter is made up of two 
R : run/res tart - Start execut ion from current program coumer unti l the program ends 

maio r modules: or a breakpoint is reached . Th is command is used to continue execution at a break · 
point.

• 	 Mai n program. B: ser breakpoint - A p·code add ress is en t ered as a breakpoint after the interprete r 
prompts w it h a ?. Up to f ive breakpoints may be set. • 	 Proced ure which ·s imulates the p­

C: clear - A ll breakpoints previously set are cleared .
machi ne. Y : d isplay breakpoint - Display the breakpoints al ready set. 

X : examine status - Display the va lues of: cu rrent prog ram count er, base address, stack 
Every ca ll Lo the sim ulator wi ll execure pointer, th e top two elements of the st ack. 

one 	p-machine instruct io n. Each p-rn achi ne K : stack content - A va lue is entered as the stack po inter alter the interpret er prompts 
with a ?. It w ill then d isp lay the values of six stack elem ents starting from this stackinstruction cycle can be divided into four pointer. 

stages: T : trace - Display the address and mnemonics of the 16 p-codes l ast executed. This 
command is usua ll y applied at a b reakpoint . I t is used for tracing the logic flow of 

• Fetch a p-code fro m memory. 	 the program. 
E: examine program - A p-code address is entered as a display pointer (DP) after the• 	 In crement the program counter. 

interpreter prompts with a ?. It will then displ ay the m nemonics of the p·code at t hi s 
• Decode the instruction. 	 address. Thi s command and the U and N commands are used for exa m in ing th e 

p·codes anywhere in the program without altering the current program counter.• 	 Execute the instruct ion. 
U : 	up - Decrement th e display pointer by one and d isplay th e mnemonics of the p-code 

pointed by it.Several global va ri ables arc used to ho ld th e 
N : 	 next - Increment th e d isplay poin t er by on e and disp lay the mnemon ics of t he 

va lues of the p-mach ine reg isters such as p-cod e pointed by it. 
program counter, stack poi n tcr, current 0 : quir - T ermi nate th e i rHerpret er program and return to operating system. 

instruc tion, e tc. A one-dimensional array 
represents th e data stack. Fu nctional opera­ Table 3: Interpreter commands. A ll commands for the p-code inte1preter are 
tions of the various p-machine instruct ions single charncl ers. A command is entered afler the inlerpreter prompts the 
arc coded directly from the instruction set user wi th a> on the 11ideo display . Addi tional information is needed for some 
defined in table 2. The main program commands such as breakpoint and tack addresses. On entry to the inter ­
simpl y ini tial izes the program counter to preter it will as!? for the tarting memory address of p-codes and initialize 
zero and then ca lls th e si mulator repea ted ly the program counter to zero. On exit it will display the number of p -codes 
Lo si mu late mac hine execution. This so unds executed. 

Mnemonic Description 	 M nemonic D escr iption 


LIT 0 , n load l i t eral constant QP R 0 ,20 decrement (sp) by 1 

QPR 0 , 0 procedu re return QPR 0,21 copy lspl to (sp+ 1) 

QPR 0, 1 negate (sp ) LOO v,d load a word 

QPR 0, 2 add (sp) to (sp- 1) LOO 255 ,0 load a byte from absol ute address (sp) 

QPR 0, 3 subtract (sp) from (sp- 1) LQ D X v,d load a word w i th index add ress (sp) 

QPR 0, 4 mu ltip ly (sp - 11 by (sp) STO v,d store a word 

QPR 0, 5 divide (sp - 1) by (sp ) STO 255 ,0 store a by te to abso lute address (sp - 11 

QPR 0, 6 low order b i t of (sp) STOX v,d store a word with index address (sp) 

QPR 0, 7 (sp - 1) modu lo (sp ) CAL v, a proced ure ca l l 

QPR 0, 8 tes t for (sp-1) - (sp I CA L 255,0 cal l procedure at ab solu te address (sp) 

QPR 0 , 9 tes t for (sp - 1 l <> (sp) INT 0 ,n increment sp by n 

OPR 0, 10 t es t for (sp - 1) < (sp) JM P O,a jump to locatio n a 

OPR 0,11 tes t for (sp -1 )> - (sp) JPC O,a jump to location a if low o rder bi t (spl - 0 

OPR 0.1 2 t es t for (sp -1 )> lspl JPC 1,a jump to location a if low o rder bi t (sp) - 1 

OPR 0.1 3 test for (sp - 1 )< - (sp ) CSP 0,0 input 1 cha racter 

QPR 0,14 logical (sp- 1) OR (sp) CSP 0,1 output 1 character 

QPR 0,15 logical (sp-1 ) and (sp) CSP 0,2 input an rnteger 

QPR 0 ,16 log ical NOT of (spl CSP 0,3 output nn integer 

QPR 0,17 shift left (sp) logical CSP 0,4 input a hexadeci m al number 

QPR 0, 18 shift right (sp) logical CSP 0.5 output a hexadecim al number 

QPR 0,19 increment (sp l b y 1 CSP 0.8 output a stri ng 


Table 2: The p-mochine in truction se t. The stac/? pointer, sp , points to the top element of the stack The content of the stack 
element is represented by ( p). The operands of the QPR in /ructions are rep laced by their results on the stacl?. The result of the 
six relational operations is 7 i f the test is /rue and 0 if false. With thee 'Cep l ion ofsingle operand QPR instructions, all instruc­
tions adjust the stack pointer, sp, ofter execu tion. 
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North Star BASIC 

A brief summary of North Star BAS IC (vers ion 6, release 3) is given for 
readers not familiar with its particu lar features. 

Variab le names are one or two characters long: an al phabetical character fo l ­
lowed optionally by a decimal digit. There are four types o f variab les : numeric, 
string, array of numeric, and function. The str ing variab les are names postf ixed 
by a dollar sign $, while function names are prefixed by FN. Functions (and the 
parameters) are defined by the declaration DEF, and ended by FNEND (for 
m ulti l ine function). The parameters in the function definition are local to the 
function, and would not affect var iables in the calling program. 

Stri ngs cannot be dimensioned . The DIM declarations for stri ngs declare 
the maximum length of the string var iables, not their d imension s. The notation 
A$ (3, 51 denotes the substring of A$ from position 3 to 5. Thus i f A$=ABCDEFG, 
A$ (3, 5) is the stri ng CDE . T his substring expression can be used both on the 
left or righthand side of an assignment statement. 

Multiple statement lines are allowed. Statements within a l ine are separa ted 
by either co lons, :, or back slashes, \. 

Absolute memory locations can be accessed from BAS IC programs. The 
func t ion EXAM(I) returns the content of memory at address I ; and the instruc­
tion FI LL I, J writes a value of J into memory address I. 

Ano ther feature of North Star BASIC is its ability to read from or write to 
disk fil es. The statement OPEN # o. "FNAME" assigns disk fi le "FNAME" to file 
un it -110. A subsequent READ #0,AS reads AS from the disk file, and a WRI T E 
#O,A$ writes A$ to the d isk file. A built-in function TYP can be used to check 
the type of data to be read. It has a value of 0 when the end of file is reached . 

Listing I: Pascal source code for the p-code interpreter as oulput by the 
authors' system. This version implements all of the commands in !able 3. 

P-COOES STARTS AT 80 08 
WANT CODE PRINTED •N 

8 HP I MTS 166 1 •S[TJ • 
0 C P-CDDE lNTERPRETEk . HY I J " J l / 78 8 Y H YUFH 176 2 •BEGJ H T• =T - l ;S CTJ •=SCTJ+SCT•ll fHO, 
0 ( LAST M0[1 4 .- 12. 73 } 194 3 •BEGIN T• =T-l 1SCTJ •=SCTJ-SCT+ll END; 
b tDNST U•l5 ; BPLIM=5. S J ZE=~88 .S l 7 E1 =48~ . 2l2 4 •BEG I N l • =T-LS CTJ •=SCTJ:J: SCT+1J EIW ;
l VA F: z.P.B. L E:f' . f'(1 . n ·, (.M[1, 1 . 1.V. .$ TOF· !IHEGEP . 230 ~ •BEGIN T• =T-1 ; S[TJ =S [ TJ OJV s r T+ll ENO ; 

S • ARRAYC S ! ZEJ OF INTEGER . 248 6 •S CTJ •=S CTJ AIW t; ITEST FOR 0(10 } 
TRACE •ARRAYCUJ OF !NTfGfP. 259 7 •BEGIH 
MN •ARRAYC26l OF lNTE Gt k . 277 8 • BEGII~ 
BREA K >1RR>W C EWL l MJ (I F 1 IH E"GE F:. 29'.'· :'I - BEGll~ 

I I MPORT ANT GLDBHL 
P •PRDGRAM CDU HlER 
T•STA C.¥. F· OJIHE F: 

TP • TRAC~ STACK PTR 
S •OATA STt!O. 

FU lff BASE( LE'J ), 
VAR Bl • !IHE GEF: . 
BEG Ill Bl , =B; 

>!HI LE LE IJ ) 0 [1(1 BEG Jti 
Bl •=$[ BI l ; LEV :LflJ- 1 EIW , 

313 18 BEGIN 
IJAF: l AE:l f,. · 33 1 ll • BE GI I~ 

b: • 811 ,. E F·(IJIHfP. 3 4 :'< l2 •E<EGlll 
f<P · E:PE n~. PO I IH I H(1 f:.: 367 13 E:EGIH 

K INSTPU Cl!bN CD LIN TEP 38~ 14 BEG IH 
Z ~. T11F: l J 1iG A(1DR (IF F·-("(1(1f 40 ::: l '.'· E:E Gl l~ 

l i' BA SE =Bl 

l B END I BASE>. 

20 

20 PROC JIHT ; 

20 IJAR l • I NTEGER ; 

2 1 BEGIN T• •0 , B· • l , P · =0 ;S TOP 

30 S Cll • =C<: SC::·J • •(1 ; S L?.J =-l ; 

40 P0 =0 ; TP •=U,K · =0 ; 

46 FDR 1 •=0 TD UDO TRACE C I J 

SS mo <1N11 :; 

63 
63 PRO C CR LF , 

63 BEG!H WR!l E( !:". , 1(1 ) ENO , 

70 

7(; PROC EXE C; 

70 VAR X,A,L, F , IO:< llHEGER ; 

71 BEGIN X• =P SHL 2 + Z; 


• 0 . 

•-L 

78 A•=MEMCX+3J SHL 8 +MEMC X+2J , 
90 TP •=TP+l , IF TP >U TH EN TP • =(1 ; 

100 TRACECTf'J ••P ; 
103 P • =P+l ; P& • f' ,K · =K+ l ; 
11 3 F •=ME MCXJ ; 
116 IF FC=B THEN IDX •=0 
121 ELSE BEGIH 1ox - =1, F · =F-l6 END ; 
L2 9 CASE F OF 
130 0 •BEGIN T••T+l , S fll • =A EHD ; 
l4 2 l • CASE A OF 
14 7 0 • BEG I N IRETURN l 
151 T· =B-t ; B• =SCT+ 2 J;P • =SCT+3J 

421 l6 · S C1 1 ­
431 11 • BEGIH 
44 9 1 8 • BEGll~ 

46 7 19 · SCTJ 
418 20 •S CTJ 
489 2l •BEGJN 

number of Limes or to display registe r· and 
stack contents. This is the simp le idea of a 
debugg ing interpreter. The debugging aids 
commonly known include single step execu­
tion, set and reset of breakpoints, and dis­
play of reg ister and stack contents . A mun­
ber of these debugging facilities have been 
incorporated in the p-code interpreter. 
Table 3 shows the 13 interpreter commands 
and their functions . Note that th e trace 
command is particu lar ly usefu l in ana lyzing 
myster ious logic flow of a program, such as 
discovering the path along whi ch a break­
point is reached. This command is more con­
veni ent to use and much faster th an single 
step execution. The limits on the number of 
breakpoints and the number of instruc tions 
traced can be changed eas il y in the prog1·am. 

The fast version of the p-code interpretcr 
was wr itten in BASIC. While developing the 
p-compilN, different consLr-ucts of Pasca l 
statements were tested one at a t im e using 
the inte1·preter to verify the correc tness of 
the p-coclcs generated . After the compil er 
was debugged, the interpreter was rewritlen 
in Pascal. The program logic is very similar 
to the BAS IC version . Since the progra m 

=-S CTJ , 

T ••T -l ; S CTJ •• SCTJ MOD SCT+ll END, 
T •T-LS CT J • =S CTJ=SCT•I J mo , 

T =T-1 ;~. [ lJ ~'.o. L IJ ,,':C ( l ill £N(l. 

T =T - 1,S [TJ =S CTJ CSCT • l l EN(l . 

T =T- 1. S [TJ •=';> [ 'f l >=c.[T•ll niro. 

T =T-t;S Cll =:'.[T J)~.[T+IJ FNO• 

l =T- L :'.[l J =S Cl h =~.[T+i l FN [I. 

T •T-l . S CTJ =S CTJ OP S CT• J ) fN[I. 

T- =T - t. SC TJ •:'. [Tl >4NC• S Cl<IJ EIH t. 


=llCIT S CTJ. 
T- • T-l ;S Cll =S ITJ $ HL S Cl•l ) fND . 
T =T- 1;:'.(TJ ••:'. (TJ ~.HR SCT+I ) Ell[t. 

•S CTJ+l , 
=S CTJ-1 ; 

<COPY• 
4 ~3 T =T +l ,S CTl • =S Cl -
Su e: EL ~. E BEGl l~ ~IR!lE \. 

52 1 EIWC C:liS ~ OF>i: , 

52 3 2 •8EGIN CLOAD I 
52 7 L • =MEMC X•ll • 

l l END 
ILLEGAL CtF"F: ' ) .(F:I r .~; T (IF • • I rnr1 

532 IF L=2 55 THEH S CTl · •MEMl S CT JJ 
539 EL SE BEGIN IF I ON TH EH A•• A+ SC lJ : 
549 T =T+!-IO>:;S CT J ••S CE!A$E(l >+AJ E l~[1 
564 ENO. 
565 3• BEGIH <S TORE ) 
56 9 L •=MEM l X•lJ. 
574 IF L•255 THE H BEG IN 
578 MEMCS[T - lll •=SCTJ ; T•=T -2 El~[• 

589 EL SE BEGIH 
590 IF ! OX THEN 
599 S IB~ SE C L ) +Al 

614 ENO ; 
615 4 • BEGIH 'CAL L) 
619 L · •MEMCX•ll . 
624 IF L=255 THEN 
635 ELSE BEGI N 

A• =SC T- ll +A ; 
· =S CTJ ; T • • T-1-IOK EHO 

BEGIN CA LL CS tTJ ); T- •T-1 ENO 

636 Bll•l l • =BASECL ;S !T+ 2 l • =8 ; 
649 SIT+ J l • =P;B •=T+ L; P • =A EHD 
660 ENO ; 
661 5 • IF THS JZEl - A) THE il BEGll< 
671 WR I TE I ' ST AC K (ilJF L' ) ; CP.LF ; STOP · • l OW 
68 7 EL SE T =T+A ; 
69 3 6 •P • =A; (.I MF·) 

EH D; 700 7 •BEGIH IF SCTJ=ME MtX+ ll THEN P••A 1 IJPC) 
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714 
?l9 
724 
736 
748 
760 
772 
784 
796 
8110 
820 
827 
845 
846 
867 
868 
069 
069 
869 
870 
882 
80 7 
895 
924 
944 
94 ~. 

9 4 :. 
945 
94€. 
952 
9~.4 

961 

T • =T - l ENO; 
B •CASE A OF <CSP> 

0 • BEGl1l T •= T+1 , REAO(S CT J> END ; (IH CH AR > 
! • BEGIN WRITE CSCTJ );T •=T-1 ENO ; <OUT CHAR I 
2 ' BEGIH T • = T+l ; RE AOCSCTJ# ) EHO ; CIN NUMBER > 
J •BEGIH WR I TE <S CTJ# ) ;T • =T-1 EHO ; COUT HUMBER l 
4 •BEGIH T • =T+l ;READ< SCTJ%l ENO ; <JN HEX J 
5 • 8EGIH WRITE CSCTJ% ) ; T · =T-1 END ; COUT HE Xl 
8 • BEGIH <OUT STRING ) 

FOR IDX • =T-S CTJ TO T- 1 DO WRITEC SC IDXJ) ; 
T • =T-SCTJ-1 ENC• 

ELSE BEGIN WRI TE<' ILLEGAL CSP' l ; CRLF ; STOP • =l END 
mo <CASE OF A } 

ELSE BEGIN WRITE (' ILLEGAL OPCODE' ) ; CRLF;STOP • =l mo 
ENO CCAS E OF F ) 

EHD <EXEC >; 

PRO C CO DE CPC ); CPRllH CODE > 
VAR X,H , JO Y. • INTEGER ; 
BEGIN X • =PC SHL 2 +Z; N • =MEMC X Jt.3 ; 

IF llC= 24 THEN !OX •= ' ' 

EL SE BEGIN H• =H-48; JOX •='Y.' ENO ; 

WRITE < ' ',PCll.' ',MNCNJ,MNCN+ll , MH[N+2J,IOX,' 


MEMC X+lH, ', ' , MENCX+JJ SHL 8 +MEMC X+? H ); CRLF 
mo CCOOE> ' 

PROC. O .E:P , CC.HEU. 8F:Etil . f·(• llH \ 
'JAF: I llHEGEF:. 
~EGIH I F p , Q THEN STOP = l 

EL SE E:EG l rl 
FOR I = l TD BP 00 

IF E:P.E Af. [ I J=P THEH BEG JM 

structure of the Pasca l versio n is nea t and 
highly readable, the debugging time is 
minimal. The Pascal source program is 
shown in listing 1. The program design is 
rather straightfo rward. Readers with some 
prog1·amming experience in any high leve l 
langu age should be able to read and unde1·­
stand it without the help of a flowch ar t or 
further ex planation on program logic. Note 
that in th e main program and procedure 
exec, the case ... of statement is put to good 
use. In the BASIC vers io n the interpreter 
co mmand have to be tes ted within a FOR 
loo p by comparing th e inpu t charac ter with 
a string array, and then an ON .. . GOTO state­
ment is used to branch to various parts of 
the progra m. 

IL must be emphasi zed again that the 
interpreter executes p-codes and not Pasca l 
stateme nts. Therefore the user is required 
to have some knowledge of the p-machi ne 
and p-codes. In add ition Lo this, the p­
compil er· should be instructed to list p· 
codes toge ther with Pascal program state­
ments during compilation. They will be 
cross -refe ren ced when running the inter­
p1·eter. Obvious ly th is procedu re is no t as 
co nvenient and easy to use as an ordinary 
BAS IC inl erpreter, but st il l it provides the 
only way for deb ugging Pascal programs in 
OLii' presen t vers ion. A new debugging 
sche me is be ing planned for the future which 
will enable th e user to debug programs 
at the Pascal statement level. This means 
the user may refer to variab les and arrays 
and statem ents rath er than stack contents 
and p-code addresses. Part 2 will go into 
details of the design and implementat ion of 
the p-comp il er .• 

966 >IF:l1£ ( ' E< F: EA~ ' ) .( Q[IE ( P ) , 

97 8 STOP = I EIW EIW 

9B~· EIW CC>. E:f· }, 

996 
986 BEG IN CMAI H) 

986 FOR I • =0 10 26 DD 

994 MIHIJ • =MHlCl+!~1U:(1 J, CtrNEtrONIC S AF:f JI~ r l EMC•F·Y~ 


100~· WF: I TE < ' ADOF: ;· ' ) • F:Ul[••'. z:, J . CRL F . 

101 ~· IN I T; CO[oE (f· >. BP =ti. 

1021 F:EPEAl WRITE " ' ) ' ) , F:EA[•'. CMO ) , 

102~. CASE c.MO OF 

1026 'R ' • BEGIN STO P =B ; REPEAl EXEC , CKB P UNT I L STOP ENO . 

1037 'S' , BEGll~ EXEC, CCIOE <P l EIW , 

104 6 'X' , BE GIH 

1050 WF: I TE( ' P= ' , P# ,' B= ' , 8# ·' T= '-T • . 

1072 ' S r T l = ' , S [ T J a , ' S l T- l l = ' . S [ T - 1 J # ) • C: F:l F 

1099 ENO ; 

1100 'G " BEGIN ll~ILREPEAT EXEC; C:K8P LllHll STCtf' EN(I ; 

1110 'T ' • BEG!ll >!F: ITE ( ' URAcu- · ) ; CRLF ; 

1125 FOR 1 • =0 TO U 00 8EGIN 

1132 TP · =TP+ l ; IF TP >ll THEii TP =O ; 

1142 IF TR ACECTPJ >= 0 THEN COOE < TRAC:E CTPJ ) END 

1151 ·rno ; 

1157 'K' •BEGIN REAOC 10 ; 

1163 FOR J · =I TO 1+6 00 

1172 WP.IT£ >'.' ',SU JI J, CRLF 

118~· ENO ; 
11 06 'B' , IF BP <BPLI M THEN BEG IN 

1194 BF,, =BP+l; WRI TE<BP# , ' • ' ) ; 

1202 READCBREAK CBPl• l; CRLF ENO ; 

1207 'C' • 8EGIN <CLEAR BP ) 

1211 BP • =0,C:RLF ENO ; 

1215 'Y' • BEGIN FOR I · = l TO BP DO 

1226 WRITE C ' ',BREAKCIJ• >; CRLF ENO ; 

1 240 'E' • BEGl ll REAO CPOO ; CO OE (P 0 ) EIW ; 

1250 'll' • IF PC1 >(1 THEN BEGl l~ 


1258 PO • • P0-l ;CO OE CPO> ENO ; 

1266 'H' •BEGIH PC«=P0+1 ; COOE CPC1) EtW ; 

1 278 ·o · •P , =- 1 

1283 EL SE E<EGIN WRJTE C ' '>? ' ); CRLF END 

1291 ENO (CASE OF CMD I 

1292 UNTIL F"<0 ; 

1296 CRLF; WF: ITE <Ka , · 1m:n: EXECUTED _ '),(:RLF 

1319 ENO <MAIN ) . 

INTERPRET CI J, DR TRAN SL ATE CT l ? 


.-.-••Having Reservations About Your Bo!WJ'8re? 
HUNT HD MDltE ! 

Smoke S,igna1 Broadcasting presents the NEW 

TP-1 TEXT PROCESSING SYSTEM 

for document prepara tion - form letters · footnote handling 

• The most powerfu I text formatter avai la ble. 
•Over 50 commands for easy paging, margin setting 

and spacing. 
•A formatting language that allows the creat ion of 

macros including vari ables. 
• Page number ing (Arab ic or Roman numerals) . 
• Complete page size control. 
• Cond itiona l formatting control. qS• Exact tit le placing. \3q.
• Contiguous space and text control. 00\i 

.• We're the "CHIEF" in 6800 products software 

SMOKE Sl6rNAL BROADCASTllG 
G304 Yucca/Ho llywood , CA 90028/(213) 462·5652 
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Graphic 
Manipulations 
Using Matrices 

Joel C Hungerford 
Stearns Rd 
Amherst NH 03031 

P = l ~ l 

C = e 
hI~ 
b 

~ \ 
Figure 7: Two types of 
matrices used in graphics 
applications. P represents a 
point in space. The matrix 
C contains equations to 
relate the transformed 
values of X, Y, and Z to 
the original values. 
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One definition of graphics mi ght be "a 
means to convert data into in fo rm ation. " 
Our compu te rs create printed data at a great 
rate, but all this data is not information un ti l 
it conveys to a person some trend or fact 
about the world we live in . A small part of 
graph ics is the conversion of data represent­
ing the posi tion in space of the surface of 
an object into a three-dimensional picture 
of that object. The picture may be useful 
for itself as computer art, or it may help 
understand something about the object. 

Imagine look ing down the length of a 
pencil , using only one eye. With the eraser 
held away from the viewer, the pencil 
appears as a polygon with a dark place in 
the center where the lead is. The length of 
the pencil and the eraser are invisib le. Now 
imagi ne the pencil rotated abou t its point 
until it is pointed toward the viewer's 
shou lder. The length of the penci l and the 
eraser are now visible, and appear in the 
form of translations lo the side and up of 
the surface of the pencil. The relatio n 
between the positi~n of a point on the 
penci l, specified in three dimensions X, Y 
and Z, and the apparent translation of that 
poin t as the pencil is rotated is expressed by 
standard eq uations. These can be written in 
an organ ized fashion using matrices. These 
matrices are cal led coordinate transform 
matrices. They are powerful too ls beca use 
they separate the mathematics associated 
with the angle of observation from the 
data describing the surface of an object. 
The small com puters available today make 
it easy to convert surface data to pictoria l 
inform ation using matrices. This artic le 
wil l show how. 

Definitions 

The Cartes ian coordinate system wil l be 
used in this discussion. On a computer 
graphic screen, X is the horizontal dimen­
sion, Y is defined as the vertical dimen­

sion, and Z is depth in to the screen. Pos­
itive values are to the right, up, and away 
from the viewer. The origin will usually be in 
the center of the screen. A plane is de­
scribed by any two axes. Thus, the X,Y 
plane is the surface of the computer screen, 
the Y ,z plane is seen edge on as the Y axis, 
and the X,Z plane is seen edge on as the X 
axis . 

An equation which does not specifically 
include a particular coordinated irect ion will 
be interpreted to mean that the described 
line or point may exist anywhere along the 
unment ioned axis. T hus, X=l represents 
the enti re Y,Z plane located at 1 along the 
X axis. The line defined by Y=X may exist 
anywhere along the Z axis; therefore this 
equation defines a plane tilted 45 degrees 
from the horizontal, seen edge on at Z equa l 
to zero on the com puter screen. A surface 
may be made parallel to an axis by omitting 
that axis, as above. or may be specified at 
all values of X, Y and Z. Thus, Y=X+Z is 
a surface defined for all space . 

Two kinds of matrices wi ll be used here. 
The first kind is a matrix which represents 
the coordinates of a point in space, de­
scribed by X, Y and Z. This matrix, P, is a 
column mat rix, with one column and 
three rows as shown in figure 1. It wil l 
be used to hold the values for a point 
on the surface, both before and after trans­
formation. All drawing commands wil l 
use the X and Y from this matri x. 

The seco nd kind of matrix contains the 
standard eq uations which relate th e trans­
formed values for X, Y and Z to the original 
values. This matrix, C, has three rows and 
three co lumns. The numbers at eac h po­
sition in this matrix arc derived from the 
standard equations for some spcci fie co­
ordinate transformation type, such as a 
rotation. If the angle of observation of the 
object is arrived at by two successive oper­
at ions, such as a rotation in each of two 
planes, then the matrix, C, which contro ls 
this view may have numbers in it that are 
derived from two matrix equations. The 
procedure which produces a si ngle matri x 
combining several operations is called matrix 
multiplicat ion . Matrix multipl ication is used 
both to produce the particular numbers in 
the 3 by 3 matrix, C, which describe a point 
of observatio n, and then to app ly those 
num bers to der ive a transformed 3 by 1 
matrix, P, which gives the appare nt position 
of some part of the object's surface. 

Computing Procedure 

Given the ability to do matrix multipl i­
cation (the details will be presented below), 



Lh e sequen ce of operaLio ns to produce a 
three-dim ens ional pictu re of an ob ject is 
short and eas il y stated: 

1. 	Generate an array of data cons1st111g 
o f the X, Y and Z coordinates of th e 
object to be dra wn. Th is may be 
eith er compu ted as the drawing pro­
gresses, or done al l at o nce and stored. 
The la tter way is fas ter if the view­
point is to be adjusted to find the 
most pl easi ng pictu re . 

2. 	Defi ne the viewpoint. For th is par t, 
a matr ix is generated for each motio n 
requi red to arrive at the des ired 
poin t of view. The matri ces are then 
mul t iplied togeth er to produ ce a 
single 3 by 3 matrix to be used in th e 
mai n routine. Th e order of mul ti­
plication may be importan t. 

3 . Write a program to draw th e object in 
its untransform ed sta te. This wi ll be 
a sequence of commands which move 
the graphic cursor to a spo t on the 
object at the beg in ni ng of an edge or 
other feat ure, then dra w (move 
leavi ng a line behind) to another 
spot on the ob ject. Specify the move 
and draw coordinates in terms of a 
column matrix element ra ther than 
X, Y and Z. Define the elements at 
each spo t by using each of th e po ints 
in the ar·ray. 

4 . When the un transfo rmed picture is 
accura te and understood, then th e 
pictu re is reo riented by simply in­
se rt ing a matr ix mul tip lication be­
tween th e specifica tion of each col­
umn matrix and th e assoc iated gra phic 
command. The orig inal X, Y, Z 
coord inate o f the spot on th e objec t 
are thereby transfo rmed in to a new 
set of X, Y, Z numbers represen ting 
the spot seen fr om the new vi ewpoi nt. 
Each se t of coordinates from step 1 
is mul t ip lied by the matrix generated 
in step 2. 

4a . 	An alternate meth od is to do all the 
transformatio ns at once, changi ng all 
the X, Y and Z poin ts in the array 
fo rm ed in step 1 into transformed X, 
Y and Z numb er in the same ar ray . 

Si nce the compu ter screen is rea lly onl y 
two-d imensio nal, only th e X and Y elements 
;11·e used in step 3. After transfor mat ion, 
these num be r·s are shifted abo ut and con tain 
dep th in formation. T he drawing made in thi s 
fashion is a projec ted vie w rat her than a 
three-dimensional dra wing. The d ifference is 
that in the prnjected vie w sides wh ich are 
par·allel on the object re main para lle l in the 

projec ted vi ew, but in the three-dimens ional 
view all lin es converge at infin ity along the Z 
ax is. The d ifference is minor. Th e observer 
perceives a three-dimensional pictu re in most 
cases; the projected view in some figures is 
perceived either as having relief or depth 
without the vi sual clu e of lines meet ing at 
infi nity. This leads to some in teres ting 
optical ill us ions us ing projected views. 

Th e res t of thi s art icle di scusses some of 
the tr·ans forma tions avai lable and shows the 
pictm ial res ults of each . 

Matrix Multiplication 

What information Is necessary to write a subroutine to perform the 
matrix transformations described in this article? The general theory of 
matrix algebra and Its Interpretation Is beyond the scope of this dis­
cussion. For more information and a 11ery clear description of many 
other uses for matrices, the reader Is referred to The Mathematics of 
Matri ces by Philip} Davis. Here are some brief notes on the subject: 

Two aspects of matrices are important In matrix multiplication. 
These are the order of the matrices being multiplied (which one comes 
first}, and the shape of each matrix. The elements in the output matrix 
resulting from a multiplication of two matrices are each formed by 
combining numbers in the columns of the first matrix and rows of the 
second matrix, done in a standard order. All the necessary rows and 
columns hove to exist for the output to exist. Thus, some matrices 
may be multiplied in one order, but not in the opposite order. The rule 
is: the number of columns of the first matrix must equal the number 
of rows of the second matrix. 

In table 7, the two matrices may be multiplied in the order (C} (P} 
but not In the order (P) (C}. The result of multiplying (C} (P} is a new 
column matrix P : A mathematician would say that two matrices are 
"con fo rmable for multiplication" when the order and shape require­
ments are met. He would also say "(C} is multiplied by (P) "here. The 
requirement for con formability leaves one dimension of the shape of 
each matrix unrestricted. The unrestricted dimensions establish the 
shape of the output matrix. Tables 7 and 2 summarize the necessary 
arithmetic. The elements in (C} are numbers, which are each computed 
in various ways depending upon the desired transformation. 

E F 
H I 

8 c 

II~ I 
X '= (X • A +Y * B+Z * C) 

y ' = (x • o +Y* E+Z * F) 

Z ' = (X * G+Y* H+Z * I) 


Table 7: Matrix multlpllcation format. 

B c K L A' B' 

E F N 0 D' E' F'
C'I 

H I Q R G' H' I'lg II~ I=I 
A' = (A * J+B *M+C" P) 
D ' = (D * J+E*M+F* P) 
G ' = (G * J+H* M+l * P) 

B '= (A " K+B•N+C" Q) 
E' = (D*K+E* N+F*Q) 
H '= (G * K+H '" N+l *Q) 

C'= (A*L+B*O+C*R) 
F '= (D*L+E*O+F*R) 
I' = (G*L+H*O+l*R) 

Table 2: 3 by 3 matrix multiplicatlon format. 
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Circ le 298 on inquiry card . 

Don Lancaster's ingenius design provides software 
controllable options including: 

• Scrolling • Full performance cursor 
• Over 2K on-screen characters with only 

3MHz bandwidth 
• Variety of line/character formats including 

16/32, 16/64 .... even 32/64 
• User selectable line lengths 

:·-TE:ui-1E·NioRE"i ·1· ·1 . ~~~~ · i ~~;r:,~:1~~ ·~;.,;~~ ·r~; ~~~ ;.~;;_~·~~l · : 
with full ope rallonal detail s . $1 enc los ed. • 

: ( ) SEND FREE CATALOG 

Name: ------------ ­

. :: mua~ 
: ELECTRONICS,INC. 

Add ress: ________ ___ 

Ci ty: --­ - - Stal e : -- ­ Z ip: _ 

_ 

; DEPT. 9-s, 1020W. WILSHIRE BLVD., OKLAHOMA CITY, OK 73116 ...................... ....... ........... ....... ... ···· ··· ···· 


• /• 8~'115 
~u..c 8K STATIC RAM
GITAL) .It. ASSEMBLED 

S-100RELIABILITY 
QUALITY 
DEPENDABILITY 
ADDRESSING 

ON-BOAAD SWITCH WAITE PROlECTSl\JtFROlECl S AU. 8K 
an EACtt 4K BLOCK CAtl EIE PROTECTED VIA mouT PAN£l.PROTECT 

BUFFERING 
2 1 l02 RAMS · Tl-iE eKnS TYPiCAU.Y REOURES t 5 AJll'S 
AT eVOLTS · 4 Otl-BOAAO 5 VOU REGIA.>.TORSLOW POWER 
0. I, 00 2 WA.If STATES MAY DE SELECTED 
\1111. A PLUGGABLE ..Jl..tv.PERWAIT STATES 
nE BOAAO IS GLASS EPOlCV WITH Sn.J< SCREEN t.£GEND. 
F\JU. SOI.DER MASKS ON 901H SIJES. Fl.OW SOlJX.RINQ, GOU> COPfTACTSQUALITY 
IF NOT SATISF'IED ~Tl-IE UtlOAMAGED BK.HS Wl'T l llHGUARANTEE 10 DAYS FOR A.A.I. REf\JNO • A.LSO 90 °"y UMrTED WMRNITY 

STOO< TO 30DAYS ·CALL DET\'VEEN 630 ANO OJ)!) TO RESERVE 
YOUl SKAS OR FOR MORE lNrOR.v.A TIONDELIVERY 

PHANTOM 
COME\ETE TESTit.O HOT ONt.V Of AU MEMORY CEU5 WT ALSO 
Of AU SUPPORT CIRCl.ITRY ANO OPTIONSTESTING 

INTRODUCTOAV 450 n' 250 ns 
PRICE SPECIAL $149~ $189~ASSEMBLED I TESTED 

CALIFORNIA RESIDEN TS ADD 6 ,_ TAX 

(714 ) 992 - 5540 
2555 E. CHAPMAN AVE. 
SUITE 604 
FULLERTON , CA 92631 

158 Scp1cmb<r 1978 © BYTE PubJ;wlon• Inc Ci rcle 294 on inqui ry card . 

Types of Transformations 

The operations possible using coordi­
na te tra nsform matrices are not li mited 
to shifting and rotating the picture. A 
number of more drastic changes may be 
made to the picture. Some of these 
changes are : magnification, shear, stretch­
ing in one direction, and mapping onto a 
surface. 

The fo ll owing figures and tab les show 
examples of several coordinate transform 
operations. Each operation is represe nted 
by the matrix, the equations for the out­
put matrix elements, and a figure to show 
how a picture of a well-known object is 
changed by the operation. 

Unit Matrix 

Table 3 shows the unit matrix. This trans· 
formatio n reproduces the picture of the 
object in its original view as defined above. 
Figure 2 shows a side view of a coffee cup . 

1 0 
0 1 

0 0 

II~ I 
X '= (X * 1+Y*O+Z * O) 

y• ,. (X*O+Y*1+Z*0) 

Z '= (X*O+Y*O+Z*1) 


Table 3: The unit matrix. 

Figure 2: The standard view (untransformed). 

0 0 

K 0 

0 1 
 II~ I 

X '= (X*1+Y*O+Z*O) 

Y '= (X*O+Y*K+Z*O) 

Z' = (X*O+Y*O+Z*1) 


Table 4: Expansion along the Y axis by a 
factor K. 



Scaling 

The object may be defined with some 
shape which is not quite the final version, 
but which uses easily verified dimensions. 

I" 

~~ 
~ 

Thus, in our example, the height is eq ual to 
the diameter, and the square outli ne in 
figure 2 quickly shows that the array of data 
defin ing the cup is correct in the X and Y 
dimensions. 

Selective magnification along any axis 
may be used to alter the proport ions of 
the object to a shape that may be neare r 
that required by the user. Thus, tab le 4 and 
figure 3 arc appropriate ror users with large 
capaci ties; tab le 5 and figure 4 produce a 
cup for those with wide mouth s, whi le 
table 6 and figu re 6 produce a cup which 
co uld be used fo r fil lin g a pie plate with 
whipped cream. 

If th e proportions are correct but th e 
user wan ts to create several diffe rent sizes, 
table 7 will allow the same magnification to 
take place along all the axes. One such 
magnified cup is shown in figure 5. 

I\ 


:!) 


Figure 3: Expanded along the Y axis by a 
factor of7 .5. 

1 0lg 
0 

0 

0 

1 I I ~ I 1~ : I 
Table 5: Expansion along 

x '= (X • K+Y • o+z 0) 
Y ' = (X'O+Y•l+Z*O) the X ax is by a factor K. 
z '= 1x •o+ v •·o+z • 1 l 

1 0lg 
0 0 

I I ~ I0 K 
Table 6: Expansion along 

X '= (X"l+Y"O+Z*O) 
the Z axis by a factor K.Y ' = (X * O+Y *l+Z ' O) 


Z '= 1x• o+v•o+z•K) 


K 0lg 
0 0 

II~ I0 K 
Table 7: Magnification by 

x '= (X'K+v•o+z•o) 
a factor K.Y ' = (X*O+Y'K +Z* O) 


Z ' = IX *O+Y " O+z •K ) 


Figure 4: Expanded along the X uxis by a factor of 7.5. 

Figure 5: Magnified by a factor of0. 5. Figure 6: Rotated 90 degrees and expanded along Z axis by a factor of 7. 5. 
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Shear 

The object in its original shape may be 
boring and co nventional in shape and lack 
individua lity. This failing may be rectified as 
in table 8 and figure 7. To shear the objec t, 
the posit ion of a poi nt on the ob ject is di s­
placed fro m its original position by a func­
tion of the point 's posit ion alo ng an orth o­
go nal ax i . These fig ures displace the points 
upward by a value eq ua l to hal f the ho ri­
zontal distance to each point. 

Tab le 9 and fig ures 8 and 9 show shea r 
alo ng the horizontal ax is. Figure 9 shows the 
same object as figure 8 rotated 90° to illus­
trate that th e third axis is un changed by this 
operation. As in the other opera tions, shears 
along all axes may be combi ned . 

Figure 7: Sh eared along Y by X "'0.5. 

1 0I~ 
0 0 

II~ I0 1 

X · = (x • 1+Y *O+Z *O) 
Y '= (X * K+Y •HZ *O) 
z ·= tx•o+ro+z·11 

Table 8: Shear along the Y axis in the X, 
Y plane by a factor K. 

1 0 
K 0 

1 1~10 1 

X '= (X*1+Y • K+Z*O) 

v ·= tx •o+v •1+z•o1 

Z '= (X ' O+Y *O+Z" 1) 


Table 9: Shear along the X axis in the X, Y 
plane by a factor K. 

== 

I== 

-

-
= 
-
-
-


Figure 9: Rotated 90 degrees, sheared along X. 

Rotations 

The object may be reor iented in space by 
rotating it abou t any ax is. A particula r ang le 
o f view may be arr ived at by some seq uence 
of rotations .about each axis. This is easily 
accomp li shed using the mat rices in t he fo l­
lowing tables. 

A point of confus ion occurs when using 
rotations. The order o f mult iplication of the 
matrices (or the order of app lying the opera­
tions to the object) is important. The axe 
remain a socia ted with the object, not the 
cree n. Th is means, for instance, th at ii the 

rota tion in the X, Y plane shown in table 10 
is ap pl ied fi1·st to the object, then sub e­
quent rotations in the other planes happen 
in the slan ted planes (X ,Z and Y,Z) sho wn in 
fig ure 10. 

It required some ca re to accurately pre­
dict the final picture after severa l rotation , 
especia ll y since proj ected views lack the 
visual clue due to line converging at infinity. 
Table 11 and 12 along with figures 1 ·1 and 
12 show the effec ts o f rotat ion in the other 

Figure 8: Sheared along X by Y*0.5. two planes. 
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Figure 70: Rotated 45 degrees in the X, Y 
plane. 

Figure 7 7: Rotated 45 degrees in the X, Z 
plane. 

COS(T) - SIN(T ) 0 

SIN(T ) COS(T ) 0
I 11 ~1
0 0 1 

x ·= (X ' COS[T) +Y ' -SI N [T) +z • o ) 

y ' = (X · s 1 N (T) +Y *COS[T )+z • o ) 

Z '= (X " O+Y " O+Z * 1) 


Tab le 10: Rotation in the X, Y plane. 

gos[T) 0 
- s 1N (T6 II ~z Il 1 

SIN(T) 0 cosm 
x ·- (X " COS[T )+Y *O+z · - s 1N(T )) 

y '= (x · o+Y * 1+Z *O) 

Z '= 1x · s1N(T) +Y * O+Z*COS(T)) 


Table 77: Rotation in the X, Z plane. 

0 
COS(T) 
SIN(T) 

0 

llx~ I- SIN (T ) 
COS (T) 

x ' = ( X* HY• o+z • o) 
y '= (x • o+Y COS (T )+Z * - SI N (T )) 
Z '= (X ~o+Y SI N( T )+Z * COS (T )) 

Tab le 72: Rola/ion in the Y,Z plane. 

Figure 72: Rotated 45 
degrees in the Y,Z plane. 

Why
Pay More? 

Why pay for more printer than you need? Our 
series 40 printers offer more features for less 
bucks than any other commercial qual ity printer 
on the market today. A complete stand-alone 40 
column impact dot matrix printer with a 64 
character ASCII set. Includes power supply, 
casework and interface electronics. Single 
quantity price for the parallel ASCII interface 
model is $425. Serial RS232/current loop 
interface models start at $575. OEM discounts 
available. 

For more infor­
mation write to: 

MPI 2099 West 
2200 South, Salt 
Lake City, Utah 
84119 or call (801) 
973-6053. 
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Combinations 

Tab le ·13 shows an examp le of lhe se­
quent ial app li cation or lwo rotatio n using 
the procedure shown in table 2 to defi ne 
the elements. Figure 13 combines the three 
rotat ions, a magnificalion and two sca le 
cha nges alo ng indi vid ual axes. Figure 14 
appli es shear and ro tation. Figure 15 shows 
just the rolation for compar ison purposes. 

0 0 COS(S) -S JN(S) 0 A ' B' 
COS(T) - SJN(T) SJN (S) COS(S) 0 D' E' F'C ' I 
SIN(T) COS(T) 0 0 1 G ' H' I'll

A ' = (1 • cos(S)+O* SIN (S) +O" O) B ' = (1 '-SIN(S)+O'COS(S)+O*O) 

C ' = (1 '0+o •o+O* l ) D ;,, (O " COS(S)+COS(T) * SIN(S)-SIN(T) • o) 

E '= (Q •-SJN(S)+COS(T) * COS(S) - SIN(T) • Q) F '= (O • O+COS(T)'O-S IN(T) • 1) 

G '= (O 'COS(S)+S IN(T)'S IN (S)+COS(T)*O) 

H '= (0*-SJN(S)+SIN(T) • cos(S) +COS(T) * Q) 

I '= (o•o+SIN(T) *O+COS(T) * 1) 


Table 73: Rotation in the 
X, Y and Y, Z planes se­
quentially. 

Figure 73: Magnified, 
expanded, and rotated. 

Figure 74: Rotated and sheared. 

X+k IY+m 

Z+n 


Translation 

Y '= Y+m 

X '= X+k 

Moving the objecl sideways is not shown Z '= Z+n 
but is accomp lished by adding the transl a­

Table 74: Translation tion va lue lo the original value for eac h axis 
matrix. as shown in Lable ·14. 

Figure 15: Rotated but not sheared. 

Mapping 

All of the examp le shown so far have 
app lied the same operation to every po int 
on the surface of the object. The coordinate 
transform matrix con tains lhe same numbers 
for all parts of the object. A more comp li­
cated operation resu lts when the val ue (X ,Y, 
Z) associa ted with a point on lh c surface 
of the object is replaced by a function of X, 
Y, and Z al each po int. The result maps the 
object onto some surface. Thus, if X is 
rep laced by sin(X), for instance, the object 
will experience a change in scale which 
cha nges with x, and the output pos itio n or a 
po int on the objec t wh ich has a value of X 
equal to zero, and an arb itrary Y and Z is 
the same as a poin t with a value of X equal 
to ·1so or 360 if the computer inte rprets the 
value of X as degrees. 

The resu lt of replac ing X by sin(X) pic­
to rial ly is id entical to th e projected view of 
a cylinder, para llel to the Y ax is, which has 
the or iginal view {such as figure 2) pain Led 
onto its surface. If the d im ensions of the 
object for this example arc such that the 
width is equal to 360 uni ls, th en the cy lin­
der is complete ly circumscribed by the 
or iginal view of the object. 

In ord er to make a three-dimensional 
picture of the map ped figure, the other 
two dimensions must also be peci fied . 
For the exam ple here, the depth mu t also 
be map ped by setting Z equal to cos(X). 
Since the new su rface is a cylinder, Y is 
unc hanged. 
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Mapping Example 

Figure 16 shows a labe l to be pasted on 
the coffee cup . This label, like the cup 
itse lf, is defined by an array of data giving 
the X, Y and Z coordinates of each point. 
The standard view is in the Z equal to zero 
plane . A subroutine then rep laces the X and 
Z values with the mapped values in al l the 
poi nts of the array. Since the standard view 
of the cup is a side view, and the label is 
to be pasted opposite the handle, 180° is 
added to X before computing the mapped 
functions . The lowe r left corner of figure 16 
is coordi nate (0,0) . 

The mapped array of data is now sub­
jected to whatever coo rd in ate tra nsforms are 
applied to the cup. Figure 17 shows the 
result as applied to the label alone. Figure 
18 shows the completed picture. 

Figure 76. 

Figure 17. 

Figure 78. 

0 
0 

RECYCLE(D) 
COMPUTERS 

B UY 1~L SEL L 1~'" SWA P 

Hardware & Softwa re 
NEW PRODUCT ANNOUNCEMENTS 

Mailed 1st Class eve ry 3 Wee ks 

l yr. (IS issues) f:t $3.75 

ON LINE 
D.lll r tt~rri I r . i)ubll~ hrr 

24695 Santa Cruz Hwy . • L os Gatos, CA 95030 
It!£ UlS I WAY ;o DfHllMINl II ON u •·Jl ( AN 11( Of 'JJ\ l lr[ 10 VOt· IS IO llfY A 

A PROFESSIONAL COMPUTER 
TERMINAL FOR THE HOBBIEST 

SINGER 
7100/7102 

New & Recond itioned 

Terminals with 

ASCII Code 


FEATURES: 
7100 

• ASCII CODED without tape punch or reader 
• 110 to 150 BAUD (11to15 CPS adjustable) 
• Word Processing Quality • RS232 Serial or 

Current loop Interface • Nationwide Service 
• Warranty •O ff line use as Typewriter 
• (Option) Special Interfaces available for Hobby 

Computers (state which when ordering) 

7102 
• Same features as 7100 plus tape punch & reader 

$650. to $1295 . 

TERMS: 
C.O.D. and 

COMPUTER CORPOAAf lON
Cashier 's Check H & K COM PA N Y 

15 Eas1 31st StreetShipping and 
Kan'Sas Ciw. M issou ri 6-4108

Handling $35.00 ea. (816) 561 -1 776 
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Illusions Mapping Uses 

Figure 19 shows the same object as figure 
18, rotated 180°. Whil e most viewers see the 
cup with the hand le toward th em, "looking 
down into it" in figure 18, many fi nd Lhat 
figure 19 alternates between looking down 
iflto it with the handle away from the 
viewer, and I ooking up at it from the bot­
tom, with the hand le at th e top. This exam ­
ple shows that a 1·elat ively minor chang in 
viewpoint may produce a great change in 
terms of the clar ity of the info m1ation 
prese nted. 

Figure 79. 

Listing 7. 

2000 DELETE Al,A2,Bl,82,83,84,85, 86,87 , 88, B9, Ci,C2,C3,V l ,C4,V2 
2002 DIM AIC262,4),A2C262,4),BI C3, 3), B2 C3,3 ) ,B3C3,3), B4(3,3) ,B5C3,3) 
2003 DIM 86C3,3),B7C3,3),B8C3,3),B9C3,3),Cl(3,3),C2C3,3),C3C3,3),C4C3,3)
2004 DIM Vl(3 ,l), V2(3,I) 
2005 REM THIS SUBROUTINE DEFINES THE CIJP 
2010 GOSUB 2500 
2090 REM THIS SUBROUTINE DEFINES THE TRANSFORM MATRICES 
2100 GOSUB 2540 
2140 REH THIS SUBROUTINE MULTIPLIES AL L THE MA TRI CES TOGE THER 
2150 GOSUB 3120 
2160 REM THIS SUBROUTINE CHANGES Al TO A NE~ VIEY , A2 
2170 GOSUB 5500 
2180 REH THIS SUBROUTINE CHANGES THE CUP FROM USER DATA UNITS TO GDU'S 
2190 GOSUB 5240 
2195 REM THIS SUBROUTINE DRAWS THE FIGURE 
2200 GOSUB 5200 
2490 END 

2535 REH Bl ROTATES IN THE X,Y PLANE BY Tl DEGREES 

2540 Bl=0 

2550 BICI ,l)=COSC TI) 

2560 BICl,2)~-SINCTI) 


2570 BIC2 ,l )-SJN(TI)

2580 81(2,2)-COSCTI) 

2590 BIC3,3) "'1 

2600 REH B2 ROTATES IN THE X,Z PLANE BY T2 DEGREES 

2610 B2~0 


2620 B2Cl,l)-COS<T2> 

2630 B2Cl,3)"'-SJNCT2> 

2640 B2(2,2)-I 

2650 B2C3, l )-SJNCT2) 

2660 B2C3,3)-C0SCT2) 

2670 REM B3 ROTATES IN THE Y,Z PLANE BY 13 DEGREES 

2680 B3-0 

2690 B3C I . D•I 
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Mapping may be used to compress the 
pictu re o f an ob ject to fit it into a particular 
space, to selective ly emp hasize some part 
while compressing the rest, such as the re­
gion neal" X equal to zero or 180° in this 
examp le. 01· it may be used to picture some 
comp licated configurat ion wh ich is more 
easily defined in a rec ta ngu lar coordinate 
system. Thus, a simp le recta ngu lar electrode 
configuration ex pressed in Cartesian coordi­
nates may be used to compute the electric 
field lines at each poin t in the co nfigu 1·at ion . 
Mapp ing processes pl us Lhe coo rd in ate 
transfo rm s may then be used to cha nge the 
known field pictlll·e into one for a compl i­
cated electron gun in a cathode ray tube. 

Excerpts from the BASIC program 
which produced the pictures in this 
article are shown in listing l. The 
machine used is a Tektronix 4051 graphic 
computer with a 4662 plotter, with 
matrix read only memory. The matrix 
command A MPY 8 is specific to this 
equipment. The rest of the program is in 
a fairly standard BASIC. 

Lines 2000 to 2490 comprise the 
main program which draws the coffee 
cup. The purpose of each subroutine is 
noted. The program defining the various 
matrices in terms of viewpoint parameters 
is shown in lines 2535 to 3070. The 
program to combine the matrices into a 
single 3 by 3 matrix, C4, which Is applied 
to the drawing is listed in lines 3 7 20 to 
3200. The A MPY B format does the 
matrix multiplication. In a machine 
without this extension, a subroutine using 
the equation listed in the various figures 
would do the same job, but take much 
more space. 

Lines 4000 to 4300 show part of 
the much longer listing which defines 
the cup: A 7 (N, 7) = X, A 7 (N,2) = Y, 
Al (N,3} = Z. The variable A l (N,4) is 
a secondary address used with a form 
of the print command to make it move 
(21) or draw (20). This is a faster way 
to draw on the Tektronix machine. 
Lines 4050 to 4 740 draw the top and 
bottom circle. 

Lines 5240 to 5270 convert the cup 
dimensions to graphics display units 
(GDUs) which are required to use this 
style of drawing commands. This pro­
gram, with all arrays, filled, uses about 
28,500 bytes of memory. Incidentally, 
lacking a printer, I printed the program 
using the plotter. 
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2700 B3C2,2)=COSCT3) 
27 10 B3C2,3)~-SINCT3) 
2720 B3C3,2)-S!N(T3) 
2730 B3C3,3)-COS(l3) 
2740 REH B4 IS THE UNJl MATRIX 
2750 B4=0 
2760 B4C I, I )=I 
2770 B4<2, 2)= I 
2780 B4<3. '3)• I 
2790 REH BS EXPANDS ALONG THE X AXIS BY l<t 
2800 BS=B4 
28t0 BSCI, I )=l<I 
2820 REH B6 EXPANDS ALONG THE Y AXIS BY 1<2 
2830 B6•B4 
2840 86(2,2)-1<2 
2850 REH B7 EXPANDS ALONG THE Z AXIS BY 1<3 
2860 B7-B4 
2870 87(3,3)-1<3 
2880 REH 88 MAGNIFIES BY 1<4 
2890 B8=1<4•64 
2900 REH B9 REFLECTS IN THE Y=X PLANE 
2910 B9=0 
2920 B9C I, 2)= I 
2930 B9C2, t)=I 
2940 B9C3,3)=1 
2950 REH Cl SHEARS ALONG THE X AXIS BY KS X/Y RATIO 
2960 Ct=B4 
2970 Cl CI, 2)=1<5 
2980 REM C2 SHE ARS ALONG THE Y AXIS BY 1<6 X/Y RATIO 
2990 C2=B4 
3000 C2C2, 1)=1<6 
3010 RETURN 

3120 C3=B6 MPY BS 
3130 C4=B7 MPY C3 
3140 C3=B8 HPY C4 
3150 C4=C! MPY C3 
3160 C3=C2 MPY C4 
3t70 C4-S2 HPY C3 
3180 C3=63 HPY C4 
3190 C4=BI MPY C3 
3200 RETURN 

4000 REM THIS PART FORMS THE TOP AND BOTTOM EDGE OF THE CUP 
40t0 At<l. D=l0 
4020 A\ CI , 2) =10 
40311 A: CI , 3) =0 
404'd A\(\,4)=2\ 
4050 FOR N=0 TO 360 STEP 9 
4060 AtCN/9+2,1)=10•COSCN) 
4070 A\CN/9+2,3)-t0•SINCN) 
4080 At(N/9+2,2)=10 
4090 AICN/9+2,4)=20 
4\00 A\CN/9+44,\)=AICN/9+2,I) 
4tl0 AICN/9+44,3)•AtCN/9+2,3) 
4120 AICN/9+44,2)=-\0 
4130 AICN/9+44,4)=20 
4t40 NEXT N 
4142 AIC43,ll•A\C44,I) 
4144 At C43,2)•AIC44,2) 
4146 A\(43,3}•AIC44,3}
4148 Al(43,4)=21
4150 REH At IS FILLED TO t84 Al THIS POINT 
4t60 AIC85,t)•l0 
4170 At(85,2)•0 
4180 AIC85, 3l=I 
4190 A\C85,4)=21
4200 REM TH IS PART DRAUS THE OUTSIDE Of THE HANDLE 
4210 FOR N•0 TO t80 STEP 9 
4220 AlCN/9+86,ll•S•SINCNl+ i0 
4230 AlCN/9+06,2)=5-5•COSCN) 
4240 A\CN/9+86,3)a\ 
4250 A\(N/9+86,4)-20
4260 A\(N/9+107,l)-AICN/9+86,I)
4270 Al(N/9+107,2)=AICN/9+86,2l 
4200 AlCN/9+t07,3)•-t 
4290 Al(N/9+t07,4)-20 
4300 NEXT N 

5200 FOR N= I TO 262 
5210 PRINT tI,A2CN,4) ,A2 (N,t),A2CN,2) 
5220 NEXT N 
5230 RETURN 
5240 FOR No\ TO 262 
5250 A2CN,l) 9 A2(N,l)/\5•40+50 
5260 A2CN,2)•A2CN,2)/\5•40+50 
5270 A2CN,3)aA2CN,3)/\5•40 
5280 NEXT N 
5290 RETURN 
5500 FOR Na\ TO 262 
55 10 V\ Ct, t )aAI CH, I ) 
5520 V\C2,\) 0 AlCN,2)
5530 V\(3, l) 0 AICN.3) 
5540 V2°C4 HPY YI 
5550 A2CN,l)aV2(\,l) 
5580 A2(N,2) 9 V2(2,\)
5570 A2CN,3)=V2C3, \) 
5580 A2CN,4) 9 AICN,4) 
5600 NEXT N 
5610 RETURN• 

Retro-GraphicsTM 
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WADUZITDO: 

How To Write a Language in 256 Words or Less 


Larry Kheriaty 

Computer Center 
Western Washington Universi ty 

Bell ingham WA 98225 

Every compu ter owne r likes to show his 
or her m icrocom pu ter to frie nds. The fi rst 
question the frien ds usuall y ask is, "What 
does it do?" The software sys tem presented 
here de monstrates what a compu tc r can do 
in a manner si mple enough fo r almost any­
one to understand. Even if you have a larger, 
more capable system, it is often worth­
while to be ab le to demonstrate something 
that can be accomplished on a smaller sca le. 
WADU ZITDO is small enough to run on 
alm ost any microcom pu ter yet it allows 
even the novice user to make the com pu ter 
"do somethi ng." 

WADUZITDO is a complete high level 
language processor that fits in less than 
256 by tes o n either a 6800 or 8080 based 
system . The only other req uirement is some 
kin d of term ina l. The system includes a 
text edito r to allow a program to be entered 
and mod ified, and an interp rete r to exe­
cute the program. The only ex terna l rou­
tines needed are single character input and 
single characte r output such as those pro­
vided by most system mo nitors . 

The obj ect of WA DU ZITDO is to i-un 
sim pie corwer·sational programs. There are 
just five statement types, roughly derived 
from the Pl LOT la nguage. To keep it small 
on ly the most essent ial capabil ities ai-e 
ava il ab le. Thi s also makes programming very 
easy. In fact, only a few minutes after my 
unsuspecting spouse had asked, " What does 
it do?", she had writte n the in teractive 
dia logue program in listi ng ·1 to help me 
make out a list of accepta ble birthday gifts! 

Programm ing in WADU ZITDO is stra ight ­
forwa rd and uncom plicated . For example, 
to direct the com pu ter to display a line of 
text on the te rm ina l you use the type state­
ment. The fo ll owing example shows the for­
mat of the type statement. 

T :WH AT CO ULD BE EAS IER 

T HAN TH IS7 


The T is the operat ion code for type. A 
colon always fol lows the operation code. 

The text after the colon is displayed exactly 
as shown. 

The accept statement allows the progr·am 
to receive one input character from the 
term inal keyboard . Norn1al ly it is used arter 
a type that asks for a respo nse. For exam pie: 

T :CAN YOU TE LL ME WHAT 2 + 3 

EQUALS? 


A: 

The accept statement is just the A opc r·a­
tion code fo llowed by a colo n. When it is en­
co unte red executio n pauses until the user 
keys in any single cha r·ac ter. Then the input 
character is saved interna ll y for use in sub ­
seq uent match statements. 

The match statement is used to tes t the 
characte r- entered by the user on the previ ­
ous accept. Match is coded as an M (the op­
eration code), followed by a colon and one 
character. The ch aracter in the sta tement is 
compared to the last characte r en tercel by 
the user. The result of the comparison is re­
co rded inte rnall y in the match flag: Y ir the 
match is equal, N if it is not equal. 

Once set the match flag can be used to 
conditionally execute or sk ip any subse­
quent statement. This is done by plac ing 
either a Y (yes) or N (no) immed iate ly 
befor·e any operation code. If the Y or 
N is the same <IS the match flag the state· 
ment is executed , otherwise it is skipped. 
An elabo1·atio n of the previous examp le 
ill ustra tes the use of match. 

T :W HAT IS 2 + 3? 

A : 

M:5 

YT :FI VE, RIGHT . 

NT :NO, THE ANSWER IS 5. 

Normal ly statements are executed sc­
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quentia ll y. The jump stalcment is used to 
alter the normal sequence. The format of the 
j ump statement is j , followed by a colon, 
and a num ber from zero to ni ne. The state­
men t l :0 causes a branch back to the last 
accept statement executed. Execution 
resumes from th at statement. Th e J:0 
statemen t can be used to allow the u er to 
reanswer a pr·evious question. For example: 

T :HOW MANY FEET IN A YARD? 

A: 

M:3 

YT :RIGHT . 

NT :W RONG STUPID, TRY AGAIN. 

NJ :0 

The seco nd fo rm of the jump makes use of 
program rnar-kers. A program marker is an 
aste risk, *, preceding any statemen l. The 
statement J:n, where n is a number from 
·1 to 9, causes a bra nch to the n th program 
marker forwa rd from the jump . This form of 
th e jump i shown in the sample program in 
listi ng 2 which plays NIM . 

The las t type of sta tement is stop. This 
statemen t merely term inates execution of 
the prngram and returns control to the pro­
gram ed itor. The for mat of the stop state­
ment is S: 

To increase the ve rsati lity of the language 
the S : statement can, at the user's option, 
be made to ca lI a user wri u en mach in e 
language subrouti ne from within th e 
WADU ZlT DO program. To do th is r·eq uires 
a one statement modification to the system 
which is detailed below. If you choose to 
make th is modification you can cons ider 
S: to be th e ope r·a ti on code for subroutine 
rather than stop. The fo rmat of th e sub­
routine statement is S :x where x is any 
single character which se rves as a parameter 
to the user wr·iuen program. The val ue x will 
b stored in register A in both the 6800 and 
8080 version. It can be used to se lect dif­
fe rent functions to be performed by the 
program . 

Duri ng execution any statemen t which 
docs not fit the syntax of one of the five 
statement types is printed in its entirety, 
then execution resumes normally with the 
next statement. Table 1 summarizes the 
WADU ZlT DO instruction set. 

Wh en WADUZ\TDO is first entered con-

T IT JS ~IRTHOAY LIST TIME. 

T THE PURPOSE OF THI S PROGRAM I ~ TO 

T DETERMINE WHAT GIFT S ARE ACCEPTABLE . 

T TYPE THE CODE LET TER ASSOCIAfED WIT H 

T THE POTENTIA L GIFT I DEA ... 

T: A HOME APPL IAN CE 
T: B SOMETHI NG BOR IN G 
T: C ITE M OF 1: LOTH I NG 
T: D SO METHIN G DE CORATIVE FOR TH E HOU SE 
T : c; GARBAGE DI SPOS AL 
T: M HI OWN CO MPIJT[R 
A: 
H:A 

YT : UNA•:C EPTAllLE . 

11: 0 
YT :NoJ WAY . 
M: C 

YT:A CC EPTABLE IF NOT UGLY . 

M: O 

YT: OKAY Ir CH•)SE N WI TH C01lO TASTE 

YT : so AS NOT ro BE fACKY . 

M: G 

IT :Y EAH I 


11:11 

IT:T HE LAST THI NG IN THE WORLD 

YT :I WOULD EVER WAN T. 

NH: A 

NH:8 

NM: C 

NM: D 

NH :G 

NT: CANT YOU READ FOOL• THA l I S NOT 

NT: ONE OF THE CHO I CES . 

NT:TRI A1B1 C1D •C OR M 

J : ~ 

I : LEfS PLAY NIM WI TH 7 PEBBLE S . 
T:W E TAKE TURNS TAKIN~ I . i YR 3 . 
f:THE LASr ONE TO TAKE ONE LOSE S . 
T: THERE ARE 7 , HOW MANI > 
A: 
M: I 
I .J : I 
M: ~ 

' .J : z 
IJ:b 
T:Y (1U ( AN TAk: E ONL Y lr Z r UR 3 . 
,J : ~ 
+T : I HAT LEAVES 1,. I f AKE I LEAVING 5 . 
T:HOW MANY > 
A: 
H : I 

r .J : 5 
M: 2 
f ,J : 4 
M: 3 
y ,J : 3 
T: YO IJ MU S T TAKE 1, 2 OR 3 . 
J :0 

+T:T HAT LEA VE'S 5 , I TAKE I LEAV ING 4. 

T:HOW MANY ? 


A: 
M: I 
I .J : 1 
11: 2 
y .J : 2 
M: 3 
YJ : 1 
T:YOU MU ST TAKE l• l OR 3 ONLY 
J :0 
• T : TH AT LEAVE S THE LAST ONE . 
T: l TAKE IT ... YQU WI N. 
.J : '5 
• T:T HA T LE AV ES ~ . I TAKE I LEAVI NG I. 
,J: 3 
• T: THAT LEAVE S 3 . I TAKE l LEAVI NG 1. 
J:Z 

t T: THA T LEAVE S 4 . I TAKE 3 LE AVING t. 

•T: HO W MANI ? 


A: 

M: I 

NT : YOU HA VE NO CHOICE BUT TO TA KE t. 

NT HOW MANI ? 

NJ 0 

T: OU JU ST TOOK THE LAST ONE I WIN. 

•T TO PLAY AGAI N PU SH THE DOLL AR S IGN. 


Listing 7: WADUZI TDO 
program written by a non­
computer person. Notice 
the last line of the pro­
gram, the ):0 command. 
This instruction will mal?e 
the program execution 
jump back to the accept 
statement to tty another 
input. 

Listing 2: A N IM playing 
program. This program 
demonstrates the jumpi11y 
capability of the language. 

St p 1r mbcr 1978 © BYTE Publication\ In( 167 



ST ATEM ENT FORMAT WHAT IT DOES 

type T :te xt Display t ext on the terminal. 

accept A · Input one character from the 
terminal keyboard. 

m arch M :x Compare x to last i nput character 
and set match flag to Y if eQual , 
N if not eQual. 

jump J :n If n=O jump to last accepr. 
If n =1 t hru 9 jump lo nth program 
marker forward f rom the J. 

srop S: Terminate program and return to 
text editor. 

subroutine S:x Call u ser machine language program 
(requires modification) . 

cond i tionals 
y 
N 

May precede any operation code . 
Execute only if match f lag is Y . 
Execute only if match f lag is N . 

program marker . May p recede any statement, serves 
as a jump dest ination . 

Table 7: Program instructions for the WA DUZITDO language. 

ED IT CHARACTER H E X M EAN ING 

$ 24 Stan execut ion . 

\ 5C Move edit pointer to program start. 

I 2F Display next l ine of program. 

% 25 Pad i nserted line with nulls. 

bs or 08 or 5F Backspace to correct typi ng error. 

er OD End of statement . 

any other Character stored in program and 
edit pointer advances . 

Table 2: Editing characters used by the built-in text editor. 

trol is passed to the prog1·am ed itor which 
is used to enter or alter source prog1·ams. 
Also an interna l prog1·am poi nter, called 
LOC, is autom atica lly set to the beginning of 
the source area. As each sta tement is entered 
on the keyboard the chai-acters are stored 
and the interna l pointer· advances . Typing 
e1·rors may be co 1-rected by enter ing a 
backspace and the correct chan1cte1·. To 
rese t the pointer to the start of the prog1·am 
enter a backslash,\. To display the next lin e 
of the program enter the mirror image of the 
reset slash, /.To rep lace a line, displ ay each 
line up to but not including the one to be 
replaced, then enter the new line. The new 
lirie should be no longer tha n the line it 
replaces . If it is longer, the nex t line of text 
is also overwritten. End the rep lacement line 

with a percent key rather than a carriage 
return. The % causes nul l characters to be 
stored as fi ll er up to the start of the next 
line . To begin execution of the program 
enter a dollar sign, $. (The editing com­
mands are summarized in table 2.) 

If you already have a good text editor in 
your system it may be used instead of 
the one included . Each statement is variable 
length , terminated by a carriage re turn 
characte r. All other control characte1·s 
between statements are ignored . 

Complete 6800 and 8080 assembly li st­
ings contai ning source and object code arc 
inc lud ed to si mplify implementation on 
your system. The 6800 version in listi ng 3 
uses the MIKBUG mon itor; the 8080 version 
in listin g 4 uses the SOLOS/CUTER moni ­
tor. If you have one of these two sys tern 
monitors you need not modify the program 
at all. 

The entry point to the system is at loca­
tion zero. Upon entry the stack pointer is 
assumed set to address some scratchpad 
memo ry area large enough to accommodate 
a few levels of ca ll. In MIKBUG or SOLOS/ 
CUTER, as wi th most system monitors, this 
is handled automatically by the GO or 
EXEC command . The 2 byte value stored in 
LOC (hexadecimal 100) must point to the 
place where the user program is to be 
stored. In the assembly listings note tha t this 
value is shown as hex adecimal 0106, the first 
location no t occupied by the system. 

If you do n 't have one of the above 
monitors you must supply characte r input 
and character output routines and change 
the references to IN and OUT to address 
these routines. In the listings you wi ll find 
one reference to IN and one to OUT which 
needs to be changed . If your termi nal 
req uires a del ay after each carri age return 
you can set the number of null padding 
characters by a one byte modification to 
the statement labeled PLF. 

Any of th e speci al characters used by th e 
text editor ($, %, \, I, bs) can be eas il y 
changed to anothe r more convenient charac­
ter on your keyboard. 

As shown in the assembly listings the S: 
statement halts execution by b1·anchi ng to 
the text editor. If you don't modify th is yo u 
can treat it as a stop statement. To use it as a 
subroutine cal l you mus t modify the ]MP 
SUB instruction to be a JSR or CALL 
(depending on th e system) to the appropri­
ate add ress. Upon entry to the subroutine 

T ex t cont inued afte r l istings on page 173 

168 Seolemb<r 1978 © BYTE Publ iwions Inc 



---
------
---

S-100 Kits 
at Discount Prices 

·II slol mother boord wi th sockets 

and OC Tlv e terminator $SQ•• 

· 16 K E PROM board for 2708's $48.. 

· 8 K slollc rom $ 12 5.. 

The re's mucn more. inclu di ng 
complete systema; send for our 
f lyer . 
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iH.H.llU.E FROM YOUR LOCAL C0"4PUTER OU LEA 
or dU1 tl tro111 I.TV RUE ARCH. COST htt.lud1nc Sh lpplnc 
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USR·310 

ORIGINATE 

ACOUSTIC 

COUPLER 


Oper11e s W11 t1. 
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®
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BASED 1/0 TERMINAL 

WITH ASCII CONVERSION 
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Figure 7: Absolute loader format representation of the 6800 WA DUZI TDO program of l isting 3. 

0 () 0 (1 () 0 () 0 () () () 
0 (\ 0 0 0 0 0 0 0 ll I 
01 J.J (>7890 WAO IJZ I roo 
0 0 ll 0 II 0 () 0 0 0 6 8 0 @ VERS ION e r LARRY KHERJATr 
() () 0 II 0 0 0 Cl 0 CJ 

MIK BUG SUB ROU TINE S USEU0 I J .J h 7 '! A C D IN Eau H . IA•: IN!'UT FRON KEH;(J ARD TO AC CA0 '! 2 1\ 2 13 J C 5 I.'. OU T EQU ~ E lDI OU TPU T FRO M AC~ A TO TER MINA L 
ORG $0000 

SIJB EQU '1- 0 000 U'> ER SUBR S TA lll IC: AN BE NIJOIF!EOI 
ENTER '> YS TE N AT LOC ATION I WITH S TA K POINT ER PRE SET-

~ - - TO SC RATCH PAO RA M ENOU GH FO R A FEW LEVEL S OF CALL 
1000 FE 0 100 STAR T LOX LOt SOURCE PROGRAM AREA S TART 

- 000 3 8 0 45 EG ET BSR JIN ACC EPT SOURCE CHAR 
1~00 5 8 1 "SC CNP A #$:SC ' .,- -~~ - ~ 00 07 27 r7 OEQ START YE~ . BAC K UP TO PROGRAM '> TART-
000 ·'1 :3 1 l 4 CNP A #S Z4 $ 


000f; l.7 45 BE •l EXEi: YES • GO EXECUT E THE PROGRAM 


~1000 8 1 •JS CNP A #S 0 B BS 
000 F 1, 0 3 BNE DIS NO 
00 11 09 DEX YE S • BACK UP ONE IN SOURCE 

- 001 2 2 0 EF BRA EGET LOOP BACK= Pf1 01: ESS 0 !SPLAY OF NEXT LINE-~~~~~-
0014 il l 2 F DIS 1: NP A #S ZF-- 00 16 Z6 07 BNE PAO NO 
00 18 BO 0005 J SR PRT CO PRINT TO Cll 
0010 8 0 2 1 EPLF BSR PLF PRI NT LI NE FE ~O ANO NULL S ~ 00 10 20 E4 BRA EGET LOOP 

- - - ~ 

-
- DO LINE REP LA CEMENT- PAO TO ENO OF STHT WITH NULLS 

00 l F 8 1 25 PA O CNP A #S ZS I ? 

002 l 26 l 2 BNE CHAR NO - - = - 0023 86 00 LOA A #'0 0 CR 
0025 80 27 BSR JOUT PRINT l T 
0027 86 00 LO A A #S00 CR 
0029 Co 40 LO A B #'40 COU NT OF 6 4 
002 8 Al 0 0 PAOL CNP A 0 , x AT CR YET ? 

002 0 27 06 BEQ CHAR YE S ~Ul T PADDING 
002 F 6 F 00 CLR 0. x PAO WI TH NULL 
e0J1 " s !NX !NCR LOC PTR 
0032 5A DE C B DE CREMENT SAFETY COUNTE R 
0033 26 F6 BNE PADL LOOP TILL CR OR 64 NULLS 

STORE ENTERED SOURCE CHAR IN PROGRAM 

LI 
-
ll _-~~ 

00.35 A7 0 0 CHAR STA A 0oX CHAR TO SOURC E LDC 
0037 08 l NX HOVE LOC PTR UP ONE 
0038 Bl 00 CNP A #S00 l S IT A CR ?--5 :-- =- -

~ 00.3 A 27 OF BEQ EPLF YES, ECHO A LINE FEE D 
00 3C Z0 C5 BRA EGET NOo GET ANOTHER CH AR 

i 
SUBROUTINE TO PRI NT L INE FEE D TO TERH!NAL 

003E Cb 00 PLF LOA B #$00 NUMBER OF NU LL S TO PRINT 
0040 4F PLFL CLR A NULL-

- 0041 80 08 BSR JOUT WRI TE A NULL 
~ ­ 004 3 5A DEC B DE CREMENT COU NTER 

00 44 2 A FA BPL PLFL LOOP TILL ENOUGH NULL SI_= ~.ll<t 4 ~- 8 1-_, 1i1A LOA A U 0 A l11J fFFEEO 
0~ 4 R ~~ 1•1 4 BR A .J •JU r 

NEXT FE W LINE S MU ST BE ALTERED lF rou OO NT USE MIKB UG 
0 04 A BO l. l l'I O: .J IN .JSR IN •: Al. L CH AR INPUT ROUTI NE 

- - - @040 39 R TS RETURN TO CALI ER 
@~ 4E BO El Ol .J1JU T .JS R OIJT CAL L CHARA CTlH OU TPU T ROUT I NE 
0 0 ";; l 39 RT S RETURN TO CALLER 

= -
( •.1 ME HERE ro BEG IN EX E•: •JT l lJ N OF THE ':.OU RCE PROGl<AM -


;;; 
 185Z FE 1 180 EXE C LO X LO C '> TAR TIN G LOC OF PR OGRA M 
;;; 

;; 0055 0 9 DEX LE '>S ONE 
8056 08 LOOPI INX AOH OF NEXT PCM BYT E _ -!i~ ­-~ 0 05 7 Ab M0 LOOP LOA A 0.X NEXT PG M BYT E 

~ 01!1 59 8 1 ~ A CNP A #1> 2 A CHAR > 
-- ~ 005 B ZF F 9 BLE LOOP! YE S <OR ! GNOREABLE CONT CHn Ri -

PROC ESS Y OR N FLAG TE 51S- - ~ ­= = - - 01!50 8 1 59 CNP A #S :S 9 ? 

005F 2 7 1H BEi) TFLG YES 
- 006 1 'l I 4 E CMP A 1•4 E N- ~ 0 0 6 3 26 11JF BNE XA BRA NCH I F NO T A FLAG TE ST 

0065 08 TFL G INX S TEP LOC OV ER Y OR N- 0066 Dl 0105 CMP A FL G COMPARE T•J CIJ l<RENT NAT CH FLAG-
006 '~ Z7 cc BEQ LOOP IT S EIJ IJ AL SO EXE CUTE THE 5 THT 

IT S A FLAG FAILURE • SKIP OVER THE 5 TNT======= ====__ 0068 08 SK IP IN X STEP LO C PTR 
00 bC Ab 13 0 LOA A 0oX NEX T CHAR !N PCM =-- ~ : ~. 1 

;;;

- Listing 3: 6800 version of the WADUZI TDO language. A dump of the MIK­

II 
ti 

CJ 
0 

() 
0 

() 
0 

0 
(J 

() 
ll 

() 
0 

0 
O 

() 
II 

0 
0 

0 
I 

BUG format of WADUZI TDO (shown in listing 3a, page 772) can be used for 
manual entry of the program. This version was run locally at BYTE using a 

11 I ~ .l .J S I> 7 ~ 9 0 SwTPC6800. 
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- -

Figure 2: Absolute loader format representation of the 8080 WADUZITDO program of fisting 4. 

0 0 0 0 0 0 0 0 0 0 0 0 
006E S t 00 CMP A #S0D TO ENO OF o; TMT > 000000000011 
0070 26 F'I BNE SKIP NOT YET, 51) LOOP 0 I 2 J 4 5 6 7 K 9 0 I 
0~7l 20 EZ BRA LOOP! AT NEXT SHH, GO DO IT 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0
PR OC ES S ACCEPT S TATE MEN T 0 I l 4 6 7 9 A C D ~ 00 74 e t 4t XA CMP A #541 A 0 9 2 B J B 4 C 4 D 6 0076 26 11 BNE XM NO 


0078 FF 01 0 2 STX LS T YES • SAVE LO C OF LAST AC CE PT 

0078 :30 co BSR JI N AC CEPT ON E CHAR FROM KYBO 

0 1!1 70 B7 0104 STA A CHR SA VE IT ­
00S0 08 INX MOVE OVER A ­
00:H 8b 00 PCR LOA A U0 0 CR - - - - ­
008 3 SD C9 BSR .JOUT PRINT IT 

0085 80 G7 BSR PLF PRINT LINE FEED 

0087 20 co BRA LO OP ! STEP OV ER : AND GO ON -


PRO t ESS MATCH STMT 

0089 81 40 XM CMP A #S40 M ? 


00 >.l B 2 6 IZ BNE XJ NO 
 -008 0 08 INX ST EP OVER M 
fH~ ~ E 1'.lS INX STEP OVE R 

001lF M 00 LOA A 0,x GET HAT CH CH AR 

0091 C6 '5'1 LOA B U S'I ASSUME Y - ­
009J Bl fj l 0 4 CMP A 1; HR COMP MAT CH CHAR TO INPUT CHAR ~= 

0096 2 7 fl:{_ BEil MX BRA NCH I F I T MAT CHE S . FLG•Y 

0098 U, 4E LOA B #S4E RE SULT I$ N 

00'lA F7 0105 MX STA B FL G SET MAT CH FLAG TO Y OR N 

009 0 20 B7 BRA LOOP ! ST EP OVER MAT CH CHAR ANO GO ON 


PROCESS JU MP STATEMENT -
1~1!9 F i3 l 4A XJ CMP A #$4A J 

00A t l6 1 7 BNE XS NO 

00A3 E6 02 LOA B z ,x DESTI NA TION ~ 


~ 00A'5 1: 4 0 F ANO B H0 F 1:LE AR LO NE 
0 0A7 l6 ~5 BNE JI-° IT ~ A J UMP fQH WARD 
1~0A 9 FE 0 t 0i. l OX LS T ZEHa . . JU MP BRCh J u LAST ntt EP1 
@0A( ~ 0 11 9 BRA LO•JP ( UNT INU E FRO M THERE 

$K I P FO RWARD UNTIL f-"ASS N • - MARKER '• C N IS IN l\ CC B l 
1~0AE 01:) .J F I NX STEP PC M LOC 
01! AF A6 1'10 LOA A 0 . x NEXI O: HAR 
008 t S t ZA CMP A U 2 A • - MMlK ER > 
>l0BJ Z6 f9 BN E JF NO• KE EP LOOP ING 
00 85 5A DEC B FO•J NO ONE, COll NT l T 
00B6 26 F6 BNE .JF LOO P I F NEED 10 F IND MO<E 
'1~B8 ~e ..JC BRA LOOP I DEST INA TIO N FOUND , GO EXECUT E ---= PR OCESS STOP OR SUBROUTINE S TATE MENT -
00BA !is l 53 XS CMP A #$ 53 $ -- -0 08 1: lb l~A BNE XT NO -
001JE 0 '3 INX S TEP OVER S 
"'0BF 08 INX S TE P OVER 
001: 0 A6 00 LO A A 0, x PARAMETER TO REG A -00U 01l IN X STlP OVER PARnMETER 

NEXT ST HT HAY BE MAOE TU BE A JSR TO USER SUB R -
00 C3 7E 0000 JMP SU B ca TO US ER SUBR (QR TO EDI TOR! 
00C6 2 0 8 F BRA LOOP GO ON UPON RETUR N FROM USE R SUBR 

-- -=­PROCESS TYPE STA TMENT ANO SYN TAX ERR ORS 
00Cll Bl '5 4 XT CHP A #$ 5 4 T 
001; A U. 01: BNE TE NO, I TS AN ER HOR 
001:c 00 IN X TES • STEP OVER T 
001: 0 08 INX STEP OVER : 
00CE 8 0 0'j TE BSR PRT PRINT UP TO CR 
0000 BD 00 3E JSR PLF PRI NT LNE FE ED 
0003 Z0 '32 BRA LO OP DONE WI TH ----~ -;; 

SUB R TO PRINT UP TO NEXT CR -~ 
000 '5 Cb 40 PRT LOA B #S40 COUNT OF t. 4 - ;; 
01rn1 M 00 PRT A LOA A 0,x NEXT CHAR ~ ­
0009 'jA DE C B DECRE MENT SAFETY COUN TER 
000A 27 0A BEQ PRTB EXIT I F OVER 6 4 TI LL CR 
000C BO 00 4E .JS R .JOUT PR INI IT -
000F A6 (~0 LOA A 0,x RE LOAD CHAR TO AC CA ;; 


00El 08 IN X STEP LOC PT R ~ 

00E 2 e1 0 0 CMP A #S0 D CR , 


00E4 26 F l BNE PR TA NOT CR• L•JOP 

00E6 .3 q PRT B RT S DONE • RET UR N ~-

ABOV E IS ENO OF RE AD ONLY PORTI ON OF THE PROGRA M 

THE FOLLOWING IS CHANGEAB LE DATA 

ORG 51 00 MOVE TO START OF DATA AREA -~ 
0100 fJ l 1il6 LOC FOB S0106 ADOR OF SO UR CE PR OG RAM AREA 
0!0Z 0000 LST FOB 0 PLACE TO SA VE LOC OF LAST A: ­-
0 11il4 00 1; HR FCB 0 PLA CE TO SAVE LAST INPUT CHAR 
0 10~ ·~0 FLG FCB 0 PLACE TO SAVE MA TCH FLAG 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 I I 
EN O 0 1 2J4 678901 
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Listing 4: 8080 version of the WADUZITDO language. A hexadecimal dump {shown in fisting 4a) 
is provided for manual entry. This version was run locally at BYTE using a SOL-20. 

L.IADU ZIT M 

6080 VERSION BY LARRY KHER I ATT 


SOLOS/CUTER SUBROUTI NE S USED 

IN EQU 0C01FH INPUT FROM KEYBOARD TO A-REC 

OUT EQU 0C~ 1 9H OUTPU T FROM B-REC TO TERMIN AL 


Sil30000FE010~R045R15C27F7q\24?.74~Al0q ?. n~0 
ORC 000 vJ H Sl1300100J0g20EFB!2F2607BD00D'iq02 ! 20E 4q\) F 

SU B EQU 00~~H US ER 5UBR SlART ICAN BE MODIFIED> S1130020252612R600RD27q60 0C 6 40Al00 2 7 0 ~ 6 ~5?. 
ENTER S l5TEM AT LOCA TION 0 WI TH STA CK POINTER PRESET S1130a30000R5A?.6F~A700~Rq100?.70F?.AC 5C~0~~0 
TO SCRATCH PAD RAM ENOUGH FOR A FE~ LEVEL S OF CAL L SII300404FR00~5A?.AFAR60A?.00A~OF.IAC1>qOE17?. 


~11300500139FE01000g0RA600R12A?. FFgRl59?70R 


0000 ZA 0001 START LHLD LOC Sll3006004R14E?.60F0BBl010527EC0RAn00Rl0D7~
SOURCE PROGRAM AR EA STAR T 
CALL J IN AC C PT SOUR CE CH AR 

0006 FE 5C CP I 5CH \ S11300q00RR60DROC1RDB7 20C ORl402 nl 2 0R0RA6qF. 
001!8 •:A 01300 J Z STAR T IES • BACK UP TO PROGRA M STA RT S1!3009000C65gBl01042702C64EF70!0520 B7RIF5 

Sll300A04A2o17En0?.C40F2605FE010220A•0RAn67 
0000 FE 24 CPI 511300B000R12A26Fg5A26F620gCRl5J260A0R0R2C 

0003 CO 4600 EGE T 5 113007026F~20E2Rl412~11FF0102ROC0q 70 1 0 44A 

,JZ YES • C.0 EXE CU TE THE PROGRAM0000 CA 5200 511300C0A600087E000020BFBl5426020B0Rq00582 
S113000080003E?.0q?.r.640An005A270ABD004 EA6•7 

0010 FE 5F Sl0A00E0000R810026F1392FCP I SFH BS ? 


001 Z CZ 1900 J NZ DI "> NO 

00 15 20 D•: X H 
 IES • BACK UP ONE IN SOURCE 

0016 C3 0:301! ,JMP EGET LOOP BACK 
 Listing Jo: MIKBUG format for the 6800 

PROCESS DI SPLAY OF NEXT LINE version of WADUZITDO. 
0019 FE ZF ors CPI ZFH 

0016 Cl 2400 J NZ PAO NO 

001E CD DF00 CA LL PRT CO PRINT TO CR 

002 1 C3 0'300 JHP EGET LOOP 


00002A0001C04600FE~CCA0000FE24CA5200 

DO LINE REPLACEMENT - PAO TO ENO OF ST MT WITH NULL S 0010FESFC219002BC30300FE2FC~~400CODF 

1rnz4 FE z5 PAD CPI Z5H X ? 002000C30300FE25C23C00060D7BCD40000E 
002& CZ 3C00 JNZ CHAR NO 0030408ECA3C003600?.30DC2Jl00772JFE00 
0029 06 00 MVI 8o00H 1: R 0040CCF000CJ0300CD1FC0CA460047C019C0 
00ZB 76 MDV A•B CR TO A ALSO 00507~C92A00012B237EFE28FA5600FESgCA 

002C CD 4000 CA LL JOU T PRINT IT 00606700FE4EC27600~3BACA5700237EFE00 

00ZF 0E 40 MVI C,40H COUNT OF b 4 0070C26C00CJ5600FE41C2BE002~0201C046 

003 1 BE PADL CMP H AT CR IET > 00B0005F23060DC04D00CDF000C35600FE40 
0032 CA 31;00 JZ CHAR IES QUIT PAD DIN G 0090C2A1A0232~7E16598BCA9E00164EC356 

0035 36 00 HVI H100H PAO L.IITH NULL 00A000FE4AC2C3002J237EE60F47C2~5002A 

0037 23 INX H INCR LDC PTR 00800201C35700237EFE2AC2850005C2850A 
00 :38 00 OCR C DECREMENT SA FETI COU NTER 00C0C35600FE53C2020023237E23C30000C3 
0039 CZ 3100 J NZ PAO L LOOP TI LL CR OR 64 NULL S 00D05700FE54C209002323CODF00C357000E 

00E0404600CAF000CD4D007E23FE00C2El00 
STOR E ENTERED SO UR CE CHAR IN PROGRAM 00F00E000600C0400000F2F200060ACJ4000 

003C 77 CH AR HOV H•A CHAR TO SO URCE LOC 0100060100000000 
0030 23 INX H MOVE LOC PTR UP ONE 
003E FE 00 CPI OOH IS IT A CR ? 
00 40 cc F@00 1'7 PLF TE S , ECHO A LINE FEED Listing 4a: Dump of the 8080 version of0043 C3 0300 JMP ECET N0 1 CET ANOTHER CHAR 

WADUZITDO. The format consists of 4 
CHANCE NEXT FEW L INE S IF YOU DONT USE SOLOS/CUTER character hexadecimal address and 7 6 hexa­0046 CO 1F C0 J IN CAL L IN CALL CHA R INPUT ROUTINE 

0049 CA 4600 .J Z J IN TRI AGAIN IF NO CHAR YET THERE decimally coded bytes of information. There 
004C 47 HOV B •A PREPARE TO ECHO THE CHAR 
0040 CD 19C0 JOUT CALL OUT CALL CHARACTER OUT PUT ROUTINE is no checksum computed for any of the 
0050 76 AoB JIN TO information.MOV RE STORE CHAR A 

005 1 C9 RET RET URN TO CALLER 


COM E HERE TO SC(,JN E~E•: 1JrI0:1N •)I lHE 'JO IJJ;·( E PROC. l<AM 

0052 ZA 0~01 EXE C LHLD LOC SfAR TIN ~ LU( u~ PRu ~RA M PAPERBYTEtm Bar Codes for 
1~ 055 ZB D1: X H LES·o. ONE 


LO OPI INX H ADR OF NEXT PC M BYTE 
 WADUZITDO 
1hJS 7 ?E L•i •)P HOV A•M NEX I PC. M bYIE 

0058 FE 213 (P I ~BH C HAR '° f N1)lE Z BH 10:-. '•' + l ~ 


01!~A FA 5601ii .JM LtJOP I YE~!OR IG NOREA BLE CON I (HAHi 
 In figure 7 and figure 2, we provide 
a PAPERBYTEtm bar code represen­PRO CESS OR N FLA G TEST S 


0050 FE 59 CPI 'i9H I 
 tation for the WADUZITDO programs 
00'ff CA .-, 70 10 .JZ TFL C IE $ of fisting 3 and fisting 4. These bar0062 FE 4E CPI 4EH N 

>H! 64 •:2 7 6 00 J NZ XA BRANC H IF NOT A FLAG IES T 
 code representations were created in 

the absolute loader format docu­0067 23 TFLC !NX H S TEP LQ( OVER Y DR N 
13068 BA (MP 0 CO MP ARE T•J ( IJRRl:NT MA TCH FLAC mented In detail In the PAPERBYTE 
0069 1; A 571rn .JZ LO•JP IT S EQUAL SO EXE CUTE THE 5 TM1 

book, Bar Code Loader, written by 
IT S A FL AC FAILURE• SKI P OVER THE STHT Ken Budnick of Micro-Scan Asso­

006C Z.3 SK IP !NX H STEP LOC PTR 

01!l60 7E MO V AoM NEXT CH AR IN PCM 
 ciates, and ova/fable for $2 at local 
00/;E FE 00 CPI 0DH TO ENO OF ST MT • computer stores or by mail (add $. 75 
0070 CZ .-,c00 J NZ SKI P NOT YET , SO LO OP 

001 J c.3 51,1rn JMP LOO P! AT NEX T STMT o CO DO IT 
 postage and handling) from BITS Inc, 

25 Route 707 W, Peterborough NH
PRO CESS ACCEPT S TATEMENT 


0076 FE 41 XA CPI 41H A 
 03458. 
0078 CZ 8Ellllll JNZ XM NO 
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Listing 4, continued: 

Text continued from page 168 

the index r·egister (6800) or HL r·egister 
pair (8080) conta in s the locatio n of the 
next prngram stateme nt and shou ld be saved 
and restored before return ing from the 
subroutine. In the 8080 version the DE 
register pair should also be saved. Register A 
will contain the one character parameter, x, 
of the S:x. Its use is total ly up to the 
subroutine. 

The system has been organized so that 
the six bytes of changeable data are iso ­
lated from the read onl y porti on. This means 
the rest of the 256 byte system could be 
pl aced 1n read only memory . It would fit 
in a single l 702A EROM chip. 

It is easy to see how this language coul d 
be used to write a question and answer con­
versation using multiple choice or true, 
false answers. It may not be so obvious that 
more complex logic is possible. The examp le 
in listing 2 is a computer versus user NIM 
game which demonstrates a way this can 
be done. 

Although WADUZITDO is not the 
ultim ate answer to personal computing, it 
is something that almos t anyone can have 
some fun with, and it definitely squeezes the 
most out of 256 bytes of memory. 

A Pascal WADUZITDO 

Notes by Ray Cote 
Program by Larry Kheriaty 

Along with the assembly language ver­
sions of WA DUZITDO, Larry Kheriaty sent 
us the Pascal version shown in listing 5. The 
program is basically self-documenting and 
very easy to translate into assembly level 
programs for any particular processor. The 
program is indented to show logical relation­
ships between related areas of text. This is 
sometimes known as prettyprintin g. 

771e firsl (our lines of the program are 
definition lines for the main program. In 
Pascal, all variables must be defined com­
pletely at lhe start of the section in which 
they are used. "Completely" means name and 
data type. This is a great help since all var­
iables must be explicitly defined. You can 
easily check to see what type of variable is 
being used. 

WADUZITDO uses two types of var­

00 76 li. 020l SH LD LST YES • SA VE LOC OF LAS T ACCEPT 
007E CD 4600 1: ALL JI N ACCEPT ONE CHAR FROM KYBD 
008 l SF MOV E•A SAVE IT 

008l 2 .1 I NX H MOVE OV ER A 

008'3 06 00 MVI ll•00H CR 

0085 CD 4000 CALL J1) IJT PRI NT IT 

0088 CD F1~00 •: ALL PLF PR I NT LI NE FEED 

008B C3 5600 .JMP L•)l)P I STEP OVER : ANO GO ON 


PROCESS MAT CH ST MT 

008E FE 40 XM 1; p I 40H M 

00'10 CZ A 100 .JNZ X.J NO 

009 1 l3 INX H STEP OVER M 

00'14 l:) I NX H ·>TEP OVER 

0095 7E MOV A•M CET MA T.C H CHAR 

0til91; 16 59 MVI o,5 ·~ H ASSUME Y 

0098 BB CMP E 
 CO MP MATCH CHAR TO INPU T CH AR 

0099 CA 9E00 JZ Ml BRANCH IF IT MA TC HES ,FL C•Y 

009C 16 4E MVI Q,4EH RESULT 15 N 

00'1E ,: .J 5600 M X .JMP LOOP I SET MATCH FLAC TO Y OR N 


PROCESS JUMP STATEMEN T 

00AI FE 4A XJ CP I 4AH .J ? 

00A1 CZ 1; 300 .JN2 XS NO 

00A6 23 INX H STE P OV ER J 

00A7 23 INX H STEP OVE R : 

00A8 7E MOV A• M DE STI NAT I ON 

0<!A9 E6 (ff AN I 0FH CLEAR ZO NE 
1HJAB 47 MOV B1A NUMBER OF • S TO SKIP 
00AC 1; l 85 00 .J NZ JF ITS A JUMP FOR WARD 
00 AF ZA 0Z01 LHLD LS T ZERO .. JU MP BACK TO LAST ACCEPT 
lll0BZ C3 5700 J MP LOOP CO NTINUE FRO M TH ERE 

SKIP FORWARD UNTIL PASS N • - MARKERS < N IS IN BR EC 
00B5 23 JF IN X H STEP PCM LOC 
0066 7E AoM NEXT CHAR 
01rn7 FE ZA ~AH • - MARKER > 
011~9 Cl. B'5 1J1; .J F NO • KEEP LOOP I NG 
00BC 05 B FOU ND ONE • COUNT IT 
00BO CZ 8';00 .JF LOOP IF NEED TO FIND MORE 
00•:0 (' ";l, 1!1! LOOP! DE S TINATION FOUND • CO EXECUfE 

PROCESS STOP OR SUB ROU TI NE STAT EMEN T 
000 FE 53 Vi •:Pl 53H " 
0 0 C5 CZ OZ~0 JNZ XT NO 
00( 8 Z.l INX H STEP OVER S 
001;9 z 3 INX H ST EP OVER 
00CA 7£ MOV A,M PARAMETER TO REL A 
rrncB z ~ INX H S TEP OVER PARA METER 

NEXT STMT MAY BE MADE TO BE A CALL TO USER SUBR 
0li!C1: •>3 f! <l!ii0 J MP $1JB CO T•J IJ$ER $1JBR <OR TO EOI TOR> 
00,; F C1 5700 dMP LOOP GO ON UPON RET URN FROM USER SU BR 

PROCESS TYPE STA TMEN T ANO SYNTAI ERRORS 
0002 FE 54 XT CP I 54H T ? 

0004 1: z 0 ·~01l .JNZ TE NO, ITS AN ERROR 
000 7 2'l INX H YES , STEP OVER T 
00Dl3 Zl INX H STEP OVER : 
01!09 CD OF00 TE CALL PRT PR INT UP TO CR 
00DC C3 5700 JMP LOOP DONE WITH T 

SUBll TO PRINT IJP TO NEXT CR 
000F 0E 4!! PRT MV I C, 40H COUN T OF 6 4 
00E I 46 PRTA MOV B,M NEXT CHAR 
00EZ ~JD OCR C DECRE MENT SAFE TY COU NTER 
00E3 CA F01!0 JZ PLF EX IT IF OVER 6 4 BEFORE CR 
1!0E6 CO 4000 CALL JOIJT PRINT IT 
00E9 7E MOV A•M RELOAD CH AR TO ACCA 
00EA 2 :3 I NX H $ TEP LOC PTR 
00EB FE 0D CPI 00H CR ? 

00ED C2 E100 JNZ PRTA NOT CRo LOOP 

SU BROUTINE TO PRINT LI NE FEED AN O PAD 
00F0 0E 00 PLF MVI C•l!0H NUMBER OF NULLS TO PRINT 
1!0FZ 06 00 PLFL MVI B. 00H NULL 
00F4 CO 4001il CALL .JOUT WRITE A NULL 
00F7 0D OCR C DE CREMENT COUNTER 
00F8 F2 F.': 00 JP PLFL LOOP TILL ENOUGH NULL S 
00FB 06 0A MVI B•0AH LINE FEE D 
00FD C3 4000 J MP JOUT PRINT THEN RETURN 

ABOVE IS END OF READ ON LY PORTION OF TH E PROGRAM 

THE FOLLOW ING IS CHA NGEABLE DATA 

ORC 0100H MOVE TO ST ART OF DATA AREA 
0100 0601 LDC ow 010bH ADDR OF SOURCE PR OGRAM AREA 
011il Z 0000 LST ow 0000H PLA CE TO SAV E LOC OF LA ST A: 

THE NEXT TWO BYTES ARE ONLY FOR 6600 COMPATIBI LIT Y 
0104 00 CHR DB 00H UNUSED• LAST I NP UT CHA R IN EREG 
0 11!5 ill! FLC DB 00H UNUSED ,MA TCH-FL AC IN DREG 

END 
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iables: integer and character. There Is also 
a definition for constants {CONST). CONST 
informs the compiler that the value being 
assigned to this variable will not change. 
In teger variables will only take on whole 
number values. 

The type character {CHAR) means that 
the variables will tal<e on the values of 
ASCII characters, including all letters, num­
bers and special symbols. 

The last line of the definition section de­
fin es a variable PROG as an array of charac-

Listing 5: Pascal listing of WA DUZITDO. 
See notes by Ray Cote. 

PA SC AL VER S IO N OF WADUZIT DO• LAR RY KHERI ATY 

PROGR AM WADUZ I TDO i 


1:1J NS T P.!•5~0~ i BS= t ,7 f E•JL= 10; 

VAR LOC · LST ol : IN FECER i L C HRo FLG • CBUF o C~S ,(EOL 


PROC : ARR AY[ l .. Pl l OF CHAR i 


PROC EOIJR E O:H INi BECIN AC•:E PT C1; ~ U F ! i ENDi 

PRl)([OIJRE •: HO•JT i BE CIN DI ·':PL AY CCBIJ F! i ENDi 

F·R(J ( DIJRE NEW LINE i BE GIN DISP LAY !NU ;· ENOi 


PROCE DURE LI STi VAR l:INTE CERi 

BEG IN I :• 0; 


REP EAT 

Ct:IJF : • PROG I LOC l i LIK : • LO C+ 1 i I : • I• I; 

O: HQIJT 

UNTI L Cl .> .<;4 > •JR <CBIJF •C EOL!i NEWLINE 

ENOi 


PR OC EDURE EXECUTEi VA R DONE : BOOLEA Ni 
BEC IN L•J1; : = li DONE :• FAL SEi 

REP EAT 
CBUF : • PR OCCLO CJ ; IF CB•JF < '•' THEN CBIJF : • '•'i 
IF NO T fCBIJF I N [ '•' '' Y'' 'N' I 'A '' 'H'' ' .J '' 'T' '' 'S. ' J>THEN L I 'ST ELSE 

1: A5E C81JF OF 
'•': LOC : = LO C+li 
'Y'•'N' : IF CBUF•FLG THEN LOC : • LOC+I 

EL5E REPEAT CBUF : • PRQG[LOCli LQC: • LOC•I 
UNTIL CBUF=CEOU 

'A' BECIN LST : = LOCi CHINi LCHR := CBUFi 
NEWLINEi LOC ••LOC+Z ENOi 

'M' BECIN IF LCHR =PROC[LOC+ZJ TH EN FLG ••'I' 
ELSE FLG : • 'N' i 

LOC :• LQC+3 ENOi 
' J ' IF PROGlLOC+2J • '0' THEN L•JC ••LSI 

ELSE BEG IN(: • 1JROCPROGlLOC+Zll-48i 
REPEAT LOC: • LOC+li 

IF PROGCLOCJ • '•' THEN I '' l - 11 
UNTIL 1=0 ENDi 

'T' : BECIN LDC :o LOC+Zi LIST ENOi 
'5' : BEGIN DONE : = TRUE I LQC : • I ENO 

END 

UNTI L DONE 


ENO; 


BEGIN CB S : • CHR (BS I ; •: EOL : • CHR <EOL H CBUF : • ' \' ; 
~HILE TRUE 00 BEGIN 


IF •: eur =' \' THEN LO C : .. 

EL 5E IF CBIJF= CBS THEN LOC • • LOC- 1 

EL SE IF CBUF='I' THEN LIST 

EL SE IF CBUF•'S' THEN EXECUTE 

EL SE IF CBUF=''l.' THEN 


BEGIN I : • 0i 

WHILE Cl <64l ANO <PROGCLOCJ <> CEOLI 00 


BEGIN PRQC[LQCJ •= CHR C0>; LOC I • LO C+I ENDi 

PROG [ LOC l : • CEOU LOC : • LOC +I ; NEWL! NE 


ENO 

ELSE " [ (, IN f' R ·.1 l.c ~ uc 1 : : CBUFi LO C ,, L01: +1; 


I F CBUF =CEOL THE N NEWLINE ENO I 

CHIN 


ENO 

END. 
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ters. This definition also states that the rel­
ative base address of the array will be unity 
and the variable PZ will be used to specify 
locations within the array. 

After defining our variables we are ready 
to start the first executable part of the pro­
gram. In Pascal, the logical parts of the pro­
gram are broken into procedures, equivalent 
to subroutines in languages such as FOR­
TRAN. Every procedure is blocked off by 
BEGIN and END statements. The name of 
the first procedure is CHIN. After we have 
determined the name, we are told to begin 
executing procedure ACCEPT (which will 
return to us input values in variable CBUF). 
This is a subroutine which is not shown 
since it is specific to the processor being 
used. The next two procedures are also 
calls to subroutines used to DISPLAY the 
contents of the buffer and move the output 
to a new lin e. Th ese two procedures are also 
machine dependent. Notice that Pascal 
allows you to use descriptive names. This is 
very important when writing a program 
that you want other people to read or that 
you want to understand at a later date. 

The next procedure, LIST, first defines 
its own local variables, which it will use 
only within the LIST routine. As before, the 
procedure is delimited by BEGIN and END 
statements. This procedure introduces us to 
the concept of loops. Here we have a related 
pair of commands: REPEAT and UNTIL. 
These two commands cause the one line of 
three instructions and the call to procedure 
CHOUT to execute until either the value I is 
greater than 64 or the variable CBUF is 
equal to CEOL. Once either of these two 
conditions occurs, the program logic pro­
ceeds to call procedure NEWLINE. At this 
point the LIST procedure ends and returns 
to whatever procedure called it. 

Procedure EXECUTE looks structurally 
the same as procedure LIST. There is a def­
inition of variables, the BEGIN and END 
delimiters, and a REPEAT-UNTIL struc­
ture. This time the REPEAT-UNTIL state­
ment is not waiting for a relation to be 
true, but Is rather checking against one var­
iable. Looking at how DONE was defined 
at the beginning of the procedure, we see 
that its designation is BOOLEAN. This 
means that the variable is being used as a 
logical variable and can take on the value 
true or false. The REPEAT-UNTIL instruc­
tion waits to see if the variable DONE is 
true. If so, we have finished this procedure 
and can stop it. 



Procedure EXECUTE also contains an IF­
THEN-ELSE statement. If the value of 
CBUF is not contained within the brackets, 
perform procedure LIST. If the value of 
CBUF is somewhere within the square 
brac!?ets, we want to perform an operation 
related to that value. We now come to 
another Pascal instruction, the CASE state­
ment. 

We are given a set of cases to choose 
from. The CASE statement tells us that we 
will be using the value in 11ariable CBUF to 
determine what is to be done. We scan down 
each of the cases and find the one labeled 
with the value in CBUF. Since CBUF is 
type character we are looking at ASCII 
characters. Once we find the value of CBUF 
we execute the statements associated with it 
that are blocl?ed off by another set of 
BEGIN and END statements. After we 
have finished, we move to the end of the 
CASE statement and then the last line of 
REPEA T-UNT/L statement. 

The next section of the program does not 
look /il<e the preceding sections. It does not 
start with a PROCEDURE statement, but 
has a BEGIN statement. So far we have dis­
wssed procedures. Any of the procedures 
that needed to use variables have defined 
their own. So why did we define those var­
iables at the very beginning of the program? 
The reason is not to use them in a pro­
cedure, but to use them in the main pro­
gram. This BEG IN statement is nothing 
more than the start of the mainline logic for 
program WA DUZITDO. The mainline logic 
inputs characters and either stores them in 
an array as program or executes them as 
commands. This routine will not jump out 
of the loop and will have to be interrupted 
to stop. or course it is possible to create 
anolher command that will allow you to 
exit from this cycle. 

Now that we have looked at the Pascal 
11ersion of WADUZITDO, the reader should 
refer back to either of the assembly versions. 
The Pascal version performs the same func­
tion as the assembly versions. 

The assembly language versions need to 
be heavily commented for the reader to 
understand what is happening. Even liberal 
comments will not help when converting 
from one assembly language to another. 
The Pascal version can be easily converted 
into any machine language. It is also self­
documenting. Notice that even without a 
single comment; the Pascal listing is extreme­
ly easy to decipher . . .. RGAC• 
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FORT LAUDERDALE AREA 

COMPUTER AGE 
MICROCOMPUTERS & PERIPHERALS 
for HOM E, SCHOOL & BUSINESSES 

We special ize in compute r systems and 

provide a ful l range of computer 

se rv ices. Applicat ions software 


for business including word 

processi ng. payrol l and 

accounts rece ivable. 
More to come . 

DEALERS FOR 
Apple Computers Extensys 
Micromation Soroc 
Hazelt ine Centronics 
DEC North Star 
Problem Solvers and Others 
Cromemco 

999 South State Road 7 (441) 
Plantation, Florida 33317 

305·791 -8080 
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CoMPUTER 
CASSETTES > 

\ Magnetic leadered computer 

) 

l 

1 

~ grade cassettes custom loaded l 
( in one minu te increments. l 

1 

I 

I 

I 

I 

I 

I 

I 

I 

Professional computer grade 
tape. 

PR ICES 

From 1 min. to 30 mins. $1.75 
From 31 mins. to 60 mins. $2.00 
From 61 mins. to 90 mins. $2.50 

1 

) 

l 

l 

) 

$25.00 minimum order COD J 
via UPS onl y. 

) 

BAZZY ELECTRONICS I 

CORPORATION 
I

39 No. Rose 
lMt. Clemens, Ml 48043 

> (313) 463-2592 ) 
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$$$$$$$$$$$$$$$$$$$$$$ 


WOULD YOU LIKE TO 

MAKE MONEY WITH YOUR 

COMPUTER? LET ME SHOW 

YOU A POSSIBLE WAY. 

FOR DETAILS, SEND 50¢ 

(REFUNDABLE) TO: 

REAL WORLD 
SIMULATIONS 
P. 0. Box 4107 

TORRANCE, CA 90510 

$$$$$$$$$$$$$$$$$$$$$$ 

BASIC COMPUTER 
SHOP 

NOW OPEN IN 
A KRO N 

Eas y Freeway access fro m 
anywhe re in No rtheas tern Oh io 

Many s ys te ms on d isplay with 
a ppl ica tion s s oftware up and 
opera ting . 

OPEN TU ESDAY 
THROUG H SATURDAY 

11 AM ti ll 7 PM 

The Basic Computer Shop 
2671 W. Marke t S lree t 

Fai rlawn Plaza 
Akro n, Ohi o 44313 

(216) 867-0808 
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ASSEMBLY 

PROGRAMM ERS 


Our cli ents seek experienced min i/ 
micro assembly programmers and 
sollware/ fi rmwar e engineers for a 
variety of positions in process con· 
trol. min i d iagnostics. l erm ina l sys­
tems. scientif ic Instrumentat ion and 
telecommunications . Higher level 
flue ncy or hardware abi lity a plus . 
Starting sala ri es 14-JSK . 

We inv ile inqu iries lrom computer 
professionals seriously lnl crested in 

advan cing !hei r car eer. We can con· 

duct your job search on a continuous. 

conlidential basis. For more ln1orma ­

tion call co llect. Dave Adams at (617) 

246-2815. 

NEW ENGLAND RECRUITERS 


6 Lakeside Olfice Park . 
Wakefield . MA 01880 

Fee Paid Mi1 na9eme n1 Consullanls 
Member M :~ u . Pro ress1o nal Placement 

Co ns ul! an ls 
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RADIO SHACK AND 

COMMODORE USERS 


···················· ··· ·········· 
Low Cost Software on Compatible 
Cassette Tapes fo r your TRS-80 
and PET Computers. 

- Games 
-Investment/Small Busin ess 
-Educati onal/Scientific 
- Kitchen Pro grams 

TRS-80 COMPATIBLE PERIPHERALS 
Centronics 779 Line Printer $ 999 . 

(with Tractor Feed) $ 11 79 . 
Shugart SA400 Mini Disk $399. 
Also supplied are the necessary cables which pluq 
di rectly in ro your ~xpansion in terfa ce unil . 

SEND FOR F REE CAT ALOG 
Software royalty plans also avai lable . 

~PPARAT, INCORPORATE D 
P.O. Box 10324 

Denver, CO 8021 0 
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SAL£ SAL.E SA l.E SAl.E SAl.£ SALE 
• · SUPP LIE S··s ySTEMs ••sonwARE••P£RIPHJ:R AC.S· · 

&" fLEXI BLE DISKS 
Sl428 IBM :57-40 °1. S/32 , Sh1.1qnl , Ptr So l 90 

P11 1~. ~c:Ck't'lp {Wild f or u t.lloq) 
Sl802 l2 ~H•1d St-c-1or ... AJ1..1.u. S1iuv ar 1, 

Pen .c. Per $a Ca.leomp & moni HO 
S " FLEXIBLE DIS KS 

~2Sb Sinvlt (011 S.C1 01 '" 5'42S,7 Tin (1 0 ) Sett or 
S42S8 511:t ttn 116) ~CIOI 

TtL ETYPE MODE L U 
"'',, 

<1 320AAA Ktybou d .. Pin FH d , TI"L $ 100000 
4JI OAA A R•N:i'•• onl1 . P\tl Fn d . TIL S 900 00 
TP4JOOJ ':I Mode l -4 ! IUbbon S S 25 

PP4J .AO I MOd41 43 Papu pin or hie. JM S ll 7S 
SBCS JOOO BUSIN ESS SYSir.M m.krocompu11r JlK 
2 cb1k dnvu, video te""•l\&J. pri rn • r. 
c• binet /d.e tJt DOS 8AS IC1 SOFTWARE .16000.00 
IECCIOOO EDUCATOR SYSTEM microcompu11r 
:32K. dh k dri¥9. Yid.to cu m.In &! . pftn tu 
u blne1 !dedt DOS BAS IC SQF'1"WAA.E S'!i.600 00 
S & D C:OMPUTER TECHNOLOCY 24 HOURS/1 DAYS 
P.O. ao. 12a3 cs1a1 •u 2091 
ALBANY. NY 12201 
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~,~ 186 
B i\ 

2 7 
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B I ~ 
HEX-OCTAL CONV ERSION CHARTS 

4 colours * 
Base 2, 8 , I 0, 16 o n each shce1* 

* 	 shows the rel at io nship of hex and 
oc tal no ta ti o ns Lo binary 
grea t lea rning aids * 

* 	 ind ispcnsiblc for anyone wor king in 
asse mbler cir machine code 
3-r ing binder fo ld-out 
OR wall chart (please specify ) 

S ET O F 2 CM ARTS 
(o ne indexed in hex, lhc o lhcr in oc tal) 

Single se t S5.95 I set 
I 2 o r mo re $4.50 / scl 

SEND CHEQUE OR MON EY OR DER TO 
ZETA SYSTE MS CAN ADA L TO 

2547 HEATHE R ST REE T 
VANCOUV ER. B.C. VSZ 3 J 2 

Quant ity & school d iscoun ts ava il 11ble 
D etilor inqu i r ies ln vi tod 

* 
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Is It a Plot? 

Here is one of the most exciting 
peripherals available for the personal 
computer user who is interested in 
graphic arts applications: a very afford­
able ($1085) digital plotter from 
Houston Instrument called the Hi 
Plot. The statistics on this machine 
are impressive to say the least. The 
resolution o f the pen tip is either .005 
inch or 0.01 inch giving a total of 1400 
by 2000 picture elements or 700 by 
1000 picture elements respectively in its 
7 by 10 inch (17.8 cm by 25.4 cm) plot­
ting area. Standard ink cartridges are 
available in four colors, allowing the user 
to switch cartridges to produce mixed 
co lor plots. According to Tom Hall of 
Houston Instrument it is also possible 
for the individual user to kludge a s tan ­
dard drafting ink pen into the plotter, 
allowing a much wider selection of 
colors to be used in the form of per­
sonally chosen inks. 

Many of the plotting samples seen in 
this issue should be reproducible by the 
small system owner who uses this peri­
pheral, a typical personal system with a 
high level language and floppy disks, and 
some imagination . 

Complete and ready to plot, the Hi 
Plot costs $1085 . Contact Houston 
Instrument, One Houston Square, Austin 
TX 78753.• 

Cifele 569 on inquiry card . 

Photo 1: Th e new Houston Instrument's HI Plot plotter Is shown here In a typical analy tical 
situation: plottlng a polar coordinate function in the plane of the paper with Cartesian oxes for 
reference. 

Photo 2: The Interface to the user's computer Is via a standard DB-25 connector located 
on the lower edge of the rear panel of the plotter. 

Write for Free North Star Newsletter and Catalog 

North Star Computers Inc, 254 7 mercia ll y available applicat ion programs 
Ninth St, Berkeley CA 94710, is offering ready for use on North Star equipment. 
the latest issue of its newsletter free on In addition, North Star's 16 page pro ­
request. In this issue North Star an­ duct catalog Is also available free of Photo 3: Inside the Hi Plot plotter, we find this 
nounces eight new applicatio n software charge.• pair of stepper motors which drive the mechanism 
diskettes and lists more than 50 com· Circle 570 on Inquiry ca rd . through coble linkages. 
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than 15 M bytes. 
The 1015 is a n unpackaged driveMASS STORAGE What's New~ designed to integrate floppy disk storage 

feacurcs an in telligent con troller that fa· 
ci li tates interconnection of four subsys­
tems to a common host interface for a 
total on line storage capacity of more 

Micropolis Announces Double Sided Floppy Disk Drives 

Double sided floppy disk drives are 
now available on two of Micropolis 
Corp's OEM series. The company's Mega· 
Floppy series, Models 1015 and 1055, 

Intelligent Double Density Diskette Controller 

This new stand alone intelligent 
controller, the PerSci Mode l 1170, is 
capable of managing either single or 
double density recording o n as many as 
32 diskette sides for a to tal system for ­
matted daca capacity of 16 M bytes. 

The controller is a compact computer 
for use In diskette subsystem manage­
ment a nd microcomputer app lications. IL 
uses microprocessor intelligence to 
communicate by fi le name and to 
assume the housekeeping functions 
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usually performed by th e processor. 
File management functions include 
initia li zation ; allocation and deallocation 
of diskette space; e rror detection and 
retry ; creati ng, deleting, renami ng, 
copying of files; and diagnostic testing. 

Designed to operate PerSci's recently 
introduced Mod el 299 drive, the 1170 
is also capab le o f handling two PerSci 
Model 277 dual diskette drives or various 
combinations of Models 299 and 277. 

The pri ce is $800 in large qua ntities. 

into a system enclosure. This series 
is expanded to four products of double 
sided options. Storage capacity ranges 
from 143 K bytes to 630 K bytes 
per drive. The Model 1015 's file space 
may be optionally expanded up to 
946 K bytes by using the Micropolls 
intellige nt control ler and group code 
recording (GCR) method. The 5\t.1 Inch 
floppy offe rs GCR and a microproc­
essor based controller as standard fea­
tures. Model 1055 has four soft sectored 
formats for each of its 77 tracks, yield­
ing a max imum capacity of 1892 K 
bytes of useable file space on its double 
sided version. An optional add on mod· 
ule, comprised of two read and write 
heads and two drives shari ng a common 
controller, increases the subsystem for­
mat ted capacity to 3784 K bytes. 

The 35 track configuration single 
drive, double sided 1015 Mod el Ill with 
287 K bytes of formatted capacity is 
priced at $330 in quantities of 500. A 
qu ad density versi on , the 1015 Model 
IV, which has 77 cracks per surface and a 
track density of 100 t rac ks per inch with 
up to 946 K bytes fo rmatted capacity, is 
$396. The Micropolis intelligent control­
ler is a $369 option on che quad density 
version when purchased in quantit ies of 
500. The Model 1055 Model IV. which 
incl udes the intelligent controller, power 
supply, bidirectional interface, enclosure 
and almost 2 M bytes of on line capa· 
city, is priced at $1796 in quantities of 
50. For further information , contac t 
Micropolis Corp, 3959 Deering Av, 
Canoga Park CA 91304. • 

Circle 556 an inquiry card. 

Improved System Disk for System 88 

Pol yM orph ic Sys tems has announced 
a seoond system software edition for 
their Syscem 88 microcomputers, mak­
ing them fas ter and easier to use. The 
software Inc ludes an enhanced operat­
ing system , BASIC, text editor and 
assem bler. 

Added to the BAS IC language arc 
str ing arrays and array commands that 
allow the user to create an d manip ulate 
labels for tables and charts, mailing lists, 
personnel records , inventory, and bi ll ing, 
and so on. For the scientific user, BAS IC 
now has inverse trigonome tric, hyper­
bolic and gamma functions. Also in­
cluded are new statistical functions that 
simplify data red uccion . 

The System 88 text editor now per­
mits the user co move, copy, or delete an 
enti re block of tex t. Cursor movements 
are now two-dimensional; the original 
cursor movements have been re tained. 
For furt her information, contac t Poly­
Morphic Systems, 460 Ward Dr, Santa 
Barbara CA 93111 .• 

Clrcte SSS on inquiry card. 

Contact PerSci Inc, 12210 Nebraska Av, 
W Los Angeles CA 90025. • 
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~ PLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION 

8 ~ NEW ADDRESS Huge Discounts! vi 

~ /1,.~;6~~ ~6~A~1·g:iL HOBBY WORLD ELECTRONICS ~ 
~ ' ~ Sav ings up to 70% on ma1or brand IC parts and computer ~ ~·~z kits For complete IC listings write for our catalog J> 

KITS 
SOLID 5TATE MUSICS-100 P.C. Boards VBlB VIDEO INTERFACESK RAM Kit

SOSO CPU Bare Board 25.95
12-Slot Mother RF Modulator TV-1 Converts Video

Board 33.00 Output to RF For TV antenna
ITHACA AUDIO SlOO P.C. Boards term inals, complete Kit 8 .95 

SK RAM 2S.OO NEW FROM CYBERCOM DIV OF SSM
Z-SO CPU 2S.OO MBSA- 2708 16K EPROM w ith
270S/2716 EPROM Vector Jump Kit S5.00

Boards (New) 2S.OO OB-1 Vector Jump & Prototype
W/ W Prototype Kit 49 .00

Boa rd (New) Board 25.95
SOLID STATE MUSIC S-100 Kits & 104 2+2 1/0 Kit 139.95

Bare Boa rds SYNTHESIZER SB-1 MUSIC 
MB6A SK Kit Kit wi th 
STATIC RAM Bare Board Software 
MB7 16K STATIC RAM MT-1 

Kit ~.35 .00 (Continued)Bare Boa rd 25.95 8080 Machine LanguagesMBS SK/16 K EPROM The Basic Workt:iook . $ Programming 6 .96
USES 2708's Programm in~ Proverbs Robots At Your Doorstep 6 .95 
Kit Less EPROMs 75.95 g~~~t':!,7S, s~~1~c BEGINNERS BOOKS 
---------- ~?a"~~i~J 8i~~~~ary of Computers Beginning BASIC 

& Information Processing 16.95 Home Computer Beginners 
Game Playing with Computers 16.95 Glossary and Guide 
Game Playing with BASIC 6 .95 Basic BASIC 
Minicomputers 13.9S Introduct ion to BASIC 
Microprocessors 10.95 Home Com puters : 2 10 Quest ions 
Digital Experiments 8 .95 and Answers74L$00 TTL Digital Signal Analysis 19.95 Volume 2 : Software 6 .95 

7400 II 7482 
7•01 1] 748]1 Microcomputer Dictionary .."'P1~ ~~1}%ug:eft~f'i'gn~rojects ~:~~ and Guide 19.95 7"'12 l l 74&S74LSOO .2 1 74LSI J8 70 400 Ideas for'!:lesign . Volume 2 13.75 Microprocessor Basics 10.95 7"'1J lJ 7- 2674 LS02 2 1 74 LS1 39 70 ,. •• 
7..,. 7489 I 1$Analysis and Design ot Home Computers : 210 Questions74LS04 .24 74LS1 51 65 7"'1S 1] 749o •o 

M LS08 .2 1 74 LS 153 66 Digital Circu its and and Answers 7406 10 749 1 

74 LSI O 2 1 74LSI 54 1.00 
 Computer Systems Volume l : Hardware 7.95 7401 23 7492 • O" 
74 LS 14 .8 5 74LSI 57 .62 7'193 • OTelephone Accessories Understanding Integrated ,...,. 60749 4You Can Build Circu its '""" " 74LS 20 .23 74 LS l 60 .8 2 74 10 13 7495' 60Basic Electronic Switching for Semiconductor Circuit Elements 74 11 

" 
749674LS 2 1 .23 71JLSl6l .82 18 60 

74 LS22 23 74 LS162 .82 9 Fundamentals and Applications 1•U i 13 :;41 0? ,.Ba~~~e8~~~~rstesl~p~~ny of Digital Logic Circu its 741 3 25 1 41r.)IJ 2?74LS30 .23 74 l$ 163 .82 ,.74 14 6 1 741 2 174LS32 .30 74LS ! 64 .98 ,. 

74LS3 7 .3 1 74LS l 74 75 741 7 ,, 74123 

74LS38 31 74L S1 75 .79 7• >0 13 7•132 

74LS42 .60 74l$ ! 90 .90 


74 16 74122 JO 

7423 74141 70 
7"2S 2> 7.i1 .a 5 .,

74LS4 7 75 74LS l91 .90 .. " 7426 7"1 15o
74LS48 .72 .90 74 27 74 1, 1 

...,74 LS 19 2 
74LS 73 35 7• J<l l l 74 1!o37•1LS196 .80 " 
74 LS74 .35 7412 2 3 74 15"74 L S1 97 8 0 .... " 74) 7 21 741~774LS 75 53 74L$22 1 1.06 7438 21 ,.74 16 174LS76 .37 7,;,39 2> 74 16374l5257 .71 .. 
74LS8 6 .36 1•.ao 13 74 l64 

74 LS90 52 


74LS258 .70 
7 44 l 10 1 4 1&!1 9074L5266 26 7• 4 2 J7 74170 ,..682074L S92 .52 74LS283 .72 7443 59 741 73 11074 LS93 52 6850 Now Available74LS365 .55 7444 741 74 


74LSI 0 9 .36 
 ••,.7U!I 7417~74L5366 55 821 2 744 6 02 741 7674LSI 12 36 74L S367 55 
8214 

Through Hobby World .. ••744 7 141 '774LSI 13 .36 74LS368 .55 744S 60 741 80 ~ 74LSl l 4 36 74LS38 6 .39 ll 74181 I 758 2 16 "'°74!1 1 1]74L SI 25 46 741 ?08 l l S95 77 Continental Specialties: 745] lJ 74 19 1 


74 LS l32 .75 

7'l lS l26 .46 8 1LS96 77 7C54 I] 1 .:192 ",." 5%discount8 1LS97 .77 7460 74 193 80

SILS98 77 74 70 7•119!! • ?OK®Wire Wrap: 7472 74 22 1 
74 73 742~1 l DO5% discount 7474 74J6:i '2 
1.i1:i 74 366 .,

Fresh Off The Presses 706 74367 '2 
7'00 74368 62From Digital World 7481 

Digital Instrumentation 
for Car and Marine 
Appl ications: $5.95 

NEW ADDRESS 19355 Business Center Dr. # 6 D .s end your complete cata log , I 

Northrldge, CA 91324 quickly. I 


NEW PHONE TELEPHONE ORDERS: D Please sen~ me t he follow ing 

Retail Value Your PriceInside Calif: 213-886-9200 items I have hsted below : 
$55.00 $34.95 

New Hobby World 
Catalog 

Boards, supplies, parts, tools, resis­
tors, IC's and more! 20 pages of 
prime professional gear at low HobbyAddress·-----------------~ Sa t isfact ion 100 % Guaranteed 
World prices! Plus a complete book

Ca l ifo rn ia Res idents Add 6 % selection.Sales Tax 
Free 

• Outside Calif· 800 423 5387 Qty. Stock No. Price. -
Cash0 

D e 
Char 

D 
D 

0 0 
gc M y 

M.C 
BAC (VI SA) 

Name,_____ 

[.,p 0;JUJ . - -

Postage/ Handling Sl .50 



mon itor, ESA T 200A , all options except 
vector add ressable cursor and modem. 
Bu lletproo f design and const ruc1 ion . 
Norma ll y $675.00 What you always 
wanted your ADM3 to be: 
SYSTEM"A" S649.00 10IS599.00 

'llNID ISKETIES 
10, 16 

I·150 Certified for audio 
('Ka nsas Cit *NE IY. 1 32 K, S· lOO Universal Static Store. 

Circl e 296 on Inqu iry card . 

\ 

Listen to the Sweet Sounds 
of these commercial grade Bell 103 and 202 MODE MS. Full y assembled, adjusted and lu ned·in SEND, RECEIVE and CONTROL modules were 
manu factured by VADIC Corporation and are put in a case wi th power su pply , LED displ ay and EI A Standard RS·232 connectors by PAC IFIC OFFICE 
SYSTEMS. 

FEAT URES: 
• Asychronous ser ial data transmission. 
• Ooeradon over standard 2 wire L1 noondiuoncd telephone lines with 

up to 1000 mile ra nge. 
• Telephone l ine connection via your cho ice of· acous1ic coupler, 

BELL 103 SPECIF ICAT IONS: 
• QA l A T RANSMISSION : 0 - 300 Baud Hate, full ·duµl 1?A 01>erat1 on fOJ sunul • 

tancous l> l·( l1rec11onJI commun1c;:i11on. 
• RECEIVE CHAN NE L FREQUENC IES . 2025 Ht Im Spncu, 2225 Hl tor Mo•k . 
• SEND CHAN NE L FREQUE NCIES: Ori91m11c rm)1 1o· l070 Hz Space, 1270 H.t 

M;uk, Amwef inod&·2025 Hl Space. 2225 MJ. hw1tch.:ihlu n'Hmu.-ill v or au tomot1c· 
ntlv fr om oriqmate to unJwe1 mod upon chnoct1on o t c.m1er In orig~n.a to modri.I 

• A1,.1tu ·Answa1 cucu1try sliJndu rcl: ;iu1o·d1altn9 fcas1 hl tJ wu hou t ;ulcJ it iom1I ci1cu11rv . 
• Tranun1sst0n f1hct 01 t!cho su11pres.s & 1101~ rt?duc.tlon over uncond111ou~d 

l4•lcphone lines. 
• LED OtH"J l;,v · Powct, Cirmr Ou t •ct. Smid Outd, Recclv1• Dn ia. 

OPTIONS: 
• Srt f f r"\t Mud~ vrov1Uei .1n.'llO{) f.lf d1!_11l 11I tou1.'l·h.:;ck o t "9t1i1 1 ~ for modem dlL11J" 
IH')~ t 1cs 01 h.ilf ·<l u1)tcx op ra!1<>11 

• L D 01mlay of signals 0 1 st.J iu ~ a:s specd 11; d hv u\u1 
• Multt11lc housing for up to \lit mudc111 cnc:u u c..:.11115. 

PRICES· 
S1,um... c1 F ~:!1 1U1 es 5 149.95 
VADICCucutl C.udonly,\•..11h 1 n11-.foceutst1ucuon~ S 8995 
Acoumc Couplet S 29.95 
DAA 11 f011v31e ltne only) S \1\ ,95 

PACIFIC OFF IC E SYSTEMS, INC . 
2600 El Can1ino Real, Sui te 502 

Pa lo Alto, Calif. 94306 

e,,11 UI w• " ~ 101 dt•fll!l t ••,,..iin l1l't' cl 1U:('U l1U. >tFH l 
0 111 (:h TALOC . St.,1 ,.., ,,111 1 uuu~ uF l:lYTE 101 a 
l1u ol u 1h.:1 11 1111tu1·h ,oi4 1 111 •t:M b ndu1 l• n!1 1.:JPtl 
111 1110.:•. l lOM!• '\.ll l1t1lw, , l or rn 1•..iC!IJf ). ri;J lll" t lllPtl 
INlll: li• tt. V14k..Y llklO ll OI\ , fl.SC II ~r, 1. tkl ~t l i.. l!lytJomth, 
St! lt!C l llC t\I 0..ilJilo fr"Hlltl'IJI~. t! IC. I(4151 321·3866 

Manuol Data Access Arrangement or Auto·Answer DAA (sold separ· 
atcly.J 

• LED Display of modem status and signals. 
• Size: 6" x 1O" x 15". Ship weight: I 0 fbs . 

BE LL 202 SPEC! FI CATIONS: 
• DATA fllANSM ISSION · 0 - 1200 Baud n11a over 2·wire linC?s, 0· 1800 Baud nlle 

oYcr conthHoncd linos. 
• HALF DUPLEX 01>era11on over 2·wtrc llnes, FULL·DUPLEX OYfl t 4·wlre lines. 
• MARK FREQUENCY: 1200 Hz: SPACE FREQUE NCY: 2200 Hz. 
o REVERSE CHANNEL COMMUN ICATION ovur 2·wh• lines at 5 Baud 1387 H>.I 
• Transmissfo11fl ller for echo suppum & noi~e reduc-tiOrl, 
• LED D1~ 11 l 11y o f sta m s and signals: Power. Terminal Acitdy . Modem Aeadv, 

Ae,iulu.1 Tu Se 11 d, Clrar To Send. 
OPTIONS: 

• Au10 An1o w c1 a 1:>ern t1 01 1 
• S~ll · Tc11 Mode p1ov1dt.!5 analog or digital loop·back of signals. for modem dt.ag · 

005 11C$ 

• LED D151llav o f 1l un.ils or !i.talUs as specified bv u5er. 
• Mul111lh: Hoo5i no for up 10 1i1e modem circui t catch {including combinations "0"1 _____ 

B" ll 103 & 202 <tylu<.I 
PRICES : 

S1;md;ird F1rn1ute~. includes Rc-ver.Ht Channl!l 
S1.umh11 d Fe:uun:s. wi t h Re .... 01 . and Auto Answer 
VAD IC C11cu11 C11d only, with mrnrfacl!: 111s1ruct1ons: 

5219.95 
52• 9.95 

wi1li AevL!rsu Chan nel. Manual OAA 
w11li Ailverk Ch:mn~ I . Autu·Answe1 DAA 

90 i t.iv w.11u1 111v rto.1111 '1 1L•P1•1.I\ .r1 mat..11.11 o • W\Jt" lo. • 
n"1,1 n ~ l 11p 1;1 n o1 ll o;~d «r1ul11 n wn1, Full rlc11; 1.1 rnv n1 oi 1lgo 
mcludL'""l fl L US 1n l !!l l i11C'1 JllLl l UC:l 1001 wht!ft! ind1CilU!d , 
A rtfil 1l l1h1l11v ~u li11-< t 10 1111111 1.ilt1. Pu~1 1nJv ch."mge 
W• ll Hml llu l1C..• 

5 149.95 
5 179.95 

A ll orde:11 t h !pprd ho11, "ock. o tJ.Jc O. t.1 1Ll.in, no 
\ l.lb\1111.11 1o n s. All i"QurPmt'fH 11 th fpped 1ntur ed f08 
P:tlo A l ro 1Mth1n 14 d.IY\ ah~f Che("I,: Ch:MS or coo 
Ofdi.'1 u; '~• W.J. MIC & V ISA attril tni. 

70 ns. 3625 PROMs paging u p to 8 Mby . Board only with manual 

*Tl Sockets 1 cent per pin. All low profile solder tail 8 pi n - 40 pin. 

The "Pro" fully encoded ASCII Keyboard by Cherry. Auto RE­
PEAT feature, 5 special function keys. 300mA/5V. (Shown as 
mounted in 'The Case', Below) S11 9.00, 3199.00, 10+189.00 

USED SYLVANIA The Dumb Terminal for Smart People 
12" MONITORS 80X24 with full 128 char. ASC II UC+ LC 
You Fix: S24.95 fo nt with all con t rol characte rs displayed . 

300-19 ,200 baud RS232. 2nd fon t addressable Working: $69.95 from keyboard in you-program-It 2708 fo r 
Cold Chassis, 251bs. APL, Graphics sets, etc. Plug In monitor 

1/0 connector, 110VAC and you a re ready. 
tNCLUDES: 'The Case', Cherry Kbd. A used 

"Th e Case" Beau ti ful and sturd y 
anod ized alum inum case In dee p black designed to contain the 
ESAT 200A, and with a bezel cut o ut for the Cherry 'Pro' keyboard. 
(instal led as shown above ) Choose deep brown, llgh 1 yellow, or crim­
son to accent or color code your install arion. The only cho ice for 
hard-use insti t utional and educa tio na l applica ti ons. S69.00, 101 59.00 

nord 
94305 

415·321·5601...... ~ 
"' Nord and Soft Sectoring 
"' Single and D11al Density 
"' Double side configura tion 
as a retrofit or any rime. 
"'IJ 0/220 II, 50/60Nz 
*Pin for pin compa rable witlt 
S/111xorr 800,801,850,85 1 
(50 pin edxe co1111cctor) 

THE FA/lffASTIC! 	 $536, 21499, 51475, 101449 
251425, 1001405 

MEMOREX FIVE-FIFTY 
Double S ided Retrofir$300 

(5 .25') 1-9 10-24 25+ 
or Soft Sector $4.79 4.50 4.25 

STANDARD (8' ) DISKEITES 
Hard or Soft Sector $5.99 4.99 4.50 

CASSETTES 
R-300 Certified Phillips Type $5.25 4.99 . 4.35 

decks $4.60 4.30 3.90 
' & SWTP formats) 

Accepts 2 114 RAMs or 

and paging so ftware $69.00. 32 Kby RAM 450 ns $679 .00 , 250 ns 
S7B9.00. We have sofl ware applicat ion no 1es fo r mu lti· task mult i· 
user applica tions u tilizi ng paging feat ure . 

r:~-~-~~-~--::--:-;..;.......;;......;;___~------------f 
Ship11.ing and Handling: Surlace: S0.40 /lb. Air: $0;75/l b., 1.00 minimum 
Cal. Tax: 6.5% Insurance: S0.50 per $100.00 
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ORDERS TOLL FREE= 800/262-1710 inside California 
800/421-5809 all other statesPLACE 

MIC ROPROCESSORS 

F8 
280 
Z80A 
180 2 
265 0 
AM2901 
6502 
6800 
6802 
8008 -1 
8035 
8080A 
8085 
8748 
TMS9900 

16 .95 
20 .00 
25.0 0 
19 .95 
24 .95 
22 .95 
I 0.9 5 
17.95 
24 .9 5 
12.00 
22.00 

9.95 
27 .00 
60.00 
6 7.00 

8080 A 
SUPPO RT DEVICES 
8212 3.00 
a214 a.so 
8216 3.75 
8224 3 .50 
8224-4 9.95 
8226 3 .95 
8228 7.95 
823 8 7.50 
8251 8 .75 
8253 20.95 
825 5 I 1.00 
8257 19.95 
8259 19.95 
8275 75.00 
8279 20.00 
6800 SUPPORT 
6810P 4.95 
68BIOP 6 .00 
G820P 7.50 
6821P 7.50 
6828P 1 1.2 5 
6834P 16 .95 
68SOP 9.75 
6852P 11.75 
6860P 10 .00 
6862P 14 .50 
6871P 28.00 
6875P 8.75 
6880 2.00 

CHARACTER GEN. 
2513 U/L 6 . /5
25 13 (5v) U/C 9.75 
25 13(5v) L/C 10.95 
657 1 10.95 
657 1A 10.95 
6574 13.25 

DYNAMIC RAMS 
416D (200ns) 20 .00 
4116 (20 0ns) 20.00 
2104/4096 4.00 
2 10 78·4 3.95 
TMS4027 4 .00 
TMS4050 4 .00 
TMS4060 4.50 
4096 4 .00 
MM5270 4 .50 

PROMS 
I 702A 
2 5 I 6 (5 v)
27 .0 8 
2716 (Tl)
2716 (IN'TEL ) 
2758 

STATIC RAMS 

1-6 3 
21 LO Z (4 5 
(45 0ns ) 1.50 

5.00 
50 .00 
9.00 
30 .00 
50 .00 
26.60 

6 4 up 

1.18 

21 L02 (350ns) 17':,12~ 6502 270~ _14::>uns 1 Ll L02 t2!:>0ns1 z BOA 
Static Rams E-PROM Microprocessor E-PROM St tic Rams Microprocessor 
120@ $1.00 ea. $4.75 ea. 5 @ S11.00 ea. 8 @ $7.50 ea. 100 @$1 .25ea. s "' s2s.oo ea . 

Z-80 MM5257 lo PW 2 1 I 4 L (2 50 ns) TMS 4044 4 200A (200ns) 4116 (200nsl 
Microprocessor repl.5TMS4 04 4 8 for $8 .25 ea. (250nsl Stotic Rams 16 K Dvn. Ram 
5 @ $20.00 ea. 8 forSa.ooea. Hi (@ $8.00 ~ ~ 2 S "" SI 0 .0 0 co. 8 @ 520.00 ea. 

SHUGART 801R 

8" FLOPPY DISC DRIVE. 
~ 

$550.00 

KIM - 1 
Assembled 
and Tested 
$245.00 

MEMORY PLUS 

for KIM - 1 
SK RAM 12 1l021 
BK EPROM 
ASSEMBLEO & TESTED 

5245.00 

THE APPLE II COMPUTER 

One of the best " Total Package" 
home and business compu 1ers on 
the market. "Basic" in ROM 
Color Graphi cs, Float ing Poin°t 
Basic Package, e tc. 

16K version only $1,095.00 

416D 16K x 1 

Dyn amic Ram Ch ip can be 
used for ex panding Apple 11 
Memory or the TRS-80 (200ns) 

8 for $20.00ea. 
16 for $18.00ea. 

C a ll for QL1ote on larger quantities 

full ASCII 

PROFESSIONAL KEYBOARDS 

MODEL 801R Shugart Disc 
with C a binet 

Includes Cabine t , Disc Drive, Power 
Supply, Cab le, Fan & Data Cable . 
Has AC line fil ter. 
Cabine t size lO"H x lO" W x 16" 0 
MODEL OM 2700-S $ 750.00 

STATIC RAM BOARDS 
ASSEMBLED & TESTED 
SK 
Ram 8 (250nsl 
Ram 8B l450ns) 
'.250ns KIT Mem·l 
450ns KIT Mem-1 
BARE BOARD 

$169.95 
$139.95 
S169.95 
$125.00 

$25.00 

16 K Uses 21 14 (lo pwr . I 
Ram 16 (250ns) $375.00 
Ram 16B (450ns) $325.00 
MEM-2 Kit (250ns)$285.00 
32K Assembled & Tested by 

SEALS ELECTRONICS 
JG-32 (250nsl $ 795.00 
JG-32B l4 50ns ) $725.00 
250ns KIT $ 575.00 
6800 Adapter · adapts Mem· 1 
SK board to Motorola MEK 
680002 evaluation kit. 

16K STATIC BOARD 
wilh memo ry management can be used 
with Alpha Micro or Cromenco 
Sys1ems. ASSEMBLED & TESTED 

RAM 65(250ns) $390.00 
RAM 656 {450nsl $350.00 

• Ful l I 2 8 Character ASCII 
•Tri-Mode ~OS Encod ing 
• MOs/DTL~~TL Compatable Ou tpu t E-PROM BOARDS 
: r;;'.,~i~rid P°u1 11~ev~trobe MODEL 
• Shift and Alpha Lock 756 MR-8 (8K uses 2708) KIT $99.50 
·Selectable par ity (56 keys) with 1 KRAM 
•Positive or Negative Logic. MR ·16T {16K uses 2716) KIT $99.50 

PR IC ING INFORMATION with 1K RAM 
Model 756 (assembled I $59.95 EPM -1 (uses up 10 4 K of 1702) $59.95 
Model 756K (kit) $49.95 RAMIN / ROM (16K uses 
Model 702 enclosure 529.95 an y E-PROM) KIT $117.00 
Model 710 numeric pad $9.95 JG-8116 !uses 2708 or 

COMPUTER MAINFRAME 
Includes : $295. 00 
Power Supply +8v a t 1 Samps 

.± 16v a l 2 amps 
Mother Board 12 slots wiih 
connectors Assembled & Tested 
Has Whisper Quiet t'an & AC Line Filter 
Cab ine t size 7'"H x 19' ' W x 22·· D 

with PROVISIONS for ONBOARD 
2708 and POWER ON JUMP 

(2MHZ) $135.00ca. 

Assembled & Tested $170.00ea. 
(4MHZ) $149. 95ea. 

Assembled & Tes ted $184.95ea. 
Bare Board $35.00 ea. 

JADE VIDEO INTERFACE KIT 

KIT $99.95 
Assembled & Tested $139. 95 

S·l 00 Bus compatible
3 2 or 6 4 Characters per line - 1 6 li nes 
Graphics (128 x 48 matrix)
Parallel & composit lve video 
On board low-power memory 
Powerful software Included for cursor, 
home, EOL, Scrol l Gra'ph ics/Cha ra cter 
Upper case, lower case and Greek. 
Black-on-wh ite & White-on-black. 

JADE PARALLEL/SERIAL 
INTERFACE KIT 

KIT $124.95 
Assembled & Tested $154.95 

• S·l 00 
• 2 Serial Interfaces with RS2 32 Inter­

Interfaces or 1 Kansas City cassette 
Interface.Model 756MF Mtg.F rame $8.95 27 16) KIT $59.95 ..________11!111.....~~ BARE BOARD $30 .00 

MOTHER BOARDS SlOO STY LE EXPANDABLE E-PROM -

•Ser ial in t erfaces are crystal controlled 
• Selectab le baud rates. 

21 L02 
~250 ns ) 1.7 5 1.50 

!OD 10.00 8 .5 0 
21 0 I ·l 2.95 2 .50 
2102 1. 2 5 .90 
2 1 1 1-1 3.25 2 .65 
2 1 12-1 2. 7 s 2.35 
2 1 14 
~3 00 ns) I 0.00 8.25 

I 14 
(4 sons) 9.00 7 .6 9 
2 125 L 11 .00 8.3 0 
TMS4 04 4 

8.00vsons) 8 .9 s 
MS4 04 4 

j4 50 ns) 8.20 7 .40 
200 A I 0.00 8.60 

TMS4 04 5¥' 50 ns) 8.95 8 .00 
M54 04 5 

(4 sons ) 8.20 7.4 0 

FLOPPY DISC CHIPS 
17718-01 39 .95 
KEYBOARD ENKODERS 
AY·5 -2376 12 .7 5 
AY-5·3600 13 .7 5 

9 slot "Little Mother·• $35.00 S.D. Computer Produc ts 
Assembled and Tested S75.00 16K or 32K EPROM $49.95 w i1hout 
13 slot with front pane l s lot EPROM 
Bare board $ 35.00 Allows you to use ei th er 2708's for 
Ki t $70.00 16K of Eprom or 27 16's for 32K of 
Assembled & Tested $11 0.00 EPROM. 
22 slot Assembled & Tested $149.95 

CONNECTORS 

~~·•::E: 

• Cassette works up to 12 O O oauct. 
• I parallel port. 

TU-~ 
Convert T. V set 
to Video Mon itor 
KIT. ,. $8.95 

JADE 8080A KIT 
$100.00 "" 

BAH i RO •\H ll $30.00 

-DB-25P $2.25 DB-25S $3.25 

COVER $1 .50 

44 Pin · PC & EYE 
44 Pin - WW 

$1.95 
$2.50 
$5.00 
$5.00 
$4.50 
$4. 25 

Computer Products • EXRRESS 

86 Pin - (68001 PC 
86 Pin· (COSMAC ELF) PC 
100 Pin · (Altair) PC 
100 Pin · llms~il WW 

100 Pin· (IMSAI) PC $3.25 

4901 W. Rosecrans-W 
Hawthorne. Calif . 9 0250 

Freight Charge S2 .00 less than 10·1bs. 

NEW CATALOG NOW AVAILABLE 

Cards 
Welcome 

•• L!!j 

"THE PIGGY. IS COMING" 
Circle 195 on inquiry card . BYTE Sep1<mbor 1978 181 



MEMORY Battery Back tsp for Memory Board 

Ampex MCM-8080 Core Memory Board 

This 16 K byte co re memory for 
8080 microcomp uters is now availab le 
from Ampex Corp, 200 N Nash St, El 
Segundo CA 90245 . Fully compatible 
with SBC 80 single board comp uters, the 
MCM-8080 provides nonvolati le storage 
for 16 K bytes wit h a data access time 
within 325 ns. The read and write cycle 
times arc 780 and 1240 ns , respect ive ly. 

Each memory board includes elec­
tronics to de tect input DC power condi­
tions and inhibit operation when out o f 
tolerance. The microcomputer is a pin 
com patible alternative to the SBC 016, 
SBC 046, SBC 416 and MDS 016 mem­
ory boards used with Intel SBC 80/05, 
80/10 and 80/20 o r equ ivalen t com­
puters. It can be used to provide up to 
64 K bytes of addressable locations for 
either 8 bit or 16 bit applications. 

The board measures 12 by 6.75 by 
0.50 inches (30.48 by 17 .14 by 1.27 cm) 
and utili zes the +5 V and +12 V power 
avai lab le. Single unit price is $885. • 

Circle 592 on Inquiry card. 

Cl -6800 Microprocessor Memory 

The microprocessor memory Cl ­
6800 is a 16 ,384 word, 8 bit dynamic 
random access' memory . The memory 
module plugs directly into the EXOR­
ciser and is plug compatible with the 
Mex-6812, 68 15, 6816-1. Through the 
use of the 16,384 by 1 bit NMOS 

• 	 dynamic memory parts the memory 
module capacity can be increased up to 
64 K bytes on a si ngle board . An access 
time of 300 ns accompanied with on 
board hidden refresh permits max imu m 
utilization of processor speed. The 
memory is addressable as a contiguous 
block in 4 K word increments thru 64 K. 
The on board dual in line package switch 
assigns the addresses for custome r 
configuration. Prices are $390 for 16 K 
by 8 and $1230 for 64 K by 8. Contact 
Christin Industries Inc, 31312 Via 
Co lin as #I 02, Westlake Village CA 
9136 1.• 

Circ le 593 oo inou iry c8rd. 
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Building Block for Cartridge Memories 

The Model 650 canridge transport 
from North Atlantic's Qantex Division, 
200 Termina l Dr, Plainview NY 11803, 
is designed as an original eq ui pmen t 
manufacturer (OEM) memory building 
block for instruments, word processors, 
data processing systems for small busi­
nesses and other computer based equip­
ment. The uni t lis ts singly for $475, 
complete with "in timate electronics," 
stores up to 23 mil lion bits of unfor­
matted digital data on the four tracks of 
a DC300A tape cartridge. Optical 
tachometer holds tape speed at 30 in ches 
per second fo r read and wri te operations, 
giving 48 K bps data tra nsfer rate at 
1600 bpi reco.rding density. Tape is 
accelerated to 90 inches per second for 
rewind and fast search , permitting any 
stored data to be accessed in about 20 
seconds. The transport can also be 
supp lied wi th read after wri Le heads for 
data va li datio n during the ac tual 
recording process.• 

Circle 594 on lnquiry card. 

Non-Volatile High Speed Semiconductor Programmable Memory 

The ElectriCom 4020 is a single card 
memory designed to meet the req uire­
ments for sho rt and long term non­
volatile high speed programmable 
memory systems. Memory data is main ­
tained for a minimum of 3 months (6 
months typical) after the primary board 
power is removed. The long data reten­
tion time all ows the 4020 to be used for 
high speed program and data 'files that 
may be removed and stored away from 
the host processor. On-board nickel­
cadm ium batteries, battery charger and 
power state monitors eliminate the need 
for external support circuitry. The pri ­
mary input power distu rbance leve l al 
which the 4020 wi ll no longer respond 
to read or wr ite commands is user se t 
wit h an onboard pote ntiometer and LED 
indicator. Connection to the card edge 
connector from the 10 headers is made 
with wire wrap allowi ng the 4020 to be 
used with all bus str uctures including the 
Altair (S-100). The 4020 is priced at 
$287 and may be purchased from 
ElectriCom, 12567 Crenshaw Blvd, 
Hawthorne CA 90250. • 

Circle 596 on inqulr-.,.i cnrd. 

Two static programmable memory 
boards capab le of battery backup and 
compatib le with Inte l's SBC 80/05, 
SBC 80/10 and SBC 80/20 have been 
an nounced by Electron ic So lu tions Inc, 
7969 Engineer Rd, San Diego CA 92111. 
The two versions are the RAM-4 L con­
tai ning 4 K bytes of memory and the 
RAM-8 L contai ning 8 K bytes of mem­
ory. The RAM-BL uses a sing le 5 V 
power supply and draws 1.2 A typical , 
1. 7 A maximum under operation. During 
battery backu p at 1.7 V, the battery cur­
rent is 0.5 A typical, 0.8 A maxim um. 
Th~ee alkaline D ce ll batteries can back 
up 8 K bytes of memory for 11 hours, 
accord ing to the company. The RAM-4L 
is priced at $312 and the RAM-BL is 
$428. • 

Circle 595 on inquiry card. 



Circl e 387 on inquiry ca rd. 

IT WILL TELL YOU WHERE TO GO ­

CPU-1 8080A CPU BOARD WITH 

TM 

8 LEVEL VECTOR INTERRUPT. 

$ 30. BARE $18 5. KIT 

$220. ASSEMBLED AND TESTED 

DEALER INQUIRIES INVITED UNIVERSITY DISCOUN TS AVAILABLE 

I 1i TM WAMEGO INC. wmc/ nc. 3107 LANEVIEW DRIVE SAN JOSE CA. 95 132 

2708/2716 EPROM 

MEMORY BOARD 


* S-100 BUS 

* 
1-32 KBYTES USING EITHER 2708 OR 2716 EPROMS 


* HIGH/LOW LIMIT ADDRESS RANGE SELECTION 

* MEMORY BANK SELECT OPTION 

* SOL COMPATIBLE MEMORY DISABLE 

* 
TM 

* 
SELECTABLE WAIT STATES 


FULLY BUFFERED INPUTS AND OUTPUTS 


* DOUBLE SOLDER MASK 

* SILK SCREENED PARTS LAYOUT 

* COMPLETE DOCUMENTATION 

$30. BARE 

$100. KIT (LESS EPROMS) 

TESTED AND ASSEMBLED $130. 
(LESS EPROMS) 

DEALER INQUIRIES INVITED UNIVERSITY DISCOUNTS AVAILABLE 

; ytmlJ;nt:. WAMEGO INC. 3107 LANEVIEW DRIVE SAN JOSE CA 95132 
TM 

ITHACA AUDIO 

THE OEM MARKETPLACE 


Quality Components
Ithaca Audio Boards ZILOG Z-80 $19.00 

ZILOG Z-80A 23.00
Are fully S-100 compatable, featuring gold Intel 2708 11.00edge connectors and plated-through holes. All FAIRCHILD 2102 LHPC 1.60boardsJexcept the Protoboard) have fully FAIRCHILD 2102 LIPC 1.35buffere data and address lines. DIP switch 
addressing, solder mask and parts legend. IMSAI 8080 Kit with 22 Slot M.B. 
Z-80 CPU Board Most powerful 8 bit central $560.00 
processor available. Featuring power-on­

plus S10.00 shipping.1ump, provision for on-board 2708. Accepts 
most 8080 software. $35.00 RAM! HOW TO ORDER 
BK Static RAM Board High speed static memory K for $ _
at the lowest cost per bit. Includes memory 32 319 00 

protect/unprotect and selectable wait states. Ithaca Audio is now stocking the Mostek 4115 !!!!~~~~~~~~~~~ 


$25.00 for S.D.'s Ex pandoram. Buy their basic kit. 24K For technical assistance call or write to : 
270812716 EPROM Board Indispensable for st or- of add-on RAM from us and SAVE. 
ing dedicated programs and often used soft- S.D. SALES Expandoram Kit w. BK $151.oo ITHACAware. Accepts up to 16K of 2708's or 32K of Ithaca Aud io 24 4115's@ $7.00 ea. 
2716's. $25.00 TOTAL ~~g.·gg AUDIO 
Protoboard Universal wire-wrap board fo r de­ S.D. SALES Expandoram Kit w. 32K $475.00 
veloping custom circuitry. Accepts any size YOU SAVE $156.00 P.O. Box 91
DIP socket. $25.00 Ithaca, New York 14850 

Phone : 607 /273-3271 
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CSC Proto-Clip Integra ted Circuit Test 
Clips Used to Protecc MOS Devices 
from Stati c 

New E ROM Erasi ng Lamps 

Two new ERO M erasi ng ultraviolet 
lamps have been in troduced by Spec­
t ronics Corp , 956 Brush Hollow Rd, 
Westbury NY 11590. T he Spectro ­
li ne PE-14 is a small u ltraviole t lam p de· 
signed es pec iall y fo r the small systems 
use rs and personal computer enthusiasLS. 
The PE- 14T is the same as the PE-14, 
but has a 60 minute timer for au toma ti c 
shut off. Both lamps wil l erase up to six 
program mable rea'd on ly memory chips 
at one time in 14 minu tes . Both UV 
erasing lam ps fea ture a high in tensity, 

Attent ion Paper Ta pe Tearers 

shortwave UV tu be, a specu lar reflec tor, 
and a V shaped holdi ng tray th at main­
tains up to six chips at a constant ex­
posure distance. The hi gh intensi ty tube 
is fu lly protec ted within the anod ized 
alumin um housi ng, and a safe ty in ter­
lock prcven lS the un it from opera tin g 
when the tray is not fu lly inser ted. The 
con duc tive foam pad holds t11e chip in 
place during exposure and preve nts 
electrostatic build up, while pro tecting 
the chip from possible static charge. • 

Circle 650 on l n~ulfv catd . 

This advanced splicer pu nch gauge 
for al l 8, 7-6, and 5 channel perforated 
tapes is be ing ma rketed by Telex Ma rke t­
ing Company, 6464 Sunset Blvd, Los 
Angeles CA 90028 . T he Telex Sp licer/ 
Pu ncher is sa id to make pe rfect splices 
and to repair tears up 10 8 inches long. 
Uti liz ing a precisio n scissors Lypc cu tti ng 
shear, it works with all paper an d Mylar 
rapes. Also feat ured are a data patch 
storage compa rtme nt, precision code 
hole punch, precision tape gauge, hold 
do wn arms, prec ision registra tion pins , 
and a pun ch position guide. For $169 .50 
Telex is offer ing a starter kit which in· 
eludes the S pliccr/Pu ncher and 300 data 
patches. • 

Th e CSC Pro to-Clip integrated circuit 
test cli ps clip ge nt ly onto DIP Integrated 
ci rcuit packages and br ing their pin con ­
nec tio ns Lo the top end of the clip. 
Cab led versions of this tool include a 
co nnec ting cable prea tt ached to the top 
o r business end of the integrated circuit 
test clip. By attach ing a ll leads at th e far 
end of the cab le to a good work ing 
gro und, each integrated circ uit pin is 
effect ive ly shorted to gro und and the 
pro blem o f stat ic disc harge duri ng han­
d ling is c limi na ed . The clips are avai l­
ab le in 14 pin, 16 pin, 24 pin and 40 pi n 
co nfig urations; 18, 24 and 36 inch cables 
are ava ilable in each c lip size. Pr ices for 
eac h cli p and cable assemb ly range from 
$7.7 5 to $21.75 (u nit , qua ntit ies). For 
further Info rmat ion contact Cont ine nta l 
Specia lti es Cor p , 70 Fu lton Ter, New 
Have n CT 065 09. • 

Circ le 651 on inquiry card. 

Po cket -Size Solderless Breadboards 

All Circuit Eval uators 

T hese new Powe race all circui t 
eva luators have bee n introduced by 
A P Prod ucts Inc, POB 110, 72 Corw in 
Dr, Painesville OH 44077 . The Powcrace 
lin e inclu des th rec power breadboa rds, 
Models 101, 102 and 103 . All th ree 
mode ls offer 256-5 tic poi nt term inals 
and 16-25 tic poi nt buses, fused power 
supp ly and ground plane. All models fca-' 
turc Super-Strip SS-2s and wi ll accept al l 
DIP s izes plus T0-5s and discretes with 
leads to .032 inch diameter. Prices a rc 
$84.95 for the 10 1, $1 '14.95 for the 
102, and $124.95 fo r the 103. For fu r· 
ther info rmation about the different 
mode ls, con tact the company. • 

Circle 653 on inQuiry card . 
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TR 1983 Bus Orien ted UART 

Replacemen t for 82 51 UART 


T he TR 1983 bus orie nted universa l 
asy nchro nous receiver transmitter (or 
UA RT ) that is l'u lly compa tib le with the 
asy nchro nous capabi li ties of the 825 1 
UART is now avai lable from Wes tern 
Digital Corp, 3128 Red Hill Av, POB 
2180, Newport Beac h CA 92663. It 
has a 28 pin package pinout thac all ows 
di rect replaceme nt of the 8251. The 
TR 198 3 fea tures full or l1alf duplex 
operat ion, and is powered by a single 
+5 V supp ly. For furt her informatio n, 
write to the company. • 

The Conti nenta l Spec ialties Corp car· 
rles a li ne of Ex peri mente r socket so lder­
less breadboards. The smallest of these 
is 3.6 inches by 2.1 inches by .3 Inches, 
abo ut th e size of an audio cassene. No 
sol deri ng, dril ling or tooling Is required. 
Parts sim pl y plug right into the bread· 
board and in tercon nections are accom­
pl ished by push ing short le ngths of 
hoo ku p wire in to adjace nt holes. Prices 
range from $4 to $10 .95. Con tact Con· 
tinental Specialties Corp, 70 Fulton Ter, 
New Have n CT 06509. • 

Ci rc le 655 on inquir~ card . 



CAlifoRNiA DiGiTAl 

Post Office Box 3097 B • Torrance, California 90503 

Hazeltine 1400 
cost effective 

CRT TERMINAL 

l~S9 ...."I l hlppJn& 

I'~ · HJLC-lLUlc 1.JOO Vldlo Display l't<rminal i:i dt!&lftn t?d tu 
Oftimixc: m1 cr:1e1i vc r eal - time opernti.ond. T1.c iu1 e r ( Jct: is 
cap;1blP or 1.: lthetr locaJ u r r emote councction thruu i: h nn EL\ 
ltS2J:!- ...= in c: d occ at bJud r ates tha t. arc SY.itch se.l ectat.'1c­
up 10 9600 bnuJ. 

• All t 28 ASCI I Cortes 
• 64 IJu;pluy:tLI • Char~clcrs 
• !!4 Lin ·s : 12 inch "icr ccn 
• 80 Characl rs p t• r Line 
• Self Diagnostic T s t 

Quontity pr lcln1 upon request . 

CONNECTORS 
your choice 
DB25P 

male plui & hood 

or 


08255 tem• I• 


s3~5 
Ql y, fw. mil~ hd. 
10 l.•S z.•s l .15 
25 l.IS 2.2S I.OSI·~.......~........1°1
100 us 1.90 .95 
SOO 2.25 1.50 .S5 
IK 1.97 1.37 .73 

hnul solder .Uh .250 
hnul wrw .uscuttn 
Ath lr uldtrhlt . l40ro• 

SPECIALS 
22'44 Kira t,tltt.15'" 
25/ 50 to ldtr td .156" 
36172 wldt pa.I wtw .1-SS 

Certified Digital 

CASSETTESSc.QtJ:H 
Won•! drop 1 BIT l 

ii
C~llrORNIA 

INOUSTRIAl 

It, ..n 
Authorized 

Oultt Of 


Scolc:h Bund 

Ditafroduch 

MOIORY 

U .95 31111.95 
'4,95 l / lll.00 
15.95 l / llS.00 

&US 3/ 1'5.00 
IL09 3/ 12.00 
H .95 l / '5.00 

1"'9 r.,.,..,.. 5-•1 Vno•K IP10•Qf<fo•"''-ort-•ltO•-Olt 
11 Oi(o• ....~l'!M ' l'O'"' C~ll ll"l!WoU ""'""'' l~Mr 
r~ .. "4••j c.o ,..P..1•• ""11'1l Cl••>t• •.or ae e-.,.n••~" ·~" 
""'l""•"'1IN:ar1t t• - • rt1•re1-•-11,...,. 
llV..,,•in.1111-w•- ·.,. ..,,,~-- ,,....
"°""'•I •1-l'Yl"ill>d ......... tc ..ll •nt>~ 
~ t~ • •I llL!i \noitl too.I ri11<-'l•..,1~ ""' to t- ­
r.ra.--. C.--A.. •• l"IBo..""<..-..l•IHJ<'I' 

Oc (m1t c ly lhc best small syst ·n-. keybonrd lhat 
we h nVl .. sc•·n. Maxi -Swi tc h h M inco rporated 
all the 1mportant kcyho:ird fc a tu res a.t ;, r eason ­
:tbll! price. Full 128 ASCII functions. ' 1N" key 
J0 ollo \1Cr , nutomntic ri.=p~nts , user designnt <i d 
sp •c:: tal function ke.)'s , !.!scnpe, control & l ol !I 
of ot hc1·s. Data sheet upon rcqu st. 

f910M AUii 

COLOR TELEVISION 
R.F. MODULATOR 

J 0 'f' S T I C K s4.So 

~· 1~. 
I ' 110.DD 

Th".t f)fll•~ • 4un,11• ' Out IDCll( IDCllflfltiO­
f"lf'fl'\ !NII \"W'f t~w.tMl(j 1:.tOOtll'hOl"l'J Ill 
rNi -~.. Of ~ ftff-1 •1111 lelil'lulQl'I 
=(ll.l*'flll'f1C1•ni:l •9lflaa:iam-..::1 

a•g•ta~ CasseUe ar•ue 
COMPUTER CONTROLED 

This precision 110 assembly features 
remote sollware con trolled search 
capablll l les. Two lndependenl capslan 
drive motors allow the computer to 
conl rol direction and speed of lhe 
Iran sport . 
The assembly consisls of a Raymond
casselte lransport. chassis. mother· 
board and lhree edge cards: readlwrlle, 
capslan drive & conlrol card. 
Current replacement valued al over 
$700.00. Schemalics and comple10 
documenlallon Included. USED. bul in 
excellenl condl!lon. 

Power Adapter RELAYS 
SPOT MINIATURE 

10 25 100 
1l19.,, S115 104 .II 

Coil 12 Volt de . 

Transistors 
u . 10 'O lOO 

2N22 2 2A .20 .II .16 .15 
2N30SS .69 .6S .59 .SS 

MJ3DSS .79 .7S .H.65 
2N3772 1~1 l~t 1)1 IJI 
2N3904 
2N390& 

.IS .11 .09 .07 
.IS .11 .09 .07 1---------.i..;==;.;;..===='--.I 

Diodes 
10 21100 

t

1N4002 100":oi'06.05 
IN4005 I00•..10 .01.07 
IN41411l1nol .07 .OS.04 

mlHI fld u . lO 25 100
ED's hs.u.u .09 

COLOR• GRAPHICS• SOUND 

Mf 1.S.1;1r. 
AthU•• ••51024 '119S 

1101 UK ON ·NON£· ON 
7107 )bl ON· OHCmol . ONl 
llOI CK OtH momenl. OtO 
Rocku Jlf -- DPOT 
Rohry lP-4 ·Pot. 
Aohry lP· 6•Pu. 
Push 8 IN.O.l U9u. 4/ $1 

Wirt WUp low profll• 
ti . 1S 50 ••· :ZS SO 

17• 16 IS 

37• 36 35 18 17 16 
31 37 36 19 18 17 

99 93 15 36 35 34 
lff !SS 11' 63 60 58 

KYNAR;m 

http:10.01.07
http:oi'06.05
http:31111.95
http:t,tltt.15


Timing Control Unit Available 
for LSl -11/2 

PERIPHERALS 

Use This for a Compact Extension Terminal 

The Transactor 111 data term ina l 
uti li zes a microprocessor in its design . 
Features availa ble include synchronous 
or asynchronous comm unications line 
suppor t for both dedicated or polled 

mult id rop environme nts. T he te rmin al 
includes a s ingle line 32 character gas 
discharge display and a 53 key Teletype 
style keyboard. It ca n be directly a t­
tached to any com pu ter with an RS-232 
or 20 mA current loop interface or can 
be a ttached to a com mun icat io ns lin e 
th rough a modem. Switches allow the 
user to select the operat ing mode includ­
ing: 11 0 to 9600 bps transm ission 
speeds, fu ll o r half du plex , even, odd or 
no parity, and the station address. The 
unit supports ASC II coded data with 
EBCDIC coded data ava ilab le as an op­
tion. Oth er options include an expanded 
256 byte data buffer and an ad dressable 
RS-232 port. The termin al can be pro­
vided wi th any line protocol for direct 
rep lacement of IB M 2260, 3275 or o ther 
types of termina ls. Price is $995 from 
Compute rwise Inc, 4006 E 137th T er, 
Grandview MO 64030.• 

Circle 571 on inquiry card . 

High Resolution Graphics 

T his du al size periph eral board , desig­
nated TCU ·50 D, provides ca lendar and 
real time fu nc tions for DEC's LSJ-11 and 
LSl·l 1/2. The unit, eq ui pped with re­
cha rgeable battery bac k up capability, 
will kee p track of the cor rec t date and 
time for up to th ree months after the 
computer 's power is turned o ff. This fea· 
ture also ena bles the user to kee p t rack 
of system down time during power fai l­
ures. T he board will presen t the date 
(m on th and day) and the t ime (hours, 
min u tes and seconds) when a read in­
st ruction is given by t he use r. The units 
are sh ipped working and preset to the 
correct date and local t i1he at the cus­
tomer's locacion. A simple routine can 
reset the date and time. T he T C U-50D 
costs $295 and is ava il able from Digital 
Pathways Inc, 4 151 Middlefield Rd, Palo 
Alto CA 94306 .• 

Cl rcle 572 on inquiry ca rd. 

Although this Vector high resolution 
graphics board has bee n designed to 
operate with all Vec tor Graphic com­
pute rs with 8 K bytes of sta ti c program­
mable memory, the manu facturer says it 
is fully compatible with any S-100 bus 
computer. T he board is designed to op­
erate in one of two modes: djgital out­
put or 16 level gray scale . It requ ires +8 
VDC and a mi nim um of 8 K program­
mable memory an d will produce digital 
graphic displays of 256 pixels horizontal 
by 240 pixels verti ca l in the digita l mode 
or gray scale pic tu res 128 pixe ls horizo n­
tal by 120 pixe ls vertical. The video out­
put conforms to RS-170 and will inte r­
face to standard raster scan monito rs. 
The board is priced at $235 fully assem­
bled and tested, $195 as a kit, and 8 K 
bytes of memory must be avai lab le in 
the user's system fo r a screen buffer. 
From Vector Graphic Inc, 790 Hamp­
shire Rd , Westlake Village, CA 91361.• 

Circle 573 on inqui ry card . 

In te ll igent Co mmunication Interface 
from Apple Low cost te lephone communication 

for the deaf; inex pensive high speed 
.message tra nsfer ; compute rs cha llenging 
each othe r at chess; remo te system 
fail ure diagnosis; access to data banks 
and program libraries by phone . ..are 
only a few of tl1 e app lications made 
possible by the new ly announ ced intel li· 
gent commu nications interface from 
Apple Comp ute r Inc, 10260 Band ley 
Dr, Cupertino CA 95014. 

Th e new card , Mode l A 280003X, can 
be connected to any device which will 
accept the indu st ry s tand ard RS-232C 
serial interface, inc lulling t he 10 3 A 
ty pe moderns manufactured by var ious 
com panies. It ope ra tes at 11 0 or 330 
bits per second. The price of the card is 
$180. It is supp lied complete , with 
operating system built in, with cab le 
an d operation manua l.• 

Circle 574 on inquiry card. 
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Circle 297 on inquiry card . 

* YOUR BEST BUY IN WIRE WRAP SUPPLIES *PRECUT WIRE 
WH Y BUV WtA E ON ROl.L.S' 

PRECUT & STRIPPED WIRE IS: 

• 	 Ful • No moro culling & !Jlrtpping by hend 
A•ll•bJ• - Gooo. clean. un1fo,m stup 
Economic.al • Cheapet ttian u!iing bulk wire 

BulkWlr 

100 p(:S 01 3• •I I 1!12 l ')o4J h . 50 11 1ol l 111 $1 ft .W/fl,. 
100 pc1 ere- •t 1 OA • 2'1n. 100 II 1011 •12 gs ,.,,t 
w.. e 1<01 , •• l69S 2 11• 111. 

• JO 1<rn.1r slr1ppctd 1' on tt-iltn enii le<191t1.1 ,.rto o~er•ll 

CO'Qr:t j:ffl(J.8h,1e.Ora.n,V•llO'Jro e11c.1i: 0. 11t1l'jle Wh111 
W"e c11K1t.11ged ,,, olaa11c t119• A.dd 25Cl'fft01n lor lubes 

100 SOD 1000 ~ 
2 ' ' "' 1'i" 2 •D 4 )(VI( ll!l91K 
3 on .!112 100 4 '1 1/K 422JK 
l , 1n M '2&0 S•ZllJC .a ssn< 

00 ] 00 SS2.'K •Mtl( 

" ·~ .• n 

' .. 5 ) 11'1

• .. 
.... 

, 02 

""' 

,,,,., 
"' '" 

,..,,. 
6l41K 
61SIK 
116/K 

S2 111< 
SS?/K 
S5&1K 
6 lt,JI( 

6' i 1n 

' " ' "'"• ~ 
8 ..,, 1n

• ..9·.,. 11'1 
IQ 1n 

Addi , Inches 

'" '10 

"'' "" ," ',.
""... ,, 

• OS 'SI~" l!J&'I(.... ,,.,.... ..... 
'" 921tK 
~05 ..,,. 
'" 100JIK 

'" 10 <114.llC 

"" 

652/K 
l!ll!IS/K 
11&1K 
7 !JJ,t K 

7 6411( 
81111( 
15011<...,,. ..,. 

WIRE KITS 

=2 $19.95 

150 3 100 4"'?.. ?50 h 1~ '4 2!:i06 
250 ) '"'" 100 5 500 J ~ ~· 100 6 i 
100 100 e.~ $i4XI 3V 100 s·, 100 r 

5"00 • 1 ?SO rr Rou e vh, 

Ctioose0"'4!Co101 
or Auortmen1 

2.2" x 6.5"SOLDERLESS 
BREADBOARDS 
SK 10 $16.50 
INCLUDING: .. I 
Ovm 100 pieces ol precut wire ;j
in asson eci 1en91hs - free! 
Choose 1color Red. Black. Blue 
Yellow. G1een. White. Orange 
Or Assor1men1 

':Jl 
INTERCONNECT CABLES 

Aiboon c.aDLe c.ol'lnMIOn I.or corm11(1mg bo•1U1 to 
lrOIJ I p•n~• or bo••O lo OO•HJ 

S INOLE ENOEO OOUP~E EUOEO 

u pm 16 on 24 ~ !..!.Jl!n .. . ...••. ... ,,. ,.,,, ,,, ..."" ,,"''. ,.,'",., ,.. ,., 251 ,,...••. ,.. ,.,'" ,,"' , ...'" ""' "" 

WIRE WRAP TOOLS 

$34.95 
With Free Wire Kit 1 
($6 .95 Value) 
HOBBV WRAP 
MO<Sel BW 630 

Balleuos & Charge1 Sll 00 
WSU 30 Han<J Wrap-UnwraP Strip Tool G.25 
WSU JOM . tor Modified Wrap 7.25 
BT 30 E•Ua 811 2 95 

WIRE WRAP SOCKETS 
~ 10-24 25·99 100·249 ~ lK-5K 

B 01n .35 .33 .JI .29 .25 .23 
14 p 1n .35 .33 J I .29 .28 .27 

• 
16 p1n .37 -3S .33 .31 .30 .29 
18 p Jn .60 .SS '.45 .43 .40 .37 
20011\ .84 .78 . 71 .63 .59 .!;4 

2'201n .90 .85 .82 . 78 .70 .60 
24 pin .91 .84 78 .68 64 .59 

25 p in :r;u1p 1.25 1.05 95 .so .70 .65 
28 oin .95 .89 .84 .80 .76 . 74 
40 i;lln 1.50 1.40 1.30 , .20 LOS 90 

Gold 3- Ll!Vlll Closed Enuv DH1gn. 

7 Lt11el Sockets AISQ A'-'l!l•ltblt. 

EDGE CARD 
Solder Tail $1 75 SI 5/10 

CONNECTOR 
Solr:Mr Toil 
Wire ~\lrao 

J .50 
J so 

SJ0/10 
SJ0/ 10 

SALE! A ll connec1ort 1ncludti Gold 

PAGE DIGITAL 

ELECTRONICS 


Ordering lnlorm1tlon: 

Orders under $25 and coo·s. add S2 
A ll otners. Shipped Ppd In u.s Yl8 UPS 135 E. Chestnut Street 5 

• 	 For Blue Label (Air} o r t SI Clas!, aCid S1 Monrovia, California 9 1016
We accept Visa & Mas1ercharge 
Most orders Sh1ppoo same day Phone (213) 357-5005 
Dealer Inquiries Invi ted 

Same day shipment. First line 
parts only. Factory lasted. 
Guaranteed money back. 
Quality IC's and olher 
components at factory prices. 

INTEGRATED CIRCUITS 

MICROPROCESSOR 
6800 19.50 
8080A 'Mtn °''J 8.95
180 18.95 
82>2 2.90 
821 4 800 
6218 2.90 
8224 2.90 
8128 SJS 
8251 9 25 
11253 1000 
82SS 9 2S 
COP1802CD 19.95 
COP>8020 25.00 
CDPl861 12.9S 
6820 9.95 
6850 12.9S 
6502 18.SO 
PR OM 
1702.A 3.95 
ll82S13 2.95
N82Sl23 3.50 
fl82Sl26 3 75 
ll82Sl29 3.75 
N92S l31 3 75 
11875136 s75 
11 82513 7 8.7S 
2708 12 so 
D-MBS77 2 90 
8123 2.00 
2116Tt 22-SO 

1csocms 
Solder llo LClwProU11 
PIN I UP PI N IUP 

8 IS 24 .3S 
14 , 18 28 .42 
16 .20 36 .SS 
18 .27 40 61 
22 .30 
Jltwl~t•r-.iitfl(llii 
Upt11 2S 160111 V 
2lrllf l~ Plll •W 2Q 

CONNECTORS 
44 pin edge 2.00 

100 pin elf(le 4. 50 
100 pin edot WW S. 25 
MOSJNEMDRY RAM 
2101-1 31J.S 
210'2·1 121!1 
2102Al.-4 1.60 
2\f02 l 85 
2l(µA ·4 4.95 
21076 4 95 
2111 · 1 4 95 
2H2·2 3.95 
21 14 8.50 
41'6 2-'.95 
1Sl 3B 6 30 
21l 02· 1 149 
MA.t.5262 .4i> 
MM5280 3 00 

ELECTRONICS 

MMS'.120 9 95 
MM S330 S.!M 
PCM1ID·3 4.00 
POA110-.& S00 
PSIOI 13.95 
4200A 12.95 
82$15 2.90 
91L.02A 1 iS 
HODl65·5 6 95 
t.!M S7100 4.50 
CIAYJ.1500- 1 9 95 
MCM657 IA 9 95 
9368 3,50 
INTERFACE 
BJ2-5 J .20 
arn 1.69 
arn vs 
8197 169 
81!l3 l 69 
8095 - .65 
8096 6S 
ew 65 
ll09S 6S 
ASCII iEYR OAROS 
S3 hry ·1 SSS.DO 
56 k l~ ••u Sfi2.00 
£nc1cu.u1e su gs 

CA YSTALS 
1 MHl 4,50 2.0100 MHl 1 95 
2 MHz 4.50 2 0911S2 MHz -I 50 
..a MHz 41!1 2,4576 MH.t -I 50 
5 MHl 4,25 3 2168 MHl 4 50 

10 MHz 4.25 S.0688 MHz 4 50 
UI MHl 3.90 S. 115 a.1Hl 4,50 
zo M.Hz 3.90 s 7143 MHz .t .50 
321.tHl 3.90 6,5536 MHl 4,50 
32768 Ht 4 00 14 .3181 8 MHl 4 25 
1.3432 MH: 4 50 18.432 Miit 4,50 
J,579-SMH!l .20 n. 11StMHt 450 

30 MHr f rtn,.itncw Coun1tt ICll $A U 'S 
Pthc:tl11 llll lll 360 MH 1 .S 19.9S 

COMPUTER IOARD Kil$ 
.SK RAM Bi>vd Kil 5134.SIS 
<IK EPRQM l<lt 11.C .95 
110 BN,CI Kiii ~.t . SO 
ExHl'llda Bo11CI witonntoaor 12 SO 
Vlaf'O ln'ltrflce b~ro 1 12-5.00 
16K EPROM DolrOkl1 wJa PROMS 74 SO 
l61( SlilllC RAM boa.HI b l 395.0C 

~°'ci:NJ~~1, o~°!/~Dll\ ic11 s~~-~ 
P11,uronlc1 tOU.logJc 
An.lri• Kll l lH.IMI 
Molk! 10 tt1011ar El111nir.tr ICl1 1229.00 
Model ISO Bus Gr.. Itbu IY1 S.1 69.00 

Batt . oper. tmV and .1NA resolution. Rosis· 
tance lo 20 meg . 1% accuracy. Small , por1aDle . 
complmly assem. In case . 1 yr. vuaranloe. 

tlf!l~l!!l!llf!l•••••••••••I 
PROM Eraser 
Ultraviolet , assembled $49.95 

Aulo Clock Kil $15.95 
DC clock with 4· .so· displays. Uses NaIlonaI 
MA·1012 module with alarm option . lncludos 
liQhl dimmer. crystal llmebase PC Mards. 
Fully reoufalsd, comp . lnslructs. Add $3.95 
for beauUlul daik gray case . Best value 

'78 IC Update Master Manual 
1978 IC Update Masier Manual S30 .00 
Complete IC data seleclor 2175 pg . Master rel· 
erence guide . Over 42.000 cross l&lfltenc:es . 
free updale service through 1978. Domesllc 
postage $3.50. fo10ig n $6.00. 

Video Modulator Kil $8. 95 
Corwert your TV sel into a hloh quality monilo r 
without aflectinQ no1mal usage. Complete kll 
wilh lull lnstrucllo ns. 

RCA CosmacVIP Kit $275.00 

New Cosmac Super "ELF" 

RCA CMOS expandable to 64K mlc1ocomputer 

wlHEX keypad Input and video output for graphics. 

Just turn on and start loading your program using 

the resident monllor on ADM. Pushbutton selec· 

tion ol all lour CPU modes. LEO Indicators ol 

current CPU mode and four CPU stales. Single 

step op . for prog ram debug. Bulll in pwr. supply, 


4K Ell Expansion Board Kil with Cassette l/F $79.95 

Available on board options: tK super ROM monitor 519.95. Parallel 110 pon $7.95. RS2321/F$3.SO. 

TTY 20 ma llF $1 .95 . S-100 Memory 1/F $4.50. Need 4K Expansion Board Kit for all above options. 

Power Supply Kil :t5 + 12V 5 amp $24.95 . 


Tiny Basic tor ANY 1802 System 

Object code listing or 
~~s~~~ Momtor ~~~: ~~ Supe1 Ell owners take 30 %ott. paper tape with manual S5.SO 

256 Bytes of RAM, audio amp. & spkr. llctalled 
assy. man. w/PC board & all parts fully socketed. 
Comp. Kil $106.95. High address display opllon 
8.95; Low address display option 9.95: Custom 
hardwood cab.; drilled front panel 19.75: Nicad 
Bauery Backup Kit w/all parts 4.95; Fully wired & 
rnsted In cabinet wlthoul opllons 151 .70; 1802 
sottware club. 10-12 pg. monthly publication 

12.00 per yr. 

Video computer wilh games and ~raphies. 
60 Hz Crystal Time Base Kit 
All parts and instructions $4 .40. Sinclair 3 V2 Digit Mullimeler SSU5 

TERMS 55 00 min order US Funds Calif residents add 6% lax BankAmericard and Master Charge accepted Shipping charges will be added on charge cards 
FREE Send for your copy of our NEW 1976 QUEST CATALOG Include 28c stamp 
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ter controlled cur­
$22.50; with pans $160.00 ser • Auto scroll • 

Non-deslruclive curser • Curser inputs: up. clown, left, 
righl. home. EOL. EOS • Scroll up, down • Requires +5 
volts at 1.5 amps. and -12 veils al 30 mA • Ali 7400. TTL 
chips • Char gen 2513 • Upper case only • Board on ly RF MODULATOR* 
$39.00: wilh parts $145.00 

MODEM* 
Part no. 109 
• Type 103 • Full or half 
duplex • Works up to 300 
baud • Originate or Ans ­
wer • No coils, only low 
cost components • TIL • 
input and oulpul-serial • 
Connect 8 ohm speaker 
and crystal mic. directly to board • Uses XR FSK 
demodulator • Requires +5 volts • Board $7.60; 

TIDMA • 
Pan no. 107 
• Converts video lo AM modu­
lated RF, Channels 2 or 3. So 
powertul almost no tuning Is re ­
quired. On board regulated 
power supply makes this ex­
tremely stable. Rated very 
highly in Doctor Dobbs' Journal. Recommended 
by Apple. • Power required is 12 volts AC C.T., or 
+5 volts DC • Board $7.60: with parts $13.50 

with parts $27.50 

RS 232/TTY* 
Pan no. 112DC POWER SUPPLY* 	 • Tape Interlace Direct Memory Access • Record INTERFACE 

and play programs without bootstrap loader (no 

prom) has FSK encoder/decoder for direct con­
:aB~~~d ~~~~lies a regulated +5 volts I nections to low cost recorder at 1200 baud rate. Part no. 600 

at 3 amps .. +12. -12, and -5 volts al and direct connec tions for inputs and outputs to a • Convens RS-232 to 20mA 
1 amp. • Power required is 8 volts AC ­ digital recorder at any baud ra te. • S-1 00 bus com­ current loop, and 20mA current 
at 3 amps., and 24 volts AC C.T. at 1.5 :-· patible • Board only $35.00: with parts $1 10.00 loop to RS-232 • Two separate 
amps. • Board only $12.50; with ci rcuits • Requires +12 and -12 
parts excluding transformers $42.50 volts • Board only $4 .50, with 

parts $7.00 

UART & BAUD RATETAPE INTERFACE* 

1ar • Board only S 12 .00, with parts $35.00 with connector 

with parts $27.50 add $3.00 with connector add s2.oo 


, 	

• All connections go to a 10 pin gold plated edge 
Board only $4 .50: with parts $7.00 

P.Q Box 21638, San Jose, CA. USA 95151 

s received via 

GENERATOR*Part no. 111 RS 232/TTL*
• Play and record Kansas 

Part no. IOI
City Standard tapes • • Converts serial lo parallel 
Converts a low cost tape 	 INTERFACE 

and parallel 10 serial • Low 
recorder to a digital re ­ cos! on board baud ra te 
corder •Works up to 1200 genera1or • Baud rales: 110. Part no. 232 
baud • Digital In and out 	 150. 300. 600. 1200, and • Converts TTL to RS-232, 

2400 • Low power drain +5are TIL-serial • Output of 	 and converts RS-232 to 
veils and - t 2 volts required board connects to mic. in 	 TIL • Two separate circuits 
• TTL compalible • All cha racters contain a slarl bit, 5 to of recorder • Earphone of 	 • Requires-12and+12volls
B data bits, I or 2 slop bils, and eilher odd or even parily. 

recorder connects to input on board • No coils • • All connections go lo a 44 pin gold plaled edge connec-
Requires +5 volts, low power drain • Board $7.60; 	 connector • 

ELECTRONIC SYSTEMS Dept. B, 

Mecllion part number and description For par ls kits add "A" 10 part-number. In USA. shipping paid lor orders accompanied by check. money order. or 
Master Charge, BankAmericard. or VISA number, expiration date and signa ture. Shipping charges added to C.O.D orders. California residenls add6.5% 
for lax.. Ou1side USA add 10% lor a ir mail postage. no C.0 .0 .'s Checks and money orders must be payable in US dollars Paris kots include sockets for all 
ICs. components. and circuit beard. Documentallon is included wilh all prOducts. All Items are in slack. and will be shipped the day order o
first class mail. Prices are on US dollars. No open accounls. To eliminate la rill in Canada boxes are marked "Computer Parts:· Dealer inquiries .nviled. 
24 Hour Order Line: (406) 226-4064 * Circuits designed by John Bell 

To Order: 

==· 

APPLE II SERIAL 1/0 
INTERFACE* 

Par1 no. 2 
Baud ra1e is con1inuously adjustable 
lrom 0 to 30,000 • Plugs inlo any periph­
eral conneclor • Low currenl drain. RS -
232 inpul and oulpul • On board swilch 
seleclable 5 10 8 da1a bits. 1 or 2 s1op 
blls. and parily or no parily eilher odd or 
even • Jumper seleclable address • 
SOFTWARE • Input and Oulpul routine 
from monilor or BASIC 10 leietype or Olher serial primer 
• Program for using an Apple 11 lor a video or an in1eili­
gen1 1erm1nal . Also can ou1pu1 in correspondence code 
10 inlerlace wilh some selectrics. Board only ­ SI 5.00: 
wilh parts - $42.00; assembled and 1ested - $62.00. 

T.V. TYPEWRITER 
Part no 106 
• Stand alone TVT 
• 32 char/line. 16 
lines. moclihcat1 ons 
lor 64 char/line in­
cluded • Parallel 
ASCII (TIL) input • 
Video oulpul • t K 
on board memory • 
Outpu1 lor compu­

SK STATIC 
RAM 
Part no. 300 
• SK Alta ir bus memory • 
Uses 2102 Static memory chips • Mem­
ory protect • Gold contacts • Wait states • On 
board regulator • S-100 bus compatible • Vector 
input option • TRI state buffered • Board only 
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Micrographics Printer Combines 
Graphics and Alphanumerics PERIPHERALS 

Pocket-Sized Terminal 

An alternative to the Teletype has 
been developed by Gleichmann & Co, 
Wormser Str 9, D 6710 Frankenthal 

Interface for Teletype Model 40 Printer 

The C/D-40 interface board allows 
the 300 line per minute Teletype Model 
40 printer to co nnect to a host computer 
or terminal that offers a Centronlcs or 
Dataproducts interface. Complete hard­
ware and software transparency Is pro­
vided so that plug to plug compatibility 
exists without making system modifica-

Plotter Controller 

The Serial Language Independent 
Plotter Controller (SLIP) is installed 
between your terminal and a modem on 
a time shared network or between your 
term inal an·d a local computer. With the 
connection of an XY recorder to SLIP, 
you have plotting and graphics capa­
bility. Any teleprocessing site utilizing 
standard RS -232 serial communications 
can become a remote graphics facility. 

SLIP contains a microprocessor to 
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WEST GERMANY . The pocket-sized 
terminal has the same electrical inter­
face buL according Lo the company 
costs about one tenth as much as the 
conventional so lut ion. 

The size of a pocket calculator, 
the device has a built-in microprocessor, 
works fully electronically, and is noise­
less. IL has a keyboard for 64 alpha­
numeric characters, produces serial 
ASCII code and is compatible with any 
equipment that operates on a 20 mA 
current loop. It has a 9 digit display . 
The 10 lines arc galvanically separa ted 
by optoelectronic coupl ers. Transmis­
sion speed is 110 bps or, optionally, 
300 bps. The device measures 3 by 6 by 
l Inches (7.5 by 15.5 by 2.5 cm) and has 
a power consumption of 400 mA from 
the 5 V supply and 140 mA from the 
12 V supply. 

The US distributor is Sedillo Com­
pany Inc, 225 E Sunnyoaks Av, 
Campbell CA 95008.• 

Circle 633 on inQ.u lry card. 

lions. The C-40 allows for the rep lace­
ment of any Centronlcs printer and the 
D-40 provides for Datap roducts 
replacement. 

The board Is self-contained and does 
not require external pow er when 
mounted within the printer ca binet, 
since power is derived from the printer. 
The board may also be mounted inside 
the host system. This allows for com­
puter and printer separation, via two 
wire pairs, of up to 2000 feet. 

Standard features Include fi eld select· 
able control cha rac ter code conversion, 
parity selection, extended ASCII , and 
variable motor time out after last char­
acter received. 

The C-40 is priced at $795 and ca n 
be obtained from Innovative Electronic 
Systems Inc, 15200 NW 60 Av, Miami 
Lakes FL 33014.• 

Circle 635 on lnQuiry card. 

provide interna l vector and character 
generation features, allowing a maxim um 
of plott ing with a minimum of data 
exchange. SLIPS capabilities include the 
support of two way user and computer 
communications during a plot, and an 
off line mode which assists in plot 
layout and design. It also detects and 
indicates character format errors. 

During plot generatio n SLIP inter­
cepts the plot data from the computer 
and generates X Y signals to the plotter. 
The X and Y outputs from SLIP are 
se lectable over a wide range of voltages 
to accommodate input requirements of 
most XY recorders. 

The price is $14 65 from Special 
Systems Inc, 8045 Newell St, Silver 
Spring MD 20910. • 

Circll!' 636 on in(luiry card. 

A MicroGraphics printer, the 
EX-820, which can mix high resolution 
graphics and full ASCII alphanumerics, 
is now available from Axiom, 5932 
San Fernando Rd , Glenda le CA 91202, 
at the single quantity price of $795. 

Under software control, users have 
flexibi li ty in mixing alphanumeric ASCII 
fie lds and graphic fields on any line. 
The user can define the size of each 
graphic field and can choose from 
four prep rogrammed horizontal dot 
reso lutions up to 128 dots per inch. 
Once the fie lds have been defined, 
the EX-820 au tom atically formats 
graphic and alphanumeric printouts to 
user specificat ions. Vertical dot resolu­
tion is fixed at 65 dots per inch. There 
is also provision for automatic histo· 
gram generation. 

Standard features include: ~S-232C 
serial input as we ll as parallel ASCII; 
driven by an Intel 8048; 512 character 
multiline asynchronous input buffer, 
optionally expand able to 2 K byte 
characters; 96 character ASCII sta nd ard, 
optionally expandab le to 256 characters 
with user programmable fonts; software 
selection of three character sizes ro 
give 80, 40 or 20 column printing; 
software selection of reverse pr inting, 
where light characters are formed 
on a da rk background; 2 K bytes of 
user programmable read only memory 
(low cost option) which converts the 
printer into an intelligent printer. 

Dimensions are 11 by 4 1 /4 by 
12 inches ('28 by 10.8 by 30.5 cm). 
Il weighs 12 pounds (5.4 kg). including 
a 230 foot ro ll of paper. • 

Circ le 634 on inquiry card. 

Where Do New Product Items 
Come From? 

The Information prlt]ted In the 
new products pages 'Of BYTE is 
obtained from "new pr.odue:t" or 
"press release" copy sent by the 
promocers of new products. If In 
our judgment the neat new whiz~ 
bong glzmo or save the world 
software package Is of Interest 
to th pet'Sonal computing exper/­
njenters and homebre:wers who 
read B E, we prirtt the Informa­
tion In some form. We openly 
.sol/tit such Information from 
mam1facture,rs anfj sqppliers to 
this marketplace. The ln'formatlon 
is printed more or. less•as a first In 
first ou:t queue., subjec( to oc­
cas.ional priority modifications. 



- --- ---

A "Smart" VIDEO BOARD 
The EW-2001 KIT At A "Dumb" Price! 

~" 
~~~() 

~~ A VIDEO BOARD + A MEMORY BOARD + AN 1/0 BOARD - ALL IN ONE! 

• STA TE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR I .C. $199 9 5 
• NUMBER OF l.C.s REDUCED BY 50% FOR HIGHER RELIABILITY • MASTER PIECE • 
OF ENGINEERING• FULLY SOFTWARE CONTROLLED Priced at ONLY Basic Software Included 

SPECIAL FEATURES: • 	 Programmable no. of scan lines OPTIONS: 
• S-100 bus compatible • 	 Underline blinking cursor Sockets. . . . . . . . . . . . . . $10.00 
• 	 Parallel keyboard port • Cursor controls: up , down , left , 2K Static Memory 

right , home, carriage return (with Sockets) . . . . . . $45.00• 	 On board 4K screen memory 
(optional)* relocatable to main • Composite video 4K Static Memory 
computer memory *Min . 2K required for o peratio n o f this board . (with Sockets) . . . . . . $90.00 

• 	 Text editing capabilities (soft­ Complete unjt , assembled DISPLAY FEATURES: 
ware optional) 	 and tested with

• 128 displayable ASCII charact­ 4K Memory . . . . . . . $335.00• 	 Scrolling: up and down through ers (upper and lower case alpha­
video memory 	 Basic software on ROM . $20.00numeric , controls) 

• ·Blinking characters 	 Text editor on ROM . . . . $75.00• 64 or 32 characters per line 
• Reversed video 	 Uurnper selectable) 

• 	 Provision for on board ROM • 32 or 16 lines 
Uumper selectable) • 	 CRT and video controls fully 

programmable (European TV) • Screen capacity 2048 or 5 12 DEALER 
• 	 Character generation: INQUIBIES WELCOMED 7 x 11 dot matrix 

82 12 

82 14 

8216 

8228 

82 51 

8555 

8080 SUPPORT 
. . ... .. .. . $3 .00 

. .... . .. . . 


.... . ..... 


.. . . . . .. . . 


.. ... ..... 


. . . .... ... 


I /4W RESISTOR 

10 Ohm - I.Sm 


$ 1.75 / 100 

of one value 


7.95 

3.50 

5.95 

7.95 

8.50 

I Pole I 0 Pos. 

ROTARY 

SWITCH 


3 for $1.00 


1Pole 8 Pos. 

T05 Miniature 

Rotary Switch 


3 for$ J.00 


Ml IATURE 

Slide Switch 


DPDT 

$.l 5: !0/$1.00 


Push Button 

Momentary 


Switch 

3 for $1.00 


CPU 

$7.75 

RAM-2114 
I Kx4 450ns 

$8.00 

RIBBON CABLE 

32 Conductor 


26 AWG - $.60/Foo t 


HEXAD ECIMAL 
LABEL KEYBOARD 

- Matrix coded output 
- Interfaces with 74C922 

for binary code 
- Zero bounce 
- Est. life : 100 million 
- Remove back to stick on 

SHIPPING: Key boa rd and Video Board : $3.50; o thers: SJ.25 
___ California residents add 6% sales lax -- ­

ELECTRONJCS WAREHOUSE Inc. 
1603 AVIATION BLVD.
e.JJ' REDONDO BEACH, CA. 90278 /~.
~,...._ 

_.- TEL. (213) 376-8005 (~ 
WRITE FOR FREE CATALOG 

Minimum Order : $I 0 

ASCII 3rd GENERATION $*oNLOYO
68KEYBOARD KIT · 

.... 	 • ~ • : '!' • • • ~ - ~ • 
. 	 · q . . 

-	 I) " ' " ' ' ' • :: -~ ~'(J l iJ : 
-	 -::- 1. 'l n r ·• , - • ~- -::__.r.:.fl • 

-	 - : • '·"" " -- ~-
-	 ~""\:-· . ·, 

., 

• 	 TTL Logic Ci rcuit s 
• 	 Power: +5 V 275mA 
• 	 Upper and Lower Case 
• 	 Full ASCII Set (Alph a 

Numeric, Symbols, 
Control) 

• 	 7 or 8 Bi ts Parallel Data 
• 	 Optional Serial Output 
• 	 Selec table Positive or 

Negative Strobe and 
Strobe Pulse Width 

• 	 'N ' Key Roll-Over 
• 	 Fully Debo unced 
• 	 Carriage Return Key 
• 	 Repea t Functfon Key 
• 	 Shi ft Lock, 2 Shi ftKeys 
• 	 4 User Defin eable Keys 
• 	 P.C. Board Size: 


17-3/16" x 5" 


OPTIONS: 

• 	 Metal Enclosu re 
Painted IBM Blue 
and Whi te) S25 .00 

• 	 18 Pin Edge Con. $2.00 
• 	 l.C. Sockets $4.00 
• 	 Serial Output (Shi ft 

Regi~t e r) $2 .00 
• 	 Uppe r Case Lock 

Switch for Capital 
Letters and 
Numbers $2.00 

KIT INCLUDES : Keyboa rd , 
P.C . Board, all requi red com­
ponents & assembly manual. 

NOTE: If you have this 63 
Key Teletype Keyboard you 
can buy the Kit without it 
for only $44.95. 
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PERIPHERALSWbat's NewP 
The Algorithmics PR-DWl Daisy 

Wheel Printer is a printer designed for
Algorithmics PR-DWl Precision Printer use with microcomputer systems for 

high quality printing and plotting appli­
cations. This printer operates under con ­
trol of an internal microprocessor and 
communicates with the host m icroproc· 
essor over a high speed asynch ronous 
parallel interface. It prints bidirection­
ally at rates of 45 characters per second. 
The carriage can be positioned left and 
right in increments as fine as 1 /48 of an 
inch (0.53 mm). Hardware options in· 
elude 55 characters per second version, 
metal print wheel, cam feed platen and 
forms tractor. The interface to the host 
comp ute r consists of both hardware and 
software. The hardware component is a 
custom 50 conductor cable that termi­
nates at the host machine in standard 25 
pin connectors. The software consists of 
two applications packages. One package 
is for text printing and features bidirec­
tional printing, automatic tabbing, and 
high speed travel over character spaces 
and blank lines. The second package is a 
graphics package that u tilizes the 1 /120 
inch horizontal and 1/48 inch vertical 
precision print head pos111oning to 
achieve full graphics capabilities. Price is 
$2678 from Algorithmics Inc, POB 56, 
Newton Upper Falls MA 02164.• 

Circle 656 on inquiry C3rd . 
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I BECK/AN ENTERPRISES T All Prime ?.:;:~Zio-;G~;a~t~rts Only 
EDGE CARO CONNECTORS: GOLD PLATED. 

BODY ; Non briule , solven1 resistant , high lemp, G.E. Valox. The finest you can buy . 

CONTACTS : Bifurcaied Phos. /Bronze; Gold/Nickel. 


I ALTAIR S·100: Con1 ./Ctrs .. 125" Row Spacing, , 140" 


1

50 / 100 Dip Sold. S3 .95 ea. 5 pcs. S3.75 ea. 

50/ 100 Sold . Eye. " 6 .95 ea. " 5 pcs. 6 .SO ea . 


1MSA1 S·100: Cont./CtrS . . 125 Row Spacing, .250 

1

501100 Dip Sold . S4 .20 ea . 5 pcs. $3 .95 ea. 

50/ 100 W{Wrap 3 3 .75 ea. 5 pcs. 3.50 ea . 

IMSAI CARD GUIDES : 0 .19 ea. 5pcs , 0 .16 ea. 


I 

CROMEMCO S· 100: Con1./Ctrs ..125° Row Spacing. . 250° 

501100 Olp Sold. SS.SO ea. 5 P CS . S6 .00 ea. 

IOr shon W/Wrap) · 


1
.100" Coniact Ctrs .. . l~~'HREo:~~:~n:~TORS AVAILABLE 


22/44 Dip Sold. $2 .30 ea . 5 PCS . $2.10 ea. 


1

25150 Sold . Eye . 2 .95 ea. 5 pcs . 2.75 ea. 

40 /80 Sold . Eve. 4 .80 ea . 5 pcs. 4 .50 ea . 

43 /B6 Dip Sold. 4 .90 ea . 5 PCS . 4 .70 •• . 

43 /86 Sold. Eye. 4 .90 ea. 5 pcs . 4 .70 ea. 


.156 "Contac1 Cus.. . 140 "Row Spacing. 
I 61 - Sgle. Row IPET I $1 .00 ea. 5 pcs. S0.90 ea . 


1

22144 Sold. Eye . IKIMI 1.90 ea. 5 pcs, I .BO ea. 

22144 Dip Sold . IKIM) 1.90 ea. 5 PCS. 1.80 •• . 

43 /86 Dip Sold . 4 .90 ea. 5 pcs. 4 .70 •• . 


1

.156

11 
Contact Ctrs .. . 200" Row Spacing. 


15/30 W/Wrap 3 $1 .os ea. S pcs . S0 .95 ea . 

22/44 W/Wrap 3 2.30 ea. 5 pcs. 2.10 ea. 


1

36/72 Sold . Eve . 3 .45 ea. 5 P CS . 3.30 ea. 

36172 W/Wrap 3 3 .85 ea. 5 pcs. 3 .70 •• . 

43 /86 WIW,ap 3 5 .50 oa. 5 PCS, 5.00 •• . 


I 
POLARIZING KEYS FOR ALL OF THE ABOV E: 
Specify : IN Cont ac t or BETWEEN Con1 aci: 

1 10 49 Pt>. SO.10 ea . 50 pes. /Up SO.OB ea. 

illkJAI.. " ..22144 Pin .156 Con l./Ctrs . . 200 Row Spacing. 
TIN PLATED CONTACTS. 

IDEAL FOR PET INTERFACE & PARALLEL USER POAT. 

·-----2-5_$_ __ _ 
I 

SUBMINIATURE CONNECTORS: !OB 26 SERIES. RS 232 .I 
DB 25P Malo Plug S2.SO ea. 5 pcs . $2 .20 ea I 

DB 255 Female Socket 3.60 ea. 5 pcs . 3.40 ea: 

DB51212-1 Grey Hood 1.20ea. Spcs . 1.10 ea. 

DB51226·1A Black Hood 1.30ea. Spcs . 1.20 ea. 

D 20418·2 Hardware Set 0 .75 ea. 5 pcs . 0 .70 ea . I 


SAVE: BUY A SET: (1 DB25P , 1 DB25S, Any Hood.I 

1 Sei: $6.35 ea. 5 seis : $6.15 ea . 


NOTE: For Hardware. (020418-21 Add $.65/Set . 


WHISPER FANS 
 I 
Excellent for cc;imputer cabint,J cooling. This is 1he most quiet Ian you will find . On ly 
measure-s 4 3/4 square by 1Yz deep. U. L. listed. I 

$21 .00 ea . 5 pcs. $19.00 ea. 

I. C. SOCKETS. GOLD. I. C. SOCKETS. 
WIRE WRAP 3 TURN. Olp Solder. Tin. 
14 pin S0.36 ea. 14 pin S0.15 ea . 
16 pin 0.38ea. 16 pin 0.17 ea . I 
2708 EPROMS PRIME 8080 PRIME 

S14 .00 ea. $9 .00 ea. I 
WRITE FOR LARGER OUANT/TY DISCOUNTS. DEALER INQUIRIES ARE 
WELCOME. I 
WE ARE CONNECTOR !EDGE CARDI SPECIALISTS. IF YOU 00 NOT SEE 
WHAT YOU NEED IN THIS ADVERTISEMENT. PLEASE WRITE us. WE WILL I 
REPLY. 

TERMS: Minimum Order $10.00: Add $1.25 for handling and shipping. All ordus 
over $25.00 in USA and Canada: WE PAY THE SHIPPING. I 
NOTE: CA residenrs pleose add6'JI. sales tax . , 

NO C.O.D. SHIPMENTS OR ORDERS ACCEPTED. 

MAIL ORDERS T
0 'Beckian Enterprises I 

P.O. Box 3089 I 
Simi Valley, CA 93063 ..I 
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1N914 
1N4no5 
1N4007 
1N4148 
1 N4733 
1N753A 
1N758A 
1N759A 
1 N5243 
1 N5244B 
1N5245B 

DIODES/ZENERS 
100v lOmA .05 
600v lA .08 

lOOOv lA .15 
75v lOmA .05 
5.1v 1 W Zener .25 
6.2v 500 mW Zener .25 
10v 
12v 
13v 
14v 
15v 

CMOS 

4000 .15 
 7400 
4001 .15 7401 
4002 .20 7402 
4004 3.95 7403 
4006 .95 7404 
4007 .20 7405 
4008 .75 7406 
4009 .35 7407 
4010 .35 7408 
4011 .20 7409 
4012 .20 7410 
4013 .40 7411 
4014 .75 7412 
4015 .75 7413 
4016 .35 7414 
4017 .75 7416 
4018 .75 7417 
4019 .35 7420 
4020 .B5 7426 
4021 .75 7427 
4022 .75 7430 
4023 .20 7432 
4024 .75 7437 
4025 .20 743B 
4026 1.95 7440 
4027 .35 7441 
4028 .75 7442 
4030 .35 7443 
4033 1.50 7444 
4034 2.45 7445 
4035 .75 7446 
4040 .75 7447 
4041 .69 7448 
4042 .65 7450 
4043 .50 7451 
4044 .65 7453 
4046 1.25 7454 
4049 .45 7460 
4050 .45 7470 
4066 .55 7472 

4069/74C04 .25 
4071 .25 
40B1 .30 
40B2 .30 

MC 14409 14.50 
MC 14419 4.85 

4511 .95 
74C151 1.90 

9000 SERIES 

9301 .85 95H03 1.10 

9309 .35 9601 .20 

9322 .65 9602 .45 


MICRO'S, RAMS, CPU'S, 

74S188 
1702A 
MM5314 
MM5316 
2102-1 
2102L· I 
2114 
TR1602B 

E-PROMS 
3.00 8214 8.95 
4.50 8224 3.25 
3.00 8228 6.00 
3.50 8251 8.50 
1.45 8255 10.50 
1.75 8T13 1.50 
9.50 8T23 1.50 
3.95 8T24 2.00 

8T97 1.00 
21078·4 4.95 

8080 8.95 

TMS 4044· 9.95 

2708 9.50 
I Z80 PIO 8.508212 2.95 

.. .25 
.25 .. " .25 .. .25 

" .25 

.10 

.15 

.15 

.15 

.10 

.25 

.25 

.55 

.15 

.15 

.15 

.25 

.25 

.25 

.75 

.25 

.40 

.15 

.25 

.25 

.15 

.20 

.20 

.20 

.20 
1.15 
.45 
.45 
.45 
.65 
.70 
.70 
.50 
.25 
.25 
.20 
.25 
.40 
.45 
.40 

MCT2 
8038 
LM201 
LM301 

7473 
7474 
7475 
7476 
7480 
7481 
7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74107 
74 121 
74122 
74123 
74125 
74126 
74132 
74141 
74150 
74151 
74153 
74154 
74156 
74157 
74161 
74163 
74164 
74165 
74166 

. 74175 

.95 
3.95 

.75 

.45 
LM308 (Mini) .95 
LM309H .65 
LM309K (340K-5 )85 
LM310 .85 
LM311 D (Mini ) .75 
LM318 (M i n i ) 1.75 
LM320K5t7905l1.65 

LM320K12 1.65 


SOCKETS/BRIDGES 
8-pin pcb .20 WW .35 

14-pin pcb .20 WW .40 
16-pin pcb .20 WW .40 
18-pin pcb .25 WW .75 
22-pin pcb .35 WW .95 
24-pin pcb .35 WW .95 
28-pin pcb .45 WW 1.25 
40-pin pcb .50 WW 1.25 
Molex pins .01 To -3 Sockets .25 
2 Amp Bridge 100-prv .95 

25 Amp Bridge 200-prv 1.95 

- T T L ­
.25 74 176 .85 
.30 74180 .55 
.35 74181 2.25 
.40 74182 .75 
.55 74190 1.25 
.75 74191 .95 
.75 74192 .75 
.55 74193 .85 
.25 74194 .95 

1.05 74195 .95 
.45 74196 .95 
.70 74197 .95 
.45 7419B 1.45 
.35 74221 1.00 
.75 74367 .75 
.60 
.BO 75108A .35 

1.15 75491 .50 
.25 75492 .50 
.35 
.55 
.35 74HOO .15 
.45 74H01 .20 
.35 .20 
.75 

74H04 
74H05 .20 

.90 74H08 .35 

.85 74H10 .35 

.65 74H11 .25 

.75 74H15 .45 

.95 74H20 .25 

.70 74H2 1 .25 

.65 74H22 .40 

.55 74H30 .20 

.85 74H40 .25 

.60 74H50 .25 
1.10 74H51 .25 
1.25 74H52 .15 
.BO 74H53J .25 

74H55 .20 

TRANSISTORS, LEDS, etc. 
2N2222 
2N2907 

NPN 
PNP 

(2N2222 Plast ic .1 O) 

2N3906 
2N3904 
2N3054 

PNP (Plastic - Unmarked) 
NPN (Plastic - Unmarked)
NPN 

2N3055 NPN 15A 60v 
T1P125 PNP Darlington 
LED Green, Red, Clear, Yellow 
D.L.747 7 seg 5/8" High com-anode 
MAN72 7 seg com-anode (Red) 
MAN3610 7 seg com-anode (Orange! 
MAN82A 7 seg com-anode (Yellow! 
MAN74A 7 seg com-cathode (Red) 
FND359 7 seg com-cathode (Red) 

74H72 .35 745133 
74H101 .75 745140 
74H103 .55 745151 
74H106 .95 745153 

745157 
74LOO .25 745158 
74L02 .20 745194 

LI NEARS, REGULATORS, etc. 

.15 

.15 

.10 

.10 

.35 

.50 

.35 

.15 
1.95 
1.25 
1.25 
1.25 
1.50 
1.25 

.40 

.55 

.30 

.35 

.75 

.30 
1.05 

745257 (8123) 1.05 
74L04 .30 
74L10 .20 

74L03 .25 

74L500 .20 
74L20 .35 74L501 .20 
74L30 .45 74L502 .20 
74L47 1.95 74LS04 .20 
74L51 .45 74L505 .25 
74L55 .65 74L50B .25 
74L72 .45 74L509 .25 
74L73 .40 74L510 .25 
74L74 .45 74L511 .25 
74L75 .55 74L520 .20 
74L93 .55 74L521 .25 
74L123 .85 74L522 .25 

74L532 .25 
74500 .35 74L537 .25 
74502 .35 74L538 .35 
74503 .25 74L540 .30 
74504 .25 74L542 .65 
74505 .35 74 L551 .35 
74508 .35 74L574 .35 
74510 .35 74L586 .35 
7451 1 .35 74L590 .55 
74520 .25 74L593 .55 
74540 .20 74L5107 .40 
74550 .20 74L5123 1.00 
74551 .25 74LS151 .75 
74564 .15 74L5153 .75 
74574 .35 74LS157 .75 
745112 .60 74LS164 1.00 
745114 .65 74LS193 .95 

74LS367 .75 
74LS368 .65 

LM320T5 1.65 
LM320T12 1.65 
LM320T15 1.65 
LM324N 1.25 
LM339 .75 
7805 (340TS J .95 
LM340T12 .95 
LM340T15 .95 
LM340T18 .95 
LM340T24 .95 
LM340K12 1.25 

LM340K15 1.25 
LM340K18 1.25 
LM340K24 1.25 
78L05 .75 
78L12 .75 
78L15 .75 
78M05 .75 
LM373 2.95 
LM380 (8·14 PIN) .95 
LM709(8,14 PINJ.25 
LM711 .45 

NE567 .95INTEGRATED CIRCUITS UNLIMITED 
7889 Clairemont Mesa Boulevard, San Diego, California 92111 

SPECIAL(714) 278-4394 (Calif. Res.) DISCOUNTS 
A II orders shipped prepaid No minimum Total Order Deduct 
Open accounts invited COD orders accepted $35. $99 10% 

$100. $300 15% Discounts ava i lable at OEM Quanti ties Cal ifornia Residents add 6% Sales Tax 
$301 . $1000 20%

All IC's Prime/Guaranteed. Al l orders shipped same day received. 

24 Hour Toll Free Phone 1-800· 854-2211 American Express I BankAmericard I Visa I MasterCharge 

LM723 .40 
LM725N 2.50 
LM739 1.50 
LM741 18-141.25 
LM747 1.10 
LM1307 1.25 
LM1458 .65 
LM3900 .50 
LM75451 .65 
NE555 .35 
NE556 .85 
NE565 .95 
NE566 1.25 
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XR -LSSS S1.50 
M1cro·Powe1 YIHSlOB 01 ltll! 
populu ~5 Omer a.no a11ectfy 
m1ercn"noeJblt1 01ss1paitts 
1115.111 tl\e oowerarwi cpe11tt.s 
ciowr1 to 2 7 VG!ts Ptir1etl tor 
:unerr OP!lfJlllOfl and CMOS Cl' · 
Ctn!! 

XR2242CP Sl.50 

P1tc ls1on ll mfog cocuu le" 

{JMera11no 1unlrio purses 1n ml· 
nute1, hour1 an6dayso1 Ll'jtlo 
1 ve.at ny uslrtg t Reduces 
cost cl time dttilv cucurts. 8;wc 
SSS Timer vmn bullHn B·bll 
C.011r11er 

rm: vous w PfU c:t' TYP[ VDU1i W PAJCE 
1tl14& JJ •OOrn 4 1 OCI IN400S 600 Pl\' I A.MP 1Q 1 Qg 
UO~IA !t I 400n • 100 l f..1006 BOO PllJ I AMP 1'1] 100 
tNlS2 S 6 4o::trn ..I 1 00 IUCOOi 1000 PIY I .\MP 1(1 1 OD 
1N .'!ll a' .aeon .I , 00 lfOEiOQ Ml XOtl 6 1 00 
1,m,.i 66 .tB'lfl 4 l OCI IPUUI I~ ! Cm is100 
11J9Y.t ' ' •O()rl 1~ 1 00..11 00 IN4 !S.J JS tlJrm 
U:S!!i!>E! 1S 400m .11 00 I N.I~ i!> i~ 
1ri~l'l1 Sti ~ 78 INH~ SS 1• "'"" 
u. s.234 6 2 !i«lm 11 l '"lJS it 1.. 

ll'823$ee ~ ~s 1r.::rl6 &i;. , ,.. " 
" 
1182] l !I 5DOm :ns 1N.173$ s1 ,.,.. " 
IHt:.6 2i ~ 6 I DO 1,joO.U~2 1~ 1111 " 
1 H~Se 1,50 Pm &100 um.a.: 1s .... " 
1N48S.li ljD il)n !Jo I OD tNll!'l SCI Pl'J l) A.M P " 1" 
lw.&001 ~l'n.< 1 .IJ.1P •:11 1 00 1Nlt8~ 1'DOPJ\ l5 .:J.1F' 1ro 
1N 1002 100 Pf\' 1 J.NJI ll 1 DO 1N ll!~ t§OPN l!i ANP 1:0 
!ll'°1!l ~PIV 1 .LJ.l 9 12' I 00 Uii1156 100 Pr•J JS .lo,MJI 
ltNOO• ~ fllV I .,MP 12 100 W11tiB !00 PiV JS :.MP JOO"" 

SCR AND FW BRIDGE RECTIFIERS 
CJ6D 1s .1. @ ~oov S°'41N1JU91 Sil'-; 
CJ!ll ~@riOOV ... 
?N7318 115.\ JCl)\I "" ,. 
M0.:.~1110· 1 l?~@!IO'-·' rw llRlOGE RlC"" 
M0.li'9t\D) ICA 2'0CW JWSRl[}(j{KLC 19; "' 

TRANSISTORS.. "00 
l1Jl~§ 19 "00 

"OJ"' MJEJC!i!i I 00 
6 100 •mm s-100 ""' l ICQ 
0100 2""3J~ 5 1 00,, .. rr43~J l 1 00 '''°"DO
I 100 PN.~ 11 C).'.l "DO 

PJl]$69 ~ I 00 .... 
1;5 
1i'5 '.IPSJ11X? 5 I 00 II Ol 

"00 1•mo: !I 1 oo "00 
J 1 0> ·~ ~)11).1 !i 100 .. 00 

"' 11P'$)6lg.\ !t I 00 II 00 

7'4ltO!i 5 I 00 ,, .. 
Mf'SJil)!, 5 I DO . 1""' ,,., ..1~.,'"" Ji06 ~I OD 

"00 l,1F'$311;1& !JI 00 
"00 ill\iO; !i 100 ,,""'...... 1Nli11 !i t OO "00
II 00 ....·""HlU• 55 
1100 1Nl·'1!1t\ r 00 "00
1100 1NJ'11 ~ 1§ 5- 111)1) 

121 Ull~J 100 ,. .. 
1>•ltoJ j 1 00 )IOI)'"'' 

• ,,ll 
" 
21 

n" 
69 IM 1 ' I.I I)'.' I ll 'J } • " 
~ ASST. ? 5 u '1'.1 l l~ )q1,1 I •.., ~ru '" WAn v. ~f'tS " " 

.5 t--AS_S_T_. ~8_R~l e~ ~ 1s~to~_ ~ n_~nt~s_1_~~ ~ - '--~S-9_.9_5~e-a_
_nc~lu~d~s _Res~ r A~sso~me_ -7 (35~0~P~CS~l . ....f 

·" SS.DO Mlniruum Order - U.S. Funds Only Spec Sheets--25C 

~ Ci1llfor-ni1 Residents - Add 6%Sa.lu Tax 1978 ACalalog Avall11ble-Send 41 c stamp 
,",, " .. " PHONE " .." ORDERS lD 

II... Jameco ..,... 
" 

WELCOME 

79 
 ELECTRONICS (415) 592-8097 10,, 

.-oiH\ll~ ltl ntlll"lt "°"'""•-" ,." tllfl/L ORIJl:"R t:LECTIWN/CS - ll!ORLD ll'IDE " .." " 1021 HOWARD AVENUE . SAN CARLOS. CA 94070 " 

Advertised Prices Good Thru September ,. 
" ""' 
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ELPAC 
POWER 

SUPPLIES 

t lJIH2S/2 tD·UO Vtc , '7-440 Hz 1.,111: 
Une Reotlbllon : 0.1% 
lOld Reg ulation ~0. 1%no· load 10 nite<MOial d 
Outout Ripp~ ond N~se : 0.1%p·p,&: 10 10 MHl 
lnt>Ut/OLltPtJI ' '°~non 100 meuotim de. 900 V•c 
Sho41 a.tCtJl l O.urt111 35% ra1e<1 curn nl 

MICROPROCESSOR ONENTS 
P8085 CPU $29.95 COP 1802 CPU 119.95 
8080.\ CPU 10.95 ZBO CPU 2• .95 
8212 8·1MI lnoWOvtouo •.95 2650 MPU 26.50 
821 • Prionty lnr..rrupt Corurol 7.95 MC6800 MPU 19.95 

8216 Bl ·DhctiorW BusOrlver 4.95 MC68 tOA Pt 128x 8StatlcRlm S.QS $139 95 ~;.jjiiiil•iiiiiilll::;o....'I 
:: =m6:,~~~~:U~ 01 Wtr ;: ~ ~= ;:~~~: :~:::::~:~ 1 ; ~ : • Kil Only1
82S1 Pro0. Conwn. ln1ertact 9.95 MC68.30L8 10?.t :a: 8 &ll ROM 14.95 Tb • • •111rJWhl stl• 103 b c:mltilt al rmi~ dltl 10 ll'!O tram iQdiQ UPt ..,,no!O'I 

. 8..;2SS__••..;oo;..._P•_rin,;_•....,,.1n,,11,,,""":;.;.,--- ­ '­0.;..95'--' ­ "'.;..·C6850="--...;..;:Mv;:;cll;..IOllOll;_;;;;:;:;';.;C;;;•;;.;m;;;m;.;. AO= 'll..;I•;..• '-1'.;..· 95~ ~.::;'=:.,~,:.,°: :O:~ ~. ~~. ~co~~ 
RAM' S PR OMS locllVllU! lnldt!thOtl ari1rwotaeal1C11'if·"Tlt1it:t.Jtldi'f.blillwrt11non-iirraslon. 

ltOI ?$8 1 1 SQ!lc: $ 1.CI ITOV. 2(1.18111 flmauS S S9S t11Claly1Vlltlblf:SWU 
110.J IOZ • 1 I~ 99 ~ zo."9' 1 ,./TllK,ll 14Z O•t1 Tta111J11/1:&11• lll1llod . .. ..rttQllMCY•Slllll l(fyhg, l11 H-dlldo l~-dilllllT 
not 2561• SUbc s~ 12Sl3 l2•8 Ot>tnC uo wttcuble) 
2102 IC!:2411Stl'< 17S l~llS 4ogijll 811X1U1 llts M11 le11• D• l1 Alit •• . •••.••• .JIXl8•l.ll 
2107151eO •096•10yf!JmlC •~ 1251?3 !2 18 llfU.aSt SOO D.1 t1 Fomaa 1 ..... . ...........A.!)'nd\rcnousSuQl[r1!lumlorTWllitYtl"4lilml 
21ll 256 • • SWIC 5 95 145287 '°""1 1 SUIJC. 7 9S )ctwetn pcf'I chilracttt} 
2117 256 • " $t11JC S9S 170I llK £PROM 1 0~ Atc:tM 011n.1IF-f'lqu1•'" ···1(11SH.1'°1~c. . :l2'25 Kr toin\uti .

PRICE 2114 CIC' 1 Sllli< CSOI» i9!i 1116 TI 161C (PROM 29 9S Tt1aa1r111 Cti aan•l frtlfl,ltodn ••Sr.wi salfeti b lr~ Low (ncumil) .. H11D SJMU. 
211•L "K• I 5'f!IC450n$LOWPowfl 109$ 21t6 1~12'51Gfl l !GK EPAOM 69~ 1270mtA;HIOfto • lnS•~.ms rTUtk . 

PART NV . RATINGS 

111• ·3 o: ,. S.ttllcX>Orls 1095 6l01· 1 IO:ZA•I ln· • 8tP0111 l .• i llKc tu s..n UYlfy •.•••.••••• - 'fldb/llilttOUUkally~ . 
$36.95 211CL·3 ll(,4 SU&ic:lO'.IMla.'l'cwl'f 1195 '33D· I 256ll OPtflCBioobl 295 llHWll lenl ••• , ..•••••• ,,. 15dblPlf'IO..I Aailolllll>ll 1'0IT1 - 5dbm 

WATTS VOLTS AMPS 
SOLV15·5· 15 5 3 
SOLV 15·12' IS 12 t. S 36.95 7489 16 J 4 SWIC I 15 1.i\!6 511 •I nL ~n C.Olltaor 9 95 11) - 20 Clllm 
SOLV:l0 ·5 30 s 6 59 ,95 8101 251, 4 S~bC S ts U1UJ 2$6 1 I Til Orpen CollKtol 3 95 A.celu Fr1111 ulftel h tlflact •••FrtQ~.flcy ttlmnc~ 11J1101n.11ru1Jy lll'justs to 

59 · 95 :~~ !!6,~' ~: ;~ Ml.tSOllU 102::!c~~~f!~~ 2H Ol gJ11 I D1l1lnttl11 ca ..... .. . ..::-:~=:ia20'-:C:.:r'!':o::,~~~HLrsSOLV:l0· 12 30 12 J 
9 .95' 21l02 1Q24 • 1 Sb:.it I 9S .., octOGWlfd,&lld non~) 

1•200 15G 1 1 siJ11c 6~ ~:::::; = 5 ~~~~.a~ 2 : rvw11 111.,bitrn1Dts •••••••••• 120VAC. , slna1to11.a~ . 1 o ww 
OVPI over vonac;ie pro tectio n lo r SOl.V30·5,· 1' 
·SOLV15·5, 12 lnclud as OVP lrtstal led

1-------------------j 93'21 156 1 I Slltlc: 195 ~ I01• ~IC l ts "1dul .•... . ...•...•..••..•NI compon1nts mount or. 1 ungte s· D~ 9­

NEWI BULB-ENERGY SAVER t~%'! ( uPbo4)!~.i Ci7Mic 15P1N 
3
'Jt} ~:: ~~~::~= :: R~wu1VOM• .W0~1oi . ~~~~u:~~~~~ow~. 

• MKC1 16(UP0416) 16K D'fHAMIC Hi"'" l9 ~ ~z Du.11 1J2 811 Sl~tlc z95 

4::_, =· ~=;_~~~LI:.I:!!: i'Z IM5"04•M5ut. 41( i; IATIC 1' n ru~ ~~4~":c 1.:: 
~ hotnearattit11tS1 8IAISM!B uncit11K· ROM' S 'al1 DuJJ?S68"1SUtlC 295 

(I =:VE~';:1,.!:~1cor :i~~~ g:,:;:=:::::'::,) ':: fl: =~:~t<t :.: 
Eulbta:st.slOI' 

lllO'll.:ntllOnot r 
(f!\ Swlmrd Socit 1 
&. wi nsuiXMht.am 

1-9 10+ 
BES ·t 1. 39 ea. 1. 20 

~r~':·~~ ~~~~~~~~~~~ ~~ ~:,r~=Me~ 
1 

~: ~ ~::~ SUtc ~· : 
'"Ultmuil$b0Cl" 6ulb Ut111CttWSlODl)tt· UUA M.U UAl.S lJ.11 rita 6.9S 
fe ' l •L SS1tl 41(~ A!Ol\ll' I~ 

'- ~Cl.lnw •·Sof~s' Cushlar:sW ;:.M ?'S:~~~~ s ~~ UAArs s ' '' 
:!Jigl mgu oiner to.:rds a:s pcnnr i;'";;;'°"=--"'""'°;......,.-'-''"-' ------~~' -oo~="~"~· •,,,••,.,' ~,.,JO<=D~•U~D~-------1 
' ......,...,.,.,,,...,""" SPECIAL REQUESTED ITEMS 

TEllflHDMf ICM 0 11 '5 NMOS llUD ONl't' MISUlU. NfOUS 
UYIDAllDGHl'1 ICM / Qo&S '14 9S Mf MOIUU llC9Q $1fl 9S Mlt-402.&D ll7 50 

AV' ·5·9100 $14 ti t(;.Mntl!i 19 95 MQ.1~1 1 Sil 5'0 Yt:l06 1P 11 96 DS0026CH 3 7S 
- •-,..'1i~ ~ CRYSTALS ~· -
- 2~~ THU£ flU OU!HC lfS ONLY ~­ AY· 5· '100 14 "° ICM7207 1 ~ MCM65 74 I] 50 MCICIJll. 7 .a 95 11LJ08 10 20 

AM1 ·9SOO 4 9S 1CM720B 19 9~ MCM.M IS 13 SO MC140lll 5 75 1J5H90 II !IS 

the 3rd Hand 
$9.95 each 

•Leaves lwo hands lree lor 
working 

• Clamps on edge of ber>ch , table 
or work bench 

• Position boa rd on angle or flat 
poslolon for solderlng or cli pping 

• Sturdy, aluminum conslructlon 
lor hobbyist, manufac turer or 
school rooms 

AV ·S·2Jf6 U9S ICM7109 6~ l0110/111 SZS!ll/Mt e 8'>QN6DiQ1llfD<M01-.

i::; ~ !~ I~-=~.tll' 1 010 MH 1 CiurM S7.95l ~.f:1 6P" ' 51 ~ ~ • lmtt 10 H 11tts ~g ~g ~' 
PART NO. FREOUEHCY CASE PRICE 

CYIA I.DOOMHz HCJJ S 95 

1------'""'-""'""'-'-=""""==-:~=;;...;:;==-The'--s-in--cl-a-i-r-P-D-M35---.-t :~::=f~:r~~ h~ 
• S11t•S • 21~ • 90 f4'10l.ltlMI 

CYl .84 l ,84J2MHz HCJJ 5.95 
CY2A 2.000MH1 HC33 5.95 
CY 2.01 2.0IOMH z HC33 1.95 

Apersonal digiml ·""' 1 
""'"' """ Kit - $39 .95 

CY 2.50 2.SOO MH z HC33 4.95 
CYJ.21 3.2168MHz HC33 4.95 

multimeterforonly 559.os Assembled - S49.95 
CYJ .57 J .579545MH1 HCJJ 4.95 
CYJA 4.000MH1 HCt8 4.95 
CY<. 91 •.916MHz HCl8 4.95 
r;f7A 5.000MH z HCl8 4.95 
CVS 18 5 185MHz HCt8 4 95 
CY6.14 6 144M Hz HCl8 4.95 
CY6.•0 6.400MH1 HCIS 4.95 
CY6.55 6.5536MHz HC l8 4.95 
CY1 2A 10.000MHz HCIS 4.95 
CYl 4A 14.31818 MH1 HC18 4.95 
CYl9A 18.000MHz HC18 4.95 
CYl8 .43 18 .432MHz HC18 4.95 
CY22A 20.000MHz HCIS 4.95 
CYJOA 32 OOOMHz HCl8 4 95 

. 15·Turn 3/4 Watt 
~Rectangular Side AdJusl 314" x1/4" Size 

""'1111111111 Part No . 1·9 10·24 25·49 50·99 
· 830Plvalue) 1.35 t.25 t.20 1.15 

Rt1ilUno1 VllutS • SCl. 100. SOO, IK, 21C , 5K, I CIC . 2Cl:. SOK. 100K. ~ SOCK. lmeo 

"\ :::::::::.. 1/16 VECTOR BOARD 
'.:.:a:.:w 

,, 1to11 S.1c1n9 P·P1111m P11 tt 
P1n No L w ... to up 

PHOfOLIC 6CPU06ZJOCXP "" 65'> 172 '"169'~4 0610.XP ... 1700 ,.. "' EPOXY 6'PU OQ'WI •S<> .... 107 "' GWS MP« 062'9\t ... &S<l ,,. 
'" t 69PU OQW[ ... 17 00 ... "" 169P8' 061W£ ISO " 00 "' .,. 169'0 062WECt ... "00 

,., ,,, 

CONNECTORS 
25 Pln·D Submlnlature 

A dUII .. 11111lt111JCl4'l 11.tJ ht mr,11t If/II 

nrt~•f "91~) roe ... .,1.-..11:1r..,n11 
ll'I' Sui.l.111 l't)\UC. .Junl'J't Ihm f(,

'"' .ti lhc l••ll•li<ofl\ a.nlllu11"'n~··"' • ""'' 
" ' 'il<pl il 111Ulldltlt • )f'llb~ ltlWJJh 
r:i..: ~prJ 111 •rurf'Jb<11 h.h 1 ,.,..1.t1-wr 
• .m 1u.I) ll•p•411)""tll'N 

Model 2800 
$99 .95 

C(1'1f1 wftn tUI 
IU:;1) 00r111vq 

"'°'iuri•luff 

Ow ""•l.ou 1'11\f U" ..,,t-f~J ,,_.,
rl"d)-"k""ITl._,,.,1 ... ,1!1•••tk...1,,,,.,1r11..i1 
r1o.t<.U•" •..!Wt ,ouJ I 1,11o.i • \1 -11..I 

I "' )1..1.11 l'V\LI~" u•l'I ..,._.,. +,.; 
···~•r •I< '"'".t' """'.il·· ur•.t ttl<',o•ut<' 
Hll'lih ' ""'"l''f"~fl<'"t"l"lttl~ h..\J..rl•l•t 
'"'ptlt'tl• Id• l<",hn.,uu , •..,,..11(1 'i'' 
.ulnt~r_.J.,•,1n<!d"''"",.;i,-.i,fh1>h•lll 
f\ftJ It IJ...a 

This is a 63 -key , lermlna l keyboa rd newl y 
0825 P(11 plc1u n d) PLUG SJ.25 manufactured by a large computer manu fac · 
D825S SOCKET 4.95 turer. It Is unencoded with SPST keys . unat· 

Heavy Du ly Carry Cue S5.95 

Stop Watch Chi p On ly(7205}

ilm 3 11zo~~~~ KIT 

115 VAC 

lt1tJ(;'001j.ala... cost<llQ•Lll<!«lotlul 
1\ J•'ff• Dq'l qu.llll:y~ll lht\ltldlU 
111rn • _,1111Jti!'G • Jfnt.A ut.r ....1n 111 
mMi.ortSot fi • 7'r •I 11.U•m• 
~;:'f'RO"b ' "DllL"lt!SINIJll)UIJn.Jlftl' 
Mi.1~UtlO<i.CfAp 

KIT ONLY $16. 95 
JE803 PROBE ~~ 

~-- .J 
~-t-_,_! · 

$9.95 Per Kit 
or inted ci rcu it IJoao d 

P L 5V 1A Supply 
lh1\ IS .1 ~illdA!O nt tr~~ llS_,0 L'lt! llltll ..nown 
lMJ09Kl~!01 IC to 1110Yll:lt •~id I A.M POlnmtMU.5 
..-otrs Wt l!Y 10 ~lf tnn;\ ~ for vo11 tJt orOV'dq 
~cr11'111'1~~1'1tted'"'Oll'~ C'f(~ lr-.ithlrO••re 

,., ""' JE225 $9. 95 Per Kii=$ =PROTO BOARDS 
c ... ..., ... uu;..•• • •-0t11­

t--""OB5=1"-'226-____~~~- lor D____o•___1.15~· 1 C••• • ~__B25 P _ S _ _ _ 

MOLEX CONNECTOR PINS 
$1 .9511 00 pins 

fmJrllmumord!:r) 
$16 .00/1 000 pins 

~M-530·1 

INSTRUMENT/
LOCK CASE 

•loctlon - ..~ . L --Complolo willl rodl>Oal. ·-1 ­

1ache<I to any kind ol PC board. A very solid 19· key pad Includes 1· 10 keys, 
molded plasbc 13 x 4" basesuits most app lica · ABCDEF and 2 optional keys and a 
lion. IN STOCK S29.95/each · shill key. $10.95/each 

$5.00 Minimum Order - U.S. Funds Only Spec Shoeu - 25' 

C1lilomi1 Reddents - Ad d 6%Sales Tu 1918 A Catalog Available-Send 41< stamp 


ELECTRONICS 

PHON E 
ORDERS 

WEL CO ME 
(415) 592·8097 

MA IL ORDER ELECTRONICS - Jl!OlllDlllJDE 

PROTO BOARD 6 
$1 5.95 PB IOO' · 4.5" x 6" S 19.95 

B 
[6" long x, .. Wid e) PB IOI • 5.8" • 4.5" 29.95 

P8t02 · 7" x 4.5" 39.95 
PB103 · 9" x 6" 59.95 
P6104 . 9.5" '8" 79.95 
PB203 • 9 75 '611 xrn 80.00 
PB203A · 9.75 x6\1x 211 129.95 
4.nduOHpq." SllOP'vl 

l l lUU.U.W.UJ,/Jlll 1111u1q111 PROTO CLIPS 
•, 	 14 PIN S4.50 

16 PIN 4.75 
4\ili·.~ 1 1..gJ16" . 	 1021 HOWARD AVEN UE, SAN CARLOS, CA 94070 24 PIN 8.50 

40 PIN 13.753.49 	 Advert ised Prices Good Thru September 
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PUBLICATIONSW~at's NewP 

PIC Offers Free Metric a1id Inch 
Gear Computer capable of indicati ng 18 d ifferent gea r 

fun cti ons ins tantly; inch gear da ta is on 
on e si de of th e computer and metric 
modu le data on the oth er. One quick 
setting of the PIC gear computer gives 
simulta neous rea dings of metric 
modules, diamctra l pitch, tooth di men­
sions and circu lar pitch plus pi tch 
diame ter and outside dia meter fo r both 
metri c and inc h gea rs. The PIC gea r 
com puter co ntai ns 16 basic gear form u· 
las plus draw ings which ill us trate too th 
size and configura tion for both me tric 
modu le and inch gears with 20 ' pressure 
angle. To send for yo ur free comp uter 
wr ite to PIC Design Div, Benrus Corp, 
POB 335, Bcnrus Center, Ri dgefield 
CT06877.• 

Circle GOO on 1nqu1 ..-v cord. 

The PIC Design Divisi on of Bcnrus 
Corp now offe rs a metric and inch gea r 
compu ter in a convenien t , one sett ing, 
pocke t slide rule. Th is design too l is 

1978 Sm ith Cata log Offe rs 
Many New Products 

More tha n 20 new product gro ups 
rep resenting severa l electro nic com­
po nent or hardware categories are 
among app roxima tely 10 ,0 00 items 
featured in the newly pub lished, mul ti­
colored, 104 page, 1978 full line ca talog 
from Herma n H Smith Inc , 812 Sned iker 
Av, Brooklyn NY 11207 . Th e free 
ca talog inc ludes a number of new bin d­
in g posts, Mil-S pec-Jac ks, fused test 
leads, the Hoo k-on Jr Pro be wi th prods 
and leads, Bred Blox an d Bre dStix, Bred­
Bord ki ts, miniature and projection 
lamps, power te rmi na ls, lac in g cords, 
wi re nu ts, ru bber bu mpers and ma ny 
other new items. The cata log can be 
obtai ned by writing the company. • 

Cio;: le 606 on i nquiry card . 

New Products for the Commodore 
PET 2001 

Getting Started with Your Pet is a 
workbook in te nded for PET users who 
are anxious to pu t th ei r PET to work. 
This begi nn er's workbook is said to 
suppl ement the documentatio n provided 
by Comm od ore. It cove rs the funda­
me ntals of PET BAS IC and exp lai ns its 
charac teris tics, limita tions and useful 
fea tures. The descript ive text Is said to 
incl ud e step by ste p, deta iled exercises 
inc lud ing the ex pected PET responses. 
In addi tion to this begi nning text , 
workbooks on advanced topics are sai d 
to be avai la ble as well as software app li­
cations fo r the PET. No price was given, 
so for more Info rm ation write TIS, POB 
92 1, Los Ala mos NM 87544.• 

Circ le 607 o n inouirv card. 

New Catalog from Alcoswitch 

A com plete line of mini atu re (7 /8 
inch diameter bushing) oil tigh t push· 
buttons, selec tors and pilot lights is 
described in Alcoswitch's new 12 page 
cata log, pu blication T278. Over 20 basic 
mode ls are lis ted wi th deta ils concern ing 
con trol fu nc tion options and color 
choi ces. The contact blocks offe red 
range from logic types ro 600 VAC 
models. This ca talog will be sen t free of 
charge to all inq ui ries. Contac t Alco 
Electron ic Products In c, 155 1 Osgood 
St, North Andover MA 01845 .• 

Circle 608 on inquiry card. 

MicroAge Product Informa tion 

Litera'tu re describing MicroAge's 
prin ters, video boards , CRTs, moni to rs 
and key boards is now avai lable from the 
company. Includcd with the prod uct 
descript ions is a complete pri ce lis t. Fo r 
this li tera ture write Mi croA ge, 14250 
12th Pl #10 1, Tem pe AZ 85281.• 

Circ le 609 on i nq u l1y cafd. 

PRACTICAL MICROCOMPUTER PROGRAMMING: 


THE INTEL 8080 by Weller, Shatzel, & Nice THE M6800 by W J Weller 
This second volume of the Practical Micro· 

information for the present or prospective user of 
Here is a comprehensive source of programming 

com uter Pro rammin series addresses the pro· 
the 8080 microcomputer, includ ing moving data, blems of applications programm ing at assembly 
binary arithmetic operations, multiplication and level for the M6800. In 16 chapters and more than 
division, use of the stack pointer, subroutines, 100 formal examples, the fundamental techniques 
arrays and t ables, conversions, decimal arithmetic, of assembly level program ming are applied to the 
various 10 options, real time clocks and interrupt solution of specific problems with the 6800. No­
driven processes, and debugging techniques. where theoretical, it is a thorough and detailed 

This 306 page hardcover book is well worth methods text for the beginning and intermediate 
its $21.95 price and should be in eve ry 8080 or application programmer using the 6800. $21.95. 
Z-80 user's library. Hardcover. 

For you r conve nience in orderi ng please use this 
page plus the order form on p. 1 11 . 

25 Route 101 West 
Peterborough , NH 03458 Dial your bank card orders TOLL-FREE: 800-258-5477 
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~PER TAPE READE 


Simply connect the OP-80A Paper 
Tape Reader to any 8-bit parallel 
port and pull the rape thru (0-5,000 
cps) . A custom optical sensor array 
eliminates read errors found in 
lower cost un its. (This is the one 
that works!) Complete with manual 
and interface cable. $84.50 Kit and 
$99.95 A & T . 

Oliver Advanced Engineering, Inc. 

676 W. Wilson Avenue 

Glendale, CA 91203 


(213) 240-0080 


Circle 291 on inquiry card. 

TIS 
WORKBOOKS FOR THE COMMODORE PET 2001 

Gelling Started wllh Your PET WB-1 S4.00 
Covers cne lundamen lals ol PE'T BAS IC: ca tculalor 
and program mooo. da ta 1npu1 end outpul. dala 
rep1esentat1on. program storage on 1ne cassetl e. 

PET String and Arroy Handling WB-2 S3.95 
Cover! siring and substring search, concotena11on, 
1cplacemen1 and man1pulat1on. 

PET Graphics WB-3 $4.95 
Co1Jers use of cursor control and special graphics 
symbols to draw plols. !i ls tograms, and skcl ch es 

PET CoHe lle 1/0 WB·4 S• 95 
Covers OPEN, CLOSE. string and numeric data lt les 

Mlscellanoou• PH Feature• WB-5 $3 95 
Covers lhe clock , random number generator , upper 
and lowerca5e alphabe1ic charac iers, sa.111ng memory 
space, etc 

Don'I be · 11on·· a round• 
Order NOW• Send check or 
monev order loday to 

TIS 
P.O. eox 921 
Los Alamo• , N.M. 87544 

Money back guarnntett 

Circle 374 on inquiry card . 

••••••• O.S.I. ••• 
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OHIO SCIENTIFIC ••
••
*COMPUTERS* 

•••
•••• SALES & SERVICE 
Business/ Home/ Hobby 

••• 
Hardware & Software 

••••••• 
- SEEO.S.I. NOW! - •

• lllETRD O.C. AREA &MARYLAND
• The Math Box,lnc.• (301)277-6828•• CENTRAL VIRGINIA AREA 

••••••• H/B Computers,lnc. • 
<804>295-1975•• 

Circle 217 on inquiry card. 

,----------------------1 
CONTROL IT! I1 

lw1rH vouRTRS-80lLEv11eAs1c> : 
1 

'AND OUR VAR/80 INTERFACE 

• 2 OPTO · ISOLATED INPUTS 
• 6 LOGIC INPUTS (TTL COMPATIBLE) 
• 2 RELAY OUTPUTS (EACH 110V.3A) 
·6 LOGIC OUTPUTS (TTL COMPATIBLE) 
•INTERNAL POWER SUPPLY 
·CONNECTS DIRECTLY TO PORT EDGE 

CARD 

95COMPLETE VAR/ BO $ 79. ppd 

FREE ! 
SS DATA PACKAGE WITH APPLICATIONS. SOFT · 

WARE ANO EXAMPl.ES INCLUDED WITH EACH 

ORDER I 

T TELESIS U-ATORY I 
BOX 1843 ICH4.L/COTHE. OHIO <Sl!O r 

I 
.......c-r,. ... VflA Or._, "«• ..1•41 
 I 
wcQ 'flUOC•41•--------- - I 

I ... ..,. I 
I----------------------" 


Circle 373 on inquiry card . 

t'. ·(((rrtCJTCH·A·PULSE 11 · 
~ LOGIC PROBE 

• lDHuq•l11rujlOOU I 
~ 

m •Opu drail dltudaa 

RtpfKUMt li'i tanl 

~ • Hi9hinpu1 l«lpfflnct 

+."'<>~r:~-~~~<>. • PvfH: Sl,..tdli"!I 

I#:~ 

'111 Nm SPIED AT 3.5 ,:~~~,_,, 
15V LEVELS ONLY $39.95 
Compa11ble w11t1 
RTL, OT L, TTL, CMOS. MOS_ nnd Microp rocessor$ 
us1n9 a 3 .5 10 1~V povwr mpptv . Thr@sholdi {lu 1o m1u i· 
call v oroy1amrnttd . Au 1o m11 11c 1e,euin9 memory No 
ad1uslmen1 r~ulred . v ..1ual 1nd1ca 11 on of logic lave ls, 
using LEDs 10 ihow hi!]h . low, b,1(f leve l 0 1 open cu<:ull 
log•c and nuhes Hlgh ly soph1s11autd, \ h 1rt·POCk.e 1 
DOfl&blti lpro1 tc11ve 11p C.IP ""d removable coil cord l. 

Ehm1n <Hl!S need for heavy IHI equ1pmen1. 
S!nd 539.95 A de f1 n11e 1.1Jvln1n in 11me and money 
1Cuhl resldents add tor rin91nl!e r olnci 1echnlcion . 

6~sales L~U) LO "' I' 7 ~ ~ Ot1r,...·n .,.... 

L: " "I" ELECTRONICS 
Oox 19299,San Oicgo,CA 92 119 .(7 14) 447-1770 

Circle 26 on Inquiry card . 

ALL NEW! 
Mini Discs $3.70 ea. in boxes of 10 

A. 
B. 
c 

Horizon ­ 2 
Centronic 779 
Hazeltine 1500 

D. Hazeltine 1400 

A , B & C: A, B & D: 
$4,995 $4,895 

We also stock lmsai, Seals, 
Okidata, ADM ­ 3A, Xitan and 
Cromemco. Mail order only . 

TORA SYSTEM LIMITED 
29-02 23rd A 11en11e 
Astoria, NY 1I105 

(2I 2) 932-3533 

Circle 377 on inquiry ca rd . 

! ! PHIOECK OWNERS !! 
We H.,.eThe Solu1ion To Your hpe Speed Proble ms! 

**** ROTA­ STROBE **** 
V1111ati ont IR liPt l PHd be: twHn PH IOE ex drnl'tt 4$ thtl 
p1im11y ruson l•PH rccordrd on difh ren1drivts by you 11ind 
your fr iends cannot bl! read. 

11 you or your f111nd1 have uou blt ru dmg u ch 01hen 
C1ue t1 ts due to difJ rr1n1 1101 spuds- ­

11 you lack 1he eiiq;iemfn tut 1quipmtn1 requirtd 10 p•opulv 
chticJt 1nd 1d1u11 lape u1eed - ­

Then you need ROTA-STROBE. 
With ROTA­ STROBE you e1n chec ~ upe spud m uconds 
w11hout t!movmg 1h1 lllDt dtill't cower. 

W11h RO TA­ STROB E 'fOU no longer need e11p ens1Y I coun1en 
or oscillcncopn 10 chtek and 1d1u11 1apt tPH!d. 

ROTA .ST ROBE n designed 10 wo1k on Pttl OECK drnn 
m1nul1ctured by Triple­ t 1nd sold by n tE OI G1T AL 
GRO UP, PERIPHERA L VISIO Nond others 

To gei your AOTA·STROB E, send $4.50 10 EMERGE 
SYSTEMS. P.O. Bo• 2518, Sotell iie Beach. FL 32937. 
No C.0 .0. ordm accepted. 

Order 1ddi1ionat RO TA-STRO BE S 101 vour !tiends 1nd dut1 
meniben. All ow Time tor pert onaf ctiec h 10 dear. 

We are dealers for THE DIGITAL GAOUP 

Circle 131 on inquiry card. 

SUPPLIES 

(7) \. . 

qjiil 

.• 

• 	FLOPPY DISKS, MINI OR 
STAN DARD MEMOREX OR JM 

• JM DATA CARTRIDG ES 
OCJOCA, OC10CA 

• JM DIG I TAL CASSETIES 
• J ! OR MEMOREX AUDIO 

CASSETT ES, C· GD 

· JM DI SK CARTR IDGES 


WE OFFER: 
· COMPETITI VE PRICI NG 
·IMMEDIATE DELI VE RIES 

lAnv Ot111111tvl 
• UNCONOITIONAl GUARA NTEE 

BETA BUSINESS SYSTEMS 

8369 VtC.:ERS ST., t G 


~SAN DIEGO. CA 92111 !aiiiiii:I 

liiiiij 17 "41 (J6S"'11:.D'i ~ 


Circle 33 on inquiry card. 

IS YOUR COMPUTER 
DULL? 

ls he hung up In the same old 
loop? 
ls he sorting and searching his 
li fe away? 
Turn him on t o compute r 
humor! 
Bring out his hidden talents 
with a sophisticated selection 

of BAUDY JOKES AND 
BYTING WIT! 

Let your computer comic de­
light your friends with a dazz. 
ling display of wit and whimsy! 
Your computer will have the 
last laugh! 
Shift $5.95 Into our register for: 
LAF-TRAK 1 (on cassette) 

Micro-Madness 
P. 0 . Box 2250 

Pasadena, Ca. 91105 
Specify computer or interface 
type and memory size. 

Circle 208 on Inquiry card. 

http:EXAMPl.ES


SOFTWARE Data Base and Query System Responds 
to Pidgin English 

Text Processor for the 
EPA Micro-68b Computer 

TEXT is a word processor which exe­
cutes on the EPA Micro-68b computer 
wit h the fo llowing equ ipment: 16 K 
by tes of programmable memory, one 
fl oppy disk unit, one video disp lay ter· 
minal and a printer. TEXT accepts lines 
of source text interspersed with lines of 
format control informa tion and formats 
t\1 e text into a printable, paginated docu· 
me nt having user designated style. Some 
of the capabilities of TEXT include: left 
and right justification; au tom a tic word 
hyphenation; page headings; page foot· 
lngs, including page numbers; indenting; 
centering; single, double or trip le spacing 
of lines; footnotes and bibliography 
references. 

The most Important feature is that 
the text stream is free format, which 
means that the typist, with tl1e aid of the 
EPA TEXT Editor, can type the docu­
ment text In any conve nient format and 
TEXT wi ll format the output as desired. 

For further information contact 
Chuck Ben nett, Electro nic Product 
Associates Inc, 1157 Vega St, San Diego 
CA921 10.• 

Clrc te 575 on inquiry card. 

A New DOS for Poly 88 an d North Star 
Disk Systems 

The La zy Man's DOS (disk operating 
system) for Poly 88 owners with North 
Star Disk Systems has been announced 
by Cardina l Prod ucts, 1600 Tilden St, 
Wichita Fal ls TX 76309. According to 
th e company, control character com· 
ma nds let you quickly and easily load 
an d >tart BASIC, jump back to DOS, 
resta rt BASIC cold (in itiallzed) or warm 
(retaining some user program data). 
list directory while In DOS or BASIC 
and bri ng up front panel mode at any 
ti me. List scrolli ng can be control led on 
a line by line basis. The con trot Z is 
released for use in the BASIC editor. 
Delete key backspaces and erases a 
character at a time. The Poly 88 rea l 
time clock interrupt system may be 
left connected. Diskette and instruc· 
tions are $15.95.• 

Circle 576 on inquiry ca,d. 

Multi tasking Executive Added 
to Microbench Software 

MTX-11, a multitasking executive for 
PDP-11 and LS \·11 computers, is the 
latest addition to Microbench software. 
The MTX- 11 is said to execu te mu ltip le 
tasks on an interleaved basis witll so t· 
ware priorities determining whic l1 task to 
execute if competition exists for proces· 
sor and system resou rces. 

The MTX-11 Is priced at $1395 plus 
$100 per processor and is available from 
Vi rtual Systems Inc, 1500 Newell Av , 
Suite 406, Walnut Creek CA 94596.• 

Cfrcle 577 on inQuirv card. 
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Coinpiler BASIC Does Business, Control 
Applications on Microprocessor Systems 

Software Dynamics BAS IC, a compil· 
er vers ion of the· programming language, 
is now available for 6800 microprocessor 
systems. Decimal aritl1mctic, formatted 
output and file 10 is said to make SD 
BASIC idea l for microprocessor business 
ap plicat ions such as payro ll and Inven­
tory. High speed binary arithmetic, 
transcendental functions, assembly Ian· 
guagc Interface and the performance 
result ing from compiling BAS IC programs 
makes SD BASIC a tool for bui lding 
process control programs. According 
to the company , the software is cur· 
re ntly availa ble on American Micro· 
systems MDC, Smoke Si"gna l Broad· 
casting BF0-68, SwTPC DOS and Wave 
Mate microcomputers. The 10 Interface 
Package concept allows you to customize 
SD BASIC to your DOS system. Further 
information can be obtained from Soft­
ware Dynamics, 18914 S Laurelbrook 
Pl, Cerr itos CA 90701. • 

Circle 578 on int.1ulry carcl. 

Software for t li e H8 

Two tapes are available for the 
Heathkit H8 computer from a newly 
formed company called Ed-Pro Inc, 
6580 Bu ckhurst Tr, Atlanta GA 30349. 
According to the company , one of the 
tapes con Lains a co llection of 11 game 
programs, while the other contains 
personal finance programs for check­
book reconciliation, budgeting and cal· 
culation of interest for various kinds of 
loans and investments. Tapes are supplied 
wit\1 com plete program list ings and user 
instructi ons. The tapes se ll for $20 each 
(with a 10% discount if both are 
purchased).• 

Circle 580 on inqu1rv card. 

Assembly Language Developmen t 
System for 8080 and Z-80 

The Program Development System 
(P DS) is an assemb ly langu age develop· 
mcnt system for 8080 or Z-8'0 micro· 
compu ters witl1 at leas t one disk drive. 
PDS is sa id Lo include a unified assem­
bler/editor, a macro assemble r combin· 
ing the reatures or a relocating li nkin g 
loader, a st ring oriented text ed itor, and 
a trace debugger/disassembler. Th e as· 
semblers favor the Intel instruction 
mnemonics trca Ling the Z-80 superse t 
as a logical and syn tactical extension. 
Source modules arc availab le for floati ng 
poin t arithm etic, Flo Ling point 10, trigo· 
nomctric unctions, numerical ;ind alph a· 
b"c tic sorti ng, matrix Inversion, fas t 
Fourier transform, and a full func tion 
expression evalu ator. For further infor­
mation contac t 1-\1\cn Ash Icy, 395 Sierra 
Madre Villa, Pasadena CA 91107. • 

Circle 5~9 on Inquiry curd. 

It Is said that your home or business 
compu ter can manage a data base of 
stored In formation and respond to your 
queries in pidgin English, using a new 
microcomputer software package called 
WHATSIT. The system runs in BAS IC 
on a modes t personal computer yet it 
bri ngs the power of a data base manager. 
Data is stored and ret rieved by typing 
pidgi n English requests. Indexing and 
disk space al location arc handled auto­
matical ly. The file structure is never 
frozen but develops automatically 
through normal use to adapt to user 
requirements. Stored information Is 
automatlca\ly cross-indexed under any 
des ired headings, and headings may be 
added or changed at any time. Avai lable 
in North Star BASIC, tl1e system runs 
in 24 K of memo ry. It is offered with 
three ready to run program s on a mini · 
disk for $75. A manual written in non­
tech nical language is $25. It is avai lable 
from lnforrna tion Unlimited, 698 W 70 
S Private Rd, Hebron IN 46341 .• 

Circle 583 on inquiry card . 

Communications Software for 
LS\-11 Announced 

nie RT· 11 com patible software driver 
for the Mighty-Mux 11 L, direct memory 
access (OMA) serial line mu l tiple.xer, has 
been announced by Educational Data 
Systems, 1 nc, 1682 Langley Av, Irvine 
CA9271 4. 

Providi ng effic ient 10 for any RT·ll 
based LS l·l 1 system, this new package 
simu ltaneously supports fu ll dup lex 
asynclironous 10 to as many as 128 
ports on the mu lt iplexer. Control re· 
ques ts are provided to de te rm Inc port 
status, set port d1a racteristics (bps rates, 
parity, etc). assign logica l and physical 
port mapping, and abort I 0 requests. 

For stand alone multiplexing opera· 
Lions, modules are provided which may 
be linked directly to an applications 
package. This avoids tt1 e interven tion 
and overhead of the RT ·11 10 subsystem . 
A second configuration loads rl1 e pack· 
age as a standard RT·l 1 driver . 

The driver wil l functio n with any 
V02 system and is provided at no charge 
to users of the Migl1ly·Mux 11 L.• 

Circle 582 on inquiry card . 

Software for Users of 
North Star BAS IC 

A series of programs for users of 
North Star BAS IC is available on North 
Star diskette with user instructions. 
Word processing, investments, inventory 
and other business oriented programs are 
offered. A com pl ete catal og of North 
Star software is now avai labl e, including 
not only California Software material, 
but programs ava ilable from firms around 
th e wor ld. For further information con· 
tac t California Software , POB 275, 
El Cerrito CA 94530. • 

Circle 581 on lnQu1ry card. 
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Circle 308 on inquiry card . 

2522 BUTLER ST. 
DALLAS, TEXAS 75235 RONDURE COMPANY ttu~ computer raam214'--630-4621 

ASCII SELECTRIC DATEL SELECTRIC (IBM Selectric Mechanism) 
SPECIAL SALE Printer Mechanism : Heavy

OO duty Input/output, Ser les 
$875 . 745. Specif ications: 

Weight : 120 lbs. Dimen­ •Size: 2l"Wx2l"Dx8"H. 
sions: 29"Hx 35"Wx33"D. •Power Input l 15 Volt 

Hz
Print Speed: (14.8 charac­ e I nferface: RS232 
ters per second) •Weight: 54 lbs. (ShippingTESTED WITH Platen: l 5" wide, p in feed weight 65 lbs.)

NEW or form feed device option­ e 15" Carriage 
a l (132 print positions) . e 15 CPSASCII 
Parallel output only-15 

"l•••iiiiiiiiiiiiiil••••ml •Half Duplex'I 

•Correspondence code 
ELECTRONICS characters per second ac­

cepts 7 bit ASCII parallel • 132 Print Positions, 10 
w/strobe & prln ts on Selec­ Pitch 
tric. The unit still works as 
a typewriter In off- lineASCII Selectric with ASCII parallel electronics. mode. Used $395.Immediate Delivery- Shipped from inventory. 

NOVATION DC3102A 

SHUGART 


Tl 990/4 " MINI -FLOPPY DRIVE 
Used Single Board 16 Bit M i cro 
Working Computer 

NEW $250.00 

NEW PRICE 

$325.00 ea. FLAT PACK ACOUSTICAL 
$150.00 

USED MODEMS & COUPLERS 
MODEM PICK-UP 

AJ 233 (Acoustic) .....• .•...•. .. .••• $25.00 
NOVATION TC102 (Acoustic) $45.00 

Model SA·400 Useable with most modem 
CF 318 (Hard Wire) ...... .. ......... $25.00 chips/kitsRS232 Connection 

Used - $17.50 (w/prlnts)300 Baud 

ORDERING INFORMATION : 

we ship the same day we receive a certified check or money order. 

Texas residents add 5% sales tax. Please call If you have a question. 

Wr i te for our CATALOG of many parts, terminals, printers, etc. 

All Items subject to avallablllty. Your money returned If we arc out 

of stock. 


SHIPPING INFORMATION : 

Modems: $2.00 each; 2 for $4.00 UPS. 

Large Items & Parts: Specify Freight or A ir Freight Collect 

Foreign Orders: Add appropriate freight or postage. 

we now take Master Charge and Visa orders, Specify full number, 

bank number and expiration date. 


ATWOOD ENTERPRISES 
KITS I 

I WATCH 

$ 79.95 4K RAM Availableassembledand tested$89.95. I FOR OUR
------------------------------4 

NEW BOARDS:-~~29.95_4K_PROM_~po1~~~~~~3448/63~___ j 
Needs only 4K space 2716.$149.95 BK EPROM I 40 line discrete display board------------------------------1 

$ 59.95 DIGITAL 1/0 8 parallel ports p lus 16 interrupts. I 40 line switch input board 

------------------------------~ 
40 line new data board~-99.95_ANALOG_!N_~~put~~~10~icrose~ds. J 


$ 49.95 PROM PROGRAMMING Can8~~~~~~3. l 

Coming Soon------------------------------,$129.95 SERIAL 1/0 7serial ports,;~1~6~o:~:~~econtrolled. I 

------------------------------~--------------
MAKE CHECK OR MONEY ORDER PAYABLE TO: MOTHER BOARD 

8 SLOT 44 PIN BUS Kathryn Atwood Enterprises 
50 Pin Edge Connector P.O. Box 5203, Orange, CA 92667 

Mother Board $20.00 ea Discounts availab le at OEM quantities. For orders less than $25 total, add $1.25 
Connectors 2.50 ea for shipping. California residents add 6% sales tax. Estimated shipping time 2 
Card guides for above S10.00 per set. days ARO with money order. For checks allow 7 days for check to clear. 
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Apple BASIC Instructions... 

Photo 1. 

We recently received copies of the 
new Apple II BASIC Programming 
Manual, written by Jef Raskin of Apple 
Computer Inc, 20863 Stevens Creek 
Blvd, Bldg B3·C, Cupertino CA 95014. 
The manual measures about 6 by 8 .5 
inch es (15 by 22 cm) with 125 pages 
bound within its cove rs. The book (see 
photo 1) is intended to be a working 
manua l for fami liarizi ng its reader with 
the Apple II computer. Whenever 
necessary, internal graphics include 
representations of the machine's key­
board highlighted with a green color to 
emphasize a point bei ng made. Listings 
of computer output a re often printed in 
green, as produced by a matrix printer. 
When a full screen image is represented, 

SOFTWARE 

it is typically printed on the matrix 
printer and reproduced photographically 
as white on black to emphasize the 
image of a television screen. Full color 
reproduction is used for the se veral 
pages where ac tual Apple II output to 
a color TV is shown. 

The manual begins with an in tro ­
duction on the basics of the hardware 
and its interco nnect ion. There is a 
description of the built-in 5 K Integer 
BAS IC. The introduction conc ludes 
with ope ration of one of the standard 
games supplied on casse tte with the 
machine, Breakou t. The next chapter is 
entitled Beginning BASIC, which in turn 
is fol lowed by Eleme ntary Programm ing. 
The forma l presentation end s with 
Strings, Arrays and Subroutines as the 
last cha pte r. Several appendices co m-

Photo 2. 

~~!:.-:a.=::==­~~1iiiii-.-.._........__ 
tN ... jllO! ..) 

~~=::.i::--·­,.......,., 

... .,....AU.ta• ttl•t U*IH> ____..... -- .......,,,,._..
:.~-............ ,.... ­
~t• jil t 

p)ete the book. Photo 2 illustrates 
severa l poin ts about the Apple II BASIC 
Programming Manual. First , note the 
light type and the heavy type in the 
photograph . The lighter printing is green 
in the origi nal, the heavie r printing is 
black . Second, there is Jef Raskin's 
inimitable sense of humor which makes 
the manual an enjoyable experien ce . 
Look at page 24 of the Apple II BASIC 
Programming Manual at a local computer 
store for one of the most elega nt modifi ­
cations of a standard typing test string 
ever seen. (The string begins " THE 
QUICK BROWN FOX . . . and in its 
original form is known to eve ryone, 
but in its modified form shows a certain 
humorous familiarity with the urban 
geography of the northeastern United 
States.) 

While not a reference document by 
intent, users of Apples will find much 
information and a verbal delight in the 
form of this BAS IC manual by )ef 
Raskin . ..CH• 

Circle 597 on inquiry card. 

Software for the 
North Star Disk System 

According to its developers, the 
Comprehe nsive Mailing Lis t Prog ram 
Package, #ML-lNS, is a modular pro­
gram set which enables the user to start 
and maintain one or more ma il ing lists. 
Operations incl ude : add, delete, search, 
sort, au to-sort, and sequential pr in tout. 
Features inc lude: user selectable defaults 
for ease of entry, user selectab le number 
of labe ls ac ross page for different printers 
and label sheets, and user selectable 3 or 
4 line address for each ind ependent 
en try . The software is available with 
documentation and diskette for $25 
from Williams Radio and TV Inc , Com­
puter Division, 2062 Liberty St, POB 
33 14, Jacksonville FL 32206. • 

Ci rcl e 598 on lnciuiry card . 
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EMPL Interpreter for 8080 

EMPL is a micro version of APL for 
the Inte l 8080. It resid es in the first 
5632 bytes of memory . EMPL has 
num eric and character vectors, user 
defined niladic, monadic and dyadic 
functions, 22 prim itive funct ions and 
nine system commands. It can be ru n 
either in the ASCII or APL charac te r set. 
The range is ±32767 and doub le byte 
integer ari thm etic is used. EMPL comes 
with a user's manual that inc ludes infor­
mat ion on implementing it on any sys­
tem using Z-80 or 8080 processors with 
at least 8 K of memory. EMPL is $10 on 
Tarbe ll cassette; $20 on paper tape, 
North Star di sk, CUTS cassette , or MITS 
casse tte from Erik T Mueller, Britton 
House, Roosevelt N J 08555.• 

Circle 599 on inquirv card. 

Utility Package for North Star 
Micro Disk System 

A comple te disk utility pac kage for 
the North Star Micro Disk System is now 
sa id to be avail able from Mic ro Logistics, 
POB 922 , Madison Squ are Station, New 
York NY 10010. PKGUTl on diske lle 
includes the following four 8080 
machine language programs originecl a t 
0: Packi t : packs and unpacks disk files 
so you can get more storage per di sk ; 
Changit: pr ints , dumps a nd/or changes 
data in disk files up to a global level; 
Sortit: a generalized sort ing utility; 
Compit: file comparison uti li ty which 
wil l compare disk fil es sequenti all y o r by 
key and display di ffere nces. Diske tte 
with fu ll user's documentation is p riced 
at $80.• 

Ch·cle 600 on inquitv card. 
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Desktop Computer from Cabinet 
to Complete SystemSYSTEMS 

Compact Yet Versatile 

The ZMS-70 contains a mic rocom­
puter system with up to 64 K bytes of 
memo ry , a 15 inch diagona l video dis­
play, an ex tensive keyboard , a telecom­
munications interface and 143 K bytes 
of on li ne disk storage. An optiona l 
intern al hard copy printer in terface and 
external prin te r is also available. The 
system is said to include an extensive set 
of software for both app lication program 
development and the day to day opera· 
tional use o f th e system . This software 
comprises a general purpose disk based 
executive, a file manager, and a com· 
plete assem bly language development 
package. In addition, a full set of test, 
d iagnosti c and utility p rograms are pro· 
vided. Price is less than $5000 from 
Zentec Corp, 2400 Walsh Av, Santa 
Clara CA 95050. • 

Circle 588 on inquiry card. 

Sirius II Comp lete Computer System 

The S ir ius II com pute r sys tem fe a­
tures two processors: the Mos tek Z-80 
for ma in comp utations and a Fa irchil d 
3870 th at ha ndl es al l key board and 
vid eo inte rfac ing . Also in clu ded are 
32 .768 K by tes of program ma b le mem· 
ory, an RS·232 interface for 10, 8 .192 K 
b ytes of prog ram mab le read o nl y mem­
ory with a 1 K byte moni tor supplied, 
m inl flo ppy di sk dri ve, a 64 key key· 
board wi th alphanu meric and graphic 
ca pabilit ies, and a video in terface. Other 
fea tu res includ e a full d isk opera ting 
BASI C inte rpre ter, monitor and soft ware 
programs ra ngi ng fro m ho me manage­
men t, perso nal finance , educat ional 
learn ing programs a nd process co nt ro l to 
b usiness software a nd gam es. 

Th e Siriu s 11 se ll s for $ '185 0 . Fo r 
m ore info rm ation contact Dig ita l Spor t 
Systems, 7th and El m SLs, West Li bert y 
IA 52776. • 

Circle 590 on inquiry card. 

This UC2000 S· 100 based computer 
is presently ava ilabl e in fi ve system con­
figurations ranging from empty main­
frame card rack to complete system with 
processor, memory, multiple floppy disk 
and printer. The consol e is provid ed 
with a 12 MH z 12 inch video display , 
8 card slot mainframe, 18 A power sup­
pl y , ax ial blower and various key board 
options. All subsystem modules are plug 
connec ted for easy maintenance . A 230 
V 50 cycle power option is available and 
EM I filtered power connector is standard 
equipment. DB 25 type connector slots 
are provided on the rear panel for peri ­
pheral interfacing. Although the com· 
ple te systems B through E a re supp li ed 
with a mic rocomputer using the 8080 
processor, an y S·l 00 compa tible com· 
puter ca n be used in th e A system ver· 
sio n. Extensi ve software is available for 
the 8080 system. Prices start at $995 . 
Contact Infini te Inc, 1924 Waverly Pi , 
Melbourne F L 32901 . • 

Circle 591 on inquiry card. 

A New Desktop System 

This new microcomputer system, 
designated System 88, is designed for 
professional and small business prob· 
lem solving. The hard ware consists of a 
main unit, upper and lower case key· 
board with control keys, and quick up· 
d ating video monitor. Hardware features 
include full eight level vectored inter· 
rupts and full graphics. The main un it 
uses an 8080 processor and accommo­
dates from one to three minifloppy 
dri ves. The system includ es complete 
operating software on disk pl us word 
processor, BASIC an d assembler. Soft· 
ware features include: system software 
with a file system and buil t-in applica­
tion aids; BASIC on disk that has multi · 
dimensional strings and numeric arrays, 
MAT statement, PLOT statement to sup· 
port graphics, program CHAI Ning, vari­
able c ross- reference li sting by line num · 
ber, inverse t rigonometric functions, ar· 
ray functions SUM, PROD , MEAN, STD ; 
tex t ed ito r; integral RS-232 printer in ­
terface; and complete macroassembler 
on disk. Th e main u ni t of the System 88 
has a wal nut cabinet with a brushed 
aluminum front panel. Price for the sys­
tem , excluding printer, starts at $2795 . 
Contact PolyMorphic Systems, 460 Ward 
Dr, San ta Barbara CA 93 11 l .• 

Circle 589 on inquiry cord . 
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g:~~=1~~:::~~·c~:~~~"i.·~=k~~'.:; ~~~!~'~ t=:n:J::::::::::t:: 
a llO-CU.A.H ZIJllal., 400••· H1•••"· ......., U.P IOI Jt.U (• HJH0)........... 100 
c li-CU90'1Lll H&IJTOll. ~.~ ...... I a IOI, •ull-4, ...... l•HJ.1.J41.•..•.• •. 2.00 
c 290-UN•A•KU> C.APA.CrTO•I, ,.t1•trr_., ...a4'4, , .. ultMlla (• HUGI)•••• ••• •• iOO 
a lCO-llUCOM llGMAL DtOl>D. 9'kre. 11.., , 1non teol IOS Jl•W l•H%Ult., •••••• 2.00 
a '"IC aocana. H, u ,.ia, ...,., uu. l• HK21J. . .. . ..... . . . . .. ................ .. 100 
a IOO-UM141/tl6 awnCHIMQ DtOOll, I01 + rt•ld. Utrt11tl-4t f•H24lll. . .......... 1.00 
o IO-PC TllM POTDTIOMllTUI, tliw•lJwti•ol, •c:r•~rlffr o..' L (• K.J:M• l··• ••••• , Z.OD 
o t•IUDI VOLU•l CotfTaOL.I. Htl'd v•l•a, 411.0.lt, tl1t11H l• IUOll)...• ••. . • .•.. Z.00 
a JM" CA.•U TIU. ..... ttc , 11... "T7·wr•'" (• 1:11211)•• •• •• •••••••• •• • • •.••••••••• 2.00 
c 10-CIYITAU. •o tr.cht4• Cl, Na..- • ntero (•HJ.asot,., ............. , , , ..... , ••• 2.00 
a 100.TllMINAL 1n1P't. 1,... 2 l•s• 11' l• HJ:U.e)...... - ... .••. _. . ... -- · -······ ··· 100 
a IO-llll· :nllON LAllP'S, .tll lOOl 1..cl (• M21UI. ... . ........ . - ...... ..... .. .. . . --. 100 
Cl- 40-ft. IMllL.DCD C"ULI. I c._., •lku, ---· (•H:llJf).• • . •• . •••. .•..••. •.••.. 2.00 
D I-IOU.CD Tl.Oa1a1. ...N trls-I•n oc.r . , ••,. l• llJaJI}• .•••. ••••••••.•.••• . •••. 100 
o 10-CI CRYHALI, fN ttll•M ltcJl IMtt, HAM, HC/U l•HIOIOJ... ...... -........ .. . J..00 
O 100.DllC CA.PACITOW:I, IMt: t.Mf•, ••r'-M, aHt' lll (..H .2:1M).. . . ................. 100 
Cl 100-CAJ'AC:JTO• l"CIAL. 4il~•• •f'lu, 1,Uu, ••to (• d27J.1), • •• •• ••• •• •••• •••• • 2.00 
o 10-VOLTAQI llQUU.TOll, hM~J L•J.20, MO, TO-J (•HUJO)...•. . . • .. ••... . ... 2.00 
c IO-PAMU. IWITCMU, M1401, Te\orlot. •-'· _., (• H.12U)• ••••••• • , , , •• , •• , •••• , •• 2.00 
a 200-HlllTO• lnCIAL. " t• IW, cu..... ...ul (•HJOM).... , .................. J.00 
D Joo-MAU' WATflJl:I, fHl&l.,.., cafll.M, a lt.al (• KJ0.41}.. ... .. . .. . . .. . .... . ...... 2.00 
D 100..tcAnOfllAL IC llOllAlfl.A.11•..,.• T6oo. lrOM.8 l•M:ZM0)•••• ••• • ••••••• •• ••••• 2.00 
o ll-UIM.OT VOLTAGI aHUUTO•I. It• 26V, TO· UO (•KHH)... ....... .... .... 2.00 
D 100.POLYIT'YlttNI CAn, Htl' lll nlilM. vott•ao, hl-Q l•ff212tl . .. ... .... .... ..... 100 
D 10-TMU•llTO•I. '""laton that dm110 wttll tMIJ (•1140HI. •• , ••• ••• , .••.••.. • , 2.00 
o :ro..lllOCllA. 111Jtt.ota4. 2. 4, I. •••· t111H wa'le f• l'l40Z2J•••••••••••• . •• , •• •. ••.• • , Z.00 
0 J~U.•J"N"IOC•n HTI, llllkr9, I . IV, n (•n.>Hn . ....• . .......... . •. .. • .. . . .. 100 
a 11-MlllD aOOOUTI. holttlr, 11'111 t..to4• •IJ71 . :S. .It o1t.. l•HMll]........ , .... . .. 2.00 

~ :::::UJ:~:t.'1':T~U':!t~~=~~':;'1.':':::,.f~.~~.1.~1::::::::::::::::: ~= 
0 JOO..HUOa•lD ttHtllo•a. "'· Y., IW, ............., l • ft2IOI)................ 2.00 

o lOO-PtlClltoll 1u1.1toaa. v., \.\, aw. 11, 21 marll.H ~•H242.,•..•.. .... •.•••••• 2.00 
D IOo.lHPPSO Ml'l..Aal. ....., tlalo.11. ••tt'lll ••1... l•HJIHI••• ••• •• • •••••• • ••• • •• ••• 2.00 
o JO..YCX.UMI CO.TWOU, o-41... II"-..'• a11t'4 ••I••• (• HJ421)... , .. , •• , , , •• , • , , , .. J.00 
o »-CLOCK CMIP'a, NaU..•I, hoWlr • ut.olH, elu• (•nlOl:t)• .•• • , ••• , ••• ••• ,, , • 100 

~ ::.::.:.i:-:na:,~~~!:.:!:11:!~~i:;.t:=\;,·91u·ni.·.·.·. ·. ·.·.·.·.·.:·.·.·.·.·.·.·.·.·.·.·.:·~= 
a JS-CD-4000 uatll CMOI, ......, ... IOI •H•M• Jt•'" l• llUMI........... . ..... 2.00 
Q 1.C.alAIACTU OINUATOll, I a 7 ••t•ll •• 2002P (••J.tM)... . ............... 4.tl 
D l ·t.OlilKlflDI Ml•U. ...1tun, IOO .... 1•.9 Voth l•HJl18I. ... . .. . ...... . . . . . . ...... 

7-SEGMENT READOUTS 
o J\o\ DfGIT LCD W•llTWATCH INIWUY l•HlMO)........................... J ,., ll.&t 
0 ....., n.AT 101111, .,...... _, .. 4u.l 41stt t•HIOl4)•••••• •• •• ••.••••• ••• J ,., • ••• 

~ =:~~m·~~.·~.·r:•;:;,~~;:~.':!~'r.'::~i::::::::::::::: ::: :::: ::~ 
~ ~.~~:.=~:;;;:.c::; ~=~~·I~~~~~!·::.:·::::::::.:·:. ~::: ~ : :: 
o •DtOfTIUOOU'T, IM, c.•c.atitM.o,rMl f• H.lllO)... .. . ... .. .... , ... . .. . .. lfw l .11 

o PN~liOl. .l'"rM,c_u...... , ..... ,.H2'41)•.. . •.•.•• . . . •••.•.•..• .• •. •••••. l , IO 

g~::::: :::: ~==: :::.::':~~.0f;J:::r~·:::_·:::.'.'.'.".'.'.'.'.'.'.'.'.'.'.'.".'.'.' .'.'.'.'.'.'.'.'. ~= 
0 n.o..ao1. .. .. ....... U9... ut..... l•Hllll).... . .. ... ... .... ................... 111 


RELAYS! .... 
o l · l,IT 2AY •U.D llLA'r, aorM ~·• "' •trt•. IJIO .-... l•HllJll. ••• •••• · • · • l.4t 

AMPLIFIERS! c.•• 
.J IWAMI ON A CIO,, To•tlllll• TA1201 l•H80IJI... . ........ . ......... . . .......... 4.H 

D J WAn• 011 A CMIJI', 0-1 ' A JU l•nllJ2)... . . . ...... _.... . . .. .... ..... . ... . ... 1.llO 


o uwnc•u ON•°'' • H -• .......... .. . ...... .11 .n • RECTIFIERS! • 

a • IWITCHU OM A DU• • H Mll ... ....... . .. . .. .. 1. n L>O : Ot4• t .., C•L ..... ff.z.44.J • ••1hl&O : 


IC SOCKETS! : ~""so s~~~ s~J:O: 
o •f'IM Mli111-1Hft l•H21:U)•••••• • •• 4 tor J1 ,1f I lot ti .JO + 0 100 l.A9 1.50 • 
o a4-PIM OIJ'J• Hll0.1·· ........... J lof' I . It t for 1,.JO • 0 200 l..&9 1.70 + 

o l~~N OIJ' •HU09 ...... . . . .... J fN I.It I lof' 1..20 + 0 .t00 1..99 2 .00 : 


~ ~::::: ~11'1:;:w.·1::::::::.;:: ~: !: •!::; ::: :s=.. ~ ~~: 
U.PI• •MIO" • tsl.&IJ ......... 2 ,... . .1• • '"' 1..20 : 0 1000 . . . 2 .1s 2.1• .
1--------------•i'c:ol>T•rma: Addoostna:e Ra ted: net30 8t:ii1;• .t1..,.)'-- LEDS%. 

Phone : Wakofield, )l ass. CG I 'il 245·3828 O.vi·o yoUll e1101e£ • \•' tt~ 
Ret.fl: t6-t81Je l Ca rmine St. . Wnkrficld. 


MINIMUM ORDER - $8.00 


P0 Ly PAK S 
P .O . BOX 9 4 2-S9 

Send for FREE l YNNFIELO. MA.. 
CATALOG ZIP o1940 

Circle 303 on inquiry card. 
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PRICE ! 

LCS J_L[ 

1:h•J•mbl•ofnl11Nlmo YOU 

.. 7 ·~·· • •••. •••hui 11ruduc11or1 lint!' f~Jj'Clf o..r.T 

~j!~';1:?1'~~~~1:hf,.~h~~1":d 
rh~~";ri~e~.t !h~ '~~~~~,,ft t 
~)('ht •ftr:only ·1a: Ga: J'~dtt:; 
o ::::~ t'11::;r1.·M;1.·11 1 

GAMBLE!1-,_ '.,,... '~'""1iln:;r"'~:'!"" d11d11i1 '. '" Rf.n 
f\>ilt~~ ·~~:u:.~~114)}"~~~':le; 
~~'~:~~~ ru~!;~~. tTk'tT1JH')' 

~~~i:dfl/\U ~ n1r..... complrt~u~n~~1!,':;_~11t: r1e• nr::l~;f~t'd':'oar~."~ 

Onl., 

2 I« l .01 
 •,c.t. TTL'S AT "CENT-CIBLE" PRICES 

20 l•r 1.01 No. •llNI 

J .... l.20 
 A Typ• No. Emch :Z for ,,.. .... ..... 2 lw Trook ..... 21wJ tw I.JO 

0 ..., ... ... ....2tw4.M 0 Ul7400 I . 11 ..... a IMHIU a.a 1...,,,..a l.MHOI .20 0 111174114 a.n........... ... 
 a 1111410 ... .... 
2 IM 1.01 a IM740J .u .2t o ...J41U ,,. ...c IN747l ... ... 

20 l1t L.01 0 1117404 ... .... 0 aNJ412 .20 a IM741M ...... 
0 ...,...,tlN , .OS 0 11111401 ... .... o M7474 ... ... ·" 1.00 

0 ...,.,. a NJ41N ·" 1.00... .70IQ ..... ' -01 o IN740I ... .20....,.,... u INJ.07 ... ... D 110.UO . It .... a ...14HI l .U..·"• ........ 
g ... , ...., 


Zier L.N D Dl7410 .u .20 

2 .... J.!11 o lt!IT~ .lt .... a 110412 .20 ... 

0 ..,.,...o Mf14U 1.00 .7t ... 
.• 

0 ....,.,..... ... o IN7... ·..." ...2 t•r 1.20 o IN74ll 1.00 
J ler l .01 o IN7411 .JI ... a INJ'U .7t ... 0 1Nf4111 ·" 2.00 
J let 1, IO o IN7420 .u ... o un... .... ..... o UIJ41U '·" l .00 
...... 1.oi a SN742-I . ... 0 Ul74174 1.·"7• ....o IN74to 1.00... o IN14H ·".... L .. c 1Mf4111 LOO4 tor 1.0a D Nli74U .30 ... 
2ter 4.H a INT4H .20... o IN749J ,,. D Al041n ,,. .ao...... ... o IN74tJ ... . 70 0 Mf74l79 2.00 
2tet&.H o IN107 .20 
:2 l1t I.SO D IN14JO 

c .., ...... ... ... D IN74110 '·..." .... 
2 lor 1. 50 a 111174.U ... .H a &Nt•H ... .... o IM74lU ... .... 

40 lor :LO& o IN7440 ... .... o IN74M ... ... 0 1104llO I." 2.00 
UOlor 2.01 a IN7441 .IO ,,.... a. Ul74M ... a M74ltl l.11 I .JI 
150 IN iOI 0 1-NJ+M .20 o IM741DJ o Ml141H... ... ... ... 
to lot 2.0& c MU..... l . 21 

... .... a Ml74lU a M04HJ 1.00... 
110 lof' 2.01 a UIJ4IO ... .... o MHll.4 ·.21" ... o IMJ41M l .•·"H 1.:ae 
200 ••, J.01 0 hf411 ... .20 0 lll741Zl D ...741t7 .11 .... .... .. 

.21M2.H C OIHH .11 .20 o SMHUI ... .70 a Mf4lM LIO .... 
2 ,.,. J.11 0 Mll1414 . 20 , JO o 1Nf41M ... 1.00 ..... .... 

:soo f ff J.01 D Ml74H ... •20 D MU41M . .....• 0 "'''"°° ,,. ...o llf74UI 
120 tor 2.01. D IMJ460 . J&... o INJ41to ... ... a UIJUM LM LOO 
llO IM 2.01 0 1104&2 .31 ... a 111174145 o INJ&.He ..,. ..,.... .70 
:JOO l•T 2.01 D t.N7461 ... .... 
150 In 2.01 
IOO IOI' 2.01 
&00 1..- 2.Cll 
lllor 2.01 POP-AMPS AT "CENT-CIBLE" PRICES200 ,., 2.01 
IO f•t 2.01 Cn-"c ('o Ll l': T =T0·220 Power T•1h: V =Mini <lip . K=1'0·J ~ tl =TO-S : - Ill! '. 
JO lff 2.01 Trpt Mo. loch 2 .... TYMHo.llO lot 2.01 

20 lff 2.01 
 D LMJ4-0l·S0 LMlOOH $ .79 s .ao 

D LMlOOK .so D LM:WOT-G 
D LMJOlV .45 A6 0 LM:MOT-8200 lor 2.01 

.0 '°' 2.01 

,., -C Ul).tOT- UD LMJOlH .u80 tc. IM" 2.01 
0 LM307V .45 AG D LM340T·IS••• 2.01 
0 UUO&Y .29 .>O 0 LMJAOT·lS20 lor a..01 D LMJ40l·24D UllJOIH .'9 .10 


200 ••, :l.01 

200 19' 2.01 

0 LMl09M • .•9 1.SO D LMJSON 

200 for 2.01 D LM31lV .1'J .30 0 LM376~

'° tw 2.01 D LM31UI IA9 I.SO 0 LM317H 
0 LMlllV .99 1.00 0 LMJ80N 

400 ·- :l.01 0 LM310H·5 .99 0 LM381N1.00

JOO,., 2.01 0 LM320H· l2 .99 1.00 
'°° tof' 2.01 0 LM3&6N 

JO •., 2.01 0 LM320H·l5 .99 l .00 0 LMSllH 
0 LM320T.S 1.49 I.SO D LM532N 

1oot.,.2'00 '"' 2.012.01 0 L.llill22N l. 19 1.20 0 LM532H 
0 L.Ml24N 1.79 I .AO D HES40H 

0 LMS!iSV0 LM339H 1.79 uo

JQ,..,. 2.01 C LIU40K·S 1.49 1.50 0 LM556H
c::~:: 

0 UllSS8V0 LMUllK-6 l.49 I.SO 

200 .... 2.01 CJ L•MOfl.& l.49 1.50

JOO ler 2.01 D LM551H 

D LM561NCJ LN:MOK· l2 1.49 t .50400 ,.... J.01 0 UllS6SN 
0 LMS6SH

C LMUllK· I.SO400 ,... 2.01 IS .... 
D LM340K·U 1.49 I.SO 


eo tot 101 

UO ..r2.01 C LM340K·.2• .... I.SO 0 LMS66 

0 UIS67eot.r2.0& 1 AMP SCR'Seo ,.., J.oa P01NIB FOR YOUR M0110•111cs1 
Ont.rby TP.12 Cua. JMIMO Htlu.20 tor 2.01 r,.. OHCriptlon .... lC $•1•1 Ot4et ., c:..t..... "1111

IO lot 2.01 o LIOJ IK D)'n•,,. lc RAM a.a 1.10 Cd.No. u4 ..n..•o 

21w ' ·" •IMH &
c s::IOJ 2K ''o"" J ,H 2.H D >O 4 ,., •• • ,., 1.01 
21«4.N a :nu JK II I DrHmlc lllAM ... l.00 D ... l fot II , ,.,. 1.0J 

a L702A 2'5• I 1,111011 .... .... Trpe Ho. c 100 J ,., •• 6 lor l .01 
ONE. CENT SALE n MllSllO 4.K I L D1n•~ h; lllAM J. tS .... a ISO 2fot I& 4 for 1.01 

I ter 11.20 	 •••,,..oud front no• tut.o4 ~wl•mont 0 200 l for 11 2 lor 1.01 
• , ., l •.ZO r~~=:~:-i~~~~:e'~~~;;;;;;;;;;~~~~=r7i::iriii=;1~~;:::=~~"
.:::: : ::~ !f!~OOO Epo*31 Rectifiers o•••, •• c••. No. ••• 25 AMP BRIDGE 
: ::: ::: ~ ::~!f: 11iJ!b. VofblOOSO 1'00 ,.ror'$~15 zJ~o~~~. T::.~ ~~CTIFIERS 
2f•r I .ff n-. r .IS 2 •/ · •U7JAwtitt.1•• 
2t., a.IL ~ === i:wo: :oo 10for .95 2g::; ::: • 1. 5 a 50 C.C• IC SAU:::: ~: c 112.111 tH400s J: 10 for l.l9 20 for 1.20 Amp! 0 100 

1f:l: ~:: s1.!!20 0 12002 ,., J.N ° "·2~ IH-IOO& IOO fg '°" l.3t ••,. 1.40 • Ml11 I 0 - , ... .2 ,_ • •-70 ~ llJUJ 1N4007 lOOO 10 ;:; :::: ~g :: : :~ • tur e l 	 O fiOO 1.99 Z fw 2.00 

o - 2.25 2 for 2.M.... em.LET RECTIFIERS! .... c..tu 2 .... ti. to • ... .... ~ 2... 2.SI.... 
o••I~; '/.:.;L .....................,. CERMET TRIM 


21...... 0 sov 10 '"' $.59 20 ... S.60 POTENTIOMETERS i.';!;:...""'::: 
I . Ill g~=~ :g ~= ~: 20 for .70 g;:l~1 a lOO~! a JI0'1-J o~M(t} o ..(or: 

0 •oov ~:: ~ ~=l: ~:l:l ~= 02- 10-t.J 

..... 2 fw T1P4 heh 21... 
1.49 .59 .60I.SO I 0 LM703H1.49 1.50 D LM704H .19 .20
lA9 1.SO 0 LM709H ... .;10
IA9 l.SO 0 LM709N A9 .so
1A9 1.$0 0 LMl33H .79 .eo
IA9 1.50 0 LM74lV .2S .26
l .49 I.SO 0 lM14lH .30 .31 

.SO 0 LM747H .59 .60A9 	 1.4,,1'J .30 0 LMl304 I.SO 
2..25 2,.21 0 UUllO 1.79 1.eo 
1.3'9 1AO O LMl312 ...... 2.50
l.M 1.00 0 UltU•Y .19 .20
lA9 I.SO D Ull4S8V· .39 AO 
l .•49 1.50 D LM llOON .79 .ao
.25 .26 D LM3028H .65 .66
.25 .26 0 LM3900N A9 .50 

5.95 5.H D LMJ909V 1..25 1.2& 
.75 .76 D LM4250 1.20 1.21 

1.79 1.eo 0 L.M754!U .69 .70 
.3'1 AO 0 LM754Sl .69 .70 
.3'1 AO 0 LM7549l .ao ... 

1.00 1.01 0 LMlS492 .ao .at 
1.00 1.01 0 LM754N .60 .61 
1.00 1.01 0 PA263 I .SO 1.51 
2 .49 2.SO 0 DM..64N 1.29 1.30 
2.39 2AO 

DI,• ..,,,.IT"••'fES' 	 tOtor .as o sor. 
1 

' " ...... • .... ,., 	 · ~·;··~·;";"..:-::;~·~::·•~1IJ• :~~~t.::::a·aii:ibE ..··: ~r:::----..;'"~:~~~~~~~~~-~·~·~·~~"~·;... 0 
...

0 J IWITCHU ON A ou· 1·"- 1····"········· .. ..Tl • •Tl • 10 AMP • 

lC::.~~:~~~~~~;;;;;~~~£~~~~~=~=~~~~~~ 
SE M KE ZENERSCONDEN R I !Onlo• h CaL Or4ar '' C.L ..._ •uaoe~-'I"\ ( "T IE·PIN '' TYPE ..o. t11210Aaw..ui1••••tt... 

SWAnS IC: SAU:....pg= ~~tlll~r~''U:i.3::~~..s:;~ Q ~:::" s ~~;1 . 1~',!A~Olff . <l•••.-:l lonT.11 .... . IHll . :o. 0 e.2v 

7/~6" x ~11~!!~1~1.~-~d:.:~I:. ~ ~o~~ 
.,,, lony. M•. ••in• 4.95 Cl IJ_V 

2 for 4 .96 I~ :~: 

o ... v llw 1.01I lor 1 10 ,., I 01 ·~ g fOI'0 OV 31.,. 1. ltw I.GI 
0 IS. V .... I . lfCM" 1.01:::: :: ::::: t:: 
0 ll. v ..... '··- .... 

s ,., 1_ 10 for 1.01 0 24 . 1.01v .... 1. .... 
0 JO. y llw ..,,_ 1.01: ::: !: ~= ::: !::! 
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Easy to Interface Chip Select USART of INTEREST to DES IGNERS 

System Memory Interface Forms 
2 Chip Microcomputer 

A single in tegrated circuit for micro­
processor interfaces which in corporates 
its own memory, internal timing al)d 10 
ports is now available from Signctics. 
The 2656 system memory interface 
(SM I) can be combined with the Sig­
nctics 2650 processor to form a 2 chip 

Hexadecimal Label Switches Break 
Keyboard Cost Barriers 

Stuck on any panel by its self-ad ­
hering backing, tl1is microprofile key­
board avoids the congestio n and the 
mounting hardware difficulties of 
mechanical keyboards . Labe l swi tches 
produce matrix coded output directly 
and will interface di rectly with inte· 
grated circu it 74C922 for co nvers ion 
to a binary code. Labels do not bounce 
and so do not requ ire the usual de­
bounce electronics. Label switches are 
gold plated inside and outside and are 
sealed against the entry of dust or soft 
drinks. Life is estim ated at I 00 million 
operations. A self-contained flexib le 
cable plugs into standard 0.1 inch 
(2.54 mm) spaci ng · socket. Price is 
$3.95 in single quantities from Compu­
tronlcs Engineering, 7235 Holl ywood 
Blvd, Hollywood CA 90046.• 

C1,cle 614 on Inquiry card. 
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microcomputer that provides system 
flexibi lity and add itional memory and 
10 port expansion capabilities. The unit 
is useful for app lications whe re both 
reduced chip count and system flexi ­
bil ity are necessary. 

The Signe tics SM I is a mask pro­
grammab le circuit that offers 2 K by 
8 bit programmable read only memory, 
128 by 8 bi L static ra ndom access 
memory, eight multipurpose 10 pins 
for external chip selects or 10 data 
port bits, an 8 bit latch for output 
data, and an internal clock generator 
programmed with crystal, RC or externa l 
input. 

As an aid to system designers Sig­
netics offers an SM I emu lator on a single 
PC card that duplicates al l the functiona l 
capabilities of the 2656 SM I chip. The 
emulator is priced at $250. The SM I 
chip is avai lable in quantities of I 000 
for $17 . Con tact Signetics, POB 9052, 
811 E Arq ues Av, Sunnyvale CA 
94086 .• 

Circle 610 on 1nqu1ry cord . 

Optica l Comparator for Rapid PC Board 
Inspection 

An optical comparator for inspe ction 
of printed circ uit boards or other flat 
electrical and mechanical assemblies is 
now availab le from TM Systems Inc, 
25 Allen St, Bridgeport CT 06604. The 
Model 1013 optical comparato r is a 
fully portable, compact device which 
optical ly compares production circuit 
boards with a master or standard as­
sembly. Both boards are pl aced in the 
comparator and alternating images are 
superim posed for viewing by the inspec­
tor. Any errors are immedia tely ide ntl· 
fied and located. An image sequence 
rate from 1 to 10 per seco nd ca n be 
front panel selected and the ilium!· 
nation intensity is infinitely variable. 
The com parator features all so li d state 
electron ics and is designed for opera tion 
under all lighting cond itio ns at any 
assem bly station. Power requ irements 
are 115 V ±10%, 50/60 Hz, at 1 A.• 

Circle 612 on 1nquuy card. 

Th is Astro universa l synchronous 
asynchronous receiver transmi tter 
(USART), the UC 1971 Astro-Chip Se­
lect, is now avai labl e from Western 
Digital, 3128 Red Hil l Av, POB 2180, 
Newport Beach CA 92663. This UC 
197 1 has many of the features or 
Western Digital's UC 1671 Astro Mul ti­
plexed Address: b!synchronous, asyn­
chronous or isochronous modes, dou bl e 
buffered receiver and transmitter data, 
co nve nient interface to data sets and 
parallel processors. Th e UC 197 l Astro 
will interface wi th all popular micro­
processors on th e market. 

The UC 1971, now second sou rced, 
features the generalized computer inter­
face control signals CS, AO, Al, RE and 
WE. Another design and operational plus 
for the UC 1971 Astro is the receiver 
clock and last transmi tter bit outputs for 
external CRC generation and checking. 
The operating speed is DC to Mbps. For 
further info rmation and price contact 
Western Digital. • 

Circle 611 on 10Quiry card . 

New .6 Inch LEDs from IEE 

A line of red .63 inch LED digital 
disp lays designated as I EE-Hercules 
Series 1800 has been announced by 
Industrial Electron ic Engineers In c, 
7740 Lemona Av, Van Nuys CA 91405. 
Series 1800 includes high brightness, 
dual element models and also single 
eleme nt models. The dual clement 
LEDs consist of two ch ips of light 
emitt ing materi al which are electrically 
interconnected in series and act func­
tionally as si ngle segments. Both types 
of red LEDs have wide angle and I ong 
distance viewing with a high contrast 
ratio. Common anode and common 
cathode versions are avai lab le with 
right-hand and left-hand decima l points 
and ±1 ove rflow. Series 1800 LEDs are 
directly interchangeable with Litronix. 
At the. 500 piece level, prices range 
from $1.65 each for single element to 

$1.88 each for dual element. • 



Circle 207 on inquiry card . 

• 110 MINIMUM ORDER • SORR'tr 110 coo·s. 
• fRH UPS DHIVERY OH PO'S, OR CR[Oll CARDS MAXI SWITCH KEYBOARDS ASCII KEYBOARDSU.S ORO[RS ONLY OR BY • CALJf R(S ADD &'t UNENCODED ·MOUNTEO ON G-10 GLASSF. Reichert Sales FULl Y ASSEMBLEDSUR(ACE MAil IF SP[Clfl [O SAL£S TAX EPOXY BOARDS-A BLACK METAL FRAME• MONE! BACK GUAAANT£E • CAN ADA. PU[R IO RICO f ULLY FUNCTIONAL 

(MOS & LEO DEVICES £XClUDCO) & U.S POSSESSIONS ADD
1110 E. GARVEY AVE. KEEPS KEY SWITCHE S SECU RELY IN PLACE. 

• UNDER 8 HOUR PROCESSING ON US l l.50 All OIHERS - MAIN KEYBOARD SEC TION or 
MONEY ORDCRS & CASHIERS ADD US. 11.00 

W. COVINA, CA 91790 
NO I NO. 2 S8 KEYS 

C~ •s._____ __~·'._'U"._'s ru o~s_".0~ Y - A HEX PAO OF IS KEYS·--------..~HE:_<:C~ _ ~~·~ Nl:'.'I~~ _ ,, l\(Y """ <CYBOARO -~1 ~EY mawtn 
- IO AlJXlllAllY ' CUllSOR - I Alfl llWl'Y POW£AI - 16 MORE PERI PHERAL KEl'S 

THE S-100 BUS DIAGNOSTIC BOARD CONIROL KIYS CONIROL DPO J ROCKCA -ASCII ENCODED 
- 11 tl['( NUJUJllC PAD A.RM SWllOI 
- SA.ro; or s. AUXILURY $2995 

Po•r• & CONlllOL. 
CENTURION IV 

NO. 1 • WITH ON BOARD UV PROMA LEGION OF DIAGNOSTIC TOOLS ON ONE BOARD! B[ IC[ MCTAL fRAM£iO(K(R AAM $'1\UOiCS. 
01111 Of fH[M UGHJS IP fOR NO 2 $99 95 

$3995• EXTENDER BOARD •PULSE DETECTOR 
NO. 2 - IDENTICAL TO THE ONE ABOVE.

•LOGIC PROBE • CURRENT SHUNT WW SOCKCT CONN£CIDR SOCKET CONNECIOR BUT WITHOUT ON BOARD UV PROM 
fOR NO 1 ~EYBOARDFOR NO I KEYROARD• CONVERTIBLE INTO BACKPLANE. $7995$291$2" 

•ON BOARD CONNECTORS FOR SCOPE. OVM, VOM. GENERATORS. ETC. 
• ON BOARO 5 WAY CONNECTORS AND RF CONNECTORS. WANT PEACE OF MIND? IN S-100 EXTENDER BOARD 

CRITICAL APPL/CATIONS• OVER 160 WIRE·WRAP POINTS FOR TOTAL AND COMPLETE FLEXIBILITY WllH CON NECIOR 


IN WIRE WRAPPING ANY 1/0 CONNECTOR AND ALL LOGIC PROBE 
 USE BIPOLARS!I A MUS T for trouble­
shooting your Compurer botlrds $17 95INPUTS INTO ANY AND All 100 BUS LINES, WHICH MEANS YOU BIPOLAR RAMS 

82SI O 102411 ~: .:: f-- S..-l_O_O_EX_PA_N_D_AB_LE_ M_O_TH_E_R_B_OA_RD---i 
82S l I 102411 

CAN MONITOR AND MEASURE ANY PARAMETER ON ANY ONE OF THE 
100 BUS LINES. OR LOGIC LEVEL PROBE ANY Flm BUS LINES • I Sl.01 [XPAN OAIU MC:KPlAN[ 

SIMULTANEOUSLY. THE ONLY TOOL OF ITS KIND. A MUST FOR ANY • BIPOLAR : :~:~;;11~u~oc~~~!,o:iu:clc~s0:~ S• CKN. Ln 
SERIOUS SERVICE EFFORT. PROGRAMMABLE LOGIC ARRAYS co•,~m $6600 ASSlMBLto $8900

Kit $11900 Assembled $14900 825 100 SI 1.95 f-- ------.------,-------1 
82SI 01 SI 1.95 

Hl·REL GOLOS-100 WIRE WRAP 
WIRE100 PIN POSTBIPOLAR PROMS WRAPS.100 32K STATIC MEMORY BOARD 2 LEVEL SOUET 

EDGE CARD 
8223 256 (3? ' 8) S2.65~HH llllS BOARD YOU CAN B[GI• Wiiii IUSJ 8K or MOIORY •• D ADD ON 

10/18c POST 
CONNECTO R 

82S23 256 (3? I 8) SJ 40IJ.IER 11 CAN BE AS SIMPll AS INSE RJI NG MORE MEMORY CHIPS 
100/S6.50 

GOLD CON IACIS 
82Sl26 1024 (256 , 4 ) S4.95FEATURES tOl l l 10

4 LEVELI FUL LY SIATIC - USA111£ WITH AU OMA DEVICES 93421 256 1 4 TRISTATE S4.95 ]00119 90
? BUfflRCD WITH NOISE SUPPRESSED INPUIS 10/ 98c 1000/119"82Sl3 1 2048 (512 1 4) S6.95l PDPUIAICD IN I K INCRE MENIS ( ( ACU "CAN Bl ACCESSCD INDll'tDUntYJ $425 l1001$1 .406306 ·1 2K £RISTA TE SI 41 U$1 PUCI lh 
I PROM CO MPATIBLE TH£ BOARO MONIJOR CAN 8£ [ XCHAl< CCD (PIN BY PIN Wll HDUI 
~ INCLUDES • RWABL£ SINGLE SOURCC >I VOLi RCCUIA TOR 

3604 4096 (512 I 8) SI 1.95
BOARD MODIFICAllON) IY lltl A 81POLAR PROM PROGAAMM[O 10 YOUR SPEClflCATIDNS SUMMER SPECIALS! LOWPROFILE SOLD£RTAIL 

6 CREAl l S NO Wloll SIAl£S IC SDCKUS DIHCR SIZES IN PREVlOUS AOI PRI CES QUOl[O ARE FOR lOOnS 100mW MEMORl[S ULTRA LOW POWER 
GOLD IHU.D HK- ASSEMBL.ED UNITS ARE FULL 'f TESTED llNO BURNED IN, 11G , 4 Bil SIAl lC CMOS RAM 

- KtrS ANO BARE BOARD COME WITH FULL .ASSEMBLY AND CHECHOU I INSTRUC1IONS 11 PIH 1111 09 1110 89 
SK 16K 24K 32K BARE 510ll·3 650 nS 30mW 18 PIN 1111 19 I /SD99 

<O PIN <ISi 19 4110 99KIT $27000 $44000 sssooo $69500 BOARD DAIA RE IENllOH 


ASSEMBLED $29600 $46500 $6 12 00 $74000 $3800 
 CURRE NI PRIC[S AllO AVAllABlllfY sumer ro CH AN GE
0 loA Al 1 YOU S $995 

WITllDUI NOTICE 

~ CtjLBCLl 1 1 BOARDS 

MB-1 MK·8 Computer RAM (not S·100) , 4KX8. uses 
2102 type RAMs , PCBD only $22.00 

MB-3 1702A EROM Board. 4KXB. S-100 sw11chable 
add ress and wai1 c ycles. ki l less PROMS S58.00 

MB-4 Basic 4KXB ram, uses 2102 type rams S-100 
buss. PC board $25.95 
MB·6A Basi c BKX8 rarn uses 2102 type 1ams. S-100 
buss. KIT <50 NSEC $125 PCBD ... $24.95 

MB-7 16KX8, Srnllc RAM uses uP4 10 Pro1ec1ion. 
lully bullered. KIT $375.00 
MB·BA 2708 EROM Board , S-100, 8KXB or 16KX8 
kil withou t PROMS ... $75.00 
MB·9 4KX8 RAM / PROM Board uses 2112 RAMS or 
825129 PROM kit w1lhOul RAMs or PROMs $72 .00 

10·2 S-100 B bit parallel 110 porl , >,, ol boards is for 
kludging Kit $46 .00 PCBD $25.95 
10-4 Two seroal 1/0 ports wi lh lull handshaking 
20160 ma current loop . Two parallel 110 ports 
Krl S130 PCBD $25.95 
VB·1B 64 x 16 video board . upper lower case Greek. 
composile and pa rallel video with so hware. S-100. 
Kil Sl 25.00 PCBD S25.95 
Allalr Corppat lble Moth er Boa rd . 11 x t l "2 x I'• ". 
Board only $40.00 . Wrlh 15 connec101s S94 .9S 
Extended Boa rd lull >ize. Board only S 8.95 
Wil h connec to r $12.95 

SP-1 Synthes1Zer Board S-tOO 
PCBD S39 95 KIT . S13595 

82S23 Sl.50 PRIM E DEVICES 
825 123 1.50 
82St26 1.95 BOBOA $ 11 .50 
B2S129 I 1.95 6212 3.75 
825130 3.00 82 14 6.50 
825 131 3.00 821 6 3.95 
MMl6330 I 50 6224 4.00 
4N26 .75 6228 6.95 
4N 27 .75 8251 9.95 
4N28 .75 8255 9. 95 
LM323 2.95 21L14 6.50 

411 6 (apple ram I 19.50 

( wmc/;nc. WAMECO INC . 

MEM -1 8KX8 lully butlered , S- 100, uses 2 10 2 lype 
rams. PCBD $24.95 
Molher Board 12 slot, terminated. S·lOO. board 
~y ~~ 
CPU-1 8080A Processor board S- t OO wi lh 8 level 
veclor 1nlerrup1 PCBD $25.95 
RTC-1 Realhme c lock board . 1wo rnd ependenl in -
lerrupl s Soflware program mable PCBD $23 95 
EPM -1 1702A 4K Eprom ca rd PCBD S25.95 

EPM-2 2708127 t 6 t 6K/ 32K 
EPROM CARD PCBD . .. .. ........ S2S.95 
SHORT MOTHER BOARD Short Version o f 
9 Slots PC BD . 
2102AL·2 Prime 250 NSEC 
2102AL· 4 Prime 450 NSEC 
2708 Prime (Na1ro nol) 
1702A·6 AMO Prime 
1702A ln lel Nol Prime (2US) 
2501 B SI.SO t 48BN 
25028 1.50 I 489N 
2504 1.50 MC4044 
2507V I 50 B038 
251 OA 1.50 5320 
2517V 1.50 5554 
25 t SB I.SO 5555 
2519B 1.50 5556 
2521 1.50 5055 
2522 1.50 5312 
252S 1 SO MH002S 
2527 1.50 MH0026 
2532V I .SO MH0028 
2529 2 75 5262 
2533V 1.95 2101 

OM - l A 
$27.95 

Sl.70 
$1,30 
$9.95 
$3 so 
$2.00 
$1 50 

1 25 
2.25 
3.90 
5.9S 
1 90 
2.50 
2.50 
1.25 
4,00 
1.50 
1.7S 
1.90 
.50 

3.50 

INTRODUCTOR Y OFF ER . Good l or l he monlh ol !his issue . 

WAMECO 
16K STATIC 2114 RAM BOARD 

PCBD .................... ......... ........ ......$24.95 

PCBD & MIKOS PARTS ASSORTME NT 
# 7. All parts, including sockets 
and prime 2114L. ......... ... ........ $275.95 
Assembled , Test and 
Burn in by PROK0.................... $335.95 

K11 -; based on Wam co .S Cybcrc om Boa•as w1tn o.i11k. os 
oans as so1trncn1 

8080 CPU KIT s 8995 AssemblCU Sl3595 
REAL TIME CLOCK KIT S 65 95 Assemb led S 99 95 
VIDEO KIT s 89 95 Asscmblea s135 95 
BK 450 NSEC IMEM·ll KIT $125 00 Assembled 5145 95 
BK 250 NSEC l ~EM·tl KIT St5~ 00 Assombl d $18095 

LIMITED QUANTITY 

BK S1ATIC R,\M • 50 NSEC BUFFERED ASSEMBLED 
TESTED ANO BUR NED IN PARTS MY BE UNMARKED 
ALLOW 3 WEEKS 5125 95 

419 Portofino Drive 
San Carlos, California 94070 

Please sen tor IC. X1sto1 
an Computet parts list 

VISA 0 1 MASTEACHAAGE Senti accounl number exphn· 
11on date sign your order Approx postage w11 1 be added 
Check or ruoncy orde1 wnh order wlll be sem posl paid m 
U S II you a rc no t n 1~gulR1 cus tomer p tonse use charge. 
ca.5h1cr ·s check or postal money mdct oll'le1w1sc l he rc w ll l 
oc a 1wo·wcck delay for cnecks to cle0r Cahf res1den1s 
add 6~·11 tnx Money oacl\ 30 day guaran1ee We Cilnnol 
nccepl relurncd IC s 1hat nave b en solde1ed to. Pt ices 
subJCCI to change wlthoul no ti ce S10 minimum ord er• 
Sl .00 se rvice c ha rg e on o rd e rs less tha n S10. 
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FOR SALE : All issues of BYTE magal ine. Ex· 
cellen t condi1ion. no cu1s . 8es1 offer received 
after 60 days of Pt.Jblication of this notice . ChiJrles 
Wolf . 996 Valene.a St . San Franc1Sco CA 94110. 
14 15) 64 7·5705. 

WANTED: APL versiom of nongraphic terminal 
games, such as Wumpushunt, Lunar Lander. 
Dungeons and Dragons, Adventure. Battleship, 
Nim. Space War . Craps. Slot Machine. Sea Hunt 
and any others thar show users 1hat computers ca n 
be frie ndly , even 1f th ey w in Star Tre~ 80 percent 
of the time! Larry G Leslie, 2626 Angling Rd. 
Kalamazoo Ml 49008. 

CHA L LENGER llP u;er would like to swap soft · 
ware. applicatio ns, c1c w l1h other llP owners . If 
there 1s enough response. I will put out a monthly 
newslener . Le1 me know your thoughts . Nei l 
Shap•ro. 32·20 91 St . Apt 607. Jackson Heighcs 
NY 11 369. 

FOR SALE : TDL Xi tan with system monitor 
board. video display board . 2 processors. 34 K and 
250 nsec memory, George Ri sk keyboard. 12 inch 
CRT -TV. Software - 12 K BASIC. Macro· 
assembler, tex t editor, text p'ocessor. All for 
$2095 assembled and ru nn ing. Ca ll Jon A 
Batche l ler , Gainesville FL 32603, 1904! 373 -7004 . 

FOR SALE : Al1e ir BBOOB computer with 32 K 
200 ns sta1 ic ptogtammable memory , two serial 
pons. one paral lel por1. PROM board, ACR 
cassette lnterface. floppy disk drive and con· 
1roller. panel mou n1ed baud ra1e swi1ches for 
fast device change , extended BASIC on cassette. 
disk extended BASIC, and DDS. al ong with 30 
floppy disks, $5000, Steve Mastrianni . 2952 Main 
S1 . Coven1ry CT 06238. (2031 742 -6727 or (203) 
664·2401 . 

FOR SALE : ISC 8001 color graph ics terminal 
wi th U/L case. background color, large keyboard . 
80 characters x 25 lines , 4 K memory : charact er 
and 1lne edlting. Hne and plot graphics options. 
Excel lent condition. $1500 cash , Oigltronics 
llOMEC) Model 2540 400 cps tape reader . 
Comple1e - never used . Includes fan fo ld bins. 
19 inch rack mount . $350. Commercial Regulated 
Power Supply ±15 Vat 12 A and ±s Vat 12 A. 
Well-built, enclosed. fan cooled case 5 x 8 x 15 
inches. $100. Two uni l5 available , Corliss A Beck. 
2533 Bernice Rd, Su i te A2 . Lansing IL 60438. 
13121 895·3010. 

FOR SALE SwTPC CT-64 CRT term•nal w•th 
screen read op1 ion , assembled and 1ested , S600 . 
T l Silent 700 pr1n1er model 751 , complete wi th 
printhead, power supp ly, modem and main tenance 
manu al. $200. 1n excellen t condi1ion . SwTPC 
M6800 computer, mother board, 4 K memory , 
processor board , serial con1 rol interface . parallel 
interface and comµlete data on the system (in· 
elu ding Motorola 's Applica rions .Manual and 
Programmmg M nnuall . SJ75 assembled . Lear 
Siegler ADM ·3A CRT 1erminal , DS'iernbled al'\d 
tested, $815 . Tim Tibbott. 71 4 North Nottawa, 
Sturgis MI 49091 , 16 16) 651 ·7245. 

NEW UNCLASSIFIED POLICY 

R~1dtl'J who h1v1 1ouipm'"'· softw1rt 01 orh11 l rtm1 
ro tiivr. sill or 1w»p 1houfd und in 'c/.,1ly ryp•d noric. 
10 rhtr •""'" ro bl cont/di~ '°' puclic1r1'0rt. 1n ~.,. 
r1,_m1nr mu.rt bit cle11ly noncomm1rcl1I, rvlHd doub/1 
.rpac.•d on pl1in whi te PlfJ•'· con min 50 worc/1 or t1u. ind 
include c.omplalJI nimtJ and 1dd1e.u Jn formarl on. 

Th"• norka.r '"' Ir" of c.h11fl' _,d will 1"" prin~d ont 
lim1 onlr on • JP«• 1v1ff1bl• IMsis.. Noric•1 c1n btJ M:· 

c.pmd from indlvldu1l1 or bon• flth compur1r us112 clubl 
only. W. c.1t11 enga91 in no cor,..,,ondtnct on rh111 ind 
y0111 conllrm1rion of p /f1Cflm1nt is IPI»'""" In'" /uu1 of 
BYTE. 

PJHu nore' th•t ft may rak1 thl'ff 01 /Ot.Jt m0ttrlu /01.,., 
Mi to •PPtlf in fhfl m1191-1Jn1. • 

FOR SALE Olivett i TE318. ASR33 compatible. 
vetv qu1e1 . RS ·232. 72 characters oer line. ha lf 
full duplex . only 120 hours o f operation. Asking 
$650. Prapoto Sricharcon, 400 Central Park W. 
Apt 15 H . Now York N Y 10025. 12 121866 -5144 , 

FOR SALE. Dara relcrence card for RCA CDP· 
1802. Opcodes, mnemonics In alpha and numeric 
seQuence . Cross reference binorv . oc1a1 . hexa­
decimal, ASCII. $1 .00 plus SASE . A W Moel I, 
5505 Cay wood Ct . Raleigh lllJ 27609. 

FOR SALE : SwTPC MP-A Microprocessor System 
Board. Meticulously assembled with gold soc kets 
and all ch ips. Checked ou1 by SwTPC, nearly new . 
S 125. Gi l Shattuck . 116 V incennes, Charlo11esville 
VA 22901 . 

FOR SALE: Altai r B800b mic roprocessor. 18 slot 
motherboard with 11 edge connectors, Processor 
Tech 3P• S and V DM-1. Tarbell 10 wi th RO-CHE 
casse t1e con troller, keyboard Model EW-100B all 
assembled w ith ca bles and manuals included: 
$2000, or bes t offe r. K Mcleanas. 711 E Eli1abe1h 
Av. Linden lllJ 07036. 1201) 994·3100. ext 268 
days or 12011 925·3053 nights. 

FOR SALE IBM Selectric con es code terminal. 
Recen1 mechanical overhnul. ron beautifu lly until 
some1h1ng wen 1 1n logic board I have comohne 
IBM mechanical manual and some electronics 
info, bu1 no complete logic diagram . $250 or lrade 
tor TVT . DVM, or wh;:u have you. James Tri plett, 
POB 815, Lever ett MA 0 1054 . 14 131 256-6101. 

Struggling A11 1s1/Progrnmmer needs hard copy 
grnphics. digital or analog XY plo tt er . M i tch Wade. 
2022 1 B.rch St , Santo Ana He•ghts CA 92707 . 

WANTED Prom programmer for 5204s. Tom 
Cage , POB 402, Ama11llo TX 79105. 

FOR SALE New Polysoftwarc u"ng AOO or A0 1 
BASIC Over 50 programs to choose lrom. Send 
SASE for complete list to John McCaplln. 2203 
A•clgeCresr. R1chorclson TX 75080 or call (21 4 I 
235-2594 , 

FOR SALE Apple II Computer , 16 K memorv . 
three mon ths old. $1200 or beSt offer . Brand 
New Sharp 13 rnch Color monitor/TV, $400 firm . 
Bob Majansk l. 214 Coolidge Av. Hasbrouck 
Heights NJ 07604 , (201 l 2BB·3 74 2. 

FOR SALE : HP-65 Programmable Pocket Calcu · 
lator, A 1 condi tion, In original box wi1h all original 
manuals. standard pac . blonk Programming cards , 
carry ing case, batte ry charger. e tc . 5275. Tom 
Strigel . 3566 Hwy 101, S Wayza ta MN 55391 . 
(612) 4 73.5 74 3. 

FOR SALE: TVT-IV terminal with UART board. 
300 bps acoustic coupler and Tl Si lent 700 Kev · 
board all enclosed .in standard brie fcase wi th povver 
supply . Several nice modif ications. Uses standard 
TV to display 32 characters per ti ne and 16 lines 
per screen . M emoty for 2 or 4 pages of screen . 
Operates at 110 to 1200 bps. Schematics provided . 
Very portable and In perfect working order. Com· 
ponenrs COSI 5430. Best offer. Wayne Esch , 860 S 
Zee b Rd. RR #J. Ann Arbor Ml 48103. 
(313) 994 -1366 evenings. 

FOR SALE I have designed a BASIC cod'"g form 
which works ......e ll with 32. 4U or 6 4 charac 1er oer 
line systems such as the Radio Shack TRS·80 and 
Commodore PET There are 25 norm.al use lines 
plus fo ur addi1 iona1 lines reserved for correcttons 
on each form . I can supply these forms lO anyone 
interested at a cos1 of S2 for the firs1 40, and $2 
lor each addit ional 50 sheen 01d0:red at rhe same 
time . I illso have TAS·80 programs ror sale or 
tr&ide . please send SASE for list . J OeMita, 53 
Fenimore St. Lynbrook NY 11 563 . 

FOR SALE : Selectric term inal. Convert any 
Selecrric typewrl ter to 10 terminal. Assembled 
SC/MP controller and ps IR.S232 ASCII , 110/300 
bps. 256 character buffer. EPROM 1oftware) 
in nice c ase plus all pans to convert your Selectric . 
$500/ofler (kit is $600 commerciall y) TDL text 
editor on casse11e tape (one copy I S20. John R 
Cameron . Dep1 of Biochemistry, Stanford Medical 
Center. S1anlord CA 94305. 14151 327-0341 
evenings:. 

FOR SA LE : Floppy di•ks. Information term inals 
llex•ble disks. F032· 1000. Wang flex ible disks, 
FD/ IV , S2 each . Wi ll lake back if they don ' t fit 
or work . Gabriel F Gargiulo. 160 Elm St , North 
Haven CT 06473 . 

FOR SALE : MITS 88·ACR , 88·2SIO TTY. 8800A, 
88-'IMCS. 88· 16MCS. ASR·33 TTY. Two IBM 
5440 hard disks. Must se ll. High bi dder takes any 
•tern. Michael Clark . RD ='3, Nazareth PA 18064, 
(2151 759-6873. 

FOR SALE: I have 200 rare IBM 11 million cycle. 
computer type) WIRE re lays removed from IBM 
equipment . 45 v. up 10 12 pole (some lu1ching 
types! . Also have plugs. SASE for li 51 . Price $8 
to St 5 each depending on type . Wi ll •ell lor less 
in quantities. A lso a F LEXOWRITER. wl rh trac1or 
feed wi th 10 ports. S295 plus packing ond freight. 
Jack Weaver. 16255 SW B2 Av. Miami FL 33157. 
1305) 23B-483 7. 

FDR SALE : Alta ir 8800 computer onclude• 
processor boa rd, mo1her board with a connectors. 
souped up power supply good l or full B A , docu· 
mentation, etc. 5400. Mini Micro Mart RM Z-80 
board includes para llel and serial pom, 1 K 
monitor PROM cassette tape In terface , documen· 
1a1 ion , $300. Terry M Lang , 16300 SW Blanton. 
A loha OR 97005. (503 1 649-9633. 

FOR SALE : Apple II computer. single board 
computer w1 th 36 K memory moun1ed in plexi · 
glas case w i th keyboard . A Sl 600 value. will 
se ll for $1 000 cashie" check. Robert Meader. 
17721 140 NE, Woodinvi lle WA 98072. 

FOR SALE : Altair 8800 A , two PT 4 KAA, one 
B K Vector Graph ic. JP & S. PT 2KRO. MITS 
ACR , all assembled and working. Includes MITS 
4. B. & 12 K BASIC on paper 1ape and Radio 
Shack casseue tape recorder. Firs1 cashier's check 
for Sl 200 takes i t . John Hunt. 1 Kelton Ct #4E. 
Oakland CA 94611 , 1415) 652-6408 or (415) 
398 -0289. 

FOR SALE : ASA 33 TTY with au1oreoder. aulO· 
punch . print blind featu,es and all parts , main · 
renance . lube manuals and schem;uics. Very good 
condi tion . $650. A W Walker. 1914 Ridgewood 
Dr . San Diego CA 92139. 1714) 479 -9074. 

FOR SALE : IMSAI 8080 wi th 13 slou. Four 
IMSAI 4 K programmable memory (16 K total), 
IMSAI MIO board with cables . Marl in video board 
with MBI read only memory. All board• ore IS· 

sembled and working, all documen1a1ion Included. 
$1300. I pay shipping. Send money order or 
cashier·s check to: Bruce Paige. 11210 Carvel Ln. 
Houston TX 77072. (713) 933-8385. 

FOR SALE : North Star software •Pttcial. Parsonal 
finance and budge1ing package, S 15. Memory test . 
S10. Disc kopy . $10 - both lor S15. Stock market 
analysis pac kage, S10. Correspondence ed1 IOI', $5 . 
Mail list. $5. Special assortment disk. $10. plu1 
much more. Send blank disk. or $5.25 for dl1k . 
Write for completo list. Herb Schildt. 1007 N 
Division. Urbana IL 61 B01. 

FOR SALE : Over 500 magalines m my collection 
must go. BYTE beginning 1976. Popular Elec· 
ironies beginning 1960. Electronics World, 1963 to 
1971 . Popular Scrence beginn ing 1961 . Most 1n 
mint condit ion . Best offer for one or all wilhin si x 
weeks of ad appearance. E B Scott, 309 Duke , 
Garland TX 75043. 

FOR SALE : Pertee 7850·9 9 ·track tape uanspons. 
BOO by tes per inch x 11 .25 IPS• 9 K bytes per 
second. NAZI I BM lorma1 . 9 by 19 inch rack stvle. 
115 VAC. R/W head, R/W elecrronocs, servo 
con 1ro l elecuon ics. ; compu1er & manual motion 
control . Oocumema1ion available . S200 each FOB . 
Garv Gaugler, 2276 Beaver Vall ey Rd. Fai rborn 
DH 45324. 1513 ) 878-0288. 
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USED FOR CHARACTER VISIBLE 
RECOGNITION FOR OR 
COMPUTERS WITH INFRA RED 

EXTERNAL CIRCUITS 

MAY BE USED IN 

A VACUUM , 


UNDER WATER, 

HIGH ALTITUDE 


MINATURE SOLID STATE 


202 VIDEO CAMERA KIT 
FEATURING A ... 100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 

THIS UNIQUE UPDATED CAMERA KIT 
FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 

ADVANTAGES 
• 	 IN THE FUTURE 

WE WILL SUPPLY A 
COMPUTER VIDEO INTERFACE CARD 

• 	 All clock voltages operate at 6V 
regui ring no adjustments 

• 	 Higher video output signal 
• 	 We supply the power board, so only 

a SV 1 Amp power source is needed 
• 	 The circuitry has been simplified for 

easier assembly 
• 	 Two level TTL output is supplied for 

interfacing 

FEATURES 
• 	 Sensitive to infra red 

as well as visible light 
• 	 May be used for IR surveillance 

with an IR light source 
• 	 Excellent for standard 

surveillance work, because 
of light weight and small size 

• 	 All components mounted on 
parallel 3314" x 6V2" single 
sided boards 

• 	 Total weight under 1 lb. 

$34900 KITWe supply all semiconductors, boards, data sheets, 
diagrams, resistors and capacitors, and 8MM lens. Add $75.00 to assemble and test 

Sorry we do not supply the case, batteries and 5V supply. Add $2.00 Postage and Handling 
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ro qc1 furthu Info rmation on 1he procJuc.u. qdvuti.std in 8 YTE, fOI out lht reader servlct card with your nomt and address. Thfn circlt lht 
appropdult numbu~ for th r odvrrti~u1 you seltct from th r lis t. Add a 15 t~1't stamp 10 tht' cord, then d,op I t In the moll. Not only do y ou 
gain /nformution, but our adi·n tisers arr rncourorJtd ro use the murk~tpluu pro~1idtd by BY TE. Th is hdps us brlnf} you o biggtr BYT E. 

Inquiry No. Page No. 

1 AAA Chicago Computer Center 146 
4 Administrative Systems 125 
7 Advanced Interactive Systems 176 
6 AJA Software 150 

10 Anderson Jacobson 31 

11 Apparat Inc 176 

14 Apple Computer 14 

15 Apple Computer 15 

16 Atlas Electronics 128 

17 ATV Research 169 

25 Atwood Enterprises 199 

26 AVR Electronics 197 

27 Basic Computer Shop 176 

28 Bazzy Electronics 176 

30 Bee kian Enterprises 192 

33 Beta Business 197 

35 BITS 95 

36 BITS 109 

37 BITS111 

38 BITS 196 

31 Biz Comp '78 144 

32 Buss 88 


BYTE Books 77-80 
• BYTE Wats Line 175 


39 California Digital 185 

40 Canada Systems 139 

45 Central Data 51 

46 Computal ker 49 

47 Computer Age 176 

65 Computer Corner 169 

70 Computer Enterprises 127 

71 Computer Factory 151 

72 Computer Hardware Store 169 

75 Computerland 5 

77 Computer Pantry 169 

78 Computer Resources 137 

79 Contemporary Marketing 55 

80 Cromemco 1, 2 

91 Digital Pathways 143 

95 Digital Research {CA) 91 


100 Digital Research (TX) 187 
103 Digital Research & Eng 165 
105 Disc 3 169 
110 Dynabyte 89 
115 Electrolabs 180 
120 Electronic Control Technology 140 
125 Electronic Systems 189 
130 Electronics Warehouse 191 
131 Emerge Systems 197 
132 EMM/CMP 130 
133 Essex Publishing 144 
140 Forethought Products 119 

Inquiry No. Page No. 

142 Functional Automation 136 
150 Godbout Electronics 61, 81 
149 GRT 134, 135 
151 H & K Computer Corp 163 
153 Hamilton Logic Systems 169 
155 DC Hayes 152 
170 Hobby World 179 
175 IMSAI 6, 11 
176 Info 2000 97 
177 Information Terminals 99 
.180 In tegrated Circuits Unlimited 193 
178 Integrated Technology 175 
183 International Data Sciences 145 
190 I thaca Audio 183 
195 Jade Company 181 
200 Jameco 194, 195 
201 Li feboat Associates 119, 150 
207 LMN Electronics 205 
215 Logical Services 133 
216 Manchester Equipment 67 
217 The Math Box 197 
218 Maxi-Switch 59 
208 Micro Madness 197 
219 Micro Mail 124 
231 Micromat ion 66 
235 Micropolis 120 
236 Mlcropolis 121 
237 Mikos 205 
255 Morrow(fhinker Toys 25 
260 Mountain Hardware 54 
265 mpi 161 
268 Mullen Computer Boards 140 
275 Nat ional Mul tiplex 83 
280 Netronics 129 
281 New England Electronics 142 
283 New England Recru iters 176 
285 North Star 7. 27 
286 Northwest Microcomputer Sys 71 
290 Ohio Scientific Instrument 18-21 
287 OK Machine & Tool 131 
291 Oliver Advanced Engineering 165, 197 
289 On-Line 163 
293 Osborne & Associates 107 . Owens 141 • 
294 Pacific Digital 158 
296 Pacific Office Systems 180 
297 Page Digital 188 
298 PAIA Electronics 158 
292 PanaVise 126 
288 PCE Electron ics 169 
301 Per Com Data 32 
267 Per & Small Business Cmptr Show 101 

Inquiry No. Page No. 

302 Personal Software 90 

276 Personal Systems Consulting 30 

303 Poly Pa ks 203 

304 Priority I 201 

305 Processor Technology 8, 9, 123 

277 Program Design Inc 138 

306 PAS 43 

307. Quest Electronics 188 


Radio Shack 73 

322 RCA45
. Real World Sim ulation 176 

308 Rondure Co 199 

311 S-100 147 
. Scelbi Clll. Scientific Research 35, 37 
309 S & D Computer Technology 176 
313 Seattle Computer Products 62 
316 Michael Shrayer Software 113 
312 Shugart CIV 
317 Signetics 23 
318 SPI 105 
319 Small Systems Services 136 
320 Smoke Signal Broadcasting 137. 139, 141, 

143, 145, 147, 151, 155 

330 Software Records 152 

335 Solid State Music 69 

340 Solid State Sales 207 

343 Soroc 29 

350 Southwest Technical Products Cl I 

351 Structured Systems Group 13 

352 Summagraphics 122 

353 Sybex 39 

355 Synchro Sound 56 , 57 

356 Synertek Systems 93 

357 Tano 132 

360 Tarbell Elect ronics 4 7 

363 Tasa 16, 17 

370 Technical Systems Consultants 85 

372 Technico 87 

373 Telesis Laboratory 197 

374 TIS 197 

377 Tora System Limited 197 

376 TransNet 92 

378 Utec Corp 131 

386 US Robotics 169 

389 Vector Electronics 103 

387 Wameco 183 

143 Whales 63 

395 Worldwide Electronics 169 

400 Xitex 146 

401 Zeta Systems Canada Ltd 176 


• Corrtspond dlrtc tly with company. 

Article No. ARTICLE 

1 Posdamer: The Mathematics of Computer Graphics 
2 Kellerman: APL and Graphics 
3 Chung· Yuen: A "Tiny" Pascal Compiler 
4 Hearn: Some Words About Program Structure 
5 Williams: Antique Mechanical Computers: Part 3 
6 Ciarcia: Let Your Fingers Do the Talking: Part 2 
7 Bondy: S2L: An Altair (S-100) to LSl-11 Bus Adapter 
8 Boney: Math in the Real World 
9 Hungerford : Graphic Manipulations Using Matrices 

10 Kheriaty: WADUZITDO: How To Write a Language 

208 Sep1ember 1978 © BYTE Public.iions Inc 

PAGE Ear Ear for the June Bomb 

22 Two "ear" oriented articles were at the 
40 top of the June 1978 BOMB results. First 
58 prize of $'100 goes to Steve Ciarcia for his 
68 article "Talk to Me : Add a Voice to Your
82 
94 	 Computer for $35," page 142. The $50 

second prize goes to Bill Georgiou for "Give 102 
114 an Ear to Your Computer," page 56. The 
156 two articles placed 1.6 and 1.3 standard 
166 deviations above the mean, respectively.• 



Now SCELBI Software on tape, exclusively created 
for the Commodore PET Series 2001 Personal 

~~ .. ~~-~' ' ~•-·1 

NOW THROUGH795~ 
DEC. 31 , 1978 

Regularly $9.95 the cassette 

if you act right now, you can save $2.00 off the 
regular price! That 's right. Now through Decem­

Seel • 

SU 
T Rzt* 

lntre\1lbory
mail offer** 
~can't refuse! 0 

~ 

We assume thal " PET" is a trade mark 
of Commodore . 

• • Mal l Orders only. Regular price, 

Incl uding store price Is S9.95. 

Computer. Just pop in the cassette and begin pit ­ ber 31 , 1978, you pay only 795¢ , instead of the 
ting your mind against your PET. There are three regu lar price of $9.95 ! So hurry. At this price, you 
exciting games on this first tape, plus a perpetual can 't afford not to have SCELBITAPE! Start play­
calenda r that hasn't missed a day yet! Best of al l, ing. Start saving . Now. 

HERE'S WHAT YOU GET ON SCELBITAPE-1 ... 	 SPACE CAPTURE. It's YOU vs. the PET in an attempt 

0 
to shoot down an alien spaceship roaming the galaxy. Your 
" search and destroy" strategy is pitted against the 
" alien " PET's unlimited patterns of random moves Like 

e 
e a chess game in outer space. Each intergalactic voyage is 

another new, different challeng ing adventure with infiniteAUTO BOX possibi lities. 
It's you against your PET In a 
fast moving game of back­ HANGMAN. Anyone who was ever a kid has played
'em-to-the-wall , box-'em-in " Hangman". Here's an updated version that programs your
action. Move up. Down. Across. PET to select words from an expandable list. Try to guess
Box-in your PET before it the word in 8 guesses before your PET " hangs" you .
boxes you in . Don' t bump. Think it's easy? Don ' t bet on it!
You 'll lose. You can beat the 

PET, but you 've got to work ~ 
 PERPETUAL CALENDAR. Never misses a day. Want to 
at it. Thousands of possibi lities. know when your birthday comes out in the year 3567? Ask0Millions of moves . Hours and the PET. Pick any date. Any yea r. Any century. Bet your
hours of fun, excitement and friends that you can guess what day of the week their 
computer challenge . bir thday will fall upon in any year they choose. You (and 

your PET) can ' t be wrong! 

ORDER YOUR SCELBITAPE TODAY! HURRY! SAVE $2 .00 NOW ! 
Prices shown for North American customers. Master Charge, 
VISA, Poslal and Bank Money Orders preferred . Personal 
checks delay shippi ng up to 4 weeks. Pric ing, specifications, 
avallablllty subject l o change wllhout notice. IMPORTANT! 

Milford, CT 06460 	 Include 75¢ postage/ handling for each SCELBITAPE delivered 
by U.S. Mal l ; or $2 for each tape sh ipped via UPS. 

ICllEI COl'll>IJilll 
COllll!lllllilllll!lfii lllll!IC. 
Post Office Box 133 PP STN Department B 



Shugart· invented the m inifloppy in 1976. 
Today there ore more than 100.000 of the little drives 
in use. That's because users want the affordable 
random access data storage of the m inifloppy. 

Shugart packs years of proven floppy 
drive technology into this tiny package. Up to 110 
kbytes of data storage. Fast random access of 
about one-half second. And high speed data trans­
fer of ~25 kbits per second . Plus sensible. 
maintenance-free features like write protect to 
prevent accidental data loss. an activity light to 
ind icate when the drive is selected by your 
computer and a door interlock to protect your 
media from damage. 

Our proprietary read /write head p rovides 
maximum data interchange margins. and it is 

positioned p recisely on the selected track by a 
patented spiral cam actuator. The DC drive motor 
with integral tachometer assures accurate diskette 
rotation and low heat d issipation. A die cast 
a luminum base p late p rovides a solid foundation 
for the drive. 

A 1' Shugart. 1echno logy leadership is more 
than a slogan. it's a commitment . Get reliability 
and value when you invest your money for floppy 
d isk storage. Ask for the standard of the industry. 
m in ifloppy. If it isn' t Shugart. it isn 't minifloppy. 

~,.. Shugart Associates 
435 Oakmead Parkway. Sunnyvale. Cal ifo rnia 94086 

For a list of manufacturers featuring Shugart ' s minifloppy in their systems, circle reader response number. 
TM minilloppy is reglstorad 1rodemork ct Shugart Associates 

Circle 312 on inqu iry ca rd . 


	Cover

	In the Queue
	Foreground
	A "Tiny" Pascal Compiler Part 1: The P-Code Interpreter
	Let Your Fingers Do the Talking - Scanner Applications
	Technical Forum: S2L: An Altair (S-100) to LSI-11 Bus Adaptor
	WADUZITDO: How To Write a Language in 256 Words or Less

	Background
	The Mathematics of Computer Graphics
	APL and Graphics
	Some Words About Program Structure
	Antique Mechanical Computers Part 3: The Torres Chess Autolllaton
	Math in the Real World
	Graphic Manipulations Using Matrices

	Nucleus
	In This BYTE 
	Editorial: Our Fourth Year

	The NCC 78 Personal Computer Show
	Letters

	BYTE's Bits
	BYTE's Bugs 
	Event Queue 
	Programming Quickies: Pluggingthe KIM-2 Gap
	Clubs and Newsletters
	Book Reviews

	Making an H9 Understand Lower Case
	What's New?

	Unclassified Ads

	BOMB
	Reader Service

	Back cover



