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Someday all terminals will be smart••...•. 
• 128 Functions- software contro ll ed • 82 x 16 or 92 x 22 format- plus graphics 
• 7 x 12 matrix, upper/ lower case letters •Printer output port 
• 50 to 38,400 baud - selectable + "CHE RRY" keybo2rd 

CT-82 Intelligent Terminal, assembled and tested ... ....$795.00 ppd in Cont. U.S. 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 VV . RHAPSODY 
SAN ANTON IO, TEXAS 78216 
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Model Z-20 System Two 
Model Z-2 Ona or 1wo disks Dual disk 

Up to 512K of RAM/ROM Up to 512K of RAM/ROM Up lo 512K of RAM/ROM 
Up lo t84K ol disk Up lo 184K or disk 

Fill your computer needs 

with the industry's 


most professional microcomputers 


#1 IN RELIABILITY 

When you choose Cromemco you 
get not only the industry 's finest 
microcomputers but also the indus­
try's widest microcomputer selec­
tion . 

What's more, you get a computer 
from the manufacturer that compu­
ter dealers rate # 1 in product re­
liability.· 

Your range of choice includes 
our advanced System Three with 
up to four 811 disk drives. Or choose 
from the System Two and Z-20 with 
5'' drives. Then for ROM-based work 
there 's the Z2. Each of these com­
puters further offers up to 1/2 mega­
byte of RAM (or ROM) . 

We say these are the industry's 
most professional microcomputers 
because they have outstanding fea­
tures like these : 

• Z-80 A 	 microprocessor - oper­
ates at 250 nano second cycle 
time - nearly twice the speed of 
most others. 

·Rated in The 1977 Computer Store 
Survey by Image Resources , Westlake 
Vi ll age, CA. 

Up to 512 kilobytes of RAM and 
1 megabyte of disk storage 
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System Three 
Two to roLU· disks 

Up lo 51?.K ol RAM/ROM 
Up lo 1 mcgabyl e or disk 

• 30-amp power supply- more 
than adequate for your most 
demanding application. 

• 21 card slots lo allow for un­
paralleled system expansion us­
ing industry-standard S-100 
cards. 

• S-100 bus ­ don't overlook how 
important this is. It has the in­
dustry's widest support and Cro­
memco has professionally imple­
mented it in a fully-shielded 
design. 

• 	 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, RATFOR, 
16K Disk-Extended BASIC, Z-80 
Macro Assembler, Cromemco 
Multi-User BASIC, Data Base 
Management System, Word Proc­
essing System - and more com­
ing. 

• 	 Rugged, professional all-metal 
construction for rack (or bench 
or floor cabinet) mounting. Cabi­
nets available. 

FOR TODAY AND TOMORROW 
Cromemco computers will meet 

your needs now and in the future 
because of their unquestioned tech­
nical leadership, professionalism 
and enormous expandability. 

See them today at your dealer. 
There 's no substitute for getting 

the best. 

Cromemeo 
n c o p o a e d 

Speclalisls in computers and peripherals 
280 BERNARDO AVE. , MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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RS-232 or 
Parallel Parallel Parallel Cunent loop 

1/ 0 Port # 1 1/ 0 Port #2 1/ 0 Port # 3 1/ 0 Port #4 
\ 

Latched 
Outputs 

I \ I 


Baud Rile 
UART with 

Interval Timers 

4 MHzZ.SOA 

Completely Buffered 

OnC11d -
Voltaae 

Re1?ul1tion 

8KROM 111 RAM for System 
Capacity Expandablllty 

The single card computer 

with the features 


that help you in real life 

COMPLETE COMPUTER 

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

The computer it se lf is super. Fast 
4 MHz operation. Capacity for BK bytes 
of ROM (uses 2716 PROMs which can 
be programmed by our new 32K BYTE­
SAVER"' PROM card). There's also 1 K of 
on-board static RAM. Further, you get 
straightforward inte: facing through an 
RS-232 serial ir.ierface with ultra-fast 
speed of up to 76,800 baud - software 
programmable. 

Other features include 24 bits of bi­
directional parallel 1/0 and five on­
board programmable timers. 

Add to that vectored interrupts. 

ENORMOUS EXPANDABILITY 
Besides all these features the Cro­

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

Card Cage 32K BYTESAVER PROM card 

Prognimmable 

Bus Interface 

EASY TO USE 
Another convenience that makes the 

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

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

AVAILABLE NOW/LOW PRICE 
The Cromemco Model SCC is avail­

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

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

Cromemeo 
I n c o r p o r a I e d 

Spec ialists In computers and peripherals 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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Foreground 
56 BUI LO A COMPUTER CONTROLLED SECURITY SYSTEM FOR YOUR HOME, by Steve Ciarcia 


Protecting your home with your personal computer-Part 1 of a 3 part series 


84 A COMPUTERIZED MAI LING LIST, by Thomas E Doyle 

A practical application for your floppy disk computer system 


90 LIFE ALGORITHMS. by Mark D Niemiec 

Efficient methods for programming John Conway's game of Life 


104 POLYPHONY MADE EASY, by Steven K Roberts 
Play chords instead of just single notes with your computer 

186 AN AUDIBLE LOGIC TEST PROBE, by James L Woodward 
Change voltage levels to musical tones for quick troubleshooting 

190 HISTORY OF COMPUTERS : The IBM 704, by Keith S Reid-Green 
Concerning one of the last vacuum tube computers 

Background 
14 A MICROPROCESSOR FOR THE REVOLUTION : THE 6809, by Terry Ritter and Joel Boney 


The successor to the 6800 described by its designers in the first of a 3 part series 


74 AN EXPOSURE TO MUMPS, by David D Sherertz 

First designed for medical applications, this high level language is diversifying 


100 THE DIG ICAST SYSTEM : Receiving Data and Information Over Your FM Radio, by A I Halsema 
Receiving computer programs over FM subcarrier bands 

110 GRANDMASTER WALTER BROWNE VERSUS CHESS 4.6. by John R Douglas 
The continuing saga of Chess 4.6, this time in a simultaneous exhibition by a Grandmaster 

116 AN INTRODUCTION TO BNF. by W D Maurer 
Introduction to Backus-Naur Form, an abbreviation method used in compiler and interpreter design 

126 CREATING A CHESS PLAYER , Part 4 : Strategy in Computer Chess, by Peter W Frey and Larry R Atkin 
Optimizing end game evaluation on the computer 

146 IPS, AN UNORTHODOX HIGH LEVEL LANGUAGE , by Dr Karl Meinzer 
A machine independent high level language interpreter 

174 GOTOlocks AND THE THREE SORTS, by Gwen Hadley 
A tale told by a PUNdit of a sort 

182 ELEMENTS OF STATISTICAL COMPUTATION , by Alan 8 Forsythe 
How to calculate means and standard deviations 
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This month 's cover is entitled Sculpting 
the New Titans, a fantasy by Robert Tinney 
that emphasizes the new cro p of innovative 
circuitry being chi pped ou t of silicon by 
microcomputer engineers. Of course, in real 
life the tools arc more li kely to be a com­
pu ter, plotter, and ware r fab rication facili ty. 

Among the new devices is Motorol a's new 
6809 processor, ex pected to be avail abl e in 
th e nex t fe w months. Successor to the 6800, 
the 6809 is an 8 bi t processor that can per­
form 16 bi t operations. The two ch icf archi­
tects of the 6809, Terry Ri tter and Joe l 
Boney, begin a 3 part discussion of the new 
circuit in A Microprocessor for the Revolu­
tion : The 6809, Part 1: Design Philosophy. 
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This month Steve Ciarcia begins the 3 
part seri es, Build a Computer Controlled 
Security System for Your Home. Part 1 
covers everything you need to keep your 
home or business secure, fro m the right 
types of senso rs to deta il ed software 
examples. page 56 

Of the four standard languages of the 
Ameri can National Standard s Institute 
BASIC, FORTRAN and PL/ I arc fa miliar. 
Less so is MUMPS, used for many business 
and science applications. Ge t An Exposure 
to MUMPS in Dav id Sherertz' art ic le. page 74 

Impl ementing a mailing li st on your com­
pu ter is a pract ical ap plica tion for many 
personal compu ter experim ente rs. If you 
have a floppy dis k based sys tem, read A 
Computerized Mailing List by Thomas E 
Doyle and find out how easy it is to do. 

page 84 

Las t monch David Buckingham described 
interesting and intricate patterns th at occur 
in John H Conway's game of Li fe. This 
month we take a loo k at some of the 
methods and schemes fo r im plementin g a 
Li fe program on your computer. Mark D 
Niemiec reveals a Life enthu siast's trade 
secrets in Life Algorithms. page 90 

In The Digicast System A I Halsema 
describes a new techn ique for receiving 
computer programs and in fo rmation broad­
cast over the subcarri er frequency bands of 
FM radio station s. Sim ilar systems are now 
in operation in Europe. p age TOO 

One of the problems in creating computer 
syn thesized music is that many systems 
allow only one note at a time to be en­
tered- a time-consuming restriction. Steven 
Roberts describes a way around the dilemma 
in Polyphony Made Easy. page 104 

Computers cannot play perfect chess, but 
sometimes a computer program can do su r­
prisingly well. The human United Stares 
ch ess champion discovered this fact whi le 
competing against the world champion 
computer chess program. That confronta tion 
was recorded by J R Douglas in Grandmaster 
Walter Browne versus Chess 4.6. page 11 O 

BN F (Backus Norm al Form or Bad us­
Nau r Form) is a standardized method for 
abbreviating certain sta tements made about 
programming languages. Used extensively in 
boo ks and articl es dealing with compiler and 
in terpreter design, it is explained for those 
new to the subject in W D Maurer's article, 
An Introduction to BNF. page 776 

In Creating a Chess Player, Part 4: 
Strategy in Computer Chess, authors Peter 
Frey and Larry Atkin describe some clever 
optimization techniques that can signifi­
cantly reduce the amount of computer time 
needed to evaluate end game positions. 

page 726 

In this issue's Languages Forum: IPS, An 
Unorthodox High Level Language, Karl 
Meinzer presents an introduction to his 
creation, a machine independent high level 
language interpreter presently implemented 
for the RCA 1802 and 8080 processors. 

p age 746 

Tes t your computer vocabulary by puzz­
ling over Gwen Hadley 's story of GOTO­
locks and the Three Sorts. page 7 74 

In Elements of Statistical Computation, 
Alan Forsythe covers some of the dos and 
don 'ts of determining the mean and standard 
deviation of a set of data. page 182 

Logic probes are handy for troubl e­
shoo ting digital logic. Read abou t James L 
Woodward 's circuit in An Audible Logic 
Test Probe. It plays two tones through a 
speaker corresponding to high or low logic 
levels, and it cos ts very little. p age 186 

We tend to take the microprocessors of 
today for granted, forgetting the power hun­
gry days of the 1950s. In his article, History 
of Computers: The IBM 704, Keith Reid­
Green looks at one of the last vacuum tube 
computers to be commercially marketed. 

page 190 
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" Afte r working o il day w ith the computer at 
work. it's o kick to g et down to Basic at home. And 
one thing that makes it more fun is my Shugor1 
m inifl oppy ™· We use Shugart drives at work. so 
when I bought my own system I mode sure it hod o 
m inifloppy drive. 

" Why? Shugart inve nted the mini floppy. The 
g uys who d esigned our system at work te ll me that 
Shugart is the leader in floppy design and hos 
more drives in use than any other manufactu rer. If 
Shugart drives ore re liable enough for hard-working 
business computers. they've got to be o good 
va lue fo r my home system . 

" When I'm working on my prog ra ms late a t 
night. I can' t wait for cassette storage. My 
m inifloppy g ives me fast random access a nd data 

t ra nsfer. The little m inidisket tes TM store plenty of 
data and fi le easily too . 

"I m ode the right d ec ision when I bough t a 
system with the minifloppy. when you lay out your 
own hard-ea rned cash. you want re lia bility and 
performance . Do wha t I d id . Get o system wi th the 
minifloppy." 

If it isn't Shugart, 
it isn't minifloppy. 
~ .. Shugart 
4135 Oakmead Pa rkway. Sunnyvale . California 941086 

For a list of manufacturers featuring Shugart 's minilloppy in the ir systems , circle reader response number. 
Ci rcl e 320 on inquiry card . TM mlnillo p py Is a reglslered trad emark ol Shugcrl Assoc iales BYTE IJnu.JI)' l979 5 



A Short Note on Pascal Progress and Other Topics 


by Carl Helmers As our January issue dead line approach­
ed, we received a memo from Ken Bowles of 
the University of California at San Diego, 
concerni ng yet another deve lopmenl in the 
progress of Pascal as a language appropriate 
for small machines. This is a plan (expected 
to reach fruition in early 1979) for making 
the UCSD Pascal system avai lable on the 
Apple II computer. The result, or course, is 
a computer with dual floppy disks and 
Pascal system capability that, sold through 

flny-c is a structure programming language designed 
to allow you to focus attention on the problem you 

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

far beyond the limits of BASIC. The tlny-c Owner's 

Manual '(lnc[lJdlng 8080 
 40 

and PDP-11 source code) is$ 
Machine readable copies of the • 

inte~preter me available on selected meaia. 
To 0rder yel!.lr ttny-c Owner's ManuC!ll eall e Write! 

tiny c OS'seeiotes, P.O. Box 269, Holmclel, 

t •n N.J. 07733.(201) 1:171-2296.I 	 Yo1:.1'1l quickly dlseover ttny-c 
Is ndtUIQUy right for your 
1an13uage 

1-.5" 
needs. 

Nl!Vf Je~mi~~ 
Chqrge oct9P""'- I 
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a computer store, wou ld be priced at about 
$3000. Of course, the UCSD people are 
most overjoyed by this because it makes 
avai lable for educational uses a Pascal 
compatible machine which is unm atched 
in price. This Apple 11 version of UCSD 
Pascal will be supported with one 12 K 
byte read only memory card and main 
memory of 48 K by tes. It is expected 
that this configuration will set a standard 
for smal I systems. 

Following the Western Digital Pascal 
Micro Engine computer noted last month, 
we now have Pascal compatible systems 
at every level of design: from the chip level 
to that of the integrated consumer com­
puters. Once again, our enthusiasm for 
Pascal must be reiterated: it is widely 
available in a standard form and qu ite 
compatible with personal computers. 

But the languages of the computer 
culture do not end wi th BASIC, Pascal 
and APL- all used or discussed in these pages 
to some extent. Languages for computer 
use is a topic too broad to be served by 
just a few examples. Other languages worth 
exploring in these pages might include 
such well known examples as SNOBOL, 
GPM, LISP, and various low level symbolic 
Polish notation interpreters such as Karl 
Meinzer's IPS interpreter which is discussed 
in this issue. It may be only a matter of time 
before we have systems with such languages 
buil t in. After all, the electronics engineering 
is more or less identical for all smal l com­
puters, and to distinguish them from one 
another in the marke tplace, such "trivial" 
matters of taste as language and operating 
systems conventions may soon be important 
criteria for the computer buyer at the local 
com puter store showroom. There is plenty 
of room for different languages and oper­
ati ng system conventions as th e market 
grows larger. Such diversity of choice is one 
of the joys of the present era in compu ting.• 
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Specifications: 
S-100 compatible. MFM 
encoding, 35 tracks with ten 
512-byte sectors per track. 
179,200 bytes on double 
density SA-400 and North Star 
BASIC, DOS, and Monitor 
included. 

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

New from North star 
Double Density Performance at 
Single Density Prices 
The new HORIZON computer and 
Micro Disk System now record in dou­
ble density! That means each new 
Shugart SA-400 minifloppy disk drive 
accesses 1 BOK bytes of on-line infor­
mation. All double density HORIZON 
computers and Micro Disk Systems 
have a redesigned controller which 
allows the use of quadruple capacity 
disk drives as they become available in 
early 1979. A three-drive North Star 
System with quadruple capacity disk 
drives will access over a megabyte of 
on-line information. But, best of all 
there 's no price increase for double 
density models. 

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

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

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

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

N oRTH S TAR * CoMPUTERS 
254 7 Ninth Street 
Berkeley, Californ ia 94710 
(415) 549-0858 

• 
.. ­

HORIZON~--
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3 
Fully packaged with power 
supply. Just plug in a 
video monitor or TV 
through an RF con· 
verier to be up and 

- _ _ _ _ - __ --.. 

anal 
Arrived. 

Ohio Scie tific offer you this rema1·kable new computer two ways. 

Chai eng r 1P 

,_ORDER FORM - ______ 

Ohio Sc ient ific has made a major b reakthrough in small com· 
puter technology which dramatically reduces the cost of per· 
sonal computers. By use of custom LSI micro ci rcu its, we have 
managed to put a complete ultra high performance computer 
and al l necessary interfaces, including the keyboard and power 
supply, on a single printed ci rcuit board. This new computer 
actually has more features and higher performance than some 
home or pe rsonal compute rs that are sell ing today for up to 
$2000. It is more powerfu l than computer systems wh ich cost 
over $20,000 in the early 1970's. 

This new machine can entertain your whole family with spec· 
tacular video games and ca rtoons, made possible by its ultra 
high resolut ion graphics and super fast BASIC. It can help you 
with your personal finances and budget planning , made possible 
by its decimal arithmetic ability and cassette data storage capa· 
bilities. It can assist you in school or industry as an ultra powerful 
scient ific calculator , made possible by its advanced scientif ic 

running. 

Superboard ti $279 
For electronic buffs. Fully 
assembled and tested. Re· 
quires + 5V. at 3 Amps 
and a video monitor or TV 
wi th RF converter to be up 
and running. 

tandard Feature"--------------. 

• Uses the ultra powerfu l 6502 microprocessor 
BK Microsoft BASIC-in-ROM 

Full feature BASIC runs faster than currently available 
personal computers and all 8080-based business com­
puters. 

4K static RAM on board expandable to BK 
• 	 Full 53·key keyboard with upper/lower case and user 

programmability 
Kansas Ci ty standard audio cassette interface for high 
reliability 
Full machine code monitor and 11 0 utilities in ROM 

• 	 Direct access video display has 1K of dedicated memory 
(besides 4K user memory). features upper case. lower 
case. graphics and gaming characters for an effective 
screen resolution of up to 256 by 256 points. Normal TV's 
with overscan display about 24 rows of 24 characters: 
without overscan up to 30 X 30 characters. 

Extra 
Available expander board features 24K sta tic RAM (addi ­
tional). dual mini· floppy interlace. port adapter for printer 
and modem and an OSI 48 line expansion interface. 
Assembler/editor and extended machine code monitor 
available. 

Interested in a bigger system? Ohio Scientific offers 15 
other models of microcomputer systems ranging from 
si ngle board units to 74 million byte hard disk systems. 

Circle 290 on inquiry card . 

math funct ions and bui lt·in "immediate" mode wh ich allows 
complex problem solving without programming! Th is computer 
can actually enterta in your ch ildren while it educates them In 
topics ranging from naming the Presidents of the Un ited States 
to tutoring trigonometry all possible by its fast extended BASIC, 
graphics and data storage abili ty. 

The machine can be economically expanded to assist in you r 
business, remotely control your home, communicate with other 
computers and perform many other tasks via the broadest line of 
expansion accessories in the microcomputer industry. 

This machine is super easy to use because it commun icates 
naturally in BASIC, an English-like programming language. So 
you can easily instruct it or program it to do whatever you wan t, 
but you don 't have to. You don ' t because it comes with a com· 
plete software library on cassette including programs for each 
appli c a t ion s tated above . Oh io Sc ient if ic also offers you 
hundreds of inexpensive programs on ready-to-run cassettes. 
Program it you rself or just enjoy it; the choice is yours. 

' Order direct or from your local Ohio Scientif ic dealer. I 
I 0 I'm interested. Send me in forma tion on your: I 
I 0 Personal Computers 0 Business Systems I 
I 0 Send me a Superboard II $279 enclosed I 
f 0 Send me a Challenger 1P$349 enclosed I 
I D Include 4 more K of RAM (BK Total) $69 more enclosed l 

I Name I 
I I 
I Address I 

I City State ip I 
I I 
I Paymentby: BAC(VISA) __MasterCharge _ _ MoneyOrder _ \ 

I Credit Card Accoun t II 	 1 
I 

_	 _ __ Interbank II( Master Charge) _ ____ _ _ I 
Oh•o Res1den1s add 4 O/o. Sales Tax I 

America's Largest Full line Microcomputer Company 
1333 S. Chillicothe Road • Aurora, Ohio 44202 (216) 562-3101 
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COMPUTER INSURANCE ? 

In response to Leonard Anderson's 
letter (October 1978 BYT E, page 157} 
regarding insu rance for compu ters, I 
think a few comments are in o rder: 

1. 	 A standard homeowners policy 
will extend to cover a microcom­
puter system . As Mr Anderson 
mentioned, this type of policy is 
general ly set at minimum amount 
of coverage fo r personal property 
with in a dwelling at 50 percent of 
the dwe lling itself. However, this 
ls a minimum amount and i t can 
be increased usu ally at a ra te of 
about $2 per thousand, to what· 
eve r limit is necessary to cover 
the contents involved. 

2. 	 Coverage under a homeowners 
policy, however, provides cover­
age only on a "named peril" basis. 
That is, such types of losses as 
fire, sm oke, vandalism and theft 
would be covered. On the other 
hand, losses such as breakage 
would not be covered under this 
type of pol icy . 

3. 	 I r a broader form of cove rage is 
needed, it should be possi ble to 
have a separate personal property 
floate r written to cover the micro· 
compu ter. We have done this in 
some instances and it does give an 
"all risk" form of coverage. It is 
necessary, however, to specify the 
values involved in your system 
whe n writin g this type of policy. 

4 . 	 In any eve n t , both the hom e­
ow ners and the person al property 
floate r cover only the value of 
raw medi a, eg: disks and tapes 
will be covered only for the value 
of the disks or tapes, not for the 
val ue of the programs en tere d on 
those media. T his would not 
app ly, however, to commercia lly 
pu rchased disks and tapes which 
already have programs on them, 
si nce the insurable va lu e wou ld be 
the purchase price. 

5. In all the above instances, we have 
assumed that the compu ter is a 
personal computer and is not 
be ing used for business pu rposes. 
I f the system is bein g used for 
business purposes, it is necessary 
to wri te a separate policy to cove r 
this system. A homeowners policy 
will specifically exclude equip· 
mcnt used for business purposes, 
and in that event I would recom · 
mend that you write either a per· 
sonal property fl oater or, for 
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those persons who have an office 
but take their computer home for 
additional p rogramming, etc, it 
would probably be possible to ex· 
tend the business policies to cover 
the computer. 

6. 	 For those persons invol ved in 
fairly extensive business use of 
com puters, the re are speciality 
policies wri tte n by a limited 
number of insurance companies, 
(cg: St Paul Insu rance Company 
and F i rem an's Fund} wh ich are 
specifically des igned to cove r 
both computer systems and all 
forms of media. 

hope these comments will be o f 
some help to your reade rs. 

Bob Henderson CPCU, CLU 
Hcndersons Inc Insurance Brokers 

6548 S Bright Av 
Whittier CA 90601 

SOME FOOTNOTES FROM JAPAN 

mentioned " two recent Tokyo 
shows" in my letter Some Notes From 
japan in September 1978 BYTE , page 
17. The Sharp PC1300 appeared at the 
business show, as mentioned ; th e other 
items (Mitsubishi, Panafacom, NEC, etc) 
were at the microcomputer show. Sorry 
about the omission. 

A co nvers ion error of 680 grams to 
8 ounces appeared in my letter. 1 
pound 8 ounces is nearer. 

Also, NEC's Level 2 BASIC has only 
just appeared (September 1978) . It's a 
replacement read only memory for the 
8080 system . 

KS Wilkinson 
CPO Box 1748 

Tokyo JAPAN 100-91 

JUMPING BACKWARDS WITH 

WADUZITDO 


I found the WADUZITDO program 
(September 197 8 BYTE, page 166) fun 
to play with and I noticed that the 
JUMP func tion could easi ly be modified 
to permit backward jumps, as follows: 

OOA5 FE 0100 LOX LOC 
OOAB C4 OF AND B #SOF 
OOAA 26 02 BNE JF 

Now , WADUZITDO can jump back 
in an absolute fashion (rather th an rela· 

Continued on page 166 

See Sol® 
at all these 
fine 
computer 
centers 
CA: Costa Mesa: Orange County Computer 

Center. (714) 646-0221 . Modesto: Computer 

Magic. (209) 527-5156. Mountain View: 

Digital Deli , (415) 961-2670. San Rafael : The 

Byte Shop. (415) 457-9311 . Walnut Creek: 

The Byte Shop, (415) 933-6252. CO: Denver: 

The Byte Shop, (303) 399-8995. CT: Bethel: 

Technology Systems. (203) 748-6856. FL: Ft. 

Lauderdale: Byte Shop of Ft. Lauderdale. 

(305) 561- 2983. Miami: Byte Shop of Miami. 

(305) 264-2983. Tampa: MicroComputer 

Systems. [813) 879-4301 . IL: Lombard: Midwest 

Microcomputer, (312) 495-9889. IA: 

Davenport: Memory Bank. (319) 386-3330. KY: 

Louisville: Martronix Associates. (502) 

459-0500. MO: Silver Springs: Computers Etc .. 

[301 J588-3748. Towson: Computers Etc .. 

(301 J 296-0520. MO: Flor issant: Computer 

Country, (31 4) 921-4434. NH: Nashua: 

Computerland of Nashua. (603) 889-5238. NJ: 

Cherry Hill : Computer Emporium, (609) 

667-7555. lselin: Computer Mart of New Jersey, 

[201) 283-0600. NY: Endwell :TheComputer 

Tree. (607) 748-1223. Syracuse: Computer Shop 

of Syracuse, (315) 637-6208. White Plains: 

The Computer Corner, (914) 949-3282. NC: 

Raleigh: ROM"s "N' RAM"s. (9191781-0003. 

OH: Akron: The Basic Computer Shop, 

(216) 867-0808. OR: Beaverton: Byte Shop 

Computer Store, (503) 644-2686. Portland: 

Byte Shop Computer Store, (503) 223-3496. 

PA: King of Prussia: Computer Mart of 

Pennsylvania. (215) 265-2580. RI: Warwick: 

Computer Power. Inc .. (401 ) 738-4477. 

TN: Kingsport : Microproducts & Systems, (615) 

245-8081 . TIC: Arlington: Computer Port. 

(817) 469-1502. Arlington: Micro Store. (817) 

461 -6081 . Houston: Interactive Computers. 

(713) 772-5257. Houston: Interactive Computers, 

(713) 486-0291 . LubbOck: Neighborhood 

Computer Store. (806) 797-1468. Richardson: 

Micro Store. (214) 231-1096. UT: Salt Lake 

City: Home Computer Store, (801) 484-6502. 

WA: Bellevue: Byte Shop Computer Store, (206) 

746-0651 . Seattle: Byte Shop of Seattle. 

(206) 622-7196. WI: Madison: The Madison 

Computer Store. (608) 255-5552. Milwaukee: 

The Milwaukee Computer Store. (414) 445-4280. 

DC: Georgetown: Georgetown Computer 

Emporium. (202) 337-6545. CANADA: London. 

Ontario: The Computer Circuit Ltd .. (519) 

672-9370. Toronto, Ontario: Computer Mart Ltd., 

(416) 484-9708. Vancouver. B.C.: Basic 

Computer Group Ltd .. (604) 736-7474. 

ARGENTINA: Buenos Aires: Basis Sistemas 

Oigitales. 93-1988or 57-7177. AUSTRALIA: 

Sydney: Automation Statham. (02) 709.4144. 

BELGIUM: Bruxelles: S.P.R.L Flnncontact. 

2/345-98-95. COLUMBIA: Bogota: Video 

National , 326650. MEXICO: Mexico City: 

Industrias Digitales. (905) 524-5132. 

PHILIPPINES: San Juan. Metro Manila: Integrated 

Computer Systems. Inc .. 78-40-71 . SPAIN: 

Barcelona: Interface S.A., (93) 301 7851 . 

SWEDEN: Stockholm: Werner Eleklronik. (0) 

8717-62-88. UNITED KINGDOM: Huntingdon. 

England: Comart , Ltd .. (0480) 74356. 

VENEZUELA: Los Ruices, Caracas: Componentes 

Y Circuitos Electronicos TILCA. 355591 . 
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Sol:The small computer that won't 

fence you in. 


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

Well, the game part is true. 
The rest of the claims should be 
taken with a grain of salt. Only 
a few personal computers have the 
capacity to grow and handle 
meaningful work in a very real 
sense. And they don't come 
for peanuts. 

Remember, there's no 
free lunch. 

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

Sol small computers are at the 
very top of the microcomputer 

spectrum. They stand up to the 
capabilities of mini systems 
costing four times as much. 

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

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

Build computer power 
with our software. 

At Processor Technology we've 
tai lored a group of high-level 
languages, an assembler and other 
packages to suit the wide 
capabilities of our hardware. 

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

Processor Technology FORTRA 
is similar to FORTRAN IV and 

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

Our PILOT is an excellent text 
oriented language for teachers. 

Sold and serviced only by the 
best dealers. 

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

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

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





DYNABYTE COMPUTERS 

ARE ALL BUSINESS 

INSIDE AND out 


When we designed our new small 
business computers, we meant busi­
ness. 

As basic as that seems, it is unique. 
Just about every other microcomputer 
being sold as a small business system 
today was originally designed as a kit 
for hobbyists. 

Every design decision was made 
with quality and reliability in mind. The 
result is dependable performance and a 
solid appearance for business, profes­
sional and scientific applications. 

FIRST SMALL SYSTEM WITH 
BIG SYSTEM STORAGE 

Many applications handle large 
quantities of information, so the DB8/2 
uses two quad density 5-inch disk 
drives with our exclusive Dual Density 
Disk Controller for up to 1.2 megabytes 
of formatted storage. That's more 
capacity than two single density 8-inch 
drives. 

If you need more storage, our 
DB8/4 has two 8-inch drives with up to 
2 megabytes capacity, more than any 
other dual floppy disk system on the 
market. 

OUR SOFTWARE IS 
BIG OM BUSINESS 

Dynabyte helps you get down to 
business immediately. The DB8/2 is the 
first microcomputer to offer enough 
storage capacity on 5-inch drives to 
fully utilize CP/M, * the most widely 
accepted disk operating system. We 
also supply and support BASIC, FOR­
• CP/M is • O"adcmark of [);gital Rcs=h. 

TRAN and COBOL programming lan­
guages. Our applications packages in­
clude general ledger, accounts receiv­
able, word processing and many other 
CP/M compatible programs. 

Reliability is a big consideration in 
buying a business computer, so we built 
it in. Our edge connectors meet military 
specifications, the toughest electronics 
manufacturing standard. Our regulated 
power supply is designed to meet U.L. 
standards, which means the entire sys­
tem runs cool and dependable. And our 
cast aluminum enclosures are rugged as 
well as attractive . 

AND THE BIGGEST 
THING OF ALL 

Customer support. Our support 
starts at the factory with testing and 
bum-in programs that assure the entire 
integrated system is reliable prior to 
shipment. Our completely modular de­
sign allows continuing support in the 
field. We maintain a bonded inventory 
of all sub-system modules which means 
we can deliver replacement sub­
assemblies overnight nearly anywhere 
in the continental U.S. 

Dynabyte built in little things, too. 
Like a fully-populated I2-slot 
backplane, switched AC outlets for ac­
cessories, an option for European 
power, quiet whisper fans with long-life 
metal construction, lighted indicator 
sw itches for Power On and Halt, a 
shielded enclosure to protect disk drives 
from electro-mechanical interference , 
and a fully enclosed power sup(Jly for 

operator safety. 
Since we didn ' t cut comers in de­

sign, the price/performance ratios of 
our systems make good business sense. 

THE INSIDE FAas 
The DB8/2 Computer System in­

cludes two 5-inch disk drives either 
single or double sided for up to 1 . 2 
megabytes of mass storage; a 4MHz 
Z-80 processing module with one 
parallel and two serial ports , an 
EPROM programmer and up to 4k 
ROM; 32k of RAM , a 12-slot fully­
populated backplane; our exclusive 
Dual Density Disk Controller, and 
CP/M. 

The DB8/ l Computer includes a 
4MHz Z-80 processor with one parallel 
and two serial l/O ports , an EPROM 
programmer and up to 4k of ROM; 32k 
RAM , and a 12-slot fully-populated 
backplane. 

The DB8/4 Disk System, designed 
to be the mass storage companion to the 
DB8/I, includes two 8-inch floppy disk 
drives in either single or double sided 
configuration for up to 2 megabytes of 
mass storage, our Dual Density Disk 
Controller, and CP/M. 

All three units will be available in 
rack mount models . 

For a descriptive brochure and 
price list, call or write Dynabyte , 1005 
Elwell Court, Palo Alto, CA 94303. 
Phone (415) 965-1010. 

Or better yet , see your local dealer. 

DllllllBll11E 

YOU CAN DEPEND ON IT. 
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Terry Ritter 
Joel Boney 
Motorola Inc 
3501 Ed Bluestein Blvd 
Austin TX 78721 

The 6809 


Part 1: Design Philosophy 

Photo 7: Systems architects Ritter (right} and Boney review some of the 
6809 design documents. This work results in a complete description of the 
desired part in a 200 page design specification. The specification is then used 
by logic designers to develop flowcharts of internal operations on a cycle by 
cycle basis. 

This is a story. It is a story of computers 
in general, specifically microcomputer·s, and 
of one particular mic roprocessor - with 
revolutionary social ch ange lurkin g in the 
background. The story could well be imagi­
nary, but it happens to be true. In this 3 part 
series we wil l describe the design of what 
we fee l is the best 8 bit machine so far made 
by human: the Motorola M6809. 

Philosophy 

A new day is breaking; after a long slow 
twilight of design the sun is beginning to 
rise on the micrnprocessor revolution. 
For the first time we have mass production 
computers; expensive, custom, cottage 
industry designs take on less importance. 

Microprocessors are real computers. The 
first and second generation devices are not 
very sophisticated as processors go, but 
they are general-purpose logic machines. 
Any microprocessor can eventually be 
made to solve the same problems as any 
large scale computer, although th is may 
be an easier or harder task depending on 
the microprocessor. (Naturally, some jobs 
require doing processing fast, in real time. 
We are not discussing those right now. We 
are discussing getting a big job done some­
time.) Wh at differentiates the classes is a 
hierarchy of technology, size, performance, 
and, curiously, philosophy of use. 

A processor of given capability has a 
fixed general complexity in terms of digital 
logic elements. Consider the computers 
that were built using the first so lid state 
technology. In short, they consisted of many 
thousands of individual transistors and other 
parts on hundreds of different printed cir­
cuit cards using thousands of connections 
and miles of connecting wire. A big comp u­
ter was a big project and a very big expense. 
This simple econom ic fact fossil ized a whole 
generation of tech nology in to the "big 
computer philosophy." 

Because the big computer was so expen ­
sive, time on the computer was regarded as 
a limited and therefore valuable resource. 
Certainly the time was valuable to re­
searchers who could now look more deeply 
into their equations than ever before . Com­
puter time was valuable to busi ness people 
who became at least marginally capable of 
analyzing the performance of an unwieldy 
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Photo 2: 6809 logic design. Design engineer Wayne Harrington inspects a portion of 6809's processor logic blueprint at the Mo­
torola Austin plant. The print is colored by systems engineers to partition the logic for the logic-equivalent TTL "breadboard." 

bureaucratic organization. And the compu­
ter makers clearl y thought that processor 
time was valu able too; it was a severely 
limited resource, worth as much as the mar­
ket would bear. 

Processor time was a limited resource. 
But some of us, a few smal l groups of 
technologists, are abou t to change that situa­
tion. And we hope we will also change how 
people look at computers, and how pro­
fessionals see them too. Computer time 
should be cheap; people time is 70 years 
and counting dow n. 

The large computer, being a very expen­
sive resource, qu ickly justified the capi tal 
required to investigate optimum use of th at 
resource . Among the principal results of 
these projects was the development of 
batch mode multiprocessing. The com puter 
itself wou ld save up the various tasks it had 
to do, then change from one to the other at 
computer speeds. This minimized the 
wasted time between jobs and spawned the 
concept of an operating system. 

People were in the position of wait ing for 
the computer, not because they were less 

important Lh an Lhe machine, but precisely 
because it was a limited resource {the 
prob lems it so lved were no t) . 

Electro ni cs know-how conti nued to de­
velop, prod ucing second ge neration solid 
state tech nology: fam ili es of di gital logic 
integrated circ uits replaced discrete transis­
tor designs . This new technology was ex­
ploited in two main thrusts: big computers 
cou ld be made conceptua ll y bigger (or 
faster, or better) for the same expense, or 

About the Authors 

Joel Boney and Terry Ritter are with the Motorola 6800 Micro­
processor Design Group in Austin TX. Joel is responsible for the 
software Input into the design of the 6800 family processors and 
peripheral parts and was a co-architect of the M6809. Terry Ritter is 
a microcomponent architect, responsible for specification of the 6809 
advanced microprocessor. While with Motorola, Terry has been co· 
architect of the 6809, and co-architect as well of the 6847 and 68047 
video display generator integrated circuits. He holds a 85£5 from the 
University of Texas at A ustln and j oel Boney has a 85£ from the 
University ofSouth Florida. 
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The other major device 
needed for home compu­

ters - the video disp lay 
generator color TV 

interface - is presently in 
volume production . Sev­

eral versions are ava ilab le, 
many derived from the 

original Motoro la archi­
tecture . 

. / ,'. 
I 
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computers could be made physical ly smaller 
and less expensive. These new, smaller 
computers (min icomputers) fi lled market 
segments wh ich could afford a sizable but 
not huge investment in both eq uipment and 
expertise. Laboratories could use them, for 
example. But most peop le, including sc ien­
tists and engineers, stil l used on ly the very 
large central machines. Rarely were min i­
computers placed in schools; few computer 
science or electrica l engineer ing departments 
(who might have been at the lead ing edge of 
new ge neration technology) used them for 
general instruction. 

And so the semiconductor technologists 
began a third generat ion tech nology: the 
ability to put al l the logic elements required 
to bu il d a complete computer on a single 
chip of silico n. The question then became, 
"How do we use this new technology (to 
make mo ney)?" 

The sem iconductor producer's problem 
with th ird generation technology was that an 
unbe lievab ly large development expense was 
(and is) required to produce just one large 
scale integration (LS I) chip. The best road 
to profit was unclear; for a while, customer 
interconnection of gate array integrated 
circuits was tried, then dropped. Complete 
custom designs were (and are) found to be 
profitable on ly in very large volumes. 

Another road to profit was to produce a 

111 

1. 


few programmable large scale integration 
devices which could satisfy the market needs 
(in terms of large quantities of different sys­
tems) and the factory's needs (in terms of 
volume production of exactly the same 
device). Natural ly, the general-purpose com­
puter was seen as a possible answer. 

So what was the market fo r a genera l­
purpose computer? The first thought was to 
enter the old second generation markets; 
ie: replacement of the complex logic of 
small or medium scale integration. Control 
systems, instruments and special designs 
could all use a similar processor, but the 
designer was the key. Designers (or design 
managers) had to be converted from their 
heavy first and second gener·ation logic 
design backgrounds to the new third genera­
tion technology . In so do ing, some early 
marketing strategists overlooked the principal 
microprocessor markets . 

Random logic replacement was by no 
means a quick and sufficient market for 
microprocessors. In particular, the design­
in cycle was quite long, users were often 
unsophisticated in their uses of computers, 
and the unit volume was somewhat small. 
Only when microprocessors entered high 
volume markets (hobby, games, etc) did 
the manufacturers begin to make money and 
thus provide a credible reason (and funds) 
for designing future microprocessors. Natu­
ral ly, the users who wanted more features 
were surprised that it was taking so long to 
get new designs - they !mew what was 
needed . 

Thus semiconductor makers began to 
realize that their market was more oriented 
to hobby app lications than to logic re place­
men t, and was more genera lized than they 
had thought. But even the hobby market 
was saturable . 

Meanwhi le companies continued to im­
prove production and reduce costs, and 
competition drove prices into the ground. 
Where co uld they se ll enough computers 
for rea l volume production, they wondered. 
One answer was the personal computer! 

Design of Large Scale Integration Parts 

The design of a comp lex large scale 
integration (LSI) part may be conveniently 
broken into three phases: the architectural 
design, the logic and circuit design/architec­
tura l review, and the layout software and 
hardware (breadboard) simulations. Each 
phase has its own requirements. 

Photo 3: 6809 emulator board. Software and systems engineers implement a The arch itect/systems designers represent 
functional equivalent of the 6809 as a 6800 program. A 6800 to 6809 cross the use of the device, the needs of the mar­
assembler allows 6809 programs to be assembled and then executed as a ketplace and the future needs of all cus­
check of the architectural design. tomers. They propose what a specific cus­
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A Beautiful 

Way To Interfaee 




Photo 4: Circuit design. 
Detailed computer simu­
lations of the circuit under 
design yield predictions of 
on chip waveforms. Tulley 
Peters and Bryant Wilder 
decide to enhance a parti­
cular critical transistor. 

tamer should have that cou ld also be used 
by other customers, possibly in different 
ways. They advocate what the customers 
wil l really want, even if no customers can 
be identified who know that they will 
want it, that it is possible or that it is inex­
pe nsive. The attitude that "I know what is 
best for you" may be irritating to most 
people, but it is necessary in order to make 
maximum use of a limited resource (in this 
case, a single LSI design). The architect 
eventually generates the design specifica­
tion used in subsequent phases of the design. 

Logic design consists of the production of 
a cycle by cycle flowchart and the derivation 
of the equations and logic circuitry necessary 
to implement the specified design . This is a 
job of immense complexity and detail, but 
it is absolutely crucial to the entire project. 
Throughout this phase, the specification 
may be iterated toward a local optimum of 
maximum features at minimum logic (and 
thus, cost). The architectural design con­
tinues, and techniques are developed to 
cross-check on the logical correctness of the 
architecture. 

The third phase is the most hectic in 
terms of demands and involvement. By this 
time, many people know what the product 
is and see the resu lting part merely as the 
turning of an implementation "crank ." 
It seems to those who are not involved in 
this phase that more effort could cause that 
crank to turn faster. Since the product could 
be sold immediately, delay is seen as a real 

loss of income. In actual practice, more 
effort will sometimes "break the crank." 

A medium scale integration logic imple­
mentation (usually transistor-transistor logic, 
for speed) is required to verify the logic 
design. A processor emulation may require 
ten different boards of 80 medium scale 
integrated circuits each and hundreds of 
board to board interconnections. Each 
board will likely require separate testing, 
and only then will the emulation represent 
the processor to come. Extensive test pro­
grams are required to check out each facet 
of the part, each instruction, and each 
addressing mode. This testing may detect 
logic design errors that will have to be fixed 
at all levels of design. 

Circuit design, in the context of the 
semiconductor industry, depends upon run­
ning computer simulations (which require 
sophisticated device models} of signals at 
various nodes to verify that they wil l meet 
the necessary speed requirement. Transis­
tors are sized and polysilicon lines changed 
to provide reliable worst case operation. 

Layout is the actual task of arranging 
transistors and interconnections to imple­
ment the logic diagram. Circuit design results 
will indicate appropriate transistor sizes and 
po!ysilicon widths; these must now be 
arranged for minimum area. Every attempt 
is made to make general logic "cells" which 
can be used in many places across the inte­
grated circuit, but area minimization is the 
principal concern. 
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The 
C3-SI 

by Ohio Scientific 

Possibly the world's 
most popular 

floppy disk based 
microcomputer. 

Since its introduction 1n August, 1977, the Challenger lll ~
gained tremendous acceptance in smal l business, educational 
and industr ial development applications. Thousands of C3·S1 's 
have been delivered and today hundreds of C3-S1 demonstrator 
urnts are set up at computer retai lers around the country. 

Why t1as the Challenger 111 become so successfu l in the fierce ly 
competitive microcomputer industry? Here are jus a few of 
the possible reasons. 

The Chal lenger Il l is the fas test microcomputer in BASIC 
(see "BASIC Tim ing Comparisons," Kilobaud, October, 1977, 
where Ohio Scien tific out benchmarks all compet itors). 

Tl1e Challenger Il l is !11e on ly computer system with a 
6502A, 6800 and Z-80 offe ri ng the programmer al l popular 
micros for maximum versatility. 

The C3 is backed by the largest base of systems level 
sof tware for any microcomputer system including : 

For the 6502A 
Microsoft 6 and 9 Digit BASIC 
Assembler Editor 
Word Processo r 
OS-65D Deve lopment DOS 
OS·65U End User DOS with Extended BASIC 

For Floppys 
Winches ter Hard Disks 
Mu lti-users (Level 2) 
Dis ributed Processing (Level 3) 

For the 6800 

Floppy DOS 

Assembler Editor 


For the Z-80: 

Floppy DOS 

Microsoft Disk Extended BASIC 

Microsoft FORTRAN 

Mic rosoft COBOL 

Macro Assembler and Editor 

And Much More 


The C3 suppo rt s OS-65U. the ultra high perfo mance 
"virtual da a memory" DOS for floppys and hard disks which 
makes complex file stru ctures like multi -key ISAM easy to use 

The C3 is backed by a large library of applications programs 

Circle 290 on inquiry card . 

and can make use of the tremendous amount of BAS IC 
programs offered by independen· suppliers and publishers 
because it uses Microsoft BASIC, the standard of the indust ry. 
Comp lete turnkey and custom business packages are 
ava ilable for the C3 from most OHIO SCIENTIF IC DEALERS. 

The C3 electronics and software are available 1n alternate 
mecr1anical configurations for special applications including 
the C3-0EM or volume users and the C3 letter series (C3A 
C3·B) which are optimized for use wi th hard disks . 

C3 sys tems are always delivered ready to use with 32K 
sta tic RAM , dual floppys for SOOK by tes of on-line storage and 
an RS-232 port strappable from 75 to 19,200 baud all standard 
in the minimum configuration . 

C3 systems offer the greatest expansion capabili ty in the 
microcomputer indus try . The C3 series supports OH IO 
SCIENTIFIC'S fu ll line of over 40 expansion accessories. The 
maximum configuration is 768K bytes RAM, rour 74 mil lion 
byte Winchester hard disks (CD-74), 16 commun ica tions por ts. 
real tim e clock, line prin ter, Wo rd Processing pr in ter and 
numerous cont rol interfaces. 

C3 systems have phenomenal performance-to-cost rat ios. 
The C3·S1 base price with 32K RAM, dua l floppys, RS-232 purl 
complete with BK BASIC and DOS is under $3600 and expan· 
sion accessories are comparably priced. For example, t11e 
CD· 7 4, 7 4 million byte Winchester disk complete with interface 
and OS·65U opera ting system at about $6000. 

The C3 series is quite possibly so successfu l because ii offers 
the highest hardware performance , best software suppo rt, 
mos t versatility and greatest expandability in the micro· 
computer systems market at nearly the lowest price in the 
industry. 

For more information, contac your local OHIO SCIENTIFIC 
DEALER or the factory at (216) 562·3101 . 

1333 S. Chillicothe Road• Aurora, Ohio 44202 
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The layout for the chip eventuall y exists 
only as a computer data base. Each cel l is 
individually digitized into the computer, 
where it can be arb itrarily positioned, 
modified or replicated as desired. Large 
2 by 3 m (6.5 by 10 feet) plots of va ri ous 
areas of the ch ip are hand checked to the 
logic diagram by layout and circuit designers 
as fina l checks of the implemented circuit. 

When layout is complete, the co mpute r 
data base that represents the ch ip design is 
sent to the mask shop (the mask is a photo­
graphic stencil of the part used in the 
manufacturing process). Al the mask shop 
precision plotting and photograph ic step 
and repeat techniques are used to produce 
glass plates for each mask layer. Each mask 
covers an entire wafer with etched nickel 
or chrome layouts at real chip size. (A 
typical LS I device will be between 5 by 5 
and 7.5 by 7.5 mm (0.2 by 0.2 and 0.3 by 
0.3 inches). These masks are used to expose 
photosensitive etch resist that wil l protect 
some areas of the wafer from the chemical 
processes which selectively add the impuri ­
ties that create transistors. 

Actual processing steps are quite sim ilar 
for each part. But the processing itself is a 
va ri ab le, and it will not be known until 
final testing exactly how many parts wil I 
turn out to be saleable. Therefore, a best 
estimate is taken, and the required number 

Photo 5: Checking the flowcharts. Logic and circuit designer Bryant Wilder 
compares the specification to one of the flowcharts. The flowcharts are used 
to develop Boolean equations for the required logic; those equations are then 
used to generate a logic diagram. 
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of wafers (of a particu lar device) is started 
and processed. The whole industry revolves 
around highly trained prod uction engineers, 
chemists and others wh o process wafers to 
highl y secret recipes. Some recipes work, 
some don't. You fi nd out which ones do by 
testing. 

Each die (ie: individual large scale inte­
gration circui t) is tested while still on the 
wafe r; fai ling dev ices are marked with a 
blob of ink. The wafer is sawed into individ­
ual di es and the good devices pl aced into a 
plastic or ceram ic package base . The con ­
nect ion pads are "die bonded" to the 
exposed internal lead frame with very tiny 
wire. The package is th en sealed and tested 
again . 

Testing a device having only 40 pins 
but which has up to 40,000 internal transis­
tors is no mean trick nor a minor expense. 
Furthermore, the device must execute all 
opera tions properly at the worst case system 
conditions (which may be high or low 
extremes of temperature, voltage and load­
ing) and work with other devices on a com­
mon bus. Thus, the device is not specified 
to its own maximum operating speed, but 
rather the speed of a worst case system. 
Motorola microprocessors can usuall y be 
made to run much faster (and much slower) 
than their guaranteed worst case 
specifications. 

Project Goals 

The 6809 project started life with a 
number of (mostly unfo rm alized) goals. The 
principal pub lic goal was to upgrade the 
6800 processor to be definitely superior to 
the 8 bit competition. (The Motorol a 
68000 project will address the 16 bit mar­
ket with what we bel ieve will be another 
super ior processor.) Many people, including 
many customers, fe lt that all that had to be 
done was to add anoth er index register (Y), 
a few supporting instructions (L DY , STY) 
and cor rect some of the past om issions 
(PSHX, PULX, PSHY, PULY) . Since this 
would mean a rather complete redesign any­
way, it made little sense to stop there. 

A more philosophical goal - thu s one 
much less useful in discussions with en­
gineers and managers (who had their own 
opinions of what the project should be) 
- was to min imi ze software costs. This led 
to an ex tensive, and thus hard to explain, 
sequence of logic that went somewhat like 
thi s: 

Q: How do we reduce software costs? 
A: 1. Wri te code in a block structured 

high level language. 



Double Capacity 

The DOUOLER - Micromotion's latest advance in floppy disk 

technology - doubles the capacity of floppy disk systems. 

Over 500 KOytes ore recorded on each side of on 8" disk. 

This means bigger files for more powerful systems. 


Double Speed 

Doto transfer with the DOUOLER is twice os fast - 500 Kbits 

per second . And since there is twice as much doro on each 

track, your drive steps only half as much - so your system 

runs foster than it ever hos beforet 


Increased Reliability 

That's right - even better reliability. Why? Oecouse we did 

it the IOM way. IOM designed 20 formatting - so it hos to 

be reliable. Micromotion's innovative, store-of-the-art de­

sign incorporates w rite precompensorion electronics and a 

phase lock oscillator on a single, all digital . 5-1 00 circuit 

board . So we guarantee the DOUBLER w ill be more de­

pendable than your present single density controller - and 

we worontee the DOUOLER for a full year. 


Unbeatable Convenience 

It couldn' t be easier to step up to double density. The 

DOUOLER operates automatically in either single or double 

density. Just insert a diskette and you' re running properly. You 

con transfer files between single or double density disl~ettes 


without any software or hardware changes - or even oper­

ate w ith one single and one double density diskette. 

Installation is a snap . There's a hardware UART on board 


and the software is all ready to go. An onboord 2708 EPROM 
contains the bootstrap. There's even jump-on-reset circuitry 
so you con operate without a front panel. And . of course. 
we include uti lities to format diskettes. 

Universally Versatile 
The DOUOLER will operate w ith all industry-standard mini 
and full -sized drives. And it will work in any 8080 or Z-80 
5-100 computer operating at 2 to 4 MHz. The DOUOLER w il l 
support up to four double or single headed drives. 

Fully Compatible 
The DOUOLER Is compatible with CP/M* version 1.4. If you 
hove a CP/M* 1 .4 system, just odd our COIOS - or you con 
buy our ready-to-boot version . Install the new controller, 
connect any terminal to the RS-2.32 interface, and boot off 
your new double-sized . double-speed system. You still con 
use all your old software w ithout any changes. 

Completely Affordable 
All Micromation products ore fully assembled, thoroughly 
rested. include complete documentation . and ore priced 
for value: 

DOUBLER double density controller 
MEGABOX dual drive double density system 
ZEPHER ­ Per Sci double density system 
Z-PLUS ­ MEGABOX .32 KZ-80 computer 

$ 495. 
2,295. 
2,595. 
4,295. 

Available 
The DOUOLER is ovoiloble NOW or your local computer store. 

Micromation Inc. 524 Union Street San Francisco California 94133 / 415 398-0289 

•1111"<@iiiri1M~• 

Where there's always more in store. "CP/M Is o uod"<nork of Digl<ol lleseorch . 
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.FLOPPY. DISK SYSTEM 


Forlyou·rSWfP68'CHJ Computer ••' .. , 
PERCOM's™ 

Ready to plug in and run the moment you receive 
it. Nothing else to buy, no extra memory. No 
"booting" with PerCom MINIDOS™, the remark­
able disk operating system on EPROM. Expand­
able to either two or three drives. Outstanding 
operating, utility and application programs. 

. shipping paid . 
fully assembled and tested 

For more 
information 

see your local 
PerCom dealer 

or call 
toll free 

1·800-527·1592 

('1EfUJ[)M r 
PERCOM DATA COMPANY, INC. 
Dept B 318 Barnes Garland, Texas 75042 

(214) 272-3421 
·'-:: 
----~ 
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For the low $599.95 price. you not only get the disk drive, drive power 
supply, SS-50 bus controller/interface card, and MINIDOS'M. you also 
receive : 
• an attractive metal enclosure • a fully assembled and tested inter­
connecting cable • a 70-page instruction manual that includes operat­
ing instructions, schematics, service procedures and a complete list­
ing of MINIDOS'M • technical memo updates - helpful hints which 
supplement the manual instructions • a 90·day limited warranty. 

SOFTWARE FOR THE LFD-400 SYSTEM 

Disk operating and file management systems 


INDEX'M The most advanced disk operating <1nd file management 

system available for the 6800. INterrupt Driven Executive operating 

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

character stream 1/0. Linked-file disk architecture, with automatic file 

creation and allocation for ASCII and binary files, supports sequential 

and semi-random access disk files. Multi-level file name directory 

includes name, extension, version, protection and date. Requires BK 

RAM at $AOOO. Diskette includes numerous utilities .... .. .. $99.95 

MINIDOS-PLUSX An easy-to-use DOS for the small computing sys­

tem. Supports up to 31 named files. Available on ROM or diskette 

complete with source listing ........ ....... . .... ..... .. .. $39.95 


BASIC Interpreters and Compilers 
SUPER BASIC A 10K extended disk BASIC interpreter for the 6800. 
Faster than SWTP BASIC. Handles data files. Programs may be 
prepared using a text editor described below .... .......... $49.95 
BASIC BANDAID'M Turn SWTP SK BASIC into a random access data 
file disk BASIC. Includes many speed improvements, and program 
disk CHAINing .. .. .... .... . . .... . . ...... .. . .. ......... $17.95 
STRUBAL+tM A STRUctured BAsic Language compiler for the pro­
fessional programmer. 14-digit floating point, strings, scientific func­
tions, 2-dimensional arrays. Requires 16K RAM and Linkage Editor 
(see below). Use one of the following text editors to prepare programs. 
Complete with RUN-TIME and FLOATING POINT packages $249.95 

Text Editors and Processors 
EDIT68 Hemenway Associates' powerful disk-based text editor. May 
be used to create programs and data files. Supports MACROS which 
perform complex. repetitive editing functions. Permits text files larger 
than avai lable RAM to be created and edited . . ..... ....... $39.95 
TOUCHUPtM Modifies TSC's Text Editor and Text Processor for Per­
Com disk operation. ROLL function permits text files larger than 
available RAM to be created and edited. Supplied on diskette com­
plete with source listing ....................... .. .... . .. $17.95 

Assemblers 
PerCom 6800 SYMBOLIC ASSEMBLER Specify assembly options 
at time of assembly with this symbolic assembler. Source listing on 
diskette ... .. . .............. ... .. .. . . ... . ............. $29.95 
MACRO-RELOCATING ASSEMBLER Hemenway Associates' 
assembler for the programming professional. Generates relocatable 
linking object code. Supports MACROS. Permits conditional 
assembly .. . ........... . . . .......... . ................. $79.95 
LINKAGE EDITOR - for STRUBAL+ '" and the MACRO-Relocating 
assembler ....... ....... .. .. ..... ... .. . . _ ............. $49.95 
CROSS REFERENCE Uti lity program that produces a cross-
reference listing of an Input source listing file .. .. . ..... . . $29.95 

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

Ordering Information 
To order, call toll free 1-800-527-1592. MC and VISA welcome. COD 
orders require 30% deposit plus 5% handling charge . Allow three 
weeks for delivery. Allow three extra weeks if payment is by personal 
check. Texas residents add 5% sales tax. 

PERCOM 'peripherals for personal computing' 
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·Trademark of Tandy Corporation. 

Dual and triple drives 
also available. 

only 
$399~ 

Requires 16K RAM, 
Level I l BASIC and 
Expansion Interface. 

('1EfUJ()M) .. 
PERCOM DATA COMPANY, INC. 
Dept. B 318 Barnes Garland,Texas 75042 

(214) 272-3421 ' 

To Order Ca/11-800-527-1592 
.::;"· '"'· 
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2. 	Distribute the code in mass pro­
duction read only memories. 

Q: Why aren't many read only memories 
being used now? 

A: 1. The great opportunities for error 
in assembly language allow many 
mistakes which incur severe read 
only memory costs. 

2. 	The present architecture is not 
suitab le for read only memories. 

Q: In what way are the second generation 
processors unsuitable? 

A: 	It is very difficult to use a read only 
memory in any other context than 
that for which it was originally de­
veloped. It is hard to use the same 
read only memory on systems built 
by different vendors. Simply having 
different input and output (10) or 
using a different memory location is 
usually enough to make the read only 
memory product useless . 

Q: What is needed? 
A: 1. Position independent code. 

2. 	 Temporary variables on the stack. 
3. 	Indirect operations through the 

stack for input and output. 
4. 	Absolute indirect operations for 

system branch tables. 

And so it went. How could we make a device 
that would answer the software problems of 
two generations of processors? How, indeed! 

Design Decisions 

Usually an engineering project may be 
pursued in many ways, but only one way at 
a time. The ever present hope is that this one 
time will be the only time necessary. Further­
more, it would be nice to get the project 
over with as soon as possible to get on with 
selling some products. (A rapid return on 
investment is especially important in a time 
of rapid inflation.) To these honorable 
ends certain decisions are made which 
delineate the in vestment and risk undertaken 
in an attempt to achieve a new product. 

The 6809 project was no exceptio n. To 
min imize project risk it was decided that the 
6809 would be built on the same techno­
logical base as the recently completed 6800 
depletion load redesign. ln particular, the 
mach ine would be a random logic computer 
with essentially dynam ic internal operation. 
It would use the reliable 6800 type of 
storage register. Functions would be limited 
to those befitting a producible sized device. 

The 6809 part would have to be com­
patible with the defi ned 6800 bus and 6800 
peripheral s. Th is dec ision wou Id ex tend the 
life of parts already in production and mini­

mize test ing peripheral devices for a partic­
ular processor (6800 versus 6809). Bus 
compatibility doesn't have to mean identity 
- the new device could have considerably 
improved specifications but could not do 
worse than the specifications for the existing 
device. This mandate was a little tricky when 
you consider that we were dealing with a 
more complex device using exactly the same 
technology, but there was a slight edge : the 
advancing very large scale integration (VLSI) 
learning curve. 

One wide range decision was that the new 
device would be an improved 6800 part. The 
widely known 6800 architecture would be 
iterated and improved, but no radical 
departure would be considered. In fact, the 
new device should be code compatible with 
the 6800 at some level. 

Compatibility was the basis for the 6809 
architectural design . It implied that the 
6809 could capitalize on the extensive 
fa mil iarity with the 6800. 6800 program­
mers could be programming for the 6809 
almost immediately and could learn and use 
new addressing modes and features as they 
were needed. Th is decision also ended any 
consideration of a radically new architecture 
for the machine before it was begun. 

A corporation selling into a given market 
is necessarily lim ited to moderate innovation . 
Any vast product change requires reeduca­
tion of both the internal marketing organiza­
tion and the customer base before mass sales 
can proceed. Consequently, designers have 
to restrict their creativity to conform to the 
market desires. The amount of change 
actually implemented, produced and seen by 
socie ty is the true meaning of a computer 
"generation." In the end, society itself 
defi nes the limits of a new generation, and 
a design years ahead of its time may well 
fail in the marketplace. 

M6800 Data Analysis 

Once the in itia l philosophical and market­
ing trade-offs were made , construction of 
the final form of the M6809 began . By this 
time a large number of M6800 programs had 
been written by both Motorola and our 
customers, so it was felt that a good place to 
start design of the 6809 was to analyze large 
amounts of existing 6800 source code. Sur­
prisingly, the data gathered about 6800 
usage of instructions and addressing modes 
agreed substantially with similar data pre­
viously comp iled for minicomputers and 
maxicomputers. By far the most common 
instructions were the loads and stores, wh ich 
accou nted for over 38 percent of all 6800 
instructions. Next were the subroutine calls 
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SUPER-SORTe 
The ultimate in high performance 


sort/merge 

Specifications 
D High Performance Tournament/Heapsort Algorithm 
D Multiple Input Files Read in Parallel for True Merge 

Operation. Up to 32 Sort and 32 Merge Input Files Handled. 
D Dynamically Invokable User Exit Routines 
D Record Selection via SELECT/EXCLUDE Statements 
D Handles Fixed and Variable Length Records 
D Handles Fixed and Variable Length Fields 
D Handles up to 32 Sort Keys with Intermixed Sequence 

Indicators, Data Types and Alternate Collating Sequences 
D Handles Mult i-Volume Diskette Files 
D Compatible with CP/M* and any Derivative Including 

ADOS, IMDOS, CDOS, etc . 
0 8080/8085/Z-80 Compatible 
D Spec ialized Optimizations for Floppy Disk Environment 
D Keyword Command Input for Easy Operator Entry 
D Benchmarked at Over 560 Records per Minute! 
D Invokable as a Subroutine from FORTRAN, COBOL 

and Assembler 
D Furn ished in Relocatable and Executable Form for 

Easy Load-Address Def inition 
D Optional TAGSORT Operation 
D Data Types Include ASCII , EBCDIC, Binary, BCD 

(COBOL Packed Decimal), etc. 
D Supports CP/M-compatible Diskette Files under 

BASIC, FORTRAN, COBOL and Assembler. 

Price $250*'* includes manual and single dens itydiskette. 
Manual only $15 refundable with purchase. 

WORD-MASTER0 

The last word in text editing 

Specifications 
DCompatible with any " Dumb" CRT Possessing Ad­

dressable Cursor and Backspace (Includes Hazeltine ­
All Models, SOROC, Lear Siegler, IMSAl-VIOC, ADDS 
Regent, Behive, etc.) 

D Bi-Directional Word Tab, Line Tab, Screen Tab 
D Bi-Directional Word Delete, Line Delete and Character 

Delete 
D Quad-Direct ional Cursor Movements 
D Mid-Line Insert and Delete 
D Automatic RAM/Diskette Buffering W ith No User 

Intervention 
D Nested Command Looping with Conditienal Execution 
D Clobal String Search, Global String Replace 
D Scratch-Pad Buffer for Text Movement, Global 

Replication, and String Command Storage 
DMultiple Input File Merging with User-Controlled 

Insertions for Easy Document Assembly 
D Multiple Output File Control by Section Under User 

Control 
DCompat ible with CP/M and Most of its Derivatives 

Including COOS, IMDOS, etc . 
0 Use TEX"' for Print Formatting Functions 

Price $150*"' includes manual and single density diskette. 
Manual only $9.00 refundable with purchase. 

"CP/M and TEX are Trademarks ot Dialtal Research. 

• • Prices and Specifications sub j<>ct to cha nae witho"t notice. 

© 1978, MlcroPro International Corporation. All rl9htJ reserved, 

Dealer Inquiries Invited: Call (Northern California) (707) 544-2865, (41 5) 398-7062, (209) 44 5-0511 , (408) 279-8980, (916) 485­
7619 (Southern California ) (21 3) 224-1619, (714) 634-2908. Outside Californi a Call Collect (707) 544-2865. Principal offices 
located at 5810 Commerce Blvd., Rohnert Park, CA 94928 



Instruction Class Percent Usage 

Loads 23.4 
Stores 15.3 
Subroutine calls and returns 13.0 
Conditional branches 11 .0 
Unconditional branches and jumps 6.5 
Compares and tests 6.2 
Increments and decrements 6.1 
Clear 4.4 
Adds and subtracts 2.8 
All others 11.3 

Table 7: 6800 instruction types based on 
static analysis o f 25, 000 lines o f 6800 source 
code. In static analysis the actual number of 
occurrences of each instruction is tallied 
from program listings. In the alternate 
technique, called dy namic analysis, the 
number o f occurrences o( an instruction is 
taf//ed while the program is running. An 
instruction inside a program loop would 
therefore be counted more than once. 

and returns wi th 13 percent, cond itional 
branches wi th ·1 ·1 percent and uncond itional 
jumps and branches with 6.5 pe rcent (see 
table ·1). Nei th er the ar ithmetic nor logica l 
instructions had a~ high a usage as might 
have been expected. Clearly then, enhance­
ments tha t wou ld improve the ut ility and 
power of the data movements (such as load 
and stores) would yield the largest retu rn on 
investment, fo ll owed by improvemen ts to 
subroutine linkage and parameter pa sing. 

Furth er analysis indicated that the num­
ber of load and store index register instruc­
tions (16 bits) was too large to be attribu­
table so lely to index register manipula tion 
or even to the lack of a second index register. 
This information, combined with a rela­
tively high ratio be tween st raight adds or 
subtracts and adds with carry and sub­
tracts with borrow, ind icated that quite a 
few simp le 16 bi t operations were being 
performed on ex isti ng 6800s. 

It was therefore fe lt the M6809 must up­
port the most co mmon 16 bit operation on 
the accumula tors ;111d index registe rs. 

Perhaps the most interesti ng data was 
that which pertai ned Lo addressing modes. 
The six major 6800 ddressing modes 

Table 2: Size of offsets 
used in 6800 indexed ad­
dressing, based on static 
analysis of 25,000 lines 
of6800 source code. 

Index Offset Percent Usage 

0 40.0 
1- 31 53.0 


32- 63 1.0 

64-255 6.0 


(Direct, Ex tended, Immediate, I11dexed, 
Relative, Accu mulator) had near ly equal 
usage, wh ich indicated that progra mmers 
ac tuall y took advan tage of the by tes to be 
saved by direc t (page zero) addressing and 
indexed ad drcssi ng. Furthermore the off­
se ts fo r indexed instructions showed that 
93 percent of the offsets were either 0 or 
less than 32 (sec table 2) . 

This infor mation was used to greatly 
expand the addressi ng modes (as dis u scd 
later) wi thout making the 6800 programs 
requ ire more code when converted to run 
on the 6809. Also the number of increment 
or decrement index register instructions in 
loops indica ted tha t autoincremenLing and 
autodecrementing woul d be beneficial. 
Autodecrementing and autoi ncrement ing arc 
sim ilar to indexi ng except the index register 
used is decremented before, or incremented 
after, the add ressi ng operation take place . 

As all programmers and even Mchitects 
like ourse lves eventually learn , consistent 
and uni fo rm instruction sets arc used more 
effectively than instruction sets tha t treat 
similar resources (10, registers or da ta) in 
dissimilar ways. For exam ple, the lcc1st 
used instructions on the 6800 were those 
th at dealt wi th the A accumu lator in specific 
ways that did no t apply to the B accumulator· 
(eg : ABA : add B to A, CBA : co mpare B to 

A) . It 's no t that these instructions cll'C not 
usefu l, it 's just that program mers will not 
use inco nsistent instructions or .iddressing 
modes. Consistency became the battle cry 
of the M6809 designers! 

Customer Inpu ts 

AL the completion of th e 6800 ,111alysis 
stage, the first pre liminary design specifica­
tio n for the 6809 was generated . Thi pre­
limi nary speci fication was then taken to 
abo ut 30 customers who re presented c1 
cross section of cu r-re nt 6800 users, as wel l 
as some custo mers and consultants known 
to be hostile to the 6800. With these cus­
tomer visits we hoped to resolve two majo r· 
ques tions about the 6809's architectu r·e : 

1) Wh ich arch itecture was more desirable, 
8 bit or 16 bi t? 

2) Did 6809 compa tibi lity with the 6800 
need to occur at the object level or at 
the source level? 

Mos t customers fe lt that an 8 bit architec­
tu re was adequate fo r their upcoming ap­
plications, and they did no t wa nt to pay the 
price penalty for 16 bits as long as the 6809 
inc luded the most common 16 bit opera­
tions such as add, subtract, load, t re, wm­
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Star hardware has the reliability 
for day-in , day-out computing. The 
HORIZON is now a serious candidate 
for any small system installation. 

SOFTWARE IS THE KEY 
TO HORIZON MATURITY 
North Star BASIC and DOS have been 
used to develop hundreds of com­
mercial program packages . These 
packages establish that North Star 
software has the completeness and 
convenience necessary for serious 
program development. Because of the 
many independent vendors offering 
software using North Star BASIC and 
DOS, the HORIZON owner now has 
the widest selection of software in the 
microcomputer industry! Software 
available includes: word processing, 
general ledger . accounts payable/ 
receivable , mailing list processing , 
inventory and income tax prepar­
ation. Program development systems 
such as assemblers , debuggers , 
editors , PILOT and FORTRAN are 
also available. 

EXPAND YOUR HORIZON 

The basic HORIZON computer in­
cludes a Z80 microprocessor , 16K 
bytes of RAM memory, an 110 interface 
and one Shugart minifloppy disk drive . 
The HORIZON can be expanded to 60K 

bytes or more of RAM , three disk 

-~ .....~. -CC ·~ 
. . -•,• o · -·~ 

f'\J~r .. S tJ.11 , .• 

"HORIZON .­. -· 
NoRTH * 

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

Ci rcle 285 on inqui ry card . 

North Star Systems 

Go To Work 

More and more , you see the North Star 
HORIZON computer at work: in busi­
ness , research, and education . Its high 
performance qualifies the HORIZON 
for demanding professional applica­
tions. Over 10,000 users during the 
past two years have proven that North 

drives , and three 1/0 inter­
faces. Performance 
can be enhanced by 
the addit ion of the 
North Star hardware 
float ing point board. 
Also, S-1 00 bus pro­
ducts from other 
manufacturers may 
be used to expand 
the HORIZON. 

For more informa­
tion , contact your 
local computer store . 

STAR 
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X INDEX REGISTER 

Y INDEX REGISTER 

U USER STACK PO I NTER 

S HARDWARE STACK POINTER 

PC 

A B 

D 

OP 

POINTER REGISTERS 

PROGRAM COUNTER 

ACCUMULA T ORS 

DIRECT PAGE REGISTER 

CC - CONDIT ION CODE REGISTER 

CARRY - BORROW 

OVERFLOW 

ZERO 

NEGAT IVE 

INTERRUPT REQUEST MASK 

HALF CARRY 

FAST INTERRUPT REQUEST MASK 

ENTIRE STAT E ON STACK 

Figure 7: 6809 programming model. 

pare and 
though, 
processor 
cations. 

multiply. Many were inte rested , 
in Motorola's advanced 16 bit 
(68000) for future 16 bit appli­

From the very inception of the 
6809 project it was a requirement that the 
6809 wou ld be compatible with the 6800. 
Whether this compatibi lity needed to occur 
at the object code level or at the assemb ly 
language (source code) level was a question 
we felt our customers shou ld help us answer. 
Virtually every customer indicated that 
source compatibility was sufficient because 
they would not try to use 6800 read only 
memories in 6809 systems. Most customers 
indicated that they would take adva ntage of 
the 6800 compatibi lity in order to initially 
convert run nin g 6800 programs into runni ng 
6809 programs, and then modify the 6809 
code to take advantage of the 6809's features. 

The decision not to be object code com­
patib le was an easy one for us since it meant 
that we cou ld remap the 6800 op codes in a 
manner guaranteed to produce more byte 
efficient and faster 6809 programs. The re­
mapping of op codes was greatly affected by 

the 6800 data analyses. Some low occurrence 
6800 instructions were combined into con­
sistent 2 byte instructions, allowing th e 
more useful instructions to take fewer bytes 
and execute faster. Also, some 6800 instruc­
tions were eliminated completely in favor of 
2 instruction sequences. These sequences are 
generated automatically by our 6809 as­
sembler when the 6800 mnemonic is re­
cognized . This remapping in favor of more 
often used functions results in 6809 pro­
grams that require only one half lo two 
thirds as much memory as 6800 programs, 
and run faster. 

M6809 Registers 

Wh al, then, are the pertinent features that 
make the 6809 a next generation processor? 
In the fol lowing paragra phs we will attempt 
to highlight the improvements made to the 
6800. The programming model for the 6809 
(figure 1) consists of four 8 bit registers a nd 
five 16 bit registers. 

The A and B accumulators are the same 
as those of the 6800 except that they can 
also be catenated into the A: B pair, cal led 
the D register, for 16 bit operations. 

The condition codes are similar to the 
6800, with the inclusion of two new bits. 
Th e F bit is the interrupt mask bit for the 
new fast interrup t. The fast interrupt (Fl RQ) 
only stacks the program counter and condi­
tion code register when an interrupt occurs. 
The interrupt routine is then responsible for 
stacking any registers it uses. The E bit is set 
when the registers are stacked during inter­
rupts if the entire register set was saved (as 
in nonm askab le and maskable interrupts) 
or cleared if the short register set was saved 
(for a fast interrupt). 

On the 6800, an instruction with direct 
mode (or page zero) add ressing consisted 
of an op code followed by an 8 bit value 
that defined the lower eight bits of an 
address. Th e upper eight bits were always as­
sumed to be zero. Thus, direct addressing 
could only address locations in the lowest 
256 bytes of memory. The 6809 adds 
ver atility to this addressing mode by de­
fining an 8 bit direct page register that de­
fines the upper eight bits of address for all 
direct addressing instructions. This allows 
direct mode addressing to be used through­
out the entire address space of the machine. 
To maintain 6800 compatibility, the direct 
page register is set to 0 on reset. 

Four 16 bit indexable registers are in­
cluded in the 6809. They are the X, Y, U 
and S registers. The X register is the famili ar 
6800 index register, and the S register is the 
hardware stack pointer. The Y register is a 
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Mieroeomputea'S AnPJne? 

SCELBl'S 

8080 


GALAXY 

Z86 

INSTRUCTIONGAME 
HANDBOOK 

SCELBI BYTE PRTht.ER. The ultimate hand· 
book about microcomputers. Edited by the ex· 
perts at SCELBI and BYTE. Over 400 pages or 
solid b11Sic information. Describes what can be 
done with a microcomputer. How micro· 
computers work is treated thoroughly . Intro· 
duces the 6800, 8080 and Z80 CPU chip cap· 
abilities. RAM and ROM memories. AddressiDg 
methods. AJI about building your own micro· 
computer system. Programming for the begin· 
ner. Assembling programs by hand . Monitoring 
programs. Number conveYsions. Design your 
own assembler. Plus much more. A real bargain. 
Jusr $10.95. Check No. 08 on order coupon. 

HARDCORE SOFTWARE UPDATE. Subscribe 
to this brand new publication. It's published 
with you in mind - the user of small computer 
systems. You 11 get six !dea·packed issues per 
year. pontents include: Game programs you 
can US<!. Improvements for machine language 
programs. Coverage of high -level data base 
management system. Valuable tipa on getting 
the most out of your system. And much 
more! The kind or info you just can't get from 
tbe magazines. How much are idea• worth? II 
they help you to maximize your system they 
can pay off really big. Hardcore Software 
Update is a good idea. It costs Ql\IY $10 per 
ycsr You can't beat that. Send in your sub­
acription now! Check No. 10 on order coupon. 

LEARN MICRO-COMPUTERS. A new multi· 
media Information package. includes text 
(UNDERsrANDING MICROCOMPUTERS) 
plus h lgh-quallty cassette. For the beginner just 
starting in microcomputers. Covers all the 
busies, quickly, easily and enjoyably. All the 
fundamentals behind I.he operation or virtually 
every microcomputer. Clear. Concise. Tells 
what to look for in buying a microcomputer. 
Companion tape includes chapter-by-chapter 
synopsis or the book. Key review questions. Re­
rerences to page numbers for further review. A 
~treat new idea for self study . ONLY $14.95. 
Check No. 06 on the order coupon. 

UNDERSTANDING MICROCOMPUTERS. Ac· 
cepted 118 the standard for the neophyte. 
300-page no-nonsense easy-reading text. In· 
eludes oimple·to·use glossary oC key micro· 
computer words. Gives extra knowledge for 
reeding and understanding computer magazines 
and manufacturer's literature. Contents in· 
cl udes instructions for microcomputers. Ma· 
chine langu.age programming. High level Ian· 
guage. Input/output devices. System con· 
!!iderations. Dluslrat.es basic inatructions 
from almost, every class of microprocessor. 
Gives an introduction to BASIC. JUST $9.95. 
Check No. 07 on tl1e order coupon. 
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TAKE MY COMPUTER .. . PLEASE! An 
uproariously funny full length book about the 
true·to·life misadventures of the author (Steve 
Ciarcia) and his computer's inability to co­
operate. Page after page or nonsense, jollies and 
even illustrations to bring the stories to life. 
Read his attempt to beat the Jai·Alai system. 
Or, how he attempts a stock market killing but 
logs the WJ:Ong info into his broker's computer. 
What happens when Steve sets up a computer­
ized speed tup? Hardcover. JUsr $5.95. Check 
No. 09 on the order coupon. 

PIMS - PERSONAL INFORMATION MAN· 
AGEMENT SYSTEM. Unleoilh the power of a 
microcomputer for your personal bruiefit. Use 
this data·bw;e management .system WI an alterna· 
ti•e to programming. All in one neaUy bound 
volume: The microcomputer and its potential 
for personal use. Ways in which your micro­
computer can be helpCul in everyday life and 
serving basic personal needs. PIMS program 
listing and flowchart. 15 ssmple ways in which 
PIMS can work to your personal advantage. 
Written in BASIC language. Ready to use! 
ONLY $9.95. Check No. 05 on order coupon. 

SCELBI'S 8080 GALAXY GAME. Here's your 
chance to match wits against the logic of your 
8080. Search and destroy a random number of 
alien ships, But don't run out of time, out o( 
fuel, out of ammunition or out or the galaxy. 
Plan your missions through 64 quadrants sub· 
divided inLo 64 sector1. Listing uses manu· 
Cacturer's recommended mnemonics. Manual in· 
eludes assembled source listing in hexadecimal 
notation . Octal dump also provided. Reaides in 
just 4K or memory. Includes flow charts, illus­
trations and lots more. ONLY $9.95. Check 
No. 04 on tho order coupon. 

Z80 INSTRUCTION HANDBOOK. Your com· 
plete guide to the powerful ZSO inst.ruction set. 
This bandy, compact reference providea a clear 
explanation. It's an ever ready inatant reference 
that can be carried in your pocket . Eltplaina the 
instruction set in meticulous detail . Industry 
standard mnemonics are used throughout. 
Machine codes are presented in both octal and 
hex.adecim81 format. A convenient inde:r. lists 
all instructions alphabetically along with 
machine codes and timing information. A 
practical guide for the novice, intermedla~ or 
advancid programmer. ONLY $4 .95. Check 
No. OS on the order coupon. 

SCELBl'S SOFTWARE GOURMET GUIDES 
AND COOKBOOKS. For the 8080 or 6800. 
Now you can cook up mouthwatering program&. 
Delectable "how to" facts include 8080 or 
6800 instruction sets. How to manipulate 
lltacks. Flow charts. Source Ii.tings. General 
purpose routines for multiple precision opera· 
tion. Programming time delays for real time. 
And much, much more . Includes floating11olnt 
arithmetic routines. ONLY $10.95. Check No. 
01 on the order coupon for the 8080 Cook· 
book. Check No. 02 for the 6800.Cookbook. 

See these publlcatioll8 at your favorite com­
puter/eJectroniea dealer, or order direct. 

IMPORTANT ORDERING INFOI Include 764 
postage/handling tor each item to be delivered 
by U .S. Mail book rate, or $2 for each Item to 
be lllipped via First Cius or UPS. Hudcore 
Software Update aub1Crlptlon lncludea posta1e-; 
extra payment u not neceuary. Prices shown 
are for North American customers. Muter 
Charge, VISA, Postal and Bank Money Orders 
preferred. Personal checks delay llllpping up to 
4 weeks. 
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Nonindirect 

Type Forms Source Post Byte 

Constant no offset ,R 1RR00100 
offset from R 5 bit offset n,R ORRnnnnn 

8 bit offset n,R 1RR01000 
16 bit offset n,R 1RR01001 

Accumulator A register offset A ,R 1RR00110 
offset from R B register offset B,R 1 RR00101 

D register offset D,R 1 RA01011 

Autoincrementl increment by 1 ,R+ 1RROOOOO 
- decrement R increment by 2 ,R++ 1 RR00001 

decrement by 1 ,-R 1RR00010 
decrement by 2 ,--R 1RR00011 

Constant offset B bit offset n, PCR 1XX01100 
from program 16 bit offset n, PCR 1XX01101 
counter 

Extended use non indexed 

Indirect 

+ + + + - # Source Post Byte - .... 
TT 

0 0 [.R) 1RR10100 3 0 
1 0 defaults to 8-bit 
1 1 [n,R) 1RR11000 4 1 
4 2 [n,R] 1RR11001 7 2 

1 0 [A,R] 1RR10110 4 0 
1 0 [B,R) 1AA10101 4 0 
4 0 [D,R] 1AA11011 7 0 

2 0 not allowed 
3 0 [.R++J 1AR10001 6 0 
2 0 not allowed 
3 0 [. ­ - R] 1RR10011 6 0 

1 1 [n, PCR ) 1XX11100 4 1 
5 2 [n, PCR] 1XX11101 B 2 

[n) 10011111 5 2 

Table 3: Indexed addressing modes. All instructions with indexed addressing 
have a base size and number of cycles. The ~ and #columns indicate the 
number of additional cycles and bytes for the particular variation. The post 
byte op code is the byte that immediately follows the normal op code. 

second index register; the U register is the 
user stack po in ter. All four registers can be 
used in all indexing operations and the U 
and S registers are also st ck pointers. The 
S register is used during in terrup ts and sub­
routine cal Is by the hardware to stack return 
addresses and machine state . 

The last 16 bit register is the program 
counter. In certain 6809 addressing modes, 
the program counter can also be used as an 
index register to achieve position indepen­
dent code. 

Address ing Modes 

It was our op in ion that the best way to 
improve an ex ist ing architecture and main ­
tain so urce compatibil ity was to add power­
ful add ressing modes. In our view, the 6809 
has the most powerful addressing modes 
avai lable on any microprocessor. Powerful 
addressing modes helped us achieve our 
goals of position independence, reentrancy, 
recursion, consistency and easy imple­
mentation of block structured high level 
languages. 

All the 6800 addressing mod es (Immedi­
ate, Exte nded, Direct, Indexed, Accumula­
tor, Relative and Inherent) are supported on 
the 6809 with the direct mode of addressing 
made more useful by the inclusion of the 
direct page register (DPR). 

The direct page register usage and direc t 
addressi ng need some explanation, since 
they can be very effective when used cor­
rectly. For exam ple, since global variab les 

are refe renced frequently in hi gh level lan­
guage execution, the direct page register can 
be used to point to a page containing the 
global vari ab les wh ile the stack con ta ins the 
local variab les, wh ich are also referenced fre­
quently . Th is creates very efficient code 
which is safe since the compiler keeps track 
of the di rec t page register. The direct page 
register can also be used effective ly and 
safely in a multitasking env ironm ent where 
the rea l time operating system al locates a 
di ffcrence base page for each task. 

On the other hand, it would be quite 
dange rous to indiscrim inate ly reallocate the 
direct page register rrequently, such as within 
subroutines o r loo ps, si nce it might become 
very easy to lose track of the current direct 
page register va lue . Therefore, even though 
the direct page register is unstructured, we 
includ ed it beca use, when used correct ly, the 
byte savi ngs are ignificant. Also, to make 
d irect addressing more useful, the read modi­
fy write instructions on the 6809 now have 
all memory addressing modes: Di1·ect, Ex­
tended and Indexed . 

The major imp rnvements in the 6809's 
addressing modes were made by greatly ex­
panding the indexed addressing modes as 
well as making all indexable insu·uctions 
applicab le to the X, Y, U and S registers (see 
table 3 )_ 

Indexed addressing with an offset is 
fam iliar to 6800 users, but the 6809 allows 
the offse t to be any of fo ur possible lengths: 
0, 5, 8 or 16 bits, and th e offsets are signed 
two's complement values. This allows greater 
fle xibi lity in addressing whil e achieving maxi­
mum byte efficiency . The inclusion of the 
16 bit offset all ows th role of index register 
and offset lo be reversed if desired. A further 
en hancement allows all of the above modes 
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ULL SIZE FLOPPY DISK $995 COMPLETE! 

llCUS IT"' full-size floppy disk sys- Your software library Includes DOS, 

11 an overnight success ... because text editor, 8080 assembler (all In~11111111111\\\
delivered so complete you can tegrated in DISK/ATE™); our 
It running In a single evening. BASIC-V™ advanced virtual dl1k 

J111t $995, It's a complete mem· BASIC able to handle a wide varie­
SJ•tem. Complete with all ty of data formats and address up 

are and software. Com- to 2 megabytes; and patche1 fo 
't. assembled. Completely CP/M•. And It's all Interfaced~ 

llf#faced. And tested as a com­ your controller's serial 1/0 pa 
Qltem. to avoid 110 guesswork. ..._ •••11 



00001 NAM AUTOEX 
00003 OPT LLEN,.,80 
00004 
00005 
00006 COMPARE ~TRINGS SUB 
00007 
00008 FIND AN INPUT ASCII STRING POINTED TO BY THE 
00009 X-REGISTER IN A TEXT BUFFER POINTED TO BY THE 
00010 Y-REGISTER. THE BUFFER IS TERMINATED BY A 
00011 BYTE CONTAINING A NEGATIVE VALUE. ON ENTRY 
00012 A CONTAINS THE LENGTH OF THE INPUT STRING. ON 
00013 EXIT, Y CONTAINS THE POINTER TO THE START 
00014 OF THE MATCHED STRING+ 1 IFF Z IS SET. IFF Z 
00015 IS NOT SET THE INPUT STRING WAS NOT FOUND. 
00016 
00017 ENTRY: 
00018 X POINTS TO INPUT STRING 
00019 Y POINTS TO TEXT BUFFER 
00020 A LENGTH OF INPUT STRING 
00021 EXIT: 
00022 IFF Z=1 THEN Y POINTS TO MATCHED STRING+ 1 
00023 IFF Z=O THEN NO MATCH 
00024 X IS DESTROYED 
00025 B IS DESTROYED 
00026 
00027 
00028 
00029 0100 ORG $100 
00030 0100 E6 AO 6 CMPSTR LOB ,Y+ GET BUFFER CHARACTER 
00031 0102 2A 01 3 BPL CMP1 BRANCH IF NOT AT BUFFER END 
00032 0104 39 5 ATS NO MATCH, Z=O 
00033 0105 E.1 84 4 CMP1 CMPB ,X COMPARE TO FIRST STRING CHAR . 
00034 0107 26 F7 3 BNE CMPSTR BRANCH ON NO COMPARE 
00035 *SAVE STATE SO SEARCH CAN BE RESUMED IF IT FAILS 
00036 0109 34 32 9 PSHS A,X,Y 
00037 010B 30 01 5 LEAX 1,X POINT XTO NEXT CHAR 
00038 010D 4A 2 CMP2 OECA ALL CHARS COMPARE? 
00039 010E 27 oc 3 BEQ CMPOUT IF SO, IT'S A MATCH, Z=1 
00040 0110 E6 AO 6 LDB ,Y+ GET NEXT BUFFER CHAR. 
00041 0112 2B 08 3 BMI CMPOUT BRANCH IF BUFFER END, Z=O 
00042 0114 E1 80 6 CMPB ,X+ DOES IT MATCH STRING CHAR? 
00043 0116 27 F5 3 BEQ CMP2 BRANCH IF SO 
00044 0118 35 32 9 PULS A,X,Y SEARCH FAILED, RESTART SEARCH 
00045 011A 20 E4 3 BRA CMPSTR 
00046 
00047 

011C 35 B2 11 CMPOUT. PULS A,X,Y,PC FIX STACK, RETURN WITH Z 

00048 0000 ENO 

Listing 1: 6809 autoincrementing example. This subroutine searches a text buffer for the occur­
rence of an Input string. In autoincrement mode, the value pointed to by the index register is 
used as the effective address and the Index register is then incremented. 

to include an additional level of indirection . 
Even extended addressing can be indirected 
(as a special indexed addressing mode}. Since 
either stack pointer can be specified as a 
base address in indexed addressing, the in­
direct mode allows addresses of data to be 
passed to a subroutine on a stack as argu­
ments to a subroutine. The subroutine can 
then reference the data pointed to with one 
instruction. This increases the efficiency of 
high level language calls that pass arguments 
by reference. 

M6800 data indicated that quite often 
the index register was being used in a loop 
and incremented or decremented each time. 
This moved the pointer through tables or 
was used to move data from one area of 
memory to another (block moves). There· 
fore, we implemented autoincrement and 
autodecrement indexed addressing in the 
M6809. In autoincrement mode the value 
pointed to by the index register is used as 
the effective address, and then the index 

register is incremented. Autodecrement is 
similar except that the index register is 
first decremented and then used to obtain 
the effective address. Listing 1 is an example 
of a subroutine that searches a text buffer 
for the occurrence of an input string. It 
makes heavy use of autoincrementing. 

Since the 6809 supports 8 and 16 bit 
operations, the size of the increment or 
decrement can be selected by the program­
mer to be 1 or 2. The post increment, pre­
decrement nature of this addressing mode 
makes it equivalent in operation to a push 
and pull from a stack. This allows the X and 
Y registers to also be used as software stack 
pointers if the programmer needs more than 
two stacks. All indexed addressing modes 
can also contain an extra level of post indi­
rection. Autoincrement and autodecrement 
are more versatile than the block moves 
and string commands available on other 
processors. 

Quite often the programmer needs to 
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-- Tiny BASIC~· VP-700 
Color. VP-590 add-on Color Board allows program 
control of 8 brilliantcolorsforgraphics. color games. 
Plus 4 selectable background colors . Inc ludes 
sockets fo r 2 auxiliary keypads (VP-580). $69: 

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

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

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

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

EPROM Interface. VP-560 EPROM Inter face 
Board locates two 5-volt 2716 EPROMs (4K 
bytes total) anywhere In 32K of memory. 
VIP RAM can be re-al located . $34.' 

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

Expanded Tiny BASIC Board 
puts this high-level language 
on your VIP. BASIC stored 
in 4K of ROM. Ready for im ­
mediate use-no loading 
necessary_ This expanded 
BASIC includes the standard 
Tiny BASIC commands plus 
12 additional-including 
color and sound control/ 
Requ ires external ASCII 
encoded alpha-numeric 
keyboard . $39.' 

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

COSMAC VIP lets you add 

computer power a board at a time. 


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

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

processor, the VIP includes 2K of RAM. ROM 

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

Take the first step now. 
Check your local com­

puter store or electronics 
parts house. Or contact 

RCA VIP Marketing, New Holland Avenue, 
Lancaster, PA 17604. Phone (717) 291-5848. 
' Suggested retai l price . CDP18S71 I does no t Inc lude video monitor or casse tl e reco rder. 
..Avai lable Is l Oua rle r. 1979_ 

monitor. Audio tone with a bu il t-in speaker. 

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

face relays, sensors or other peripherals. It's into computers. 
 ncn 
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calculate the offset used by an ind exed in ­
struction during program execution, so we 
included an index mode that allows the A, 
B, or D accumulator to be used as an offset 
to any indexable register. For exam ple, con­
sider fetc hing a 16 bit value from a two­
dimensional array called CAT with dimen­
sions: CAT (100,30} . Listing 2 shows t he 
6809 code to accomplish this fetch. These 
addressing modes can also be indirected . 

Impl ementat ion of position independent 
code was one of the highest priority design 
goa ls . The 6800 had limited position inde­
pendent code capabilities for small programs, 
but we fell the 6809 must make thi s type of 
code so easy to write that most programmers 
would make al l the ir programs positio n inde­

00010 0100 ORG $100 
00011 0100 108E 1000 4 LDY # CAT LOAD BASE ADDRESS OF ARRAY 
00012 0104 96 32 4 LDA SUB1 GET FIRST SUBSCRIPT 
00013 0106 C6 64 2 LDB # 100 MULTIPLY BY FIRST DIMENSION 
00014 0108 3D 11 MUL 
00015 0109 D3 33 6 ADDO SUB2 ADD SECOND SUBSCRIPT 
00016 010B EC AB 9 LDD D,Y FETCH VALUE 

Listing 2: Array subscript calculations. This 6809 program fetches a 76 bit 
value from a two-dimensional array called CAT, with dimensions: CA T 
(700,30). 

OUR LATEST 

CATALOG 

of miniature switches 
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pendent. To do this, an additional long re la­
tive (16 bit offset} branch mode was added 
to al 1 6800 branches as well as adding pro­
gram relative addressing. Program relative 
addressi ng uses the program counter much 
as indexing uses one of the indexable 
reg isters. This al lows all instructions that 
reference memory to reference data relative 
to the current program counter (which is 
in herent ly position independent). Of course, 
program relative addressing can be indirected. 

The addressing modes of the 6809 have 
created a processor that has been termed a 
"programmer's dream machine." To date all 
the benchmarks we have written for the 
6809 are position independent, modular, re­
entrant and much smaller than comparable 
programs on other microprocessors. It is 
easier to write good programs on the 6809 
th an bad ones! 

New or Innovative Instructions 

T he 6809 does not contain dozens of new 
innovative instructions, and we planned it 
that way. What we wanted to do was clean 
up the 6800 instruction set and make it 
more consistent and versati le. We do not 
feel a processor with 500 different assembler 
mnemonics for instruc tions is better than 
one with 59 powerful instructions that 
operate on different data in the same man­
ner. For example, the 6809 contains a trans­
fer instruction of the form TF R R 1, R2 that 
al lows transfer of any like-si zed registers. 
There are 42 such valid combinations on the 
6809, and clearly one TFR instruction is 
easier to remember than 42 mnemonics of 
the form: TAB, TBA, TAP, TXY, etc. Also 
an exchange instruction (EXG) exists that 
has identical syntax to the TFR instruction 
and has 21 valid forms. In the time it took 
to read three sentences you just learned 
63 new 6809 instructions! As another 
example, we combined the numerous 
instructions that set and cleared condition 
code bits on the 6800 into two 6809 instruc­
tions that AND or OR immediate data into 
the condition code register. 

Other significant new instructions include 
the new 16 bit operations. The D register 
can be loaded, stored, added to, subtracted 
from, compared, transferred, exchanged, 
pushed and pulled. All the indexable regis­
ters (16 bits) can be loaded, stored and 
compared. The load effective address instruc­
tion can also be used to perform 8 or 16 bit 
arithmetic on the indexable registers as 
described later. 

Two significant new instructions are the 
multiple push and multiple pull instructions 
on the 6809 . With one 2 byte instruction, 
any register or set of registers can be pushed 
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Figure 2: 6809 push/pull 
and interrupt stacking 
order. 

6809 STACKING ORDER 

i ' 

p CL PUSH OR DER 

p CH l 
U/SL 

UISH 


YL 


YH 


XL 

XH 

OPR 

B 

A 

PU LL FROM STACK 

CCR --TOP OF STACK 
PUSH ONTO STACK 

·~ ·~ l 

or pulled from either stack. These instruc­
tions greatly decrease the overhead associated 
with subroutine calls in both assembly and 
high level language programs. In conjunction 
with instructions using autoincrement and 
autodecrement, the 6809 can efficiently 
emulate a stack computer architecture, 
which means it should be efficient for 
Pascal p-code interpreters and the like. 

The order in which the registers are 
pushed or pulled from the stacks is given 
in figure 2. Note that not all registers need 
to be pushed or pulled, but that the order 
is retained if a subset is pushed. This stacking 
order is also identical to the order used by 
all hardware and software interrupts. 

One new instruction in the 6809 is a 
sleeper. The load effective address to index ­
able register {LEA) instruction calculates 
the effective address from the indexed 
addressing mode and deposits that address 
in an indexable register, rather than loading 
the data pointed to by the effective address, 
as in a normal load . This instruction was 
originally created because we wanted a way 
to let the addressing mode hardware already 
present in the processor calculate the address 
of a data object so that it could be passed to 
a subroutine. After the index addressing 

modes were completed it was realized the 
LEA instruction had many more uses, and, 
once again, allowed us to combine other 
instructions into one powerful instruction. 
For example, to add the D accumulator 
to the Y index register, the instruction is: 
LEA Y D, Y; to add 500 to the U register: 
LEAU 500, U; and to add 5 to the value 
in the S register and transfer the sum to the 
U register: LEAU 5, S. 

In writing position independent read only 
memory programs it is sometimes necessary 
to reference data in a table within the same 
read only memory. This is generally a 
tedious process even in computers that claim 
to support pos1t1on independent code 
because the register that po in ts to the table 
must eventually contain an absolute address. 
The LEA instruction, in conjunction with 
program counter relative addressing, makes 
this possible with one instruction on the 
6809 . For example, to put the address of 
a table DG located in a relative read only 
memory into indexable register U: LEAU 
DG, PCR; or, to find out where a position 
independent read only memory is located: 
LEAY *, PCR (or TFR PC, Y). Our bench­
marks show the LEA to be the most used 
new 6809 instruction by far. 

An unsigned 8 bit by 8 bit to 16 bit multi­
ply was provided for the 6809. The A accum­
ulator contains one argument and the B the 
other. The result is put back onto the A:B 
(D) accumulator. A multiply was added 
because multiplies are used for calculating 
array subscripts, interpolating values and 
shifting, as well as for more conventional 
arithmetic calculations. An unsigned multi­
ply was selected because it can be used to 
form multiprecision multiplies. 

Another facet of good programming 
practice that we wanted to encourage was 
the use of operating system calls or soft­
ware interrupts (SWl). The 6800 SWI has 
been effectively used by 6800 support 
software for breakpoints and disk operating 
system calls. That's nice, but unfortunately 
there was only one software interrupt, 
and since Motorola's software used that one, 
the customer found it difficult to share. 
The 6809 provides three software interrupts, 
one of which Motorola promises never to 
use. It is available for user systems. 

One new instruction on the 6809, SYNC, 
allows external hardware to be synchronized 
to the software by using one of the interrupt 
lines. Using this instruction, very tight, fast 
instruction sequences can be created when it 
is necessary to process data from very fast 
input and output devices. Listing 3 gives 
an example of the use of SYNC. It is 
assumed that the A side of the peripheral 
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00008 0100 ORG $100 
00009 0100 86 F002 5 LDA PIABC LOAD PIA CONTROL REG . ­ SID E B 
00010 0103 84 F7 2 ANDA it$F 7 T URN OFF B·SIDE INTERRUPTS 
00011 0105 87 F002 5 STA PIABC 
00012 0108 SE 3000 3 LOX oirBUFFER GET POINTER TO BUFFER 
00013 0108 C6 80 2 LOB # 128 GET SIZE OF TRANSFER 
00014 0100 1A 50 3 ORCC #$50 D ISABLE INTE RRUPTS 
00015 • WAIT FOR ANY INTERRUPT LINE TO GO LOW 
00016 010F 13 2 LOOP SYNC SYNCHRON IZE WITH 1/0 
00017 0110 B6 FOOO 5 LDA PIAAD LOAD A-SIDE DATA; CLEAR INTERRU 
00018 0113 A7 80 6 STA ,X+ STORE IN BUFF ER 
00019 0115 SA 2 DECB DONE ? 
00020 0116 26 F7 3 BNE LOOP BRANCH IF NOT 
00021 0118 86 F002 5 LDA PIABC TURN 8-SIDE INTERR UPTS BACK ON 
00022 011 B SA 08 2 ORA /!$08 
00023 0110 B7 F002 5 STA PIABC 

Listing 3: Hardware process synchronization using SYNC, a new instruction in the 6809 pro­
cessor that allows ex ternal hardware to be synchronized lo the software by using one of the 
interrupt lines. Very fast instruclion sequences can be created using SYNC when ii is necessary 
to process data from ve1y fast inpul and ou1put devic es. 

Figure 3: The ASR (arith­
metic shift right) instruc­
tion is used as a "test and 
clear" and ST (store) is 
used for "unbusy." These 
primitive operations are 
used for implementing 
critical section exclusion 
on the 6809. 

IN STRUC TI ON S BEFORE 

interface adap tor (PIA) is connected to a 
high speed device that transfers 128 bytes of 
data to a memory buffer. When the device 
is ready to send a piece of data, it gene1-.1tes 
a fast interrupt (F IRQ) from the A side of 
the peripheral interface ad ap Lor. Program 
lines 12 an d 13 set up the transfer; lines 16 
through 20 are the synchron ization loop. 
On each pass through the loop, the program 
waits at the SYNC instruction until any 
interrupt line is pu lled low. When the 
interrupt line goes low, the processor exe­
cutes the next instruction . In order to use 
SYNC, all other devices tied to any of the 
interrupt lines must be disabled. For this 
example it was assumed that th e B side of 
the peripheral interface adapto r also had 
interrup ts enabled; program lines 9 through 
11 disable the interrupt and lines 21 through 
23 reen abl e it. Line 14 is in cl ud ed to keep 
the interrupt by the A side of the peripheral 
interface adaptor from go ing to the interru pt 
routine. Note that interrupts do not need 
to be enabled for SYNC to work, and in 
fact are norm al ly disabled. 

Another improvement to the instruction 
set was brought about by in clus ion of Lh e 

AFTER 

ASR O ~ lo o o o o o o o I ~ 
NOT BUSY BU SY 

GRANT ED 
) 

ASR o ~ 
BUSY 

lo o o o o o o o I 

BUSY 

NOT GRANTED 

LO A #I 

STA ! 00000000 ! 

BUSY 

lo o o o o o o 1 l 

NOT BU SY 

0 

hardware signal BUSY. BUSY is high during 
read/modify/write types of instructions to 
indicate to shared memory multi processors 
that an indivi sa ble operation is in progress. 
As shown in figure 3 this fact can be used to 
turn existing instructions in to the LOCK and 
UN LOCK necessary for mu tual exclusion 
of critical sections of the program, or for 
all ocation of resources. 

And las tl y, never let it be said the 6809 
has no SEX appeal- sign extend, th at is. 
The SEX instruction takes an 8 bit two's 
complement value in the B accumul ator and 
converts it to a 16 bit two's compl ement 
value in the D accumu lator by extendin g the 
most significant bi t (sign bit) of B into A. 

Table 4 is a convenient way to look at 
all the instructions ava il able on the 6809 . 
The notation first page/second page/third 
page has the fo llowing meaning: first page 
op codes have only one byte of op code . 
For exam ple: load A immediate has an op 
code of hexadecimal 86. All second page op 
codes are preceded by a page op code of 
hexadecimal 10. For exa mple, the op code 
for CM PD immediate is hexadecimal 1083 
(two bytes). Similarily third page op codes 
are preceded by a hexadecim al 11 . A CMPU 
immed iate is 1183. Some instructions 
are given two mnemonics as a programmer 
convenience. For example , ASL and LSL 
are equi va len t. Notice th at the long branch 
op codes LBRA and LBSR were brought 
on to the first page for increased code 
efficiency . 

Stacks 

As mentioned previously, the 6809 has 
many features that support stack usage. 
Most modern block structured high leve l 
languages make ex tensive use of stacks. 
Even though stacks are usefu l in the typical 
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textbook example of expression eval uation, pointer on the stack as well as reserving 
their majo r usage in languages such as space on the stack for the local variables 
Pascal is to implement control structures. for the subroutine . In this example, six 
Microprocessor users already reali ze the locations are used by the subroutine body 
advantage of a stack in nesting interrup ts during calculation . At this point the stack 
and subroutine call s. Most high leve l lan ­ mark pointer is set to a new value for this 
guages also pass data on th e stack and subroutine. The stack mark painter is 
allocate temporary local variables from the used because the S register may vary during 
stack. execution of the subroutine body due to 

Listing 4 and figure 4 show an example local subroutines, etc. It is much more 
of a high level langu age subroutine linkage. convenient for the compiler to generate 
Before calling the subrou t ine the caller offsets to the parameters if the U is used 
pushes the addresses of two argum ents and for this purpose instead of the S. 
the answer on the stack and then executes Once U is set it is used to fetch the two 

6809 instruction set will be 
The complete Motorola 

the jump to subroutine which pu ts th e arguments using indexed indirect addres· 
presented in part 2 of th is return program counter on the stack . Th e sing. The subroutine body presumably 
series . subroutine th en saves the old stack mark does something with the arguments and 

Table 4: 6809 op code map and cycle counts. The numbers by each op code indicate the number ofmachine cycles required to 
execute each instruction. When the number contains an I (eg: 4 + I}, an additional number of machine cycles equaling I may be 
required (see table 3). The presence of two numbers, with the second one in parentheses, indicates that the instruction involves 
a branch. The larger number applies if the branch is taken. The notation first page/second page/third page has the follo wing 
meaning: first page op codes have only one byte of op code (eg: load A immediate has an op code ofhexadecimal 86}. All page 
2 op codes are preceded by a page op code of hexadecimal 70 (eg: the op code for CMPD immediate is hexadecimal 7083­
two bytes). Similarly third page op codes are preceded by a hexadecimal 7 7. A CMPU immediate is 7783. Some instructions are 
given two mnemonics as a programmer convenience (eg: ASL and LSL are equivalent). Notice that the long branch op codes 
LBRA and LBSR were brought onto the first page for increased code e fficiency. 

Most Significant Four Bits 

DIR REL ACCA ACCB IND EXT IMM DIR IND EXT IMM DIR IND EXT 

0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

0 1 2 3 4 5 6 7 B 9 A B c D E F 

6 3 BRA 4+1 2. 2 6+1 7 2 4 4+1 5 2 4 4ii l 5 
0000 0 NEG PAGE2 LEAX NEG SUBA SUBB 0 

3BRN/ 4+1 2 4 4+1 0 2 4 4+1 5 
0001 1 -­ PAGE3 5LBRN LEAY CMPA .OMPB 1 

2 SB,HI/ 4+1 " 2 4 4+1 5 z 4 4+1 5 
0010 2 ~ NOP­ !>(ill LB ti I LEAS SBCA ~[!CB 2 

s· 2 3.f!.LS/ 4·+1 2 2 6+1 7 4,6,6+1y'5.7 ,7,+ l,y5,7,7+1.8 4 6 6+1 7 
0011 3 0'0M , ~SYNG. 5(6)LBLS lEAU COM SUBD CMPD CMPU ADl!lD 3 

6 - ­ 3 BflS 5+1/by 2 2 6+1 7 2 4 4+1 5 "2 4 4+1 5 
0100 4 t:S.R 5(6)(BCC) PSI-IS LSR ANDA ANDS 4 

3 Bl'.0 5+1/by ~. 2 4 4+1 5 2, 4 4-t l 5 
0101 5 -­ -­ ~.5!6l(BCS) PULS BITA Bll'B 5 

ti 6 5 3 BNE/ 5+1/by 2 2 6+1 7 2 4 4+1 5 2 4 4+1 5iii 0110 6 f3.0R L.~RA 5(6)LBNE PSHU FlOR LOA ~ LOB 6 
~ 

" 4't l 0 6 9 3 BEO/ 5+1/cv 2 2 6+ 1 7 4 4+1 ..s 4 5
IL 

0111 7 ASR LBSR .g(6)LBEQ PULU ASA -­ STA -­ S'FB 7c 
"' 6 AS!!. ) 3 BVC/ 2 2 6+ 1 7 2 4 4+1 5 2 4 4H 5" -= 1000 8 (!.:SL -­ 5(!)).L!,WC --­ ,A.SL(LSL) EORA EORB 8·;: 
Cl 

6 2 3 BVS/ 5 2 2 6+ 1 7 2 4 4+1 6 2 4 4+1 5c;; 

"' 
1001 9 AOL DAA 5(6)LBVS RTS ROL AOCA ADCB 9 

~ 6- 3 . 3 J3PL/ 3 2 2 6+ 1 7 2 4 4+1 5 2 4 4+1 5...J 
1010 A cilee oR·ec 5(6lLBPl ABX DEC ORA ORB A 

3 BMI/ 6/15 I 2 4 4ltl 5 2 4 4+1 5 
1011 B - - -­ 5(6l LBMI RTI ADDA ADDS B 

6 3. 3 BGE/ 20 2 2 6+ 1 7 4,6,6+1,15,7,7+1.y5.7,i/+ l,S. :i 5· 5+1 6 
1100 c INC l!•ANIDCC 5(6}LBGE CWAI INC CMPX CMPY CMPS LDD c 

·'.6 2 3 BLT/ 11 2 2 6+ 1 7 7 7 7+1 8 5 5+1 6 
1101 D l'ST SEX ?(6ILBLT MLIL TST BSR JSR -­ STD D 

3 ·8 3 BGT/ 3+1 4 3,5,5+1,6 I 4,6,6+1,7 3,5,5f l,6 I 4.6;6+ 1. ~ 
1110 E JMP EXG 5(6JLBGT JMP LOX LOY LOU LOS E 

6 •'I 3 BLE/ 19/20/20 2 2 6+ 1 7 5.5+1,6; 6.6+1.1 - - 5,5+1,6/6,6+1,7
1111 F CLR TFR 5(6JLBLE SWl/213 CLR -­ six STY STU STS F 
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A Plotting Program For Apple II 


! 	 \ /\ 

I
, \ 

! \ 

\ I 
\ I 

\ i 
\ 
\J 

f \) 
Y = sin(X): range - 2Pi, 2Pi 

A2FP OFFERS A WIDE 
RANGE OF FEATURES 


The APPLE II FUNCTION PLOT­

TER is another creation from PRS. 

It is a "modern age" tool for stu­

dents, engineers and researchers. 

A2FP: 

• Plots 2-dimensional 	 functions in 

high resolution graphics. 

• Utilizes 	 the full screen for each 
plot (260 x 180 points.) 

• Allows 	 visual presentation of 
mathematical functions. 

• 	Plots on Cartesian coordinates. 
• 	Computes (once given the X min ­

imum and maximum values) the Y 
minimum and maximum values; 
the X and Y intervals; and the X 
and Y intercepts. 

• 	Can superimpose the same func­
1ion when given new coordinates. 

• Maximizes 	the high resolution ca­
pabilities of APPLE 11. 

• Allows normal plotting mode or Y 
fact ored mode to compress over­
sized graphs. 

/ :· 

PRS Creates 
Y=X' (INT(EXP(X))); ranges are: 0,0.5-0,1.5-0,5A2FP 

A2FP CONTINUES T HE PRS 
BREA KTHROUGH IN 
DOCUMENTATION 

PRS A2FP, The APPLE II FUNC­
T ION PLOTTER comes with a com­
plete and instruct ive handbook ex­
plaining every procedure step by 
step. This unique documentation is 
written in clear and easy-to-under­
stand Engl ish and avoids esoteric 
technical language. 

But PRS documentation for A2FP is 
more than clear and precise instruc­
tions in a graphically appealing 
manual. You learn al the same lime. 

A2FP DOCUM ENTATION HELPS 
NON-MATHE MAT ICIANS 
PRS inserts entire chapter in A2FP 
documentation on the fundamentals 
of mathematical functions. Their 
usefulness in demonstrated. And ap­
plications to every day life are il­
lustrated. 

Indeed, PRS A2FP documentation 
offers you a true fluency in com­
puter-user dialogue. This in turn 

·------------------------------­! Ne w Product Releases From I 
I PRS THE PROGRAM OF THE MONTH CORPORATION 

'!.57 Ce nt ra l Park West. New York . N.Y. 100:?4 

Gentlemen: 
O Please place my name on your priority mailing list to receive 

your descriptive advance re leases of all new programs <level· 
opeJ by PRS at reguh1r inte rva ls. 

D Ple;1sc send me a list of dealers in my area . 

NH me --------------------

Ti rk 

Cllrpora tion - ------ --------- - ­

!'ut.Jress 

I Ci ty _ ________ State ____ Zip --- ­

allows you to arrive at an efficient 
and effective use of your PRS A2FP 
program and microcomputer. 

A2FP IS PROTECTED IN A 
BEAUTIFUL CASSETTE-FOLDER 

The PRS cassette and manual for 
your A2FP, The APPLE II FUNC­
TION PLOTTER, is protectively 
nest led in an efficient and durable 
gold-imprinted folder. Wherever you 
file it, in your room or office, the 
decor will be enhanced by its 
elegance. 

A2FP FROM PRS IS SUPPORTED 
by The APPLE II and uses 
APPLESOFT BASIC. 

VISIT YOUR NEAREST DEALER 
TODAY TO OBTAIN YOUR A2FP 
FROM PRS FOR ONLY $34.95 
PER CASSETIE. 

Let your dealer demonstrate the ex­
cellence of PRS A2FP, The APPLE 
II FUNCTION PLOTTER. Or use 
the coupon below to obtain the name 
of a dealer in your area. 

1 Reference I B9,_______________________________
I 
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FFFE Restart 
FFFC NM! 

Table 5: Hexadecimal ad­ FFFA SWI 

dresses of the 6809 restart 
and Interrupt vectors. 

FFFB 
FFF6 
FFF4 

IRQ 
FIRQ 
SWl2 

FFF2 SWl3 
FFFO Reserved 

finishes with an answer in the D register. 
The subroutine exit saves this value. It 
then puts the return address in X and 
restores the previous stack mark pointer. 
The whole stack is then cleaned up (deleted) 
and return is made to the caller. 

Motorola 6800 users should note that the 
stack pointers on the 6809 point to the last 
value pushed on the stack rather than the 
next free location, as on the 6800. This was 
done so that autoincrement and autodecre­
ment would be equivalent to pulls and 
pushes. For example: STA, -Sis equivalent 
to PSHS A; and LOA , S+ is equivalent to 
PULS A. This also means the X and Y 
registers can be used as stack pointers if the 
programmer desires. For examp le: STA, -X 
is a push on a stack defined by X. The 
possible ambiguity between where the stack 
painter po in ts on the 6800 and the 6809 
may be less of a problem than it seems, 
since the 6800's TSX becomes the 6809's 
TFR S, X without adding 1 and TXS be­
comes a TFR X,S without sub tracting 1 ­
think about it. The only danger is in pro­
grams that used the stack pointer as an 
index register. In these programs the stack 
pointer may point one location away from 
where it did previously. 

00006 0500 34 40 6 SUBR PSHS U SAVE OLD STACK MARKER 
00007 0502 32 66 5 LEAS 6,S RESERVE LOCAL STORAGE 
00008 0504 1 F 43 6 TFR S,U GET NEW STACK MARKER 
00009 0506 EC DB OE 10 LDD (1 4,U ] GET ARGUMENT 1 
00010 0509 AE DB OC10 LOX (12,U] GET ARGUMENT 2 
00011 
00012 • SUBROUTINE BODY 
00013 
00014 050C ED 08 0A10 STD (10,U] SAVE ANSWER 
00015 050F AE 4B 6 LOX B,U GET RETURN ADDRESS 
00016 0511 EE 46 6 LOU 6,U RESTORE U' 
00017 0513 32 E8 10 6 LEAS 16,S POP EVERYTHING OFF STACK 
0001B 0516 6E B4 3 JMP ,X RETURN 

Listing 4: Use of stacks on the 6809 processor. In this typical high level 
language subroutine example, U' and S' are the mark stacl? pointer and 
hardware stack pointer, respectively, just prior to the calf. U and S are the 
same registers during execution of the subroutine body. Before calling the 
subroutine the caller pushes the addresses of two arguments and the answer 
on the stack and then executes the jump to subroutine which puts the return 
program counter on the stack. The subroutine then saves the old stack marl? 
pointer on the stack as well as reserving space on the stack for the local 
variables for the subroutine (see figure 4). 
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ADD RE SS 
-

OF ARGI 

ADDRESS 
-

OF ARG2 

ADDR ESS 
-

OF AN S 

RET URN 
-

PC 

OLO STACK 
-

MAR ~ IU ' l 

LOC AL 

VARIAB LES 

-
-

-
-

-

l u 

14 

12 

OFFSET FROM 
ST ACK MAR K 
{ U ) 10 

s·B 

6 

4 

2 

0 u 

}--s 
Figure 4: Illustration of the high level lan­
guage subroutine example in listing 7. 

Interrupts 

The 6809 has three fully vectored hard­
ware interrupts. The nonmaskable interrupt 
(NM I) and maskable interrupt (I RQ) are the 
same as the 6800's NMI and IRQ. The new 
interrupt is the fast maskable interrupt, 
or FIRQ, that stacks the program counter 
and condition code register only on inter­
rupt. Table 5 gives the addresses of the 
interrupt vectors for the 6809. 

A new signal (IACK) has been added that 
is available anytime an interrupt vector is 
fetched. This signal together with address 
bus Iin es A1 through A3 can be used to 
implement an interrupt scheme in which 
each device supplies its own interrupt vector. 

The interrupt control and prioritization 
logic of the 6809 have been defined very 
carefully - no redundant or indeterminate 
conditions can exist when several inter­
rupts occur simultaneously. The details 
of this interrupt structure are precisely 
defined 1n Motorola documentation for the 
6809. 

Part 2, entitled "Instruction Set Dead­
Ends, Old Trails and Apologies," will be 
a question an d answer discussion about the 
design phi losophy that went into the 6809.• 
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Our Two Bits 


Bil Pad Bil Pad ®m@

Bil Pad Bil Pad ®m@

Bil Pad Bil Pad ®m@
Bil Pad Bil Pad ®m@
Bil Pad Bil Pad ®m@

BilPad ®m@ 
111•.,,ae®- - BilPad ®m@-

I ·" " · I I'·:" I In•-! n -· 

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


point on a page, any distance into its digital equivalents. It's also a menu for 

data entry. You assign a value or an instruction to any location on the pad. 


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


Who can use it? Anyone from the educator and the engineer to the hobbyist 
and the computer games enthusiast. The data structure is byte oriented for 

easy compatibility with small computers, so you can add a power supply, 


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


Bit Pad by Summagraphics. The lead ing 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 thei rs- Summagraphics will pay you $1 ,000. 

· - ­

Dealer inquiries invited 
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An advanced desktop data system 

for $1,995? Quitcherkiddin~TANO. 


We're not kiddin'. 

Outpost 11 is exactly that. You get: 

•A ruggedly designed unit, • Mini-floppy disk drive and 

intended for heavy use controller 
• Full ASCII keyboard • BASIC software package 
• 24 x 80 character CRT • Over 20 applications packages 
• 32K bytes RAM available 
• M6800 CPU • User documentation 
Just like this, for only 

61/Tp=t'// 


COMPLETE 
With Outpost 11 and the BASIC soflware Program MERGE and CHAIN e ON ERROR You 've been waiting a long time !or a Data 

package. you can : statement • String variables and functions System with all these features at a price like 
Do full floating point BCD math e Pro- • Trig and math functions e GET. PUT and this . Now it's yours. No kiddin '. 

gram SAVE and LOAD with file names • FIELD statements • Floppy file proce ssor. *Quit your kidding 

r----------------- OrderFOl'rTI ------------------, 
Mail to : 

I Ouitcherklddin '. TANO. I'm calling your hand .Send me Outpost 11 ·s as de- I
I scribed in your ad . Here's my deposit of S200 each. plus $35 freight and insurance. I'll pay the I
I balance on delivery. I 
I Name I 
I Company/ Title Corporation I 
II Shipping Address 4521 W. Napoleon Avenue II 

Metairie. La. 70001 
I Telephone Signature I 

(504) 888-4884 
I Charge my. D American Express : D Visa : D Master Charge: # TWX 810-591-5229 I 

L---------------------------------------~Sales Offices : Los Angeles. CA - 213/ 426-7375 • M ontrea l, Canada - 5141834-0000 • Boston. MA- 617/969-4650 • Dallas. TX-214/ 
358-1307 • Houston . TX- 713/ 461 -0038 • Denver. Col.-303/ 841-2788 • San Francisco. CA-408/ 377-7001 •Chicago, IL - 312/ 830-0060 
• Atlanta. GA-404/ 252-6609 •Washington . DC-301 / 589-2802 • 
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"BOOKS OF INTEREST TO COMPUTER PEOPLE" 

More BYTE BOOKS 
in your future.•. 
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•••And the future 

THE BYTE BOOK OFCOMPUTER MUSIC combines 
the best computer music articles from past issues of 
BYTE Magazine with exciting new material- all written 
for the computer experimenter interested in this 
fascinating field. 
You will enjoy Hal Chamberlin's "A Sampling of 
Techniques for Computer Performance of Music", 
which shows how you can create four-part melodies 
on your computer.For the budget minded, "A $1 9 Music 
Interface" contains practical tutorial information- and 
organ fans will enjoy reading "Electronic Organ Chips 
For Use in Computer Music Synthesis". 
New material includes "Polyphony Made Easy" and 
"A Terrain Reader". The first describes a handy circuit 
that allows you to enter more than one note at a time 
into your computer from a musical keyboard. The 
"Terrain Reader" is a remarkable program that creates 
random music based on land terrain maps. 
Other articles range from flights of fancy about the 
reproductive systems of pianos to Fast Fourier trans­
form programs written in BASIC and 6800 machine 
language, multi-computer music systems, Walsh 
Functions, and much more. 
For the first time, material difficult to obtain has been 
collected into one convenient, easy to read book. An 
ardent do-it-yourselfer or armchair musicologist will 
find this book to be a useful addition to the library. 

ISBN 0-931718·11·2 
Editor: Christopher P. Morgan 
Pages: approx. 128 
Price: $10.00 

-
SUPERWUMPUS is an excit­
ing computer game incorpo­
rating the original structure of 
the WUMPUS game along 
with added features to make 
it even more fascinating. The 
original game was described 
in the book What To Do After 
You Hit Return, published by 
the People's Computer Com· 
pany. Programmed in both 
6800 assembly language and 
BASIC, SUPERWUMPUS is not only addictively fun, 
but also provides a splendid tutorial on setting up 
unusual data structures (the tunnel and cave system 
of SUPERWUMPUS forms a dodecahedron). This is a 
PAPERBYTPM book. 

ISBN 0-931718-03·1 
Author. Jack Emmerichs 
Pages: 56 
Price: $6.00 

TINY ASSEMBLER 6800, 
Version3.1 isanenhancement 
of Jack Emmerichs' success­
ful Tiny Assembler. The origi­
nal version (3.0) was described 
first in the April and May1977 
issues of BYTE magazine, 
and later in the PAPERBYTPM 
book TINY ASSEMBLER 
6800 Version 3.0. 
In September 1977, BYTE 
magazine published an article 
entitled, "Expanding The Tiny Assembler''. This pro­
vided a detailed description of the enhancements 
incorporated into Version 3.1, such as the addition of a 
"begin" statement, a "virtual symbol table", and a 
larger subset of the Motorola 6800 assembly language. 
All the above articles, plus an updated version of the 
user's guide, the source, object and PAPERBYTE™ 
bar code formats of both Version 3.0 and 3.1 make this 
book the most complete documentation possible for 
Jack Emmerichs' Tiny Assembler. 

ISBN 0-931718-08·2 
Author. Jack Emmerichs 
Pages: 80 
Price: $9.00 

A walk through this book brings you into Ciarcia's 
Circuit Cellar for a detailed look at the marvelous 
projects which let you do useful things with your micro­
computer. A collection of more than a year's worth of 
the popular series in BYTE magazine, Ciarcia's Circuit 
Cellar includes the six winners of BYTE's On-going 
Monitor Box (BOMB) award, voted by the readers 
themselves as the best articles of the month: Control 
the World (September 1977), Memory Mapped IO 
(November 1977),Program Your NextEROMin BASIC 
(March 1978), Tune In and Turn On (April 1978), Talk 
To Me (June 1978), and Let Your Fingers Do the Talking 
(August 1978). 
Each article is a complete tutorial giving all the details 
needed to construct each project. Using amusing 
anecdotes to introduce the articles and an easy-going 
style, Steve presents each project so that even a 
neophyte need not be afraid to try it 

ISBN 0-931718-074 
Author: Steve Ciarcia 
Pages: approx. 128 
Price: $8.00 

-



. 


. is right now! 

BAS EX, a new compact, compiled language for m icro­
computers, has many of the best features of BASIC 
and the 8080 assembly language-and it can be run 
on any of the 8080 style microprocessors: 8080, Z-80, 
or 8085. This is a PAPERBYTE™ book. 
Subroutines in the BASEX operating system typically 
execute programs up to five times faster than equiva­
lent programs in a BASIC interpreter-while requiring 
about half the memory space. In addition, BASEX has 
most of the powerful features of good BASIC inter­
preters including array variables. text strings, arithme­
tic operations on signed 16 bit integers, and versatile 
10 communication functions. And since the two lan­
guages, BAS EX and BASIC. are so similar, it is possible 
to easily translate programs using integer arithmetic 
data from BASIC into BASEX. 
The author, Paul Warme, has also included a BASEX 
Loader program which is capable of relocating pro­
grams anywhere in memory. 

ISBN 0-931718-05-8 
Author: Paul Warrne 
Pages: 88 
Price: $ 8.00 

-
PROGRAMMING TECH­
NIQUES is a series of BYTE 
BOOKS concerned with the 
art and science of computer 
programming. It is a collection 
of the best articles from BYTE 
magazine and new material 
collected just for this series. 
Each volume of the series 
provides the personal com­
puter user with background 
information to write and main­
tain programs effectively. 
The first volume in the Programming Techniques 
series is entitled PROGRAM DESIGN. It discusses 
in detail the theory of program design. The purpose 
of the book is to provide the personal computer user 
with the techniques needed to design efficient, effec­
tive, maintainable programs. Included is information 
concerning structured program design, modular pro­
gramming techniques, program logic design, and 
examples of some of the more common traps the 
casual as well as the experienced programmer may 
fall into. In addition, details on various aspects of the 
actual program functions, such as hashed tables and 
binary tree processing, are included. 

ISBN 0-931718-12-0 
Editor: Blaise W. Liffick 
Pages: 96 
Price: $6.00 

SIMULATION is the second volume in the Program­
ming Techniques series. The chapters deal with 
various aspects of specific types of simulation. Both 
theoretical and practical applications are included. 
Particularly stressed is simulation of motion, including 
wave motion and flying objects. The realm of artificial 
intelligence is explored, along with simulating robot 
motion with the microcomputer. Finally, tips on how 
to simulate electronic circuits on the computer are 
detailed. 

ISBN 0-931718-13-9 
Editor: Blaise W. Liffick 
Pages: approx. 80 
Price: $6.00 
Publication: Winter 1979 

RA6800ML: AN M6800 RELOCATABLE MACRO 
ASSEMBLER is a two pass assembler for the Motorola 
6800 microprocessor. It is designed to run on a mini­
mum system of 16 K bytes of memory, a system 
console (such as a Teletype terminal), a system monitor 
(such as Motorola MIKBUG read only memory pro­
gram or the ICOM Floppy Disk Operating System), 
and some form of mass file storage (dual cassette 
recorders or a floppy disk). 
TheAssembler 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™ publication LINK68: AN M6800 
LINKING LOADER for details.) 
T here is a complete description of the 6800 Assembly 
language and its components, including outlines of 
the instruction and address formats, pseudo instruc­
tions and macro facilities. Each major routine of the 
Assembler is described in detail, complete with flow 
charts and a cross reference showing all calling and 
called-by routines, pointers, flags, and temporary 
variables. 
In addition, details on interfacing and using the 
Assembler, error messages generated by the Assem­
bler, the Assembler and sample 10 driver source code 
listings, and PAPERBYTETM bar code representation 
of the Assemblers relocatable object file are all induded 
T his book provides the necessary background for 
coding programs in the 6800 assembly language, and 
for understanding the innermost operations of the 
Assembler. 

ISBN 0-931718-104 
Author: Jack E. Hemenway 
Pages: 184 
Price: $ 25.00 



------------------------------

LINK68: AN M6800 LINKING LOADER is a one 
pass linking loader which allows separately translated 
relocatable object modules to be loaded and linked 
together to form a single executable load module, and 
to relocate modules in memory. It produces a load map 
and a load module in Motorola MIKBUG loader format 
The Linking Loader requires 2 K bytes of memory, a 
system console (such as a Teletype terminal), a sys­
tem monitor (for instance, Motorola MIKBUG read 
only memory program or the ICOM Floppy Disk 
Operating System), and some form of mass file stor­
age (dual cassette recorders or a floppy disk). 
It was the express purpose of the authors of this 
book to provide everything necessary for the user 
to easily learn about the system. In addition to the 
source code and PAPERBYTE™ bar code listings, 
there is a detailed description of the major routines of 
the Linking Loader, including flow charts. While imple­
menting the system, the user has an opportunity to 
learn about the nature of linking loader design as well 
as simply acquiring a useful software tool. 

ISBN 0-931718-09-0 
Authors: Robert D. Grappe! 

[, Jack E. Hemenway 
Pages:72 
Price: $8.00 
Winter 1979 

TRACER: A 6800 DEBUGGING PROGRAM is for 
the programmer looking for good debugging software. 
TRACER features single step execution using dynamic 
break points, register examination and modification, 
and memory examination and modification. This book 
includes a reprint of "Jack and the Machine Debug" 
(from the December 1977 issue of BYTE magazine), 
TRACER program notes, complete assembly and 
source listing in 6800 assembly language, object 
program listing, and machine readable PAPERBYTETM 
bar codes of the object code. 

ISBN 0-931718-02-3 
Authors: Robert D. Grappe! 

[, Jack E. Hemenway 
Pages: 24 
Price: $6.00 

MONDEB: AN ADVANCED M6800 MONITOR­
DEBUGGER has all the general features ofMotorola's 
MIKBUG monitor as well as numerous other capabili­
ties. Ease of use was a prime design consideration. 
The other goal was to achieve minimum memory 
requirements while retaining maximum versatility. 
The result is an extremely versatile program. The size 
of the entire MONDEB is less than 3 K. 
Some of the command capabilities of MONDEB in­
clude displaying and setting the contents of registers, 
setting interrupts for debugging, testing a program­
mable memory range for bad memory locations, 
changing the display and input base of numbers, 
displaying the contents of memory, searching for a 
specified string, copying a range of bytes from one 
location in memory to another, and defining the loca­
tion to which control will transfer upon receipt of an 
interrupt This is a PAPERBYTE™ book. 

ISBN 0-931718-06-6 
Author: Don Peters 
Pages: 88 
Price: $5.00 

BAR CODE LOADER. The purpose of this pamphlet 
is to present the decoding algorithm which was de­
signed by Ken Budnick of Micro-Scan Associates at 
the request of BYTE Publications, Inc., for the PAPER­
BYTE™ bar code representation of executable code. 
The text of this pamphlet was written by Ken, and 
contains the general algorithm description in flow 
chart form plus detailed assemblies of program code 
for 6800, 6502 and 8080 processors. Individuals with 
computers based on these processors can use the 
software directly. Individuals with other processors can 
use the provided functional specifications and detail 
examples to create equivalent programs. 

ISBN 0-931718-01 -5 
Author: Ken Budnick 
Pages: 32 
Price: $2.00 

BYTE BOOKS Division • 70 Main Street • Peterborough, New Hampshire 03458
I 

Name 	 Title Company 

I 	 Street Ci ty Stale/ Province Code 

I 	 0 Check enclosed in the amount of$I 	 0 Bill Visa 0 Bill Master Charge Card number Expiration Date 
Please send the books I have checked. I 0 Computer Music $10.00 I D SUPERWUMPUS $6.00 
D Tiny Assembler (3.1) $9.00I D Circuit Cellar $8.00 
D BASEX $8.00I 

I 
 D Program Design $6.00 


I 
BYl E BOOKS. BYTE BOOKS logo. and PAPERBYTE 
are trademarks of BYTE Publicat1ons. Inc 

D Simulation $6.00 
D RA6800ML $25.00 
D Link68 $8.00 
D TRACER $6.00 
D Mondeb $5.00 
D Bar Code Loader $2.00 
Add 50¢ per book to cover postage 
and handling 

Please allow 6-8 weeks for processong your order. 
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Financial Analysis and Business 
Decisions on the Pocket Calculator 
by Jon M Smith 
John Wiley and Sons, New York 7976 
373 pages 
$72.95 

For many peop le, mathematics app lied to 
their fi nancial affai rs consists of reconcil ing 
checking account statements, fi lling out in­
come tax forms, trying to pay all their· bil ls 
and live within their means, sc heming to 
have more money, and once in a lifetime 
retirement planning, but not much more. 

When I unexpected ly received a review 
copy of Jon Smith's seco nd book, I thought 
it wou ld be dull. It looked like a particularly 
thorough version of eighth grade arithmetic, 
but not difficu lt eno ugh to excuse me from 
reading all of it. Fonunate ly, th is first im­
pression was wrong. Smith has managed to 
make the subject quite interest in g, if not 
actually entertaini ng. Once into the book , it 
became progressively harder to put aside, 
and I was rather sorry to come to its end . 

This is esse ntially a guidebook to the 
mathematical aspects of scheming to make 
more money (by lawfu I means), emphasizi ng 
how any pocket ca lculator (but particu larly 
the "fi nanci al" kind) can be of ass istance. 

The chapters concerning business deci­
sio ns provide a quick and fasci nating in tro· 
duction to decision trees, certain appl i­
cations of probabili ty and statistics that lead 
to systems analys is, and forecasting tec h­
niques in cluding linear regression . Yes, some 
of the fi nancial calculators can do linear 
regression with very few keystrokes. 

One third of the book is devoted to case­
book examples giving comp lete keystroke 
sequences for a variety of calcu lators. Where 
appropriate, genera l sequences are given for 
4 function ca lculators of both algeb r·aic and 
reverse Polish notation (RPN) types. Prob­
lems involving compound interest tend to go 
beyond their capabi lity for easy solution, 
and are often o nly shown solved by financ ial 
models, specifical ly the HP-22, 70 and 80, 
Novus 6020 and Rockwell 204. 

Despite the strong capabilities of their 
built-i n (or hardware preprogrammed) func­
tions, th ese machines arc give n quite a run 
for the i1· money with some rather long pro­
grams (keystroke sequences). Of co urse, the 
more expensive ca lculators with the most 
such fu nctions generally have the easiest 
time of it (although not always), need the 
fewest steps, and have the least need for trial 
approximations. 

THE BLUE BOARD 

OF HAPPINESS 


It's the new 8080 

CPU board from SSM. 


It's blue. And it's loaded. 
(Thor's why it's happy.) 

Loaded with so many features. 
Just odd an I/0 boord and 

you've got o computer. 

Loaded starrs with 256 bytes of on-boord RAM. 
Add 2K of optional on-board 2708 EPl\OMs. 
Then odd a power-on/reset j ump circuit, and the 
availability of MWl\ITE. allowing use without a 
front panel. 

And then there's o para llel input port with 
storus. And enough DIP switching ro make you 
dizzy. DIP controlled addressing of PP.OM in 2K 
blocks-of vecror j ump in 2K increments-of 
RAM In 256 byre increments-of input porr for 
addresses 0 ro .31 In decimal. 

Like all SSM boards. rhe S-100 compatible 
CCl-1 includes gold-plated edge connectors and 
Tl low-profi le soc l~ets. And SSM support and war­
ranry. Yet, even as loaded as our CCl-1 is. the 
price won't leave you breathless. 

All for only $144. 95. 
Available or over 100 retai l locations, or direcr 
from SSM. 

Video and teletype monlror programs ore 
available on EPP.OM for only $.34.9 5 wirh the 
purchase of any SSM l~it. 

SSM manufactures a full line of S-1 00 boards. 
For complete details. j ust send for our new 
FREE catalog . 

2116 Walsh Avenue 
Sanra Clora. CA 95050 
(408) 246 2707 

• we used ro be Solid Srote Music. We still make the blue boards. 
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The text emphasizes understanding of the 
necessary computations so that, if your ca l­
culator is not one of those above, a good 
understanding of its instructions shou ld en­
able you to mod ify the keystroke sequences 
as I did when needed. For simple calculators, 
Sm ith does not even assume you have a per­
cent (%) key, so it is often possible to 
shorten the sequence. A brief section covers 
general principles for using programmable 
calculators. 

Much is made of the book's interdiscipli­
nary aspects in which Smith shows how the 
same problem is approached through differ­
ent terminology by special is ts in different 
fields. He simplifies all the financial analysis 
to five parameters: present value, future 
value, number· of compounding periods, 
interest rate per compounding period, and 
amount of equal periodic payments. These 
are combined into only 12 different equa­
tions : three each for investment yield com­
parisons (solving for interest rate) and invest­
ment horizon comparisons {solving for 

• number of compounding periods); and two I 

I 
each for net present value analys is (so lving 
for present value), growth comparison 
analysis (solving for future value) and afford ­
ability analysis (solving for amount of per­
iodic payment). Not all financia l calculators 
have all twelve equations preprogrammed. 

i In the special chapters on business statis­
tics and business systems analysis, Smith 
really seems to hit his str ide, and these may 

' 
leave you breathless. In additio n, there are 
four special but more easygoing chapters on 
consumer finance, merchandising calcul a­
tions, real estate calculations and program ­
mable calculators. The four appendices are: 
the "HUD Guide to Real Estate Settlement 
Costs," tables of binomial probabilities and 
Gaussian distributions, and some text on 
concepts of time and money (borrowed 
from Hewlett-Packard). 

The chapter on programmable calculators 
includes the only illustration of so lving con­
ti nuou s compounding, although this is men­
tioned in two other places. The illustration 
uses differential equations. Surprisingly, 
Smith docs not show the si mple formula : 
FV = PV (en x i), where n is in years and i is 
the annual interest rate (not the usual rate 
per compounding period) as a decimal, and 
e is the base for the natural logar ithms. 

There is also litt le treatment of ca lculat­
ing errors. For instance, taki ng the square 
root of e for a co ntinuous compounding 
problem , eight significant figures are needed 
in the answer to be sure of rounding to the 
nearest penny . Of two 8 place display calcu­
lators I have at hand, one shows the square 
root of e to seven places, the other to eight. 
If logarithm and an ti logarithm conversions 

are made (compared to straight power, root, 
multiplication and division processes such as 
in the power series when either method 
could be used), one or two places of accuracy 
may be lost, depending on the specific exam­
ple and the calculator used. 

Perhaps deliberately, the author does not 
show how to compute a year's daily com­
pounding on the ordinary 4 function calcu­
lator, which is easy on a 360 day basis and 
difficu It for 365 days (see "Just Look at 
What a Little Calculator Can Do!", Changing 
Times, January 1977, pages 17 and 18). This 
involves raising the daily interest multiplier 
to the 360th power, a remarkable feat 
accomplished with fair accuracy on an 8 
place calculator, as long as the annual interest 
rate is not too low and not too many places 
of accuracy are needed in the answer·. It is 
also possible to correct for one or two leap 
years. 

Computers can pinch pennies more easily 
than can fina ncial ca lculators. On daily com­
pounding, for example, you may never 
receive any fractional cents from day to day, 
or you may be given a fu ll cent for half or 
more and lose each less than half, or round­
ing may be done only at the end. I believe 
this is why different banks can offer certifi­
cates at the same annual rate, both com­
pounded daily, but with different effective 
annua l yields. A few calculators round up or 
down, ca lled rounding or rounding off, but 
most of them truncate the results. Truncation 
tends to produce somewhat larger calcu lat­
ing errors than rounding. Some desktop cal­
culators have a switch to all ow choosing 
either when usi ng a fixed number of decimal 
places. 

At least one scientific ca lculator inc ludes 
preprogrammed financia l functions. Some 
remarkably inexpensive financial calculators 
have come on the market. Programmable cal­
cu lators can ·be set to do financia l equations, 
but often require many programming steps. 
At least two manufacturers have combined 
the power of preprogrammed financial func­
tions with the versatility of programmable 
keystroke sequences (the Novus 6025, Texas 
Instrume nts MBA), which should provide 
increased convenience and reduced I ike l ihood 
of operator error in repetitive calculations. 

Unfortunately, some errors have crept 
into the book. If you have the fi rst printing, 
send a se lf-addressed stamped envelope to 
Gerald R Galbo, editor, John Wiley and Sons 
Inc, 605 Third Av, New York NY 10016, for 
a li sting of the corrections and the author's 
meticulous changes. 

John F Sprague 
143 Myrtle Av 

Allendale NJ 07401• 
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Scelbi "6800" Software Gourmet Guide 
& Cook Book 
by Robert Findley 
See/bi Computer Consulting Inc 
Milford CT, 7976 
$9.95 

This book is the f irst of a ser ies of LexL 
and program collections for the Motorola 
6800 produced by Scelbi Computer Con­
sult ing Inc, authors of a popular er ies of 
si mil ar books for the Intel 8080. The book 
can be viewed ei ther as an educational 
aid fo r 6800 users or as a source of ex ten ­
sivcly documenLed programs: the ratio of 
tutorial or narrative text to program listings 
and rlowcharts is abou l 3 LO I . 

The first two chapters deal with the 6800 
instruction set and ba ic 6800 programming 
techniques, such as the use of page zero, 
relocatabil i ty of programs, breakpoi nts, and 
use of the stac k. Mu l tiple precision arith­
metic is then covered in some depth, along 
with time delay rou tines and random num­
ber genera tors. A full chapter is devoted 
to an ex tensive cl iscu sion of floating point 
rou tines, and another chapter Lo long­
precision dec imal arithmetic rou tines; both 
arc complete with source code listings. The 
coverage of input/output and interrupt pro­
cessing includes technique for a "software 
UART " and a brief discussion of in terrupt 
pri or i ties. The last chapter presents sorting 
and table searching routi nes. Finally, six 
appendi ces provide useful reference infor­
mation, including a relocatable objec t code 
list ing of the floating poin t routines. 

Th is book would be a useful reference 
source for anyone who is deve loping 6800 
appl ications software and is highly recom ­
mended to the user who is learning assembly 
language programming on the 6800. 

D an Fylstra 

22 Weitz St # 3 
Boston MA 021 34 • 

I
'Beep·
Beep/ 

Here comes another high-flying 

Blue Board of Ha~plness from SSM. 


~~---

The VB-2 Video Board ... 
it saves programming time, memory 


space, and is built to U.S. video 

standards. 


Check out al l our VB-2 's great features , and 
compare prices: 
• It's an 1/0 controlled 	 • Circuitry provided to 


video interface that drive a speaker for 

turns a TV or commer- external "beep" 

cial grade monitor into tone 

a video terminal • 64 x 16 character 


• 	No need for another display includes up­
1/0 board for key- per case letters, num­
board input and video bers and symbols 

display 	 • Characters can be 

• Hardware control led 	 switch selected for 

cu rsor for line feed , white on black, or 

car ri age return , and black on wh ite 

backspace • Full interlace for com­

• Reduced software 	 plete compat ibi lity 

overhead frees up with video stan ­
more memory space dards 

for important data • S-100 compatible 


• Extra adjustments include adjustable character 

width , horizontal margin and vertical position 


All for only $149.95. Available at over 

~""....-~ 100 retail locations, or direct from SSM . 
. ....;~ 

"tJ 	 4- • I 

' 

i :- ·~ . ~ ·. ' __'j:.:-__J 

SSM manufactures a lull line of S- 100 bo~rds For complete details. 

1us1send lor our new FREE ca1alog 


2 116 Walsh Avenue Santa Clara. CA 95050 (408) 246-2707 

·we used 10 be Solid State Music We still 
make the Blue Boards. 
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callmlllrl'c ( 1):100·ri2 1·77UO , El.1 \I\ 
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Verbatim Corporation 
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S~ify
Verbatim. 

~YUGART SERENADE 


Memory Meanderings 

Christopher Strangio 
CAMI Research 

43 Bailey Rd 
Watertown MA 02172 

Address Hexadecimal Label Operator Operand 
Code 

FFFA 31 FD FF LXI SP, FFFD 
FFFD CD FD FF LOOP CALL LOOP 

Describe the operation of the following 
8080 program if: 

(a) 	 64 K of programmable memory is 
available, starting at location 0000 
(no read only memory or memory 
address mapped input/output is used.) 

(b) 	 Only the top and bottom 256 bytes 
of programmable memory are avail­
able. (Hexadecimal addresses 0000 to 
OOFF, and FFOO to FFFF.) 

Turn to page 181 for the answers, but 
not until you've figured out what you think 
th ey are. For reference materials see the 
Intel 8080 specifications or any of a number 
of books on that processor.• 
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Functional Bug 

We received the fol lowing from F R 
Ruc kdeschel : 

The author apologizes for making an 
obvious error in the coeffic ients shown 
on ta ble 1 of "Functiona l Approxi ­
mations" (November 1978 BYTE, page 
38) fo r the expansion of sin(x ). The 
mistake occurred in transforming the 
coefficients for the optimal series repre· 
sen tation of sin(1T x/2) to the more use· 
ful sin(x) form . The transformation was 
so simple that nothing (?) could go 
wrong. The correct coefficients, to the 
digit shown, are given below. The 
accuracy of the approximation is better 
than 2 x 1 o-7 ove r the range indicated. 

Maclaurin Optimal 
Term Coefficients Coefficients 

1.00000000 1.0000000 
-o.16666667 -0.1666666 

x3 
"s 0.0083333333 0.008333026x7 

- 0.00019841270 -0.000198074 2 
0.000002755732 0 .000002601887 

•g 
•1 1 -2 .so52109 x 1o-e:13 1.6059045 x 10-10 • 

Motor Bug 

A small bug stepped into the stepper 
motor descr ibed in " I've Got You In 
My Scanner! A Computer Controlled 
Stepper Motor Light Scan ner" (Novem­
ber 1978 BYTE , page 86). The part 
number of the motor should be K82701­
P2, not K82944·Ml, as state d. For 
price and ordering Information, con tact 
North America n Philips, Sales Dept, 
Cheshire CT 06401, (203) 272-0301 .• 

Out of Phase 

In Leonard H Anderson's article 
"Linea r Circui t Analysis " in October 
1978 BYTE, the table on page 102, 
"Complex Number Arithmetic," con· 
rains two mathematical errors : 

1. 	 The correct formula fo r mag­
nitude 	 should be MAGN 
)(A2 + B2) 

2. 	 The correct formula fo r p hase 
angle should be PHA =ARCTAN 
(B/A) . 

Attempti ng to use the formulas given 
in the article wil l result in chaos. 

D M Graham 
214 9 Scarboro Av 

Vancouver BC 
CANADA VSP 2 L2 

Oops! Mr Graham has detected an 
obvious error. We hope our college 
mathematics teachers weren '1 looking 
. . . . CM• 

Faster and Easier is what we're all about. 

APP-27-H 
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You don't waste a second 
on "mechanics" with 
A P All·Clrcult Evaluators. 
You figure out the circuit you want, 
then plug It In for testing. You decide 
to Improve your layout, and you 
make your moves as quickly as you 
think them up. There's Just no faster 
or easier way to build and test cir­
cuits and circuit Ideas. 

But just because breadboarding 
is now such a c inch, don't get the 
idea that you don 't have electronic 
integrity. Our solderless plug-in tie 

points ore made of a special non­
corroding alloy. Use them as often 
as you like. 

How many tie points do you need? 
Our smallest ACE has 728, our larg­
est has 3,648. And all of them 
accept all DIP sizes. 

Everything is quality all the way. 
You can even see the difference 
in our harder, shinier p lastic matrix. 

See for yourself. Phone (toll-free) 
800-321-9668 for the address of your 
nearby AP Products dealer. And 
ask for our complete AP catalog, 
The Faster and Easler Book. 

m 
AP PRODUCTS 
INCORPORATED 
Box 110 D • 72 Corwin Drive 
Painesville, Ohio 44077 
Tel. 216/354-2101 
TWX: 810-425-2250 



The Jetter from Olitv N;icss (Technical 
Forum, August 'J978 BYTE, page 12) sug­
gesting the use of the da ta in and d:i1a out 
lines of the s- ·100 bus as a bicli r·ec tional data 
bus was cspeCiitlly intere Li ng in l ight of the 
announcement of a commerci;il product that 
operates this way , and adop tion of this 
mode of 16 bit operation in the proposed 
sta ndard for the S-100 bus. 

In August 1977, I was invo lved in design­
ing th e prototype of a processor boMd that 
interfaced the Texas In tru men ts TMS9900 
16 bit processor to the S-100 bus. Since the 
de ign wa to work with most ex isti ng S-"100 
boards, it included logic to multip lex the 
16 bit data transfers into pa irs of conven-

Comments on S-100 Bus Extension 

John Walker t ional 8 bit me111ory cycles. Since pc1·fo1·m­
Marinchip Systems ing this multiplexi ng imposed a subst:inti,tl 
16 St Jude Rd performance penalty on the processor com­
Mill Valley CA 94941 pared to operation with 16 bit parallel 111c111­

orics, I wanted to allow the processor to also 
work with ·16 bit wide memories, ideal ly 
interm ixcd with nonnal S-100 memories. 

After d iscarding severa l sc hemes suc h as 
hav ing a eparatc ·16 bit wide bus along th e 
top of the card, and sp l itt ing the bus into 
two separate mother boards , I hit on the 
idea of L1sing the data in and data out bu>e> 
as a bidirectional bus. T he final design wa~ as 
fol low. 

At the start of a memory cycle, the pro­
cessor asserts a line, informing the memory 
that Lhc processor is capable or ·16 bi l tran~­

fe rs. I f the memory add r·essccl is also capnb lc 
of ·16 bil operation, iL r·esponcls with a signJ I 
informing the processor of this fac t. Wh en 
the proces or ces the 16 bit mode reply 
fro m the memory, it initi ates a paral lel 16 bi t 
transfer instead of the normal pa ir 0 1· 8 bit 
t ransfers. Since :i conventional 8 bil S-100 
memory is not con nected to the 16 bit rep ly 
line, and the prncessor pulls this line ti> the 
8 bit va lue, normal 8 bit memorie w il l run 
with the processor with no modiric<1tiun in 
multiplexed mode. 

The procc sor's 16 bit request Iinc allows 
the de. ign of memories th at opera te in either 
8 or 16 bi t mode. Such design is desirable 
becaus memories so designed can be used 
both with regular 8 bit proces ors or with 
th e new 16 bil processors. A lso, sL1ch a me111­
ory is required in order to use a11 8 bi t direct 
mcmo1y acce s device in a sys lcm with .i 

16 bi Lprocessor ,1nd 111cmory. 

The Marinchip Sy tcm M9900 processor 
wa designed to run in th e manner described 
above. A proto type of the processor with 
16 bit mode operat ion w.1s te tcd in Jan uary 
1978, and th e production model of the pro· 
cessor was demonstrated , L the West Coast 
Computer Fa ire in M arch 1978, running 
with mixed 8 and 16 bit memories and an 
8 bit direct memory ,1cccss disk con troller. 
At the Faire, our scheme for 16 bit opera­
tion was presented al the S-100 standard 
meeting. The S-100 tand, rds committee 
later adop ted it in the proposed standard. 

The bidirectional 16 bit bus proposa l, as 
integrated into the proposed standard, has 
many advantages. I t requi res no new hard­
war·e signal routing (comp,ired to a separate 
16 bit bus, or a sp li t mother board) . It re­
qu ire on ly two new bus li nes: the 16 bit 
request from the processor, and the 16 bit 
acknowledgement from the memory . F ina lly, 
and most importantly, it al lows a smooth 
transit ion from a prim ari ly 8 bit world to 
the coming 16 bit era. Users' investm ent in 
8 bi t memory, input/output, and d irect 
memory access devices is protected , a these 
device continue to run wi thout mod ifica­
ti on, whi le ·16 bit processors and devices can 
be added as they become av,iilable. The 16 
bit processor, when execuLing out of 16 bit 
memory, opera te~ at its ful l rated speed. 

To answer the objections raised to this 
proposal by John C McCal lum in the same 
issue, allowing 8 bit memory boards to oper· 
ate in the ir orig inal mode allows them to 
work with a '16 bit processor with no prob­
lems. If a memory board works with an 
8080, it wi ll work in 8 bit mode with the 
new processor. Processor Technology 's paral­
lel bus affects on ly the SOL compu ter, as far 
as I know, and not any of their acccs ory 
boards. In any case, rhcir 3P+S, VDM -1, and 
8K RA memory work fine with the M9900 
processor. Since the SOL has th e processor 
integrated in the system rather than on a 
separate card, u ers arc not likely to change 
it .i nyway . Finally , nobody expects anybody 
LO rewire anything under the ·16 bit prnposal. 
The most amacuve facet of the proposal is 
that it allows existi ng hardware to ru n as it 
doc now, wh ile al lowing new hardware LO 

run with un impaired performance. 
If the S-100 bus i Lo remain the domin ant 

bus for mod ular system cons truction, it must 
accommodate the ex ist ing and forthcoming 
16 bit processors. I fee l the proposed 16 bi t 
standard is the best route Lo this goal. • 

REFERENCE 

Morrow, G. and Fullmer, H, "Proposed Standard 
for the S-100 Bus," Computer, May 1978. page 84. 
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Russell F. Roth, President, Roth Computer Processing, lndlanapolls, IN: "Bookkeeper 
and Autoscrlbe are flexible enough for almost any business application. MicroSource 
narrows the applications gap between micros and the other guys ... refreshing for 
packaged systems." 

Chuck Faso, Owner, Computerland of Niies, IL: "You cannot find more for your money 
anywhere. Autoscrlbe is the easiest to operate I've seen. It does everything you would 
want to do with word processing. There's just no competition ar this price." 

Norm Dlnnsen &. Dave McDonough, Owners, Computerland of San Diego: ··we like ro 
sell systems we can depend on. Thar's why we sell MicroSource. MicroSource software is 
more business-oriented. the systems are a lot cleaner and they use good dependable 
equipment. 

"MicroSource has the best documentation we've yet to see. Bar none. We're looking 
forward to more MicroSource packages." 

Autoscrlbe - The Paperwork Manager'". Bookkeeper - The Office Accountant••. 
Here's the lowest-cost answer to your Now you can use the same system used by 
office paperwork problems. And. the only CPA firms to prepare your monthly state­
word processor that's also a small business ments. What used to take you days now 
computer. Less than $8,000 (under $200/ takes just hours. just $ 7595 (under $200/ 
mo. on a financing lease) with a North Star­ mo. on a financin~ lease) with a North Star­
based system (sugg. list). based system (sugg. list). 

MICRO SDLIACE TM 

1425 W. 12th Place• Tempe, Arizona 85281 • (602) 894-9247 •Cable: MICROAGE 
Telex: 165 033 

The following are trademarks of The Phoenix Group, Inc.: MicroSource. Autoscribe. Bookkeeper 
DEALERSHIPS STILL A.VA.llABLI 
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Build a 
Computer Controlled 

Security System 

Copyright © 1978 by Steven 
A Ciarcia. All rights reserved. 
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for Your Home 


"Steve? Lloyd? How did you get in?" 
I jumped back in my swivel cha ir in surprise 
as they approached. 

" j oyce let us in." 
IL wasn't unusual for Steve and Lloyd to 

drop over. We've been friends and fellow 
computer buffs for years. The surprising 
part was that they hadn't seen my new base­
ment since I had moved and they decided 
not to wait for an invitation. 

"Boy, when you said you moved to the 
woods, you really meant iL." l was sure that 
a western Lon g Isl ander I ike Lloyd probably 
considered more than three tr-ees and a 
hedge in a yard a forest, but I d id have to 
admit that the last 100 yards along my dirt 
road was a real killer. "How do you plan to 
get out of here in the winter?" 

A picture of Nanook of the North com­
plete with dogsled and team flashed into my 
mind. I fe lt the cold wind blowing in my 
face and frosty icicles fo rming in my bushy 
beard. Pro tecting my eyes from the blizzard 
conditions with a heavily gloved hand, I 
searched the horizon for the faint wisp of 
smoke rising from a chimney that would 
provide some respite from the harsh winter. 
The whip in my other hand was glazed with 
ice and no longer produced the crisp snap 
that was necessary to command the atten­
tion of the lead sled dog. The iciness envel­
oped me and began to cloud my conscious­
ness. l could only hope that instinctual 
survival reactions would be triggered in 
time.... 

"Steve! What arc you going LO do in the 
winter?" Lloyd repeated, breaking me from 
my trance. 

Steve Ciarcia 
POB 582 

Glastonbury CT 06033 

Software consulting by Steve Sunderla nd 

Part 1 


Though ts of my arctic ordea l instantly 
dissolved and the true answer came to mind. 
"A Jeep came with the house. Come over 
when it snows and I'l l show you how to 
plow a road." 

Lloyd shuddered. The thought of being 
bounced around in a Jeep while plowing a 
rutted dirt road was more than he could 
take. "No thanks. Maybe I'll watch - from 
inside!" 

Before I could discuss the merits of 
mechanized dogsleds and their rel a tionship 
to my fantasy, Steve asked a question I had 
been concerned about but had not yet re­
solved. "Have you thought of a security 
system for this place?" 

"Actual ly, I've done more than think 
about it, I've started to design one." l was 
aware of my new isolation, and while crime 
was an im portant consideration, any security 
system I designed would do far more than 
just ring an alarm bell. 

"Yeah! You ought to see the system I 
have," Lloyd piped in. "It cost a fortune, 
but anybody breaking a window or opening 
a door will set it off. It au tomatically dials 
the pol ice too." 

"Lloyd, I've been to your house. It 's 
wired like Fort Knox! You've got foil tapes 
on every window like a jewelry stor·c. This 
house is a contemporary, if you didn't no­
tice as you entered. Do you realize how 
much glass there is in the living room alone?" 

"It's a pretty foolproof method," he 
answered as though not hearing my question. 

"Well ... ," I continued, "there are over 
300 square feet of glass in that one room. 
All I need is 300 square feet of strips. And 
didn't you say you often had false alarms in 
the spring and fa ll when the temperature 
variations induced cracks in the tapes?" 

"Hold it Steve. Lloyd was only talking 
about one possibility . You don't have Lo 
install the same system . In fact there must 
be dozens of commercial burgler alarms you 
could have installed ." 

Steve was right. "I'm sorry guys. Moving 
out here in the woods has pointed out the 
need for self-sufficiency and independence. 
That's why l have the wood stove over there. 
I '111 even going to install an auxi lia ry gener­



ator to power the water pump and lights. 
The only item I haven't settled yet is the 
security system." 

" Isn't it a simple matter of stringing some 
door and window switches, an on/off key 
switch, and an auLOm atic di aler? " 

"Sure Steve, if I wanted a simple burgl ar 
alarm. You shou ld know me better th an 
that, though . Reasonably priced commerc ial 
systems are nothing more than what you've 
described. As soon as you add time re lated 
activations, battery backup, intrusion sens­
ing to cover appro ach roads and su rround ing 
property, and a decision making capacity 
from the alarm contro ll er, dedicated logic 
becomes too ex pensive." 

"What kind of system do you have in 
mind?" inquired Ll oyd. 

"Actually I haven't finalized all th e de­
tails, but th e system I want would do things 
like turn on the outside lights as I drive up 
to the house, activate 115 VAC appliances 
in either a preprogrammed sequence or ran­
domly, have display panels in the bedroom 
and down here in the basement Lo track 

SECURITY SYSTEM OUTPUTS 

REMOTE STATUS DI SPLAY PANEL 

TE MP 
0 

ROAD I 

PERIMETER 
0 

WAT ER 

NEIGHBOR 
0 

RESET STATUS 

anyone approaching the house, and of 
course all the usual fire and burglar ala rm 
functions." 

"Wow, Steve!" Ll oyd's eyebrows rose a 
little as the security system was unveiled. 
"Th at would take a computer! " 

"Exactly!" I exclaimed. 
Steve looked at me, then at the big (by 

microcomputer standards) computer Lo my 
left. His technical mind did a quick calcu­
lation on the battery backup requirements 
for my 64 K dua l di sk computer system. 

" I suppose you've laid in a separate 
power feeder from the Grand Cooley Dam 
to keep this dinosaur ru nning7" he said. 

"Don't be funny. The computer 
propose to use is a single board micro­
com pu ter, programmed to provide the 
sophistication I want but versatile enough 
to all ow logic changes and easy hardware 
expansion ." I reached into the drawer be­
hind me and pulled out a foot square pop­
ulated printed circuit board and passed it 
to Steve. "Herc's the computer." Both 
Steve and Lloyd eyed the odd looking 

Figure 7: Pictorial diagram 
of computer controlled 
home security system. 
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Figure 2: Block diagram of computerized home security system. 
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circuit. "It's an Inte l SDK-85 kit which 
uses an 8085 processor. With a little addi­
tional programmable read only memory 
to store the program, some ultrasonic and 
infrared sensors, contact switche at strategic 
locations, a house wired for remote AC 
control of lights an d appliances, and about 
a mile of wire, I'l l be in business. I only 
pray for divine inspi ration as I sit down to 
assemble the program." 

" Hey, thi s sounds fascinating. Why not 
a compu ter controlled secur ity ystcrn!" 
Steve seemed more elated at Lhc prospects 
of my design th an I did . He was a control 
systems engineer by trade; I could se nse he 
was already writing the con tro l algorithm s 
in hi s mind. 

"You wouldn't want to help me write 
the software would you?" I asked. 

"Sure, soun ds like fun." 
"Onl y you would consider writing soft­

ware fun ." Ll oyd pointedly remarked to 
Steve. " I'm more interested in the hard­
ware." Turning LO me he cont inued . "Tell 
me about your design. Is the SDK-85 inex ­
pensive enough to ded icate to an alar111 
system? What kind of a battery backup 
supply are you 111 ak ing? Wh at kind of 
sensors are you pullin g outside on the roads? 
Did you add that infrared scanner you 
already wrote about?" 

"Hold it guys. One question at a time. 
Maybe I'd better start from the beginn ing." 

Anatomy of a Computerized 
Security System 

The pr im ary requirement for the hard­
ware and software used to implement a 
sophisticated home security system is flex­
ib ility. Considerable flexibility is required to 

all ow you to structure a system which exe­
cutes a var iety of functions. These functions 
inc lude not only the menial task of noti­
fy ing residents that an intruder has entered 
the home and signal ing the au thorities, bu L 

also th se ac tivities necessary to enhance 
one's "quality of life." Such items include 
starting the electric percolator at Lhe proper 
time each morning or turning on the cooli ng 
system in the wine eel lar wh en the temper­
ature goes above 64°F. 

The system to be in traduced in th is 
artic le and detailed in the nex l l wo BYTEs 
has the hardware and software features of a 
soph isticated home control and security 
system, a system which may also be adapted 
to perform some of the basic routine control 
functions you may want to perform arou nd 
the home or office (see figures 1 and 2). It 
has three major components: 

1) The microcomputer and its associated 
hardware. 

2) Event-table-driven software set. 
3) A sophis ticated array of sensors. 

Each of these items will be detailed in the 
succeeding sections of this series. Part 2 will 
describe tJ1c Intel SDK-85 single board co111­
pu ter wh ich satisfies the intelligence require­
men ts of the security system, the hardware 
modifications necessary to add addit ional 
programm abl e and erasable programmable 
memory to the SDK-85 kit, and a descrip­
tion of the various con trot modu les com­
prising th e software set of the system. Th e 
third article of the series will discuss sensor 
design , uninterruptable powe r supply re­
qu irements, design and construction of an 
ind icator panel to display monitored con­
ditions, and, finally, example soft ware that 
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TARBELL SETS STANDARDS 

For Hobbyists and Systems Developers 

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard . Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists' changing needs. 

TARBELL FLOPPY DISC 


TARBELL 

CASSETTE INTERFACE 


• 	 Plugs directly into your IMS AI or ALT AIR• 
• Fastest transfer rate : 187 (standard) to 540 bytes/second 
• 	 Extremely Reliable-Phase encoded (self-clocking) 
• 	 4 Extra Status Lines , 4 Extra Control Lines 
• 	 37-page manual included 
• 	 Device Code Selectable by DIP-switch 
• 	 Capable of Generating Kansas City tapes also 
• No modification required on audio cassette recorder 
• 	 Complete kit $120, Assembled $175 , Manual $4 
• 	 Full 6 month warranty on kit and assembled units 

INTERFACE 
• 	 Plugs directly into your IMSAI or 

ALT AIR• and handles up to 4 
standard single drives in daisy­
chain . 

• 	 Operates at standard 250K bits 
per second on normal disc format 
capacity of 256K bytes. 

• 	 Works with modified CP/ M* 
Operating System and BASIC-E 
Compiler. 

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

• 	 Full 6-month warranty and exten ­
sive documentation . 

• 	 PRICE: 
Kit $190 . . . . . . Assembled $265 

TARBELL 

PROTOTYPE 


BOARD 

Model 1010 

Compatible Disc DrivesCP/ M with BASIC-E 

and manuals : $100 Ask about our disc drives priced as low as $525. 


• Gold plated edge pins 
• Takes 33 14-pin ICs or 
• 	Mix 40-pin , 18-pin , 16-pin and 

14-pin ICs 
• Location for 5 volt regulator 
• Suitable for solder and wire wrap 

~ 	 • ALT AIR/IMSAI compatible 
Price: $28.00 

For fast , off the shelf delivery , all Tarbell Electronics products may be purchased from computer store dealers 
across the country . Or write Tarbell Electronics direct for complete information . 

•ALTAIR is a trademark/ tradename of MITS . Inc. 
CP/ M is a trademark/ tradename of Digital Research 

950 DOVLEN PLACE• SUITE B •CARSON, CALIFORNIA 90746 
(213) 538-4251. (213) 538-2254~ro«i1 
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Photo 7: The Intel SDK­
85 single board computer, 
that forms the heart of 
the computer controlled 
security system described 
in this article. Note the 
additional erasable read 
only memory and pro­
grammable memory added 
in the prototyping section 
at upper left. For more 
information about the 
SDK-85, contact Intel, 
3065 Bowers Av, Santa 
Clara CA 95057, atten­
tion: Rob Walker. 

demonstrates the versatility and ultimate 
capability of a computer controlled security 
system. 

By this time you may be wondering why 
I used an Intel SDK-85 microcomputer in 
building th is system. Before I answer th is 
question, let's discuss the general require­
ments. 

A computer home security system's link 
with the real world is its sensors . The sens­
ing devices must be small, reliable, low 
power, and capable of detecting exceptional 
sound, Iigh t and motion. No single device 
I used was capable of detecting changes in 
these three conditions, with the exception of 
the infrared scanner described in a previous 
article (see "I've Go t You in My Scanner! A 
Computer Controlled Stepper Motor Light 
Scanner," by Steve Ciarcia, November 1978 
BYTE, page 76). A variety of single function 
sensors provided the necessary inputs: ultra­
sonic devices to sense motion within the 
monitored area, pressure switches to moni­
tor the removal or the addition of a mass 
(such as a foot on the stairs to the Circuit 
Cellar) , photoelectric devices to detect 
movement between moni tored points, and 
an array of contact closures to signal the 
opening and closing of strategic doors and 
windows. 

All inputs to the com puter are designed 
to be discrete in nature. That is, they ex ist 

as switched outputs and appear to the com­
puter as either a high or low logic level in 
the activated state, depending on the partic­
ular sensor. The majority of the sensors have 
rel ay outputs and can be wired in series 
or parallel combinations to cover wide 
areas or to give redundant indication . An 
illustrative example is using the series 
combination of an ultrasonic and infrared 
sensor to cover large open areas. The failure 
or false indication of a single input will 
not cause a false alarm, since both senso rs 
must have a positive "intruder" presence. 
In effect, the signals from the two devices 
are logically AN Ded . More on these tech­
niques when we discuss sensors. 

The Alarm Contains More 
Than a Switch and a Bell 

Functions other than the detection of 
intrusion have been incorporated in the sys­
tem. These functions are centered on th e 
safe operation of the home or office, and 
are used to detect the status of sump pumps, 
refrigeration systems and water pumps. 
Failures of these devices are detected by 
the system again via simple contact closures. 
The detection of smoke and fire has been 
incorporated into the system for the pro­
tection of the property and its occupants. 

Figure 3 is the floor plan of a con tern­
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Figure 3: Typical arrangement and types of sensors used in the computerized home security system. 
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e DOOR AN D WINDOW SWITC HES 

e SMOKE OR HE AT SE N SOR 

porary house similar to my own. For· ob­
vious reasons I have chosen no t to use one 
of my own home. The dimensions and lay­
out are si mii ar enough to adequ ately repre­
sent the model and to illustrate the possible 
quantity, ty pe and placement of se nsors. I 
consider my house a un iqu e application and 
do not believe that every detai l of th is 
system is necessary for adeq uate secmity 
coverage. Less sophisticated photoelectric 
and ultrasonic sensm des igns could be used 
to mon ito r· a 9 by 12 foot room, but might 
be in adequa te in a much large r room. My 
home proved to be a sensor developmen t 
cha llenge, since the living room is 42 feel in 
di ameter and the house tot<tls 4800 square 
feet monitot·ed area. The best proced ure 
to fol low is to understand the theo r·y of the 
system, di ffere ntiate between the uniqueness 
of my app li cation and a ge neral case, and 
ex tract those components which satisfy you r· 
securi ty needs. 

Alarm Priorities 

The inputs mon itored by this secur ity 
sy ste m arc d ivided into fo ur priority levels, 
level 0 through level 3: 

Level 0 
Activation 

Level 0 alarms arc al ways enabled 
as long as the system is operational. 
Inputs of this type consist of smoke 
sensors, heat activated switches, 
and panic button inpu Ls. 

Result 
Positive clos ure of any sensor im­
mediately tt-iggers an audible alarm 
within the resid ence. Automat ic 
dialing of poli ce, fire and neighbor 
commences 45 seconds later·. This 
delay al lows Lime to reset system 
in cases of fa lse ala rms , such 
burned toast. 
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See It All at Once! 


(with a Screensp Ii tter 

Text Editing and 


Multiple Process 


Display System 


from Micro Diversions) 

unretouched photo 13" or larger slow phosphor monitor recommended 

• 	 40 lines, 86 characters/ line 

UPPER/ lower case full ASCII 

with special symbols 

• 	 Onboard intelligence: 

1 K byte fast subscreen 

control, positioning and text 

formatting softwareS ·100 Bu&& 

• 	 Custom reprogrammable
$295 Kit VISA 

maste r char ge character generator 
$395 Assembled for unusual applications 
$15 Owner 1s Guide only 

• 	 140 page Owner 1 s Guide 

covering hardware, software,Micro Diversions, Inc. 
system integration8455 - D Tyco Road 


Vienna, Virginia 22180 

• 	 Ava i la hie from stock 
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Table 7: 7 8 discrete func­
tions performed by the 
author's computer con­
trolled security alarm 
system. 

Level 1 
Activation 

Level 1 alarms are enabled by a 
keylock switch inpu t to the com­
puter and are primarily intrusion 
in nature. They consist of parallel 
and series comb inations of ultra­
sonic, in frared, and contact closure 
type sensor inputs. 

Result 
Positive closure of any sensor im­
mediately triggers an audible alarm 
inside and outside. The system im­
mediate ly dials police, contacts the 
neighbors via a dedicated seria l 
communication link between 
houses, and turns on surveillance 
recording devices. 

Level 2 
Activation 

Provision is made to allow entry to 
the house at selected spots to de­
activate the alarm. Entering these 
points starts a timer which must be 
reset by deactivating the level 1 
alarm system. 

Result 
Fai lure to reset the system within 
the al loted time triggers a level 1 
condition with typical leve l 
response. 

Level3 
Activation 

Level 3 is always activated and 
its input sensors are displ ayed on a 
panel as well as bein g supplied to 

Output Function 

1. Auto dialer Automatically calls police, fire, etc. 

2. Audible alarm (intrusion) Signals that there has been a break-in. 

3. Audible alarm (fire) Signals detection of fire or smoke. 

4. Level 1 enabled (light Steady output indicates reset condition ; 
next to key switch) flashing output indicates enabled mode. 

5 . Perimeter flood lights Activated by timer or level 3 input. 

6 . Driveway flood lights Timer activated at dusk . 

7. Low level audible alarm Signals pertinent combination of events 
or particular level 3 activation ; mounted 
in level 3 display panel. 

8. Recording instruments Particular level 1 alarms trigger activation 
of surveillance recording devices. 

9. 
10. 
11 . 

} 3 bit, level 3, }
display board driver 

Multiplexed output controls eight display 
parameters . 

12. AC circuit 1 Six AC power control outputs to lights 
13. AC circuit 2 or appliances wh ich either simulate 
14. AC circu i t 3 occupancy through sequentia l activation 
15. AC circuit 4 or act as remotely controlled outputs to 
16. AC circu it 5 turn on percolators, air conditioners, etc. 
17. AC circuit 6 

18. Output to neighbor Indicates fire or intrusion. 

the computer for possible action . 
Sensor inputs include power fail­
ure, perimeter intrusion, freezer 
failure, etc. 

Resu!t 
Perimeter or approach information 
can be utilized by the system to 
turn on outs id e lights, but the 
primary purpose of level 3 is to 
provide a noncritical condition 
monitoring system for information . 
The duration of the displ ayed event 
is a timed function . 

The combination of the four leve ls uses 
a total of 20 parall el input bits on the 
SDK-85. 

Alarm Outputs 

Unlike the majority of security alar ms, 
whi ch have only a single output to turn 
on the automatic dialer and alarm bell , 
this system has 18 discrete output functions. 
Th ey can be activated in any combination, 
and are described in table 1. 

The particular designations for inputs 
and outputs are selected for my needs, and 
are easi ly redefined due to the program 
structure and event table software. A pic­
torial diagram is shown in figure 1. This 
wi ll be explained in detail next mon th. 

Additional Considerations and Capabilities 

Another major consideration in a home 
security system is the provision of a con­
tinuous and reliable power source. This is 
necessary to sustain operation during elec­
trical in terruption s. To assure a depend able 
power source, the system is powered by ;i n 
uninterruptable power supply. Necessa ry 
input voltage is provided, at all t imes, by 
12 V batte ries. The charge on the batteries 
is mai ntained by an automatic 115 VAC 
char.ger which will charge the balleries 
when their outpul voltage falls below a 
preseL value. The output of the power 
source is used to supply voltage to critical 
sensors, the status display panel, and the 
microco mputer. The computer will of 
course register the occurrence of a power 
outage. 

As stated prev iously, one capability of 
th is system is the controlled activat ion 
of AC outputs triggered by input events 
or t imer generated commands. To acco m­
plish the latter, one needs a time base 
and a real time clock. The circuit in fig­
ure 4 is added to the SDK-85 . The real 
time clock creates a pulsed output with 
a frequency of 1 Hz. This pulse output 
signal, when attached to the interrupt 
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"My Structured Systems 
business software has paid 
for itself in labor hours 
saved alone." 

Mr. Ken 'Ii.mnah, Colloid-A-Tron Inc., Buffalo, New York 

Says Mr. Tunnah: "The program is designed 
from a CPA standpoillt, for multiple corporaliolls, 
which we have. It is flexible and gives me the 
abilit!J to change reporting by profit cellters 
easil.IJ. It is up and running quickl!J, and it just 
keeps on running. I think it's the best business 
software availa.ble." 

The best software available. That's what Structured 
Systems Group set out to create. 

Structured Systems offers three sophisticated 
accounting systems. Our General Ledger software is 
big enough for multi-client write-up by the CPA, or 
multi-corporate reporting for the business, but small 
enough for the micro budget. The very comprehensive 
Accounts Receivable and Accounts Payable packages 
will operate independently, or they will coordinate with 
the General Ledger. 

Our systems record transactions easily and cor­
rectly, and provide an audit trail from source document 
to financial statements. And they will maintain monthly 
and year-to-date information in dollars and in 
percentages. And they are reliable. 

The three systems interact with the ­
user to set up parameters such as ""c:F!.~.,_ 

format and headings, account (' 

titles and numbering, 

automatic billing or reminder 

notices, credit limits, sales 

reports, a check register, 

and much more. 


Circ le 351 on inquiry card. 

Ken Tunnah is one 
of many innovators 
bringing the micro 
revolution to the 
small business. As 
a programmer, he 
knows computers 
and their languages. 
As a businessman, 
he knows business 
and its languages. 
And when Mr. 1unnah 
decided to micro­
computerize the ac­
counting function at 
Colloid-A-Tron, he 
turned to Structured 
Systems software. 

The software is designed to run on an 8080 or Z-80 
CPU with 48K of memory, dual disks with CP!M®, 
printer, keyboard, and CRT. To make it all work for you, 
we have provided the most extensive documentation 
and support in the industry. 

We provide the capability to computerize complex 
accounting functions on relatively inexpensive micro­
computer equipment. Ken Tunnah has told us what that 
means: "I've bucked some trends. I looked around, 
and decided that with the right software, I could 
get a micro to outperform a $45,000 mini. I'm 
satisfied. It's simple economics." 

We can refer you to a growing nwnber of sophisti­
cated retailers experienced in Structured Systems 
Group business systems. Or we can work directly with 
you. We'd be happy to provide you with more infonna­
tion on our product line, which includes QSORP~, (a 
sort/merge program), CBASIC (a business BASIC), 
NADT., (a mailing and addressing system), and our 
General Ledger, Accounts Receivable, and Accounts 
Payable packages. 
"CPIM is a regislcrcd 1radcmark of Digilal Research 

/tructured /y1tem1 Group 
INCORPORATED 

5208 Claremont Avenue 

Oakland, CA 94618 

Call us at (415) 547-1567. Or write Dept. B7. 


Putting the Microcomputer in Business. 
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Figure 4: Real time clock circuit used to provide a once per second pulse to 
update the SDK-85 time of day software. 

input line of the 8085 and combined with 
proper software, provides the alarm system 
with a time of day clock having resolution 
of 1 second. The current time in hours, 
minutes and seconds is constantly displayed 
and updated on the 6 digit LED display 
on the SDK-85 board. This gives a con­
stant indication of system operation and 
readiness. This disp lay can be deacti· 
vated to conserve power during a power 
interruption. 

The time of day clock is not the only 
operator interface. An additio nal display 
panel is remote ly located in the bedroom 

Photo 2: Prebuilt commercial ultrasonic transmitter (small board) and receiver 
available from Bullet Electronics,- for use across doorways, rooms, etc. 
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or si mila r area where current system status 
can be viewed. This display is not meant 
to indicate the obvious, but rather to make 
the resident aware of less critical but equally 
important matters. In the event of a fire or 
outright break-i n, the system would activate 
the necessary counter measures and notify 
the authorities. Flashing a tiny light emitting 
diode (LED) on a panel will hardly be 
noticed in all the noise of the sirens. 

A third level of sensors monitors ap­
proaches to the house, the perimeter, and 
important events such as water leaks and 
power failures. While the system may still 
turn on outside lights if desired, this pan el 
would immediately notify the resident of 
someone passing through the property, or of 
a power failure. When you live in the woods, 
these are all important considerations. 

Using an Intel SDK-85 

The microcomputer system utilized in 
this secur ity system was constructed aro und 
an Intel MCS -85 system design kit (SDK-85). 
It was chosen because of the basic features 
it provides to the ex perimenter. Included 
in th is $250 kit are all the materi als neces­
sary to build a basic computer system which 
can be modified easily with additional 
programmable read only memory con· 
taining the security system software. The 
main features provided in the standard 
SDK-85 include : 

• 	 8085 processor utilizing the 8080A 
instruction set. 

• 	 Interactive 6 digit LED display and 
20 key keyboard. 

• 	 110 baud 20 mA current loop inter­
face. 
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the $988 Surprise • • • 

If you haven't looked carefully 
at the Level-II 16K TRS-80, 
you're in for a big surprise! 
Level-II BASIC gives TRS-80 
advanced features like com­
prehensive string handling, 
multi-dimension arrays, 
multi-letter variable names, 
named cassette files, full edit­
ing, integer arithmetic, 
single (6-digit) and double 
(16-digit) precision arithme­
tic, formatted printing, 
memory-mapped video (print 
directly at any of 1024 screen 
positions), 128x48 video 
graphics (may be intermixed 
with text), error trapping, auto 
line numbering, TRACE, 
PEEK and POKE . .. to name 
just a few. Because Level-II is 
in ROM, TRS-80 powers-up 
ready to go with the full 16K 
RAM available for your use. 

This means TRS-80's memory 
is equivalent to a 28K RAM­
based system. 
New for 1979-TRS-80's 
numeric (calculator) keypad 
included on every 16K com­
puter, and available as an 
add-on for present owners . 

TRS-80's modular design 
allows easy expansion. Add 
up to 48K RAM, Expansion 
Interface, printers, 1 to 4 
Mini-Disks, RS232C, tele­
phone acoustic couplers, 
Voice Synthesizer, dual cas­
sette recorders , our System 
Desk and Printer Stand. Sur­
prisingly, these are not prom­
ises of things to come, but real 
products being delivered right 
now. Software from games to 
G eneral Ledger are available, 
with more cassette and disk 
software being added 
monthly. 

Radio Shack's 58 years of con­
sumer electronics leadership, 
our 50 regional repair centers 
(growing to 100 this year), our 
new Radio Shack computer 
centers, and our NYSE-listed 
billion-dollar parent, Tandy 
Corporation, insure that cus­
tomer support is always avail­
able right where it should 
be-locally. 

So if you haven't seriously 
looked at TRS-80 yet, ask 
your local Radio Shack for our 
new 20-page fact-filled catalog 
and be prepared for a $988 
surprise. Surprising power­
features- price-support! 
Level-II 16K systems include 
everything pictured, plus the 
manual. Better to be surprised 
now ... before you choose 
the wrong microcomputer 
system. 

16KAvallab/e RAM 
12K Level-II BASIC in ROM 
Full-Size 'fypewriter Keyboard 

' ,1:1.L. Usted, Por.table 
: :''' • ' ' ~ -.; ;,._. . 

~. ~ ~ 
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Photo 3: Heat sensor designed to trip above 135 • F, ty pical of the type often 
used in combination with smoke detectors. 

:J7~·195 1.99 
.-....ARCHER.+ 

I ll:CJM) l\IC PJll( f S 

SPSl MAGNmc 
CON IACI SWITCH 

C\l'ffOWIUO •Ut.t. • Oll""'OIOllH.t.Ca 
• Oooo"' O' · .,"'¥Ctn• I • ~~ hu~lflJ .,,. 

Photo 4: Typical commerciaffy available sensors. Shown are a panic button 
(left) and magnetic door switch, available from GC Electronics, Rockford IL, 
and Radio Shack, respectively. 
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• 	 Comprehensive read onl y memory 
based monitor (2 K bytes) . 

• 	 256 by tes of programmable memory . 
• 38 parallel input output (10) lines. 
• 	 Three user-vectored interrupts. 

The presence of a good monitor, a 
quantity of 10 bits, vectored interrupt 
capability, and an interactive keyboard and 
displ ay were the primary reasons for the 
choice of this unit. As previously stated, 
the real time clock interrupts the system 
every second . While interrupt capability is 
not absolutely necessary to the design of a 
secur ity system, it does insu re that eve nts 
which may beco me critical to the per­
formance of a system are not missed. For 
example, let's assume that mai ntaining an 
accurate time base is required, and that the 
system maintai ns time by a pu lsed input. 
If this input is interfaced to the co mputer 
vi a a line on an input port, it may be pos­
sible at times (depending on processor 
load} to miss the event, thus causing the 
system to slowly lose its time synchroni ­
zatio n to the real world. However, if th is 
input is interfaced to the system via an 
in terrupt line, the system will not "miss 
ticks" due to processor overhead. Should 
the processor be busy at the time the inter­
rupt occurs, two poss ible conditions cou ld 
exist. First, the routine being executed 
could have temporarily inhibited inter­
rup ts. This will on ly delay the processing 
of the timer interrupt: when the interrupts 
are enabled by the routine the processor 
will recognize that the interru pt is pending 
and vector to the appropriate add ress to 
begin process ing the interrupt. Note that, 
should interrupts be inhibited for a per iod 
longer than the frequency of the interrnpt, 
"missed tick" condit ions wi ll occur. There­
fore , one shou ld always be aware of the 
maximum time during which in terrupts will 
be inh ibited. The second cond ition wh ich 
can arise during the processi ng of interrupts 
is that the processor might be busy exe­
cuting a module with the interrupts en­
abled. In th is case the processor will immed i­
ately vector to the ro ut ine to process the 
interrupt. Upon completion of the interrupt 
processing, control is returned to the inter­
rupted module. 

The keyboard and d isplay arc importan t 
to the operation of the sec urit y system. 
These un its are utilized extensively in the 
startup of the system. 

It is through th is fac ility that the user 
initiates the operat ion of the system, notifies 
the computer of the current time of day so 
that it may initialize the software clock, and 
can utilize the monitor to di agnose prob lems 
within the system. For example, the key­

http:�Oll""'OIOllH.t.Ca
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Introducing

the simple 


TRS-80 Up-grade 


., 1978 llhaca Audio Available off-the-shelf at these fine computer dealers. 
AL: BIRMINGHAM: Compuler Center , (205) 942-8567. HUNTSVILLE: Computerland. (205) 539-1200. CA: BERKELEY: Byte Shop. (415) 845-6366. EL CERRITO: Computerland, 
(415) 233·5010. HAYWARO: Computerland. (415) 536-8080. LOS ALTOS: Computerland. (415) 941-8154. MARINA DEL REY: Base 2. (213) 822-4499. MT. VIEW: Oigital Dell. (415) 
961 -2670. SAN FRANCISCO: Computerlend. (415) 536-1592. SAN JOSE: Electron ic Systems, (408) 226-4064. SAN RAFAEL: Computer Demo Room Inc .. (415) 457-9311. WALNUT 
CREEK: Computerland. (415) 935-6502. DE: NEWARK: Computerland, (303) 736-9656. Fl:FT. LAUDERDALE: Computer Age, (305) 791 -8060. POMPANO BEACH:Computer Age, 
(305) 496-4999. TAMPA: Micro-compuler Systems, (813) 879-4301 . IL: NILES: Computerland, (312) 967-1714. OAK LAWN: Computerland. (312) 422-8080. PEORIA: Computerland, 
(309) 6!18-6252. KS: OVERLAND PARK: Personal Computer Center. (913) 649-5942. WICHITA:Computer Systems Design. ( 316) 265· 1120. KY: LOUIS VILLE: Computerland, (502) 
425-8308. MA: CAMBRIDGE: Compuler Shop. (617) 661-2670. MD: ROCKVILLE: Computerland, (301) 946-7676. Ml: ANN ARBOR: Newman Computer Exchange, (313) 994· 
3200. ROYAL OAK: Computer Mart, (313) 576-0900. NJ: ANDOVER: Allantic Microsystems, (201) 549-0189. BUDD LAKE: Computer Lab of New Jersey, (201) 691·1984. CLARK: 
S-100, (201) 382·1318. ISELIN: Computer Mart (20t) 283-0600. SUCCASUNNA: Computer Hut, (201) 584-4977. NY: BUFFALO: Compulerland, (716) 836-6511 . ITHACA: Computer· 
lend ol llhaca, (607) 277-4888. JOHNSON CITY: Micro World, (607) 798-9800. NEW ·YORK CITY: Computer Mart or New York, (2t 2) 686-7923. SYRACUSE: Computer Shop or 
Syracuse Inc., (315) 446-1264. OH: CINCINNATI : Digital Design, (5131 561-6733. DAYTON: Computer Solullons. (513) 223-2348. OK: OKLAHOMA CITY: Micronics, (405) 942· 
8152. PA: FRAZER: Personal Computer Corp .. (215) 647-6463. STATE COLLEGE: Microcomputer Products Inc., (814) 238-7711 . TN: KNOXVILLE: Eastern Microcomputer, (615) 
584-8365. TX: AUSTIN: Computerland, (512) 452-5701 . DALLAS: KA Electronic Sales, (214) 634-7870. GARLAND: Dlgltal Research Corp ., (214) 271-2461. HOUSTON: Houston 
Computer Mart, (713) 649-4186. UT: OREM: Johnson Computer Electronics. (801) 224-536t . VA: ALEXANDRIA : Computers Plus, (703) 751-5656. ARLINGTON: Arlington 
Electronics Wholesalers. (703) 524·2412. VT: ESSEX JUNCTION: Computer Mart or Vermont , (802) 879-1683. CANADA: ONTARIO: MISSISSAUGA: Arisia Microsystems, (416) 
274-6033. TORONTO: Computer Mart ltd., (416) 484-9708. WINNIPEG: Patrick Computer Systems Inc.. (204) 774-1655. WEST GERMANY: MUNICH: ABC Compuler Shop, 
Schellingslrasse 33, 6000 Munchen 40 Microcomputer Shop, Toelzerstr, 8, D-815 Holzkirchen. IS RAEL: HAIFA: Microcomputer Eng Ltd .. Halla 3HJ70. 
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Fast, easy, guaranteed 
expansion to 16K 
at less than half the 
price of Radio Shack. 

Ithaca Audio makes 
it simple 

No false starts and finding you need 
some little item or special tool. Our Kit 
contains all the parts: 8 prime dynamic 
RAMs and a complete set of preprogrammed 
jumpers. No matter which model you have 
(even if you later purchase Level II software), 
you're covered. 

Complete Instructions 
Our easy-to-follow directions cut instal­

lation time to just minutes. You can do it 
yourself-with no soldering! All you need is 
a household screwdriver. 

100°/o Guarantee 
Like our kit, simple: if a part ever fails, we 

rep lace it, FREE. 

Available now 
Order from your favorite retailer. If by 

chance he hasn't stocked them yet we'll ship 
him your Kit right away. 

Only$140 

For technical assistance call or write to: 

ITHACA 

AUDIO 

Phone: 607/273-3271 
P.O. Box 91 Ithaca, New York 14850 



board and display allow the user to initia lize 
the system by: 

• 	 Resetting the processor by depressing 
the Reset button. 

• 	 Enter ing the 4 digit address of the 

Photo 5: Steve Ciarcia installing a heat sensor over the printer and the Selectric 
in the circuit cellar. 

start of the security system cold 
start module, which will be displayed, 
as entered, on the display. 

• 	 Depressing the Go button. 

The functions provided fo r debugging 
the system include: 

• 	 The ability to examine the contents 
or memory locations registers both 
randomly and sequential ly. 

• 	 The ab il ity to load new va lues into 
memory and registers both randomly 
and seq uentially. 

• 	 The abi lity to single step the execut ion 
of a software module. 

• 	 The abi lity to generate vectored inter­
rupts from the keyboard . 

• 	 The ability to initiate exec ution from 
various addresses. 

The monitor provided in the SDK-85 
resides in 2 K bytes of read on ly memory. 
It contains the software required to service 
lhe com mands the processor receives from 
the keyboard, the ro utines to drive the 
6 character LED display, the algorithms to 
process and serve Teletype (or other serial 
10 device) requests and the software to 
hand le serial 10 communication. This 
monitor also provides the vectored interrupt 
trap locations which in turn direct contro l 
to user-supplied modu les . 

Several of the monitor routines arc very 
usefu l to the o pera tor and were used ex­
te nsively to disp lay input data and do the 
initial debugging. 

Four modules are provided for sending 
and receiving data to or from the Teletype. 
These are: 

• 	 Console input which returns an 
ASCII character received from the 
Teletype to the requesting module. 

• 	 Console output which transmits an 

PET PRINTER ADAPTER 

GET HARD COPY FROM YOUR The CmC ADA 1200 d1·ives an $98.50 ADA 12008 
COMMODORE PET USING A RS-232 printer from tl1e PET Assembled and tested 
STANDARD RS-232 PRINTER IE EE-488 bus. Now, the PET 

owner can obtain hard copy $169.00 ADA 1200C 
With case, power supplylistings and can type letters, 
and RS-232 connectormanuscripts, mai ling labels. 


tables of data, pictures, in­ Order direct or contact your local computer store. 

voices, graphs, checks, need le­ Add $3.00 for postage and handling per order. 

point patterns, etc., using a 


CONNECTICUT microCOMPUTE R
standard RS-232 printer or 150 POCONO RD. BROOKFIELD. CT 06804 
terminal. (203) 775.9559 
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ASC II charac ter fro m th e sending 
mod ule to the Telety pe. 

• 	 Carr iage ret urn / line recd wh ich ou t­
puts to the Teletype a ca rri age return 
followed by J line feed. 

• 	 Hexadecimal number printer wh ic h 
convcr·ts a byte of data Lo two ASC II 
charac ters (hexadecimal 0 thru F) and 
outputs them lo the Teletype. 

Three modules arc provided fo r sending 
and receiving data to the key board/ LED 
display. Th ey arc: 

• 	 Update data which di spl ays the 
content s o f regis ter A on the data 
fie ld of the dis play in hexadecima l 
notation . 

• 	 Read keyboard which returns to th e 
requesti ng module the character en­
tered on the keyboard . 

• 	 Output da ta which outputs data to 
the address or data fiel d of the disp lay. 

The security system software is co m­
prised of a set of highly structured modules 
(see figure 5) used to process records passed 
from one modu le to another. With in thi 
structure the ini t iating event c..t n come fro m 
one of two sources, the detection of an 
external event or the occurrence of a time 
event. The occur rence of an ex ternal event 
is de tected by the digital scan modul e; 
the occurrence of a time event is detected 
by the tim er interrup t processor . When 
either of these modul es detec ts the occ ur"­
r·cnce of an event th at requi res furt her 
processing, it passes an even t ind ex Lo 
the even t processor, which will 111 1t1ate 
the processing of the even t. Th e even t 
processor ut ilizes th e event index to ex ­
tract the response reco rds <issoc iated with 
the eve nt in question fro m th e even t reco rd . 
It then transmits this data to the response 
processor, which will perfo rm th e required 
response (i e: output a contac t closure to 

CONVERT ANY TV 
TO A HIGH QUALITY MONITOR 

turn on a siren or autodialer, o r activa te 
a specia l app lication modu le). The detai led 
structu re and functions of the various 
tables and mod ules that make up th e secur ­
ity system software set will be described 
in part 2 of this 3 part se ries.• 

---'\ 

D I GIT AL SC ANc=: MODULE 

EVENT RECORD IN DEX 

EVENT RECORD 
PRO CESSOR 

RESPONSE 
RECORD IN DE X 

RESPONSE RECORD 
PROCESSOR 

) ~ - < 

> 

COLD START 
MODULE RE AL T I ME CLOCK 

I NTERRUP T 

-

> 	 < > 

REAL TI ME CLOCK 
I NTERRUPT 
PROCESSOR 

< 

< 

TI MER 
USE R SUPPLIEDDIGIT AL OUTPUT AC TIVATION/
APPLICATION 

DEACTIVATIONMODULE 
MODULE 

MODULE 

Figure 5: Bloc!? diagram of the computer controlled home security system. 

The "EXTERMINATOR"(~~ 
·u...,,1l ~:. ..IL!!!!- 1-. ­
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"POL YGRAFIX" 
A completely self-contained, high 
density graphics system fo r S·1 00 All New Dual Function Boar,d: 
buss users of Polymorphic VTl-64 Serves as an extender card & also 
video board. -51 2H by 12BV terminates S·100 buss. Ellmlnates 
resolution. Total software control . crosstalk, overshoots & noise 

which can scramble data. OccupiesAssembled & tested.... $245.00
• Hot C hassls or Transforme r sets 	 only a single slot .. Fully fused.Write for details and avail. options.
• 64·80 characters per line VTE· 100· K (Kit) •.•. • $49.95 
•By-passes tuner & l.F. VTE-100-A (Asmb.) • .•• 74.95 
•Normal viewing unaffected Extender Card (w/conn.)•• 24.95VAMP Inc. Box 29315
•Safe-Easy Installation Add $2 shipping & handllngLos Angeles, Calif. 90029ACVM Hl·Resolutlon $24.95 ppd Caltf. Residents add 6% SalH Tax 
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The ultimate book 
about microcomputers. 
Written by experts 
... SCELBI and BYTE. Over 
400 pages. A collector's item, t­featuring The Basics 
from the first 16 issues of BYTE and SCELBl's 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edition. 

You can't buy information 
organized like this any­
where. This is the book 

that everyone who is into micro­
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita­
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro­
fessional authors, who know and 
love microcomputers from the 
ground up. Logical and com­
plete, it features many glos­
saries, and is illuminated with 
profuse illustrations and photo­
graphs. 

The Scelbi/BYTE Primer is 
divided into four logical sec­
tions, that take you from point 
"O" through building and pro­
gramming your own computer ... 
step-by-step-by-step. 

What can you do with a micro­
computer? Checkbook balanc­
ing. Recipe converting and food 
inventory. Heating and air condi­
tioning control. Home and busi­
ness security and management. 
Playing the ponies. Analysis of 
the stock market. Maintaining 
massive data banks. Self-instruc­
tion. Toys and games. Small 
business accounting and inven­
tory. And lots, lots more. 
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How does a microcomputer do 
it? Lots of "how to" theory. In­
troducing you to microcomputer 
operation. 6800, 6502, ZSO CPU 
chip capabilities. RAM and ROM 
memories. Addressing methods. 

T~E 
~[JllEl/~\JTE
IJr'llrTIEr'I 

Over 400 pages. Selected articles 
from BYTE and SCELBI books. 
Profusely Illustrated. Many 
photographs. $10.95, plus $1 
shipping and handling. 

How to control peripherals. 
Transmission of information to 
and from computers. Magnetic 
recording devices for bulk stor­
age. Analog to digital conver­
sion. How a computer can talk. 
Other 1/0 techniques. And more. 

Order your copy today! 
SCELBI COMPUTER 
CONSUL TING INC. BITS 
Post Office Box 133 PP STN 25 Route 101 West 
Dept . B P.O. Bo• 428 
Milford, CT 06460 Peterborough, NH 03458 

1 ·800-258 ·54 77 

Prices shown for Norlh American customers. 
Mesler Charge. Poslel and bank Money 
Orders pre le rred . Personal checks delay 
•hipping up to 4 weeks . Pricing, specifica­
tions. availabillly subjecl to change without 
notice. 

All about building a micro­
computer system. Over 12 com­
plete construction articles. Flip­
flops. LED devices. Recycling 
used ICs. Modular construction. 
Making your own p.c. boards. 
Prototype board construction. 
Make your own logic probes. 
Construction plans for 6800 and 
Z80 computers. Building plans 
for I/Os - TV and CRT displays, 
cassette interfaces, etc. Mathe­
matics functions. ROM program­
mer. Plus much, much more. 

How to program a micro­
computer. Programming for the 
beginner. Assembling programs 
by hand. Monitoring programs. 
Number conversions. Game of 
Hexpawn. Design your own as­
sembler. Lots more. 

And that's only the beginning! 
Others have spent millions ac­
quiring the type of microcom­
puter information found within 
the 400 pages of The Scelbi/ 
BYTE Primer. But, it costs you 
only $10.95, plus $1 for postage 
and handling, complete! You 
know the quality of Scelbi and 
BYTE. This is your assurance of 
excellence throughout this MUST 
text. Order your copy today! And, 
get one for a friend! 
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DATA-SCREEN ® TERMINAL 
A NEW LOW COST, MICROPROCESSOR 


CONTROLLED CRT TERMINAL 


QUALITY - APPEARANCE 

ECONOMY 


ONLY $995. 00 	 (QTY 1) 

DELIVERED CONT. USA 

90 DAY WARRANTY GUARANTEES YOU 
YOUR EQUIPMENT WORKS PROPERLY 

1 YEAR EXTENDED WARRANTYGo First Class 
AT SPECIAL RATES 

t/ Our Specifications Before You Buy 
DISPLAY 

SCREEN CAPACITY, CHARACTERS _ 

CHARACTERS PER LINE , . 

NUMBER OF LINES 

SCREEN ...... . . . 

TUBE SIZECOIAGONALI .. 

VIEWING AREA . . _ ...... .. .. 

CHARACTER SIZE • .. • • • . .. 

REFRESH RATE . . . . . . . . . . 

SCAN METHOD . . . . . 

CHARACTER GENERATION . _ . 

CURSOR. 

MEMORY 

TYPE .... 

CAPACITY . 

OPERATOR CONTROLS 

POWER ON/Off SWITCH .. . ... - . 

2000 

80 

25 

P4 phosphor !wh i te) 

12inches130.4 cml 

54 squa•c inches 1137. 1 cml 

0 .20" high x .08" wide 15.08 
mm high x 2.03 mm wide I 

60 Hz 150 Hz available I 

Raster 

5 x 1 character in an 8 
x 10 dot matrix 

Blinking block 

Random Access Memory 

2000 characters 

On <0ar of unit 

BRIGHTNESS CONTROL ... _ •... On rear of unit 

POWER REQUIREMENTS 

Model 501 - 115 ...01u, 60 Hz, 100 watts nominaJ 
Model 502 - 230vohs, 50 Hz . 100 Wiltts nominal 

SPECIFICATIONS INTERFACE 

OATA FORMAT 

DATA BITS . , .. • . . . , .. ... 7 serial , asynchronous 

DATA BIT 8...•.....•. . .. 1.0or doleted 

PARI T Y . . . 

STOP BITS 

DATA TRANSFER RATE 

Odd, e.,,ien or deleted 
with error displayed as 
OLE 
1or2 


50, 75, 110, 134.5. 150, 

300, 600, 1200, 1800, 

2000, 2400, 3600. 4800, 

7200, 9600 BAUD 


STANDARD FEATURES 
INVERSE VIDEO .... .. . . . . . . . 	Operator or software 

selectable 

TRANSMIT MODES . . . . . . . Half or full duplex <switch 
selectable I 

DATA ENTRY .......... . ... Top or bouom line 

END OF L INE BELL . . . . .•. • ... Sw•tch selectable 

CURSOR POSITIONING . . . . , X-Y 

CURSOR ADDRESS ... . ...... . . Load and read 

DISPLAYABLE CHARACTERS 

CURSOR CONTROLS 

AUTOMATIC ROLL - UP 

AUTO CARRIAGE RETURN 
ANO LINE FEEO 

. .. 	126 (includi ng space I 

Up, down, left, right , 
home. return 

. .. Switch sclectat:Jle 

. .. Swilcti selectable 

MONITOR MODE ............ Special " Moni tor " Mode 
allows d isplay of con tro1 codes 
Uirs1 1wo columns I ol ASCII 
Code Chartl.NATIONAL DISTRIBUTOR FOR 

DEALER NETWORK IS NOW BEING SET UP - YOUR 1Et® INQUIRY IS INVITED 

OLDEST INDEPENDENT
VIS4· I COMMERCIAL CRT TERM INAL . .. 	 ~ MANUFACTURER 

3S SALES, INC. P.O. Box 45944 Tulsa, OK 74145 

918 - 622-1058 
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An Exposure to MUMPS 


David D Sherertz 
University of California 
San Francisco CA 94143 

Command 

About the Author 

David D Sherertz is a 
senior systems analyst in 
medical informatio11 sci­
ence at the University of 
California, San Francisco. 
His actMties include de­
sign analysis, medical pro­
gramming and technical 
writing. For the past three 
years he has been actively 
involved i11 the MUMPS 
standardization effort, cmd 
is currently chairman of 
the Subcommittee for 
Language Development 
within the MUMPS De­
velopment Commit tee. 

Provides for 

BREAK access points for programming and debugging aids 
CLOSE relinquishing device ownership 
DO generalized subroutine calls 
ELSE conditional execution 
FOR generalized iterative execution 
GOTO generalized transfer of control 
HALT terminating execution 
HANG suspending execution for a specified period of time 
IF conditional execution · 
KILL expunging specified variables and their values 
LOCK a generalized interlock facility for concurrent processes 
OPEN securing device ownership 
QUIT explicit termination of a DO or FOR command 
READ specifying data input 
SET assigning values to variables 
USE designating a specific device for input and output 
VIEW an access point for examining machine-dependent information 
WRITE specifying data output 
XECUTE execution of string expressions as program text 
z ... implementation-specific extensions 

Table l: Commands in the MUMPS language. The execution of any command 
can be made conditional by adding a logical expression tu the command word. 
MUMPS is a general purpose intetpretive language developed at Massachusetts 
General Hospital and designed for use in writi11g com1ersatiunal programs. It 
features string manipulation, pattern matching abllity and timing functions . 
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MUMPS (Massacusetts General Hospital 
Utili ty Mul ti Programming System) was de­
veloped in the mid 1960s as a timesharing 
system for a modest minicomputer. A 
general purpose interpretive language, also 
called MUMPS, is an integral part of the 
system. The MUMPS language co ntai ns 
a powerful set of string manipulation cap;i­
bilities, a pattern matching facili ty and 
timi ng functions, all of which facilit;ite 
the creation of conversational progra ms. 
In aclditi on, users can share access to a 
hierarchically organized da ta base, with the 
file management details transparent to the 
user. 

Recently , the Ame ri can National Stan­
dards In stitu te app roved the MUMPS pro ­
gramm ing langu age as a national standard, 
joining FORTRAN, COBOL, and PL/I in 
that category. The existence of a MUMPS 
standard and the robustness of the fe at ures 
included in the standard language mak e 
MUMPS an attractive choice for the de· 
velopment of interactive appl ic ations. This 
article gives an overview of St and ard 
MUMPS, emphasizing its capabi lities. 

Commands and Variables 

The MUMPS language is based on the 
set of com mands summarized in table ·1. 
Any co mmand name can be abbreviated 
to its first leller (t he HANG command 
is dist ingu ished from HALT by the pres­
ence of an argument). Supplemental co m· 
mands ;i re usually added by imp lementors 
to support program creation, editing, de · 
bugging and storage. The execution of 
any command (except IF , ELSE or FOR) 
can be made conditional by adding a logical 
expression to the command word. The 
conditional command is then executed 
o nly if this "postcondit ional" is true . 
A m;iximum time limit can be pl aced 0 11 

the actio ns of certa in co mmands (LOCK, 
OPEN and READ) . For example, the com­
mand OPEN TAPE :30 will periodi ca lly 
attempt to acquire the device TAPE for 
30 seco nds. If the unit is not avai lable 
within this time, the command proceeds 
as if it were completed and a special var· 
iable is set by the system to allow check ­
ing for the expiration of the timer. 



INTRODUCING 
DUAL DRIVE MINIFLOPPY FOR PET! 

A FULL RANGE 
OF PERIPHERALS 
TO COMPLETELY 

SUPPORT YOUR PET 
+ 

PROFESSIONAL A TOTALLY 
SOFTWARE = INTEGRATED 
SUPPORT PET* SYSTEM 

DOMESTIC & OVERSEAS DEALER INQUIRIES INVITED ON DISK SYSTEM & MEMORY 

NOW THE DISKDRIVER DUAL DRIVE DISK SYSTEM 
:i CAN ADD TOTAL SYSTEM CAPABILITIES TO PET! 

* DUAL MINI FLOPPY DR IVE (5.5' ) WITH 100K PER DISK SIDE FOR TOTAL 200K ON LINE. 
* EXPANDABLE IN MARCH/APRIL 1979 TO 400K ON LINE VIA DOUBLE DENSITY FORMAT. 
* DISKMON ·DISK OPERATING SYSTEM (DOS) IS RESIDENT IN PROM VIA DISK CONTROLLER BOARD THAT PLUGS 

DIRECTLY INTO THE INTERNAL EXPANDAPET MEMORY BOARD.· 
• DISKMON COMMANDS EXIST SIMULTANEOUSLY WITH THE BASIC LANGUAGE COMMANDS. 
* DISKMON ADDS 16 COMMANDS TO BASIC INCLUDING DISK DATA FILE COMMANDS. 
• DESIGNED FOR COMMERCIAL SPEED REQU IREMENTS - READS AN ENTIRE TRACK AT A TIME. 
* DISK DRIVES ARE AUTOMATICALLY TURNED OFF BETWEEN COMMANDS FOR LESS WEAR. 
* EXCELLE NT DOCUMENTAT ION AND FULL SOFTWARE SU PPORT VIA FUTURE SOFTWARE. 

THE DISKDRIVER, 
DOS, AND EXPANDAPET 
ARE ALL PRODUCTS OF 

COMPUTHINK 

* DISKMON AUTOMATICALLY SUPPORTS COMMERCIAL TYPE PRINTER (C ENTRONICS MODELS) VIA PARALLEL PORT. 
* DISKDRIVER COMES COMPLETE WITH ATTRACTIVE BEIGE CABINET. BUILT IN POWER SUPPLY. DISK CONTROLLER 

BOARD. ALL PLUG COMPATIBLE WITH YOUR PET (DISKDRIVER REQUIRES THE EXPANDAPET) 
* NOW FOR THE FIRST TIME YOUR PET CAN BE UTILIZED AS A COMPLETE, TOTAL SYSTEM. 
* APPLICATION/DEVELOPMENT SOFTWARE AVAILABLE * BUSINESS PACKAGES IN MARCH/APRIL. 
* FULL PRODUCT (HARDWARE & SOFTWARE) SUPPORT FROM COMPUTHINK AND DEALERS. 

DKH642·1 
EXPMEM 
PRT200 
PRT202 
PRT100 
NPK101 

ASG200 
ASM7890 
LNK4560 
EDT392D 
DUG078 
DKL067 
FOR112 
PLM118 
FUTURE 

HARDWARE/SOFTWARE PRODUCT DIRECTORY 
DISK DRIVER DUAL DRIVE MINI FLOPPY SYSTEM (200K ON LINE STORAGE) . . . . .. .. . .. . . . ... . .... $1295 
EXPANDAPET MEMORY EXPANSION BOARD (SPECIFY 16K, 24K, 32K) 16K MODEL ... . .. . . . ..... $ 425 
CENTRONICS COMMERCIAL PRINTER (MODEL 779·1) WITH FRICTION FEED ........... . ....... . $1245 
CENTRONICS COMMERCIAL PRINTER (MODEL 779·2) WITH TRACTOR FEED . . . . . . .... .. . ... .. . $1345 
AXIOM HOBBYIST PRINTER (ELECTROSTATIC 5.5" WIDE PAPER) APPROX .... . .. .. ... . . ... ..... $ 450 
NEECO PERIPHERAL KEYBOARD (TYPEWRITER TYPE) AVAILABLE JAN .. .. . . ... ...... . ... . ... .. $ 140 

PET ASSEMBLER PROGRAMMER'S GUIDE (SHOWS HOW TO TAP INTO BASIC) . . . ... .. . . .. . . ... $19.95 
PET ASSEMBLER 6502 PROGRAMMING SOFTWARE (ON DISK-WITH MANUAL) .... ... . .. . . . . . $49.95 
AUTOLINK PROFESSIONAL LINKING LOADER SOFTWARE (ON DISK-WITH MANUAL) . .. ... .. . $49.95 
ASSEMBLER·EDITOR, ASSEMBLER SOURCE PROGRAM EDITOR (ON DISK-WITH MANUAL\ . . . $49.95 
DISKMON USER'S GUIDE (PROVIDED WITH SYSTEM - CAN BE PURCHASED SEPARATELY) ... . $ 9.95 
DISKMON (DOS) ASSEMBLER LISTING IN MANUAL FORM . . . ......... . ........ .. .. .. .. ........ $19.95 
FORTRAN COMPILER FOR DISKDRIVER SYSTEM (AVAILABLE JAN.I FEB.) .......... ....... ..... $69.95 
PROFESSIONAL PLM COMPILER FOR DISKDRIVER (AVAILABLE JAN./ FEB.) .... . ... .. . .. .. . . .. $49.95 
BUSINESS AND PROFESSIONAL PACKAGES STARTING IN JAN ./FEB. 

•NOTE PET IS A TRADEMARK OF COMMODORE AND IS SOLD ONLY BY AUTHORIZED DEALERS. 

EASTERN U.S. & EUROPEAN 
, NEW ENGLAND ELECTRONICS 

l[li:{t!•1 SPRIN~fi:L~,D~~s~: 01103 COMP~HINK 
WESTERN U.S. & CANADA 

COMPUTHINK 
3260 ALPINE ROAD 

MENLO PARK, CA., 94025 

413 739-9626 
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GLOSSARY 

Argument : The independent variable upon whose 
value a function depends. For the function 
y=cos(x) . xis the argument of the funct ion . 

Binary Operator : An operator which acts on two 
operands. For example. the addition operator (+) 
is a binary operator. Also known as a dyadic 
operator. Compare Unary Opera ror . 

Binding: The action of associating machine ad· 
dresses with the symbolic addresses of a com pu ter 
program . 

Case Statement : A type of " multiple choice " 
statement in which the execution of the statement 
depends on the numerical value of an argumen t 
conta ined in the statement. 

Global Variable: In MUMPS, a variable that can be 
defined by any authorized user and can be used 

(referenced) by any user's program. 

Literal : A constant value (as opposed to a variable) . 

Local Variable: In MUMPS, a variable that can be 
defined and used by only one user and that user 's 
program (which may consist of many segments!. 

Scope: The portion of a program in wh ich the 
definition of a variable (but not necessarily i ts 
value) remains unchanged. 

Truncate : Usually means to red uce the precision 
of a number by arbitrari ly removing low or high 
order digits without adjust ing the remaining digits . 
The number 4 .5673 could be truncated to 4.5 , for 
instance. 

Variable : A name or symbol which in pr inciple 
can take an arbitrary value during execution of a 
program. 

MUMPS contains only one explicit 
data type: t he variab le le ngth character 
string. Certain contex ts require an implicit 
interpretation of a value as a real number, 
an integer or a logical value . Unambiguous 
rules are defined fo r mapping a string into 
the requisite data type. Variables in MUMPS 
are created dynamically by assigning values 
to them (as in APL and BASIC). There is no 
scoping or binding of variables. Variables 
exist across program boundaries and can 
only be removed with the KI LL command. 

Each MUMPS user has a private vari able 
space, call ed "local variables" which only 
that user can access and modify. There is 
also a common data base called "global 
variables" which any authorized user can 
inspect or change . Both local and global 
variables can be subscripted to any depth ; 
subscripted variables are stored as sparse 
arrays, with storage alloca ted on ly fo r 
defined subscripts. A third class of var· 
iable is called the " special variables." 
These are reserved variables, distinguished 
by a leading doll ar sign ($). The special 
variables are maintained by the MUMPS 
system fo r a variety of purposes, includ ing 
li ne and col umn co ntrol on 10 devices, 
current data and ti me, process identi fi · 
cation and timers. 

Date Base Management 

MUMPS global variables, or globals, are 
tree structured fi les in which any node may 
contain a data value. Syntac tically, globals 
are distinguished from local va ri ab les by a 
circumflex (") preceding th e global name. 
Operational I y, globals form a hierarchical 
data base that exists independently of any 
user. References to a specific global node 

appear as a list of subscripts. For example, 
the sales record of a salesman might be ac­
cessed with "SALESMEN (DEPT,LNAME , 
FNAME) , where DEPT , LNAME and 
FNAME have appropri ate values. Each sub­
script level in a global refe rence represents a 
lower node in the tree structure. Th ere is 
also a facility in MUMPS, called the naked 
reference, to avoid redundant higher level 
subscripts in global references. 

When a new node is created by assign ing 
a value to it , the necessary access paths to 
the node are constructed automatically by 
the system. Similarity, when an individual 
node or an entire subtree of a global is ex­
punged with the KILL command, the 
affected paths are pruned approp ri ate ly by 
the system. Thus, the MUMPS file manager 
achieves a substantia l degree of data inde­
pendence, allowi ng a programmer to con · 
centrate on building a logically meaning­
ful file structure. The details of the phys­
ica l file layout are invisible to the 
programmer. 

Operators and Pattern Matching 

The MUMPS language includ es the nor­
mal set of arithmetic unary operators 
(+ and - ) and binary operato rs (+ - X and 
/) . There is also a modulo operator ( #), a 
division with truncation operator (\). the 
algebraic relational operators less than 
(<), equals (=) and greater than (>), as 
well as the logical operators and (&), or 
(!)and not(') . 

The language includes several string op· 
era tors which greatly sim plify string manip· 
ulation. Strings can be merged with the 
co ncatenation operator (_ ), and compared 
with the relational operators equals (=), 

76 j.Jnuiry 1979 © BYTE Public.Jtiuns Inc 



Technical Systems Consultants, Inc. 

TSC, Technical Systems Consultants, is 
the software company for all the newest , 
most innovative ideas in computer 
soflware. TSC builds a variety of pro· 
grams, packages and games so you can 
get down to business or just some fun . 

Text Editing System 
The mosl comp lete and versatile editor 
available for the 6800 and 8080 micro. 
The system is line and content oriented 
for speed and efficiency and features 
such commands as block move and copy, 
append and overlay, as wel l as string 
manipulators. The 6800 version requires 
SK beginning al 0 hex, the 8080 needs 
6K start ing at 1000 hex. Both should 
have addi tional file space as required . 

SL68·24 6800 Text Editing 
System $23.50 

SL68-24C w/cassette $30.45 
SL68-24P w/paper tape $31.50 
SL68-240 w/mlni flex disc $31.50 
SL68·24F w/flex disc $50.00 

SL80-10 8080 Text Editing 
System $28.50 

SL80-10P w/paper tape $37.50 
SL80·10F w/ CP/M disc $40.00 

Space Voyage 
SL68·5C w/cassette $18.95 
SL68-5P w/paper tape $19.00 
SL80-9P w/paper tape $19.00 

6800 Disassembler 
SL68-27C w/cassette $15.95 
SL68-27P w/paper tape $13.00 

Micro BASIC Plus for 6800 
SL68-19C w/cassette $22.90 
SL68-19P w/paper tape $21.95 

6800 Floating Point Package 
SL-68-4 Floating Point 

Package $6.50 
SL68-4P w/paper tape $9.50 

A!~M~~~~~~!~ 


Text Processing System 
As a complement to lhe Editor, the 
Processor supports over 50 commands 
for left. right or center justification . titling , 
pag ing and general lext outpu t formatting . 
A loop command is avai lable for repeated 
formatti ng jobs such as form letters . Also 
included are capabilities for macro 
definit ion to bu i ld special formatting 
commands . The program requires about 
BK of RAM and previously edited text. 

SL68·29 6800 Text Processor $32.00 
SL68-29C w/casselle $38.95 
SL68-29P w/paper tape $40.00 
SL68-290 w/mlni flex disc $40.00 
SL68·29F w/flex disc $75.00 

SL80-11 8080 Text Processor $32.00 
SL80-11P w/paper tape $41 .00 
SL80-11F w/ CP/M disc $50.00 

Relocator 
This self-prompt ing , easy to use program 
relocates ob ject code in RAM or from 
tape. Complete instructions included for 
making the TSC Editor and Assembler 
or Edilor and Text Processor co-resident. 
(As sold they resid e in the same area.) 
Just over 1 K in length. 

SL68-28 6800 Relocator $ 8.00 
SL68-28C w/casselte $14.95 

SLBG-13 
SL80-13P 

The Mnemonic Assembler 
The ideal addition to lhe Text Editing 
System , together they form a complete 
program development center. The 
Assembler is one of the most versatile 
avai lable and al lows for easy adaptation 
to most systems. The Assembler is many 
times faster than other resident assem­
blers. Requires approximately 5.SK plus 
file and symbol table space. 

SL68-26 6800 Mnemonic 
Assembler $23.50 

SL68·26C w/cassette $30.45 
SL68·26P w/paper tape $31.50 
SL68-260 w/mlni flex disc $31.50 
SL68-26F w/flex disc $50.00 

SL80-12 8080 Mnemonic 
Assembler $25.00 

SL80-12P w/paper tape $34.00 
SL80-12F w/ CP/M disc $40.00 

All programs include complete source 
listing . Cassettes are in the Kansas City 
standard format. 

All orders should include check or money 
order. Add 3% for postage and fo r orders 
under $10, please add $1 for handl ing . 
Send 25¢ for a complete software 
catalog . 

Special/sh in Softwue & Hanlw.ue fol'" lndustr-y & the Hobb yist 
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Function Returns 

$ASCII as an Integer the ASCII code of a selected character from a string 
$CHAR a string whose characters are generated from a specified set of 

integer ASCII codes 
$DATA an integer code that indicates if a specified local or global variable 

has a deflned value or node path 
$EXTRACT a character or substring, extracted from a starting and ending char­

acter position in a string expression 
$FIND an integer that gives the end character position of a specified sub­

strl ng with in a string expression 
$JUSTIFY a formatted string consisting of a right justified expression in a 

blank field of a· specified size 
$LENGTH an integer which is the length in characters of a specified string 

expression 
$NEXT an integer which is the next lowest defined numeric subscript on the 

same level as the last subscript of a named subscripted variable 
$PIECE a string extracted from the characters between two specified occur­

rences of some substring delimiter within a string expression 
$RANDOM a pseudorandom integer from the set of integers within a specified 

Interval range 
$SELECT the value of a particular expression from a set of expressions, se­

lected by the first true expression in an associated set of logical 
expressions 

$TEXT a string that consists of the commands of a specified program line in 
the current routine 

$VIEW a value which is machine dependent data, accessed in an implemen ­
tation-specific manner 

$Z .. . values from functions that are implementation-specific extensions 

Table 2: Built-in functions included in ANSI Standard MUMPS, which can be 
nested to any arbitraty level. 

contains ([),follows (]) . (As an explanalion, 
assuming A and B are defined variables, 
then the expression A(B is t rn e if and 
only if B is a substring of A: simi larily, 
A]B is true if and only if A follows B in 
the ASCII collating sequence.) 

The logical operator not (') can be used 
alone or in conjunction with the relational 
and logical operators above to produce 
the complementary operation. For ex­
ample, A'>B means A less than or equa l 

A
1 

to B, and )B means A does not fo llow 
8. All logical and relational operators pro ­
duce an in teger "truth value" (1 is true, 0 
is false). 

A particularly powerful feature in 
MUMPS is the pattern matching facility. 
A pattern specification follows the operator 
for pattern match ing, which is a question 
mark (?). The pattern matching operator 
determines whether or not the string pre­
ceding it conforms to the specified pattern. 
Patterns are formed by combining any 
nurnber of pattern codes or string litera ls. 
A string literal is any sequence of graphics 
enclosed in quotes (" "). Each element of 
a pattern is preceded by an integer repeti­
tion count. An indefinite count is specified 
by a period (.). Included in the seven pattern 
codes are A, which matches alphabetics, 
N, which matches numerics, and P, which 
matches all other graphics. The pattern 
matching facility allows filters to be con­

structed, similar to those of the language 
SNOBOL , with which to test input for 
validity. The degree of selectivity of the 
filter is controlled by the amount of spec­
ificity in the pattern. For example, the 
pattern 

2N1 P3A.A1 P2N .N 

means that an acceptab le string must contain 
two numbers fol lowed by one graphics sym­
bol, three alphabetic characters, any number 
of alphabetic characters, one graphics sym­
bol, two numbers , and finally any number 
of numbers. The following strings would 
pass successfu ll y through this filter: 

"25 AUG 1948" 

"07-MA Y 1977" 

"04/FEBRUARY /47" 


On the other hand, the string filter 
2N1 " DEC 19"2N would only pass strings 
of the form "nnDEC 19nn". 

Functions and Expressions 

Table 2 summarizes the built-in functions 
included in Standard MUMPS. Because these 
functio ns can be nested to an arbitrary level, 
very complex string manipulations can be 
performed in a single statement. 

Expressions in MUMPS are made up 
of literals, functions, and variables, com­
bined with operato rs that act upon them. 
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TRS-80 OWNERS ,..____..... 


.. AVAILABLE FOR IMMEDIATE DELIVERY ,, 

CASSETTE SOFTWARE DISKETTE 


Package # 1036 (Level II) .. .. . . .. . . .. . ... .. ........... . : . . ... . . . .. ..... . . .. .... ...$495.00 


COMPLETE SMALL BUSINESS - This program is a complete small business program that was tailored to 
work for most small business applications. The program includes such things as Accounts Receivable 
Accounts Payable, Invoicing, Inventory Control , Payroll and General Ledger. ' 

Package # 1038 (Level II) . .. . .. .............. . ... . ... . .. ...... . . . . . . . . .. ... ..... ..$ 99.95 
ACCOUNTS RECEIVABLE 

Package # 1039 (Level II) .. ... . ... .... ...... .. . . .. . .. ... . .. ... .. . .. . . ... ..... ... ..$ 99.95 
ACCOUNTS PAYABLE 

Package # 1044 (Level II) .... .. . . ..... .. .... . .... ..... . . . ...... . . ..... ... . . .. . . ...$125.00 
INVENTORY CONTROL 

Package # 1045 (Level II) . .. . . . ........ . .... ..... . .. . .......... ... .. . .. . . .... . . ...$ 99.95 
INVOICING 

Package # 1046 (Level II) . ................. .. ... ... ... ..... . .. ..... .......... .. ...$ 99.95 
PAYROLL 

Package # 1047 (Level II) . . .. . . ........ . .. ........ . .. . ..... ............ . .. .... . .. . $ 99.95 

MAILING LIST 

Package # 1024 
(Level II, DISKETTE) .... .. . .... .. .... .... .. . $24.95 
Includes the following : 
SPACEWAR I - BANNER - UFO ATTACK - PILE UP ­
BIORHYTHM - AUTO RACE and WORDS. 

Package # 1026 
(Level Il, DISKETTE) . . .. . .. . . . ..... .... . . ... $24 .9 5 
Includes the following : 
SPACEWAR II - CIVIL WAR - TRAP THE TRIBBLE ­
LIFE - KNIGHT - CONCENT RATION and LUNAR 
LANDER . 

OVER 150 EXCITING PROGRAMS 

* MORE EVERY DAY * 


EDUCATION ELECTRONICS MARKETING 


Also available for PET and APPLE. 

All SOFTW ARE-80 programs are guaranteed. 


Programs available in Level I and Level II Basic. 

All of our business programs will operate with printer; custom programs also available. 


With certified check or money order, all orders shipped within 24 hours. 

Personal checks allow 2 weeks. Send for our complete catalogue. 


SOFTWARE-80 


18228 Cabrillo Court 
Fountain Valley, CA 92708 

(714) 962-3423 

ALL PRICES AND PROGRAMS ARE SUBJECT TO CHANGE WITHOUT NOTICE ... ~ 
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Since the only data type is a string, any 
operator can be used on any operand. 
The interpretation of an operand is auto­
matically determined by the implicit data 
type required by its operator. All expres­
sions are evaluated in strict left to right 
order; there is no precedence of operators. 
Parentheses can be used to override this 
convention. 

Other Features 

Another feature included in MUMPS 
allows data to be treated as program code: 
indirection, although usually found only 
in assembly languages as a method of address 
calculation, is avai lable in MUMPS in a 
powerful symbolic form. In effect it all ows 
implementation of the functions of CASE 
statements, subroutine parameter passing, 
and a number of other useful language 
features that are not explicitly included in 
MUMPS. Both variable names and command 
arguments can be used indirectly by putting 
an "at" sign (@) before the element. This 
forces the intrepreter to use the value of 
the variable to search for another variable . 
For example, if the variable AMOUNT3 
has the value 45 .82, and the variable 
SWITCH has the value "AMOUNT3," then 
the command WRITE @SWITCH would 
write 45.82 . 

An additiona l form of indirection is pro· 
vided by the XECUTE command, which 
permits general expressions to be executed 
as program text. One common use of 
XECUTE is to direct a dri ver program, 
in which the next program step is deter­
mined dynamically by branching logic in 
prior steps, using lines of program code 
stored previously as data values in a global 
file. This approach has been utilized in 
constructing automated medical histories, 
in computer assisted instruction, and in 
text editors and other utility programs 
written in MUMPS. 

The MUMPS Environment 

Traditionally, MUMPS has been imple­
mented on dedicated minicomputers with 
the primary memory divided into modest 
(2 to 6 K bytes) user partitions. The central 
processor is timeshared among the users, 
but since most MUMPS applications are 
usually 10 bound, the processor can handle 
as many as 40 users and still maintain a 
rapid response time. Over the past few 
years, MUMPS has been implemented 
within existing general timesharing systems 
on both large and sma ll computers. 

Because the user partitions are rela­
tively small, a programmer must explicitly 
segment large MUMPS applications into 
appropriately sized routines, using the 

GOTO command to overlay segments as 
required. Recent implementations have 
eased the size restriction on user partitions 
by using tech niques such as sharing com­
monly used routines among several par­
titions, and pooling storage for the local 
variable values from all partitions. 

Summary 

MUMPS is a useful development tool for 
many applications involving string manipu­
lat ion, interactive dialogues, and file man­
agement. Multi-user access to a hierarchical 
data base is a particularly powerful compo­
nent of the language. The number of 
MUMPS implementations has been steadily 
growing, including several supported by 
major computer vendors. Although a ma­
jority of the present MUMPS applications 
are related to health care because of the 
language's historical origins, nothing con­
strains MUMPS solely to medical systems. 
In fact, an increasing number of business 
app lications have been implemented in re· 
cent years using MUMPS. 

The attractiveness of MUMPS is pri­
marily due to the full set of facilities avail­
ab le for conversational applications. The 
collection of useful interactive capabilities 
included in the MUMPS Standard is much 
more complete than that found in any other 
interpretive language . Among the advantages 
of the features of Standard MUMPS are the 
following : 

String Handling: MUMPS includes an ex­
tensive set of string operations and func· 
tions that makes string manipulations 
quick and easy. Tasks such as string searches, 
sorts, data extractions and compactions are 
greatly simplified by these facilities. Further­
more, MUMPS allows variable length strings 
to be used routinely in programs, without 
the obstables presented by most other pro­
grammi ng languages. 
Globals: MUMPS eliminates many of the 
problems of working with random access 
devices by obviating the need for traditiona l 
read and write operations as well as the 
intermediate abstraction of a file. A data 
element on a secondary storage medium 
is directly referenced as a set of subscripts, 
with all the details of file organization and 
retrieval handled by the system. Nothing 
with the flexibility of this unique hierarchi­
cal file system can be found in any other 
general purpose programming language. 
Languages such as FORTRAN or BASIC, 
the most obvious alternatives to MUMPS 
on small computers, al low for random 
file operations, but only as extensions 
that are often machine dependent. 
Pattern Matching: MUMPS allows user 
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input to be filte red with a useful pattern 
matching faci lity . This helps to minimize 
the effect of user or device errors. The 
pattern matching capabi li ty is sufficie ntly 
general to be used in various transaction 
oriented applications , such as constructing 
command processors. It is even powerfu l 
enough for the development of other lan­
guage scanners . 
Timing : MUMPS enables a programmer to 
associate timing constraints with several op­
erations. If a READ command does not get 
a complete response from a user terminal 
within a specified time after queuing the 
request, the command will take any input 
already received and proceed. This feature 
allows testing for terminal ma lfunctions 
as well as prompting users in a time critical 
dialogue. A similar capability is available 
for detecting and handling delays in access­
ing globals or acquiring shared resources as 
a result of multi-user interference. 
Program Management : MUMPS provid es 
all the facilities needed to manage programs 
and program fi les. Programs can be created, 
edited, cataloged and debugged from within 
MUMPS . As in APL, and simil ar program ­
ming environment s, MUMPS incorporates 
the necessary tools to make a complete 
programming system . The task of debugging 

: WE SHIP FROM STOCK 

: TELETYPE MODEL 43 
: reliable hard copy, 30 cps, 300 baud . ....... . .. .... ..... . $985.00 
•with RS 232 . . . . . . ... . ..... .......... . ... ... _.... .. $1085.00 
: (we stock Teletype paper and ribbons) • 

HAZELTINE 1500 
Kit (2 to 3 hours assembly work) . ..... . .... .. . . . . . . .. _.. $895.00 
assembled .. . ..... . . . . . . . .... . . .... . . .. . ..... . . . ... $995.00 

PER SCI 
Model 277 Dual Disk Drive, single density .. . .. . . . . ...... $1210.00 
slimline cabinet w / power supply . ... . . ... ...... . . . .. .... 299.00 

TECHNICO 9900 S-200 INTERFACE BOARD •Provides interface to S-100 components and bus. Manufactured by : 
Interface Technology of Maryland __ .. _________ .. __ ...... $59.00 

IMS MEMORY BOARDS, 16KB. FULLY STATIC 
From Industrial Micro Systems, fully tested and burned in. Uses 2114 
low power IC's .. ... ... . . .. . ......... ...... ........ . . $349.00 

S-100 MAINFRAME 
12 slot, TEI Model MCS-112 ....... . . .... . ..... . ....... $363.00 
To Order: $10 shipping for TelotvpO, Hazeltine. PorSci and Mainframe. $3 shippino for 
other items. 24 ht. shipping upon rncei1>t ot cert ified check OJ money order . Pcrsonr1! 
chocks: allow 10 devs. Credit c;i rds: 4% charge. NY residents add rnx. 

WE EXPORT 

We have no reader inquiry number. 


Please call or write. 

JOHN D. OWENS ASSOCIATES, 1Nc. 


147 NORWOOD AVENUE
• STATEN ISLAND, NEW YORK 10304••e DAY. EVENING, WEEKEND . HOLIDAY CALLS WELCOME! 

: (212) 448-6283 (212) 448-6298 
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programs in MUMPS is made easier by fa­
cilities that allow the interruption of execut­
ing programs, the examination or modifi­
cation of variables or program texl, and the 
resumption of program execution at a 
different location. 
Economy: MUMPS implementations are 
avai lab le on a variety of small, relatively 
inexpensive minicomputers and microcom­
puters. These dedicated MUMPS computers 
can be managed with a small amount of 
administrative overhead . There are numer­
ous commercially avai lable BASIC systems 
rough ly comparable lo these MUMPS in­
stal lations. However, for many applica­
tions MUM PS represents a more economical 
and advanced tool for system development. 
Applications Experience : The number of 
MUMPS application packages is steadily 
increasing, with many developed and avail ­
able in the public domain . There is also an 
active MUMPS Users' Group (MUG) in the 
United States as well as in Europe and in 
Japan. MUG publishes newsletters, holds 
an annual meeting, distributes MUMPS 
documents and maintains a library of 
available MUMPS app li cation programs. 
The more successful and widespread MUM PS 
appplications include an abbreviilted medi­
cal record system for outpatient clinics, 
numerous clinical laboratory reporting sys­
tem , and several inventory and information 
management systems. 

In concl usion, MUMPS is designed for 
an interactive timeshared environment, and 
for a general class of conversational appl ica­
tions. On the whole, MUMPS satisfies the 
requirements of these areas more completely 
than many other languages. • 

A full specification of the MUMPS Language 
Standard is available from the MUMPS Users' 
Group (the cost is $5.00). Write for ANSI Xll.1 · 
1977 to : 

MUMPS Users' Group 

D-130 

POB 208 

Bedford MA 01730 


Information on MUG and MUG documents can 
be obtained from : 

Richard E Zapolin 

MUG Executive Director 

MUMPS Users' Group 

D-130 

POB 208 

Bedford MA 01730 


Technical questions on the MUMPS Standard 
should be directed to : 

Dr Richard F Walters 
Chairman. MUMPS Developmen t 
Committee 
Medical Learning Resources 
University of California at Davis 
DavisCA95616 



the ECONORAM'M family from ComeuKit'" 

Hours of trouble-free operation in thousands of These boards are available as unklts (sockets, bypass 

systems have earned an enviable reputation for the caps pre-soldered In place for easy assembly); 
Econoram name .. . while proving that reliable, full assembled and tested ; or qualified under the Certified 
feature memory doesn't have to be expensive to be System Component (CSC) program (200 hour burn-in , 
good. All boards are static, low power/high speed , fully guaranteed 4 MHz operation over the fu l l commercial 
buffered, and use only the best mechanical parts and temperature range, serial numbered, and immediate 
electronic components; we back them up with a 1 year replacement in event of failure within 1 year of invoice 
limited warranty to prove our point. date). You don 't have to spend a lot of money for good 

memory . . . you just have to spend it in the right place. 

NEW! 32K X 8 
ECONORAM X"' 

($599 unkit, $649 assm, 
$789 CSC). Static storage for the S-100 buss. 
Guaranteed 4 MHz operation . Configured as two SK 
and one 16K block, all independently addressable. 
Suitable tor use In phantom systems. Extra 
select/deselect qualifiers for systems using more than 
64K of memory make this board the ideal building 
block for large memory systems. Maybe you can 't 
believe the price, but you can believe the 

i performance . 

NEW! 32K X 8 ECONORAM IX~ 
($650, Un kit). Static storage for the Digital Group buss. 

Now, you can add Econoram quality to your Digital Group machine. 

NEW! 32K x 8 ECONORAM xr ($1050, 
csc Only). Static storage for SBC systems (Intel/National 80/10 and 

80/20 machines). Competitive in price with dynamics, but with Econoram reliability. 

WE HA VE OTHER ECONORAMS,TOO. • • 
Name Storage Des ign Buss Configured as Unkit Assm csc 

Econoram II'" BK X 8 static S-100 dual 4K $139 $159 N/A 

Econoram IV" 16K X 8 static S-100 single 16K $279 $314 $414 

Econoram VI'" 12K X 8 static H8 8K+4K $200 $270 N/A 

Econoram VII'" 24K X 8 static S-100 2-4K, 2-8K $445 $485 $605 

SEE ECONORAM AT YOUR LOCAL COMPUTER STORE. 

NEW! PET to S-100 

INTERFACE BOARD!! 


From HUH Electronics (designed by Mark Garetz). Interface 
board males s .1 00 cards to the popular PET computer: also 
can serve as nucleus of a stand-alone 6500 series system. 
It's new, It's well-designed, it works , and It 's only $199.95! 

TRS-80 CONVERSION KIT 
Please note that our kit Is guaranteed for 1 year, comes 


complete with DIP shunts, and uses 250 ns access time 

chips for operation at 4 MHz. Upgrades 4K TRS·BO to 16K, 

or populates Memory Expansion Module: our novice level 

Instructions show you how. Also expands memory in 

APPLE computers. 


$109, or 3/$320. 
ACTIVE TERMINATOR 

KIT: $29.50 Our much-imitated design 
plugs Into any S·100 motherboard slot to treat the S·100 
buss as the RF system it really Is, thereby reducing noise. 
glitches, ringing, overshoot , and other buss-related 
problems. Improves reliability, and saves power compared 
to passive termination. 

COMPONENTS 
LM317 adjustable regulator. Ltd qty; $2.2S each. 

#CK-1001 5100 wire wrap edge connector. 3 level gold plate. 

SS ea, 51522. 

#CK-1002 S100 solder tall edge connector. IMSAI 0.25 " 

spacing. SS ea, 51$22. 

#CK-1003 S100 solder tall edge connector. Altair 0.14 " 

spacing. $6. ea, 5/$27 .50. 

#CK· 1004 DB25P male 25 pin subminl D type RS232 

connector, $3.95. 

#CK-1005 0825$ female 25 pin subminl D type RS232 

connector, S4.90 . 

#CK· 1006 DB25H hood for DB25P, $0.90. 


11 SLOT S-100 MOTHERBOARD 
UNKIT: ci.90 Includes all 11 edge 
connectors solderedin place lor simplified assembly. 
Includes active termination for reliable data transfer with 
energy efficiency. Dimens ions: 8 112• x 11 · . 

18 SLOT S-100 MOTHERBOARD 
UNKIT: $124 Same as above. but 18 slot 
version . Dimens ions: 8.5 " x 16.7". 

FREE FLYER: We stock much more lhan we TERMS: Allow 5% shipping. cJCcess rnrunded. 
could eve1 01 inlc any one iilld, bul we did Add Sl order5 under Sl5. Cal res add lax. 
manage to Ill II all wllhin the 40 pages ot our VISA'' /Maslerc:hargett ($15 min) call our 24 hr. 
rlyer. Send us your address, and lhe llyer is answering service al (415) 562·0636. COD OK 
yours. Add 41' in Slamps tor 1st class delivery. with street adcirn.ss for UPS (85' COO charge®@ID©®OD~ 


applies). Bill GODBOUT ELECTRONICS 
BOX 2355. OAKLAND AIRPORT. CA 94614 
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Thomas E Doyle 
5222 Big Bow Rd 

Madison WI 53711 

A Computerized Mailing List 


Creating, print111g and updating mailing 
lists offer practical applications for a micro ­
computer system with a floppy disk or other 
magnetic mass storage medium. The series of 
programs presented here allow the use r to 
create and maintain mailin g li sts. Th e pro ­
grams are written to be run on a 8080 or 
Z-80 system with at least one disk drive and 
20 K of programm able memo1·y. The pro­
gram is written for an interpreter ca ll ed 
BASIC- E which is widely di stributed unde r 
seve ral names. 

One of the biggest problems facing a 
programmer using BASI C-E is the relative 
lack of complete documentation on the file 
commands. A fa irly detail ed descrip tion of 
the BAS IC-E file commands, used in the 
programs, wil l be included to hel p thi s 
situation . 

There are six basic types of opcr·ations 
necessary to maintain mailin g li sts : 

1. Generate a new li st. This operation 
would normal ly be per·formccl once 
for each mailing list. 

2. 	 Print the li st. Thi s opera tion would be 
used as copies of the list arc needed, 
or as changes to the li st arc made. 

3. 	Adel to the list. New entries to the li st 
would be aclclecl to the encl of the list 
with this operation. 

4. 	 Update existing entries. Changes could 
be made to entries already in the list 
with this operation . 

5. 	Insert new entries in to list. This oper-­
ation would allow new entri es l'o be 
inserted in to the list. All existing 
entries wou ld be shifted to make 
room for the new en try. 

6. 	 Remove an entry from the I ist. An 
ex is ting entry could be removed from 
the list and the remainin g entries on 
the list would be moved up to fill in 
the space. 

Seven programs were written to perform 
these fu nctions (see listin gs 1 thru 7) . Two 
of the programs print the list in di ffer rent 
formats. 

Sections 

Each entry (or record) in the mailing lis t 
consists of seven sections : 

·1. 	 Nam e 
2. Call sign 
3. Street address 
4. City 
5. 	 State 
6. Zip code 
7. 	Phone number 

These programs were written to handl e the 
mai ling list for an amateur radio club, so the 
ham radio call sign section was included. 
This section could easi ly be removed or 
additional sections added, as needed, in a 
specific application . Keeping the en tri es 
divided into sections allows maximum 
flexibility in the system. 

The mailing list is set up as a disk file 
divid ed or "blocked" into records. Eac h 
record occupies exactly the same amount 
of space on th e disk. Fil es set up in this way 
are not the most efficient in te rms of usin g 
the space avail able on the disk, bu t this 
type of fi le allows direct access to any 
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MEASUREMENT 
systems &.. controls 


PROUDLY ANNOUNCES : 


64K BYTES OF RAM 


6~~:$695 
NOT A KIT 


FULLY ASSEMBLED 

COMPLETELY TESTED 


ON BOARD CRYSTAL &. 

TIMING OSCILLATORS 
COMPATIBLE WITH PROPOSED IEEE S-100 TIMING STANDARD 

SPECIFICATIONS &. FEATURES : 
• 	64k byte dynamic RAM with on board 

transparent refresh. 
• S-100 interface compatible with crystal 

controlled timing INDEPENDENT of 
bus or processor timing. 

•No wait states or cycle stealing with 
8080 or Z-80 to4Mhz. Up to 5 
Mhz with wait states. 

• 	200ns access time and 375ns cycle 
time memory devices. 

• DMA compatible to 1Mhz rate. 
•Inputs buffered with 1 LS TTL load. 
• Outputs are all tri-state. 
•Memory selectable and deselectable 

in 4k increments to 64k. 
• 	Phantom-memory disable jumper 

selectable on pin 6 7. 
• 	Low power on board voltage regu ­

lators. 

•Reliability- all boards are fully tested : 
a. bus address 	&.. control line 

maximum timing skew tests. 
b. Msoft" error tests. 
c. 	word pattern sensitivity tests. 

II m D 

d. 	all boards burned-in. 

• Full documentation 
•Industrial quality design&. compo ­

nents. Glass epoxy boards. Silk 
screened legends. Gold plated 
edge connector contacts. 

•Delivery stock to 30 days. 

Guaranteed performance for one 
year on parts &.. labor. Full refund 
if returned undamaged in 14 days. 

867 North Main Street • Orange. California 92667 • (714)633 - 4460 

I wo uld like to order the following fully assemb l ed and tes ted RAM: 

r.t>de1 Moo, Mk RAM-$695 . oo 

t-txlel 4800 , 48k RAM-$559. 00 

~bdel 3200, 32k RAM-$429. oo 

~bdel 1600, 16k RAM- $295. '.JO 

Enclosed is check or DDney order for : ------- ­
(Calif. residents please add 6\ sales tax . Please a llrn• 14 days fo r 

checks to clear the bank. Thank you. ) 


Please bill my VISA or W.5'fERCHARGE account. 


Card m~er : Expira t i on date: __ 


Four(4) digits above name on ~IASTERCHARGE card :______ 


Name----------------11 
Address 

City State Zip 

Phone----------------11
MEASUREMENT 

systems &.. controls 
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record in the file using a record sequ ence 
number as an address . Files of th is type 
are also referred to as random access files . 

1 28 bytes are set up fo r eac h en try in 
the file . If the entry does not use all 128 
by tes, the remaining bytes are filled with 
bl anks. 

Listing 1: Program used to PRINT "PROGRAM 11 - GENERATE NEW LI ST ­

generate a new mailing list. 
INPUT "FILE NAME"J Fl LE• NAHES 

The user is prompted to FILE F'ILE·NAMES< 128> 

enter the necessary infor­
FOR RECORD•I TO IOOD 

mation. (This program and INPUT "NAME"1NS 
IF NS•"END" THEN 100the other programs in this INPUT "CALL"1CS 

article were written in INPUT "STREET"JSS 
INPUT "Cl TY"I TSBASIC-E.} INPUT "STATE"JAS 
INPUT "ZIP"IZS 
INPUT "PHO,'IE"1PS 
PRINT "' RECOROINS.cs. ss. Tl>.As.zs. PS 

NE.<T RECORD 

100 	ENO 

Listing 2: A program which prints the mailing 
list, single column. 

PRINT "PROGRAM 12 - TYPE LI ST, SINGLE COLLl'IN -" 

INPUT "FILE NAME"I FILE.NAMES 
l"JLE >ILE·NAMES< 128> 
IF END II THEN 200 

INPUT "PRINT PHONE NUMBERS "IPHONES 
PRINTt PRlNTI PRINT 

FOR RECORD- I TO I 000 STEP I 
READ "' RECORDJNS. cs. ss.tS.AS.zs,ps 
PRINT CS1TAB<9>1NS 
PRINT SS 
PRINT TSJ'', "1AS1" "JZS 
1' PHONES-"YES" THEN PRINT PS 
PRINT 

NEXT RECORD 

200 	 END 

Listing 3: A program which prints the mailing list, double column. 

f'l<INT "PROGRA"1 13 - PRINT L I 51• llO UBLE C'lLLMN - " 

INPUT "F"ILE ·NAME"lFI LE · ·'I AM E S 
r!LE F'ILE·NAHEf< 12~> 
IF END I I T'i EN 200 

INPUT "PRINT PHONE NLMBEf< ~•· 1 PHONES 

Pl<INT1PRINT1Pf<INT 

FOR RECORD- I TO I ODO 
FLAG=O 
fiEAD 11.RECORD1Ns.cs.ss.1s.As.zs.PS 
FLAG= I 
READ I I• RECORD+ II N ES, CES• SE!. TE S, AES, zES, P ES 
PRINT CSI TAB< 9 l I NS1 TAB< 3•> I CESI TAB< 43) INES 
PRINT SS1TABC34l1SES 
PRINT TSI "• "l ASI" "I Z SI TABC 3•> J TESJ "• "l AES1" "J Z ES 
IF PHONES•"YES" THE"I PRINT PSJTABC3o4l1PES 
RECORD•RECOHD+ I 
PRINTIPRINT 

"IEX T RECORD 

200 IF FLAG=O THEN 300 

PRINT CSJTABC9lJNS 

PRINT SJ 

PRINT TSJ", "IASJ" "IZS 

IF' PHONES="YES" THEN PRINT PS 


300 	PRINT1PRINT1PRINT1PRINT 

ENO 
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The first step in writing a BASI C-E pro· 
gram that uses disk files is to set up, or open, 
the file. The FILE statement is used to open 
a file. It is used in the fol lowing form to 
set up a blocked file: FILE NAME$ 
(RECORD LENGTH) . Each of the seven 
programs starts wi th the fo ll owing lines to 
set up the fi le: 

INPUT "F ILE NAME"; FILE .NAME$ 
FILE FILE.NAME$ (128) 

The first line enables the user to type in the 
name of the fi le containing the mailing list. 
The file name is stored as string variable 
Fl LE.NAME$. The second line opens the 
fi le as a blocked fil e with a record length 
of 128. BASIC- E searches through the fi les 
on the disk looking for a file with the name 
typed in by the user. If a file with a match ­
ing name is found, it is used. If no fi le with 
a matching name is found, BASIC-E creates 
a file with the name typed in by the user. 
From this point on, references to the file 
are made by referring to the file as #"I, 
rather than by name. 

The IF END statement is an important 
statement in BASIC-E programs that read 
files from a disk. It is of the form IF END 
#N THEN XXXX, where N is the file 
number and XXXX is the line number the 
program should jump to if the end of a file 
is enco untered. If this statement is not 
included in the program and the end of a 
file is encountered during execution, the 
program terminates and prints an error 
message. 

Data is written into the disk file using 
the PRINT statement. It is of the form 
PRINT # N, RECORD ; Vl , V2, V3 , 
VN, where N is the file number, record is 
the record number, an d Vl thru VN is the 
data to be written into the file. The variabl es 
can be numeric values or strings. All data for 
the mailing lists is stored as strings. 

Data is read from the disk file with the 
read statement. The statement is of the form 
READ # N, RECORD ; Vl , ..., VN where N 
is the file number, record is the record 
number, and Vl thru VN are the variables. 

The FILE, IF END, PRINT # N AND 
READ # N commands are th e on ly ones 
used in the program that refer specifically 
to the disk fi le. BASIC-E also includes the 
CLOSE command, used to close a file. This 
command is not needed in these programs, 
since BASIC-E closes all files when the 
program ends. 

Program 1 

The first program, program 1 (see listing 
1), is used to set up a new mai ling list. 
The first two lines set up the file as a block­

http:11.RECORD1Ns.cs.ss.1s.As.zs.PS
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ed file with a record length of 128. The data 
for name, call sign, street, city, state, zip 
code and phone number is entered. After 
the phone number is entered, all the infor­
mation for that entry is stored on th e disk. 
Additional sequential entries arc made 
until the word END is entered for a name. 
Additional characteristics for each entry 
cou ld be included by add in g additional 
input statements and adding the variable 
to the PRINT #1, ... statement. The order 
of the variables in the PRINT # I statement 
is very important. The data is stored in the 
record in the order that the variables arc 
listed in the statement. If a particular 
piece of inform a ti on is not available for an 

Listing 4: A program used to add ne w 
names, addresses, etc, to the list. 

f'RI NT "PROGRA"I I 4 - ADO TO LI Sl ­

INPUT "F'ILE NAME"l F'ILE . NAME'f. 

F'ILE F'I LE.NAMEI< 128> 

IF' END II lHEN 100 


REM F'IND END OF' F'ILE 

F'OR RECORD= I TO 1000 

READ 11,RECOROJNS 


Nf.XT RECORD 


100 REM ADD TO ENO OF flLE 

f'OR RECORD>< RECOl-ID TO 1000 
PRINTrPRINT 
PRINT '"NEXT RECORD "'J RECORD 
INPUT "NAME"1NS 
IF' N$= " END 0 0 THEN 200 
INPUT "'CALL"I CS 
INPUT "STREET" I SI> 
INPUT "CITY"1U 
INPllT "STATE"' I AS 
INPUT "l!P"IZS 
INPUT "'PHONE" 1f'$ 
PRINT •1.R£COFI01N$.CS. ss. T$,AS,o s.Ps 

NEKT RECORD 
200 EN 0 

Listing 5: A program used to update the 
mailing list. 

PfilNl "PkOC:RA"' 15 - UPDATE LI ST 

INPUT "'F'ILE NANE" I F'IL£ . NAME$ 
l'ILE I' ILE . NAMESC 1281 
IF' ENO II THEN 200 

INPUT "CALL SIC-N"tCALLS 

REM SEARCH F'OR RECORD TO BE CHANGED 

fOk RECOR!r- I TO 1000 
READ I\, RECOF<D1'1$, CS 
IF CS=CAl.Li THEN 100 

NE)( 1 RECOFIO 

INPUT "NAME"'l NS 
INPUT "CALL SI GN"I CS 
INPUT "'STkEEl"l Sf 
INPUT "Cl TY"' I TS 
INPLIT "' ST AT£"'1 AS 
INPUT "ZIP"'IZS 
I NPLlT "PHf)N E" 1 PS 
PRINT ••• REC0k01N$, Cf.. ss. TS. As.z s. f'S 

200 ENl> 

en try, a dash or some other character 
should be entered to keep the order of the 
data in the r·ecord constant. 

Program 2 

The mailing list is printed by program 2 
(see listing 2). The particular file containing 
the add ress information is selected by the 
fi r·st I ines of the program. The user is then 
asked if phone numbers are to be included 
in the printout. Phone numbers would be 
pr·inted if the list is being used for a member­
ship list or director·y. If the list is being used 
for mailing labels, phone numbers would 
most likely be omitted. Program 2 prints the 
contents of the file in the following format: 

NAMEl CALL1 

STREET 1 

CITY 1 STATE 1ZIP1 

PHONE 1 "if selected" 


NAME2 CALL 2 

STREET 2 

CITY 2, STATE 2 ZIP 2 

PHONE 2 "if selected" 


Program 3 

Program 3 (see listing 3) is used to print 
the list in the fol lowing format: 

NAME1 CALL1 NAME2 CALL2 
STREET 1 STREET 2 
CITY 1, STATE 1ZIP1 CITY 2, STATE 2 ZIP 2 
PHONE 1 "if selected" PHONE 2 "if selected" 

NAME3 CALL3 

STREET 3 etc 

CITY 3, STATE 3 ZIP 3 

PHONE 3 "if selected" 


This program is similar to program 2 except 
that the program reads two records from the 
disk at a time. The variable FLAG is used to 
insur·e that the prngram prints the last record 
if there is an odd number of records in the 
fil e. 

Program 4 

Additional records may be added to the 
end of the file wilh program 4 (see listing 4). 
After the file is selected and opened, records 
arc re<id until the end of the file is located. 
Mier the end of lhc file is located, addi­
tional information is entered by the user and 
records ar·e added sequentially to the end of 
the rile. This operation continues until END 
is entered for· a NAME. 

Program 5 

Changes in address, phone numbers or 
other sections of an existing record may 
have to be made. Program 5 (see listing 5) 
al lows the user to select a particular record 
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Listing 6: A program used to insert new entries 
into the list. 

f'l<INT " PROGR A"' 16 • JNSERl N[W ENTRY ­

l"I P L'1 "qLE NAME"I r1u: .NAMES 

FI L E r!LE·NAMES< 128 > 

IF EN[l II HH:N 100 


] II/PUT "CALL M GN"I CALLS 

llFM l'INl"I FND OF I' ILE ANO kECOkO CONTAINING CALL 

F~k ~ECOf<O•I 10 1000 

f<EAO I (, kECORO I NS, ("S 

If CALLf=CS l>iEN LOCAllON•RECOf<O 


NFK ·1 HF.COf<{l 

100 IF" LOCATION•O TfiEN Pklllll "11101 l'OUlllU": ~10t­
F' !NI SH•f<E COf<O• I 

~EM MOVE kFCOkDS UP I STAR TING AT LOCAllON 

FOk f<f.CORD•FINIS~ TO LOCATION SlEP ·I 

f<EAO I J, f<ECOROJ Ill$, C~. S S, 1 So AJ, Zs, I'S 

f'R!Nl I 1 . RE:COkD• 1 1 N s. cs. ~s. TS. As. z s. PS 


NFXT RECOf<D 

REM INSERl NEW RECOl<O 

INPUT "NAME"INS 

I lllf>ltl "CALL "1 CS 

I "1PL1T "'Sl kEET"I SS 

I Pl/PUl "Cl 1Y '"I 11 

INPUT ".HATE"I AS 

l NPUl "Z I P"I Z 5 

JlllPUl "PfiONE'"I Pl 


PRI 'ill I I • LOCAl JON 1111s, Cs, 55, 1 S. AS, Zs. PS 

and reenter the information on that record. 
The user first enters the call sign which 
identifies the record to be changed. The 
program then reads through the file until a 
match is found. If no match is found the 
progr·am ends . If a match is found the user 
may reenter the information for that record 
including any necessary changes . 

Program 6 

If the mai ling list is kept in some logical 
order· such as alphabetical, it may be neces­
sary to insert records into the fi le. Program 6 
(see Iis ting 6) enab les the user to insert a 
new record anywhere into the file. The user 
enters the call sign of the existing entry 
where the new record is to be inserted. The 
program then reads through the file lookin g 
for a match. When a match is found the 
record number is stored as variable LO ­
CATION. The program continues reading 
th rough the fil e unti l the end of the file is 
located . All the records from LOCAT IO N 
to the end of the file are moved up one 
record to allow room to insert the new 
record. The user enters the information fo r· 
the new record which is then writte n in to 
the file . This method of inserting new 
records into tlie file in their proper location 

SAVE THE WHALE 

The Fin Whale is the world's greatest long-distance communicator. 

The CONNECTICUT CETACEAN SOCIETY is a small. tota l ly vo lunteer. non-profit edu· 
cat ion an d conservation organ ization ded icated to seeking the abolition of all whale k il l ing . Any 

concerned cit izen can help our efforts by sending name and address and a $15 or more contribution 
to: CCS, P. 0 . Box 145, Wethersfiel d CT 06109 . 
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is much faste r than adding the new records 
to the end of the file and ru nning the file 
through a sorting routine. 

Program 7 

From time to time it may be necessary 
to eliminate records from the file. Program 
7 (see li sti ng 7) enables the user to locate 
and remove a record within the fi le by 
specifying a CALL SIGN. The program 
reads throu gh the fi le looking for a record 
with a matching CALL SIGN. If a match 
is found , the record number is stored as 
variable REMOV E. The program continues 
reading through the fi le until the end of the 
file is located . ALL the records in the file 
from record number REMOVE to the end 
of the file are moved down one record, 
elimi nati ng the gap that would have been 
left by the removal of the record. I hope 
this mailing list program will be of use to 
readers.• 

Listing 7: A program used to remove entries 
from the list. 

p~· 1 1111 "PROGf<AM 11 - kEHOVE E"'ll<Y l"f<OM Fll.l ­

INl'llT ">!LE NAME"I F'IL£.NAl'1ES 

FILE FILE.NAMES< 12B> 

I f' EN 0 I I T>i EN I 00 


!Nf'LIT "CALL SI GN"I CALLS 

kEM SEAf<C>i l"OR RECORD ANO END OF' l"ll-E 

M R kEC'ORO• I 10 I 000 

HEAD 11,RECOR01N$, CS 

IF' CALL!'= CS T>i EN f. EMOI/ E• RECD HO 


NEXT RECOl<O 

100 	If' HE:MOllE=O lfit::N Pk!Nl "NOl f'OUNu"' 
I" I "II Sfi = RECOl<u- 2 

kE:M 	 kE-PACK l"ILE 

F' Ok HECORO•RE'MOVE TO FINI S1i 

RE AD 11.RECORO•l1Ns.cs.ss.rs.As.zs,ps 

PRINT 11.RECOR01Ns.cs.ss.1s.As.zs.l'S 


NEXT RECORD 

REM 	 Bl.ANK OUl l-AST RECORD 
PRINT 11.F'INIS>i+ll" ..... ..... ..... 

"•" 	tt 

ENI'! 

Additional Notes on BASIC·E 

The following points will aid in converting programs written in Microsoft (MITS, 
Applesoft, OSI , Commodore) BASIC to BASIC·E. 

BASIC-E does not allow IF -THE N statements to be located anywhere other than at 
the beginning of a line. 

EXAMPLE : 100 A = 2 .2: D = E + 1: IF A = D THEN 200 

The above li ne would not be compiled by BASIC-E because the IF-THEN statement is 
not at the beginning of the l ine. The solu ti on to this problem involves using t he edi tor to 
insert a carriage return/ line feed in place of the : preceeding the IF-THEN statement. 
After this is done the li ne will be in the following form which will be compiled correctly: 

100 A = 2.2: D = E + 1 

IFA = DTHEN200 


BASIC-E uses the statemen t RND fo r random number generation. T he editor can be 
used to replace all the RND {x) statements in the Microsoft BASIC program with RND. 

BASIC·E does not have a SPC (x) functi on . Use the edi tor to replace " SPC {" with 
"TAB ( pos +" . The new func tion will t hen be TAB {POS + xl. which has the same effect 
as SPC lxl . 

The most serious inconsistency between Microsoft BASIC and BASIC-Eis in the area 
of variable names. Microsoft BASIC allows a variable name used as a dimensioned array 
to be independently used as a simple variable . For example, Microsoft BASIC w ould 
allow the use of A (3, 2) and A as two separate variables in the same program . BASIC-E 
does not al low variable names used on arrays to be used as simple variables. The solu tion 
involves either changing t he array variable name or the simp le variable name. 

BASIC-E is very particul ar when it comes t o print statements . Semicolons must 
separate all sections of BASIC -E print statements. For example . 100 PRINT " NUMBER " 
NUM" DATE " DAT would run properly in Microsoft BASIC. The li ne would have to be 
connected to the following form to ru n in BASIC-E: 

100 PRINT " NUMBER"; NUM ; " DATE" ; DAT 

BASIC·E will not insert missing spaces in a line as Microsoft BASIC will. For 
example : 

100FOR 1=1T010: N EXTI 

The above l ine would run in Microsoft BASIC but it would have t o be converted t o the 
following form to run in BASIC-E: 

100 FOR I = 1TO10: NEXT I 
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Much has been written on the subjecL 
of Conway 's game of Life, but most of the 
literature on this subject has been devoted 
to configurations, patterns and theorems . 
Little has been written about methods of 
actually implementing Life programs on a 
computer. To correct the paucity of in­
formation, this article is devoted almost 
exclus ive ly to Life algorithms. My associ­
ates Peter Raynham and David Buckingham 
have given invaluable assistance in the 
development and refinement of the algo­
rithms contained herein . For convenience, 
the algorithms, with a few obvious ex­
ceptions, will be given in a pseudolanguage 
resembling ALGOL. 

Life Algorithms 

Rules of Life 

Mark D Niemiec The game of Life deals with patterns 
Computer Communications that change according to cert.tin rules. 

Network Group The changes proceed in discrete steps 
E4, room 2369A called generations. The pat terns are con­

University of Waterloo figurations of bits (or ce ll s) which m;iy
Waterloo, Ontario have two states : live and dead. These states 

CANADA N2l 3G1 
are analogous to true and fa lse or 1 and 0. 
The Life cells are arranged in a square 
field of infinite size (ie: arbitrarily large). 
Each cell has eight neighbors : those cells 
orthogonally adjacent to it on all sides 
as well as diagonally . If a live cell has two 
or three live neighbors, it lives in the nex t 
generation : otherwise it dies. If an empty 
cell is surrounded by exactly three living 
cells, a new one is born there in the next 
generat io n. Dead cells not meeting this 
requirement rem ai n empty . 

Simple Algorithm 

A simple algorithm for performing th ese 
operations is shown in listing 1. The pattern 
resides in the old and new arrays within 
limits MINX through MAXX and MINY 

About the Author 

Mark Niemiec is currently a third year mathematics student at the 
University of Waterloo. Introduced to Life by one of the articles in 
Scientific American, he has been actively involved in local Life groups 
in Sarnia and Waterloo, Canada. He has had several Life related dis­
cover/es published in the now defunct LIFELINE newsletter. /-/is other 
related interests include computer graphics and automata theory. 

through MAXY. The major probl em with 
this algorithm is that it requires two arrays, 
one to hold the present generation, and one 
to hold the next. Since only one bit is rea ll y 
used in each element of the array, both 
arrays may be stored together in the com­
puter mem ory using one byte per element. 
The eel Is of the new generation are kept in 
one half (or nybble) of the byte, while 
the data for cells of the current generation 
is stored in the upper half of the byte. This 
has the advantage of using only one loop, 
si nce the loop at the end is no longer re­
quired to copy data between arrays. 

Improving the Simple Algorithm 

A simple observation leading to further 
_improvement is that the computed value 
of a cell in the nex t generation will be 
1 if and on ly if the sum of the va lu es of 
itself and the values of cel ls in its neighbor­
hood is 3. This pertains to the case where a 
cell is 1 and the neighborhood is 2, and to 
the case where a cell is 0 and the neighbor ­
hood is 3. The new cell will be 1 only if 
the neighborhood ORed with the old cell 
itself is equal to 3. If we use a language with 
primitives like AND, OR, XOR, and NOT 
for bit manipulation, we can eliminate one 
of th e IF statements. This makes the code 
simpler and faster. Th is new algorithm 
appears in listing 2. 

Each of the above algo rithms acts on 
one cell at a time. While th is approach is 
easy to program, it is not terribly efficient. 
Even using assembler language we get 
an efficiency ratio of only about 15 10 

20 instructions per bit. This may seem 
adeq uate for most app lications, bul it 
is not sufficient when running extremely 
large patterns, or running any pattcrn 
for a very long time. While one or two 
bits per byte may be adequate storage 
density for many applications, smal I com­
puters and large patterns demand greater 
density. 

Other Possibilities for Improvement 

Let us now examine algorithms which 
arc not restricted to calcu lating or auto­
mating the next generation for one bit 
at a time. The obvious advantages of such 
algorithms arc increased memory and time 
efficiency. However, there arc several 
major disadvantages from the point of 
vi ew of the algorith m designer . Since the 
program must perform several calcu lations 
simultaneously, we cannot use decision 
primitives (ie : the IF statements in the 
previous examples). 

We are therefore restricted to using 
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individual bit and byte manipulat ions, 
in much the same way that a parallel adder 
device adds numbers without making deci­
sions abo ut such things as carry bits. The 
algorithm in listing 3 uses binary integers 
of any length, alloca ting three bits per Life 
cell. Using this algorithm, we can effec­
tively automate n/3 cells at the same time, 
where n is the word size in bits. 

The ent ire pattern is divided into vertical 
strips of n/3 columns , which are all auto­
mated simultaneously. The program must 
includ e means to provide the necessary 
neighbors for the cells at the edges of the 
strips. With the other algorithms, we can 
keep track of the lim its of the pattern 
and automate only within those limits. 
However, using the vertical strip method, we 
can keep track of the height of the patte rn 
only, since the pattern is chopped up across 
its entire width. 

Vertical Strip Method 

In the example shown in li sti ng 3, I used 
a hybrid notation combining high level and 
lower level instructions in order to concen­
trate on the actual calculation algorithm. 
I wished to avo id using low leve l code for 
the mechanics of indexing and loops, which 
are better illustrated in a high level language. 
I tried to choose low level instructions that 
are availab le on most machines: load and 
store, left and right shifts and Boolean 
operat ions. 

In the coding of listing 3, the lines 
beginning at point 1 copy over the bits 
at the edge of eac h strip in the overall 
pattern to the extreme edges of the adjacent 
strips so that one contiguous array is sim · 
ulated. Lines starting at point 2 add up 
the values of the ne ighbors and perform a 
logical OR of th e current state, as described 
earlier. Lines of code at point 3 basically 
calcu late the fol lowing for every bit : 

BR= sum( 1 bit) n sum (2 bit) n (sum( 4 bit)) 

Or in Engl ish, the resultant bit (BR) is the 
logical sum of the 1 bit ANDed with th e 
sum of the 2 bit AN Deel with the negation 
of the sum of the 4 bit . The code at point 
4 cleans up the garbage bits and stores the 
new result. Lines of code after point 5 
merely copy the new fie ld Lo the old, as 
before. 

With this algorithm, the interior of the 
calculation loop takes 17 instructions. 
Subscripting is assumed to be "free" for 
array indices so close together, with constant 
displacements. If we use a processor with 
a word length of 16 bits, we have an effi­
ciency ratio of 17/4, or less than 5 machine 

0 0 00 00 
0 0 00 0 0 0 0 

0 0 0- 000 0 0 
0 0 

0 	 2 3 

Figure 7: Transformation of a Life pattern through 
three generations. This process is sometimes referred 
to as the automation of the pattern. Generation 0 is 
the original pattern of live cells. The succeeding 
generations proceed according 
birth, existence and death. 

FOR Y : = M INY TO Mt\XY BY I 
BEGIN 

FOR X : = MINX TO Mt\XX 
BEGIN 

SLM 

I F 
l:LSE 
ELSE 

l'.ND 
ENl1 

FOR Y : =Ml 
BECi I , 

: = 	OLD(Y-1.X-I) 
+ 	 OLD(Y . X- I ) 
+ 	 OLl)(Y+I .X- I I 

SLM 	= 3 THEN 
IF SLM=2 
NEW(Y.X) : = 0 

Y TO MAXY BY I 00 

to the rules of 

00 

llY I 00 

+ OLD(Y-1.X) + OLD(Y-1,X+I) 
+ 	 OLD(Y . X+l) 

+ OLD(Y+ I .X) + OLD(Y+I . X+ l ) : 
Nl:W( Y . X) : = I 
THEN NEW(Y.X) : =OLD(Y.X) 

FOR X := Ml X TO MA.XX BY 00 


BEGIN 

OLD(Y Xl : = Nl:W(Y.X l 


END 

END 

Listing 1: Th e basic algorithm for computing Life generations. The code 
presented here is written in a pseudolanguage resembling ALGOL. Each 
element of the matrices represents one cell. The second group ofstatements 
copies the complete new generation matrix into the old generation matrix 
so that the procedure may repeat. 

FOR Y : = Ml Y TO Mt\XY BY I 00 
llEG IN 

FOR X : = MI X TO MAXX BY I 00 

BEGIN 
SL.1\11 OLD(Y - 1 . X- I) + OLIJ(Y- I .X) + OLD(Y- I .X+ l) 

+OLD(Y .X-1): 
SLM (SLM/ 16) 	 + OLD(Y .X+I) 

+ OLD(Y+I .X-1) + OLD(Y+I .X) + OLD(Y+l .X+I) : 
SLM SLM OR OLD( Y .X): 
OLD(Y.X) : = OLD(Y.X) • 16: 
11 : SLM tv10D 8 = 3 THEN OLD(Y .X) · = OLD(Y . X) + I 

END 

END 

Listing 2: A routine using bit manipulation by the logical OR operation. 
This enables the program to store the old and new generations in a single 
matrix. The key point is that a cell in the new generation will be l only 
if the sum of its neighbors ORed with l gives the result 3. To code this 
routine in low level machine instructions, the user may use left and right 
shift operations to perform the multiplication and division. 
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instructions per bit, which is much better 
than the previous algorithms. 

One problem which arises is that, since 
the procedure works only with three bits, 
in some cases the neighborhood will have a 
sum sufficient to cause a carry into the 
next bit. This can somet im es create erro­
neous resu lts . To prevent this, before all 
eight neighbors have been added together, 
the sum must be thus fo ld ed: if sum(4 bit) is 
on, then turn off sum(l bit) and sum(2 bit)· 

FOR Y : = MINY TO MA.XY BY I 00 

BEGI 
[I] 	 OLD(Y .MINX-1) : = OLD(Y .M\XX) / 8 

OLD(Y .MAXX+I l : = OLD(Y .MINX) • 8 
FOR X : = MINX TO Mi\XX BY I DO 

BEGIN 

[ 2 1 LOAD OLD(Y-1 .X-1) 
ADD OLD(Y-1 . X } 

ADD OLD(Y - 1 , X+I) 
ADD OLD(Y , X-1} 

ADD OLD(Y .X+I} 
ADD OLD(Y+I . X-1} 

ADD OLD(Y+I .X ) 

STORE TEMPI 

NOT 
AND OCTAL ' 444 . . . 4. 

RIGHT I 
STORE TEMP2 
RIGHT 
OR TEMP2 
AND TEMPI 

ADD 	 OLD(Y+I . X+I) 
OR OLD(Y . X ) 

I JI STORE TEMPI 
J\'OT 
RIGHT I 
AND TEMPI 
RI GHT I 
AND TEMPI 

[ 4] AND OCTAL' I I I I . . , . I ' 

[ s l STORE NE:W(Y .X } 

END 
END 

FOR Y : = MINY TO MAXY BY I DO 

BEGIN 
FOR X 	 : =MINX TO MAXX BY DO 

BEG I 
OLD(Y . X) := NEW(Y . X) 

E D 
END 

Listing 3: Routine to compute Life generations using cell data pac!?ed with 
multiple cells in a word. Several cells can have their new generations com­
puted, or be automated at the same time. The code here is a generalized 
machine language with the high level iteration instructions retained for 
clarity. The packing density is n/3, where n is the word size in bits. The 
ellipses in the octal constants indicate that the method works for any word 
size. This method may be referred to as the vertical strip method from the 
manner in which it divides up the Life universe. 
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Complete Storage Efficiency 

All of the cell storage methods previously 
described involve wasting from 75 to 87 per­
cent of storage in order to maintain program 
simplicity. We must eventually ask , "Why 
not use eve1y bit?" By completely pac~ing 
the data, cell storage becomes about eight 
times as compact as the original algorithm 
allowed . 

When each bit is surrounded by relevant 
data, tho ugh, a drawback arises : there is no 
room fo r any kind of arithmetic instructions 
which produce a carry to the next bit. We 
remove this difficulty by performing the 
arithmetic in the same way that hardware 
performs it. Since there exists no semi­
conductor "add" gate, one adds by selec­
tively combi ning the AND and exclusive 
OR (XOR) gates. Similarly, here 1t 1s pos· 
sible to add using only a large assortment of 
logical operators. 

One such so lu t ion, using PDP-1 1 machine 
code, is shown in listing 4 . The BIC instruc­
tion of the PDP-11, which is effectively 
an AND/NOT instruction, is actually more 
useful then a normal AND instruction in 
this case. A similar implementation for 
a different processor not having this instruc­
tion might be slightly larger. 

This example shows that we can auto· 
mate 16 bits at a time in about 40 instruc· 
tions of 16 bits, which is abo ut 2 l /2 in­
structions per bit - more efficient th an any 
previous method. If 8 bit instructions are 
used, we must approx imately double the 
number of instructions per cell. This also 
holds for the previous algorithms of many 
bits per word. As an example of how this 
improves performance, we are ab le to 
automate 72 bits at a time on the Honeywell 
66/60 by looping with double word instruc­
tions with an average of almost 2 bits per 
instruction. So, despite the fact that this 
method has the longest code segments inside 
the calculation loop, it is by far the most 
efficient method of those discussed. 

Life in Three States 

One generalization of Life is a 3 state 
version called Immigration, which has the 
regular blank or dead state, plus two living 
states, X and 0, for instance. The rules 
are the same as those for Life, except 
that, upon birth, a new cel l's state is de­
termined by the majority of parent cel ls. 
For example, three X cells or two X and 
one 0 will produce an X offspring. One 
use of the two distinct living states is to dis­
tinguish the major predecessor of an object. 
A case in point: if two gliders collid e to 
form a block, from which one does the 
block actually originate? 
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The major difference between this is un iquely used, packing the old generation 
algorithm and regular Life is that one must and the new in to two halves of the same 
keep track of the kind of bit, as well as byte is no longer possible. Note that this 
whether a bit is alive or not. An algo rithm algorithm will work in the same manner as 
which does this is shown in lis ting 5. For a a standard Life algorithm on an array 
living cell of type X, bit 1 of the byte is containing only one of the living states. 
set to 1; for a type 0 live cell, both bit 1 and 
bit 8 of the byte are set to 1. The distinctive Life Generations of the Fourth Kind 
feature of this algorithm is that when a new 
cel l is created, the kind of cell it becomes is An extension of Immigration results 
determined by how many h from bit 8 in a version of Life having four different 
have been added into the sum. Since bit 8 kinds of living states. The kind of cell which 

rvov OLD(Y-1.X - 1 l . RO (RI. RO) NEIGHBOURS 1+2 
MO\/ OLD( Y - I . X ) . R I 
XOR RI. RO 
131 C RO.RI 

MOV Ol.D(Y-1 . X+I) .R2 (R2.RO) NEIGHBOURS ( 1+2)+3 
XOR R2 . RO 
BIC RO.R 2 
BIS R2. RI ( RI .RO) NEIGHBOURS 1+2+3 

MOY 01.D( Y+I .X-1 l . R2 (R2.R3) NEIGHBOURS 4+5 
MOY OLD(Y+I . X ) . RJ 
XOR R3.R 2 
BIC R2. R3 

MOV OLD( Y+ I . X+ I ) . R4 (R4.R2) NE IGl-IBOURS ( 4+ 5) +6 
XOR R4 . R2 
BIC R2. R4 
BIS R2 . R3 (R3.R2) NEIGHBOURS 4+5+6 

XOR R2. RO (R 2, RO) NEIGHBOURS ( 1+2+3)+(4+5+6) 
BI C RO. R2 

XOR JU . RI ( R2, RI) CARRIES ( 1+2+3)+(4+5+6) 
BIC RI . R2 
XOR RJ.RI 

BIC RI . R3 
BIS R3 . R2 

MOV OLD(Y . X- 1l. RJ (R4 . JU) NEIGHBOURS 7+8 
MOV OLD(Y . X+l).R4 
XOR R4 . R3 
BI C R3.R4 

Listing 4: A program to 
manipulate cells stored as XOR RJ . RO (RJ,RO) E IGHBOURS (1+2+3+4+5+6)+(7+8) 
a single bit. This code BI C RO . R3 
uses the instruction set of 
the 
Corp 

Digital Equipment 
PDP-7 7 processor. 

XOR 
BIC 

RI .10 
R3.RI 

(R4 , RI) CARRIES ( 1+2+3+4+5+6)+(7+8) 

The addition is performed XOR RI . R4 
by selective use of logical BIC R4 . RI 
operations. Application of BIS RJ, R2 
this method results in the BIS R4 . R2 
greatest possible storage 
density. Although there BIS OLD(Y .X ) . RO (RO) IS OR'ED WITH ORIGINAL BIT 
are more lines in the pro­
gram, automation ofmany BIC R2. RO E IGHBOURHOOD OF ~ 4 CAUSES DEATH 
cells simultaneously makes CCM RI 
this the most efficient s·1c RI. RO NEIGHBOURHOOD OF ~ 2 A NECESS ITV 
procedure discussed. MOV RO,NEW(Y ,X 
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ADVANCED COMPUTER PRODUCTS 
S<iHli1 A11t1 C A 92 i'OS 

TME CO MPUT ER STORE 
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Listing 5: A program to 
perform calculations for 
the 3 state, or Immigration 
game. Live cells are of two 
distinct types. Cells are 
stored one per byte. For 
one type of live cell, the 
byte has its 7 bit set to 7. 
The other type of live cell 
is indicated by setting 
both bit 1 and bit 8 of 
the byte to 1. Data stored 
by this scheme may not be 
packed further. 

Listing 6: A program that 
demonstrates a version of 
Life in which cells are in 
any one of five possible 
states. A hash table is 
used to determine the kind 
of cell which is born to 
various sets of parents. 

FOR Y : = MINY TO MAXY BY I 00 

BEGIN 
FOR X := MINX TO MAX.X BY 1 DO 

BEGIN 

SLM OLD(Y-1.X-1) + OLD(Y-1 .X) + OLD(Y-1,X+I) 

+ OLD(Y . X-1) + OLD(Y , X+l) 

+ OLD(Y+l ,X- I) + OLD(Y+I .X) + OLD(Y+l , X+l); 

IF OLD(Y,X) -= 0 THEN 
I F (SLM OR 1) MOD 8 = 3 THEN NEW(Y ,X) := OLD(Y.X) 

ELSE NEW(Y , X) := 0 

ELSE I F SLM MOD 8 = 3 THEN 

IF SLM< 16 THEN NEW(Y.X) 


ELSE NEW(Y.X) := 9 

ELSE NEW(Y, X ) : = 0 

END 

END 

FOR Y : = MINY TO MAXY BY l 00 

BEG IN 
FOR X : =MINX TO MAX.X BY DO 

BEG I N 
OLD(Y . X) NEW(Y,X) 

END 

END 

ARRAY HASH ( 0 : : 3 3 ) CONTA IN ING 

I. I . 9, 9, 0. o. 0. I, 89, 9. 
o. I. 57. 9. 57. 57. 0. o. 9, I , 


0, 57, 89, 89, 0. 57, 0 , 0' 0, 89, 


0. 0. o. 89: 

FOR y : = MINY TO MAXY BY I [)() 

BEG IN 


FOR X : = M INX TO MAXX BY I DO 


BEGI N 


SLM : = OLD(Y - 1 ,X-1) + OLD(Y-1,X) + OLD(Y-1 .X+I) 
+ OLD(Y ,X- I) + OLD(Y . X+I) 
+ OLD(Y+ l , X- I) + OLD(Y+I , X) + OLD(Y+I . X+l) : 

IF OLD(Y , X) -= 0 THEN 
I F (SLM OR I ) MOD 8 = 3 THEN NEW( Y. X) : = OLD( Y . X) 
ELS E NEW(Y , X) := 0 

ELSE IF SLM MOD 8 = 3 THEN NEW(Y,X) : = HASH(SLM/8) 
ELSE NEW(Y,X) : = 0 

END 
END 

FOR Y : = MINY TO MAXY BY I DO 

BEGIN 
FOR X : = MINX TO MAXX BY I DO 
BEGIN 

OLD(Y,X) . - NEW(Y,X) 

END 
END 

Listing 7: The game of Life programmed in V LIFE X ;Y 
[1] +1,p0+ 1 0'[X+(3=Y) vXA4=Y+(-1¢>Y)+Y+1¢>Y+(-1sX)+X+l~X+one line of APL. This function accepts the 

(O , ((ltpX)p l ) , O)~T.+(O , ((l*pX)pl),O)\X+
input pattern as a Boolean matrix and dis­ ( ( ( 1 H pX) ~ ( v f X) 11 ) A¢>( 1 H pX) ~ ( ¢>v f X) 1 1 ) IX+ 
plays it every generation. The reader is left (((1ltpX}~(v/X)1l)A¢>(1ltpX)~{~v/X)1l)fXl 
to determine which algorithm is used. 
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may be born is determined by the majority 
of the parent cells. If no majority exists 
(ie: all three parents are different), a cell 
of the fourth kind is generated. Patterns 
containing only two kinds or one kind of 
live cells make this game become equivalent 
to Immigration and Life, respectively. 

Listing 6 shows a procedure for au to· 
mating this Quad-Life. It is essentially 
the same as the Immigration algorithm, 
except that the determination of cell type 
is done most efficiently by using a hash 
table. The program may index a table con­
taining cell types using the sum of the types 
of the parent cells. Since a birth can occur 
only between three live cells, the hashing 
function need only meet the condition that 
it be unique when any combination of three 
of the four different values representing the 
four different cell types is added together. 
The values 1, 9, 57, and 89, produce a 
unique hash. This is also the smallest solu­
tion, giving a hash table with 34 entries, 
of which 20 are actually needed. 

Exploiting Language Power 

No proper treatment of algorithms is 
complete without a program written in 
one line of APL which performs the de­
sired task. The program in listing 7 accepts 
·the inp ut pattern as a Boolean matrix and 
displays the pattern every generation. The 
grid is effectively of infinite size, since 
storage allocation for the pattern is grown 
and shrunk as necessary . The program 
works only in origin 0, but changing it 
to work in origin 1 would be fairly trivial. 
Determin ing which algorithm is used here 
will be left as an exercise to the reader. 

Ultimate Purpose 

The more research that is done con· 
cerning Life, the more it appears that 
investigators are becoming less concerned 
with merely empirical questions such as 
"What does pattern such and such eventu­
ally form?" - and more concerned with 
more esoteric problems such as entropy, in­
formation theory and computability theory. 
Due to this shift in emphasis, it is becoming 
apparent that the future of Life algorithms 
will not rest in smaller and faster programs 
to automate Life. The advances of the future 
abide rather in highly specialized abstract 
mathematical programs for proving theorems 
or gathering statistics. However, for most 
enthusiasts, Life will always be a fascinating 
diversion that produces fascinating pictures 
on the screens of video displays.• 

Circle 314 on inquiry card. 
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NEW- FORTRAN PROCESSOR BOARD 


SS-50 BUS SWTPC PLUG COMPATIBLE 

EDIT, COMPILE and EXECUTE MODES 

All software in ROM for FAST access; NO RAM wasted; 
NO DISC System Necessary 

PSEUDO · TIMESHARE editor usable during FORTRAN 
program execution 

COMPILER generates COMPACT CODE consuming less 
RAM than BASIC 

On board µC processes in parallel with 6800 CPU 

Extra PROM spaces for subroutine packages 

Scientific Subroutine Package soon available (FFT, CAD, 
Matrix Manipulation) 

REAL 
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L 
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REAL TIME INTELLIGENCE CORP 
P. 0. Box 9562~ Rochester, NY 14604
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THE WIRED SO Cl ETY by James 
Martin. 
0 This is a fascinating and not-to 
distant account of what the future might 
be like, changed by the new telecom­Making a list? munications technology. Prefacing his 
discussions with historical as well as con ­

DR DOBB'S JOURNAL OF COM­
PUTER CALISTHENICS AND ORTHO­

DONITA, volume I edited by Jim C 

Warren. 

D This is a collection of everything 

from the first year of Jim Warren's 

outstanding journal. 359 pp. $13.00 (no 

photo). 


YOUR HOME COMPUTER by James 

White. 

0 A clearly written nontechnical de­

scription of personal computers that 

required no prior knowledge of com ­

puters or electronics. Yours fo r $6.00. 


GETIING INVOLVED WITH YOUR 

OWN COMPUTER by Leslie Solomon 

and Stanley Viet. 

D Whether your interest in business 

applications, word processing, education, 

security, computerized video games, 

computer art and music. Robots, or 

amateur radio, this book will get you 

started and keep you on the right track. 

216 pp . $5.95. 


UP YOUR OWN ORGANIZATION! by 

Donald M Dible. 

0 A great handbook on how to start 

and finance a new business, this is the 

most comprehensive reference we've 

seen on the subject. 372 pp. Available 

for $14.95 in hardcover. 


HOW TO PROFIT FROM YOUR 

PERSONAL COMPUTER by Ted G 

Lewis. 

0 If you have wanted to use your 

personal computer in a profitable 

manner, and you feel you need some 

help planning programming techniques 

for common business applications, this 

book is for you. 191 pp. $7 .95. 


BASIC AND THE PERSONAL COM ­

PUTER by Thomas A Dwyer and Margot 

Critchfield. 

0 After giving an in-depth course in 

BASIC, the book discusses microcom ­

puter hardware, graphics, word pro ­

cessing, sorting, simulation and data 

structures. Easy to read and informative. 

438 pp. $12.95 (no photol. 


TV TYPEWRITER COOKBOOK by Don 
Lancaster. 
0 A complete guide to low cost tele­
vision display of alphanumeric data, 
several chapters of which were published 
ahead of the book in early issues of 
BYTE magazine. $9.95. 

THE CHEAP VIDEO COOKBOOK by 
Don Lancaster. 
0 This latest in Don Lancaster's series 
of hardware books continues where 
the TV Typewriter Cookbook leaves 
off . New, inexpensive video display 
circuits (and the software to drive 
them) are described. 256 pp. $5.95 (no 
photo). 

Check here 
for new 
ideas 

ao1enUt10 and engineering 
problam-lvtngwltll_........,... 

APL AN INTERACTIVE APPROACH 
Second Edition, Revised by Gilman and 
Rose. 
0 Here's an excellent way to introduce 
yourself to the APL language. Gilman 
and Rose have extensively updated the i r 
popular book to include the latest infor­
mation about APL and the various f orms 
now in use . $11.95 . 

SARGON by Dan and Kathe Spracklen. 
0 Written about the 1978 West Coast 
Computer Faire chess champ, "Sargon," 
highly praised. is a program in Z-80 
assembler language. $14.95 (no photo). 

temporary references, Martin lures the 
reader into an impending technical 
revolution, which will change corpor­
ations, change government, and changes 
the lives of everybody. $12.95 hardcover 
(no photo). 

MICROPROCESSOR INTERFACING 
TECHNIQUES (Expanded 2nd edition) 
by Austin Lesea and Rodnay Zaks. 
0 Now available in this newly revised 
edition featuring: new material on 
"useful circuits,"an enlarged floppy disk 
section with new double density con ­
trollers, updates on LSI controllers-and 
much more. Including basic concepts 
and techniques, this book is a very com· 
prehensive handbook on interfacing. 
416 pp . $9.95. 

MICROPROCESSORS: FROM CHIPS 
TO SYSTEMS by Rodnay Zaks. 
0 A complete and detailed introduction 
to microprocessors and microcomputer 
systems. $9.95. 

BASIC BASIC, 2nd EDITION by James 
S Coan. 
0 If you're not already familiar with 
BASIC, this book is one of the best ways 
to learn about this popular computer 
language. BASIC (which stands for Be­
ginner's All-Purpose Symbolic Instruc­
tion Code) is easy to learn and easy to 
apply to many problems. $8.95. 

ADVANCED BASIC by James S Coan. 
0 This is the companion volume to 
James Coan's Basic BASIC. In this book 
you'll learn about some of the more 
advanced techniques for programming 
in BASIC, including string manipulation, 
the use of f iles, plotting on a terminal, 
simulation and games, advanced mathe­
matical applications and more. $8 .95. 

CHESS AND COMPUTERS by David 
Levy.
0 This 145-page paperbound book is 
loaded with chess games played by 
computers. The games are computer 
versus computer and computer versus 
human . $8.95. 

CHESS SKILL IN MAN AN 
MACH IN Eedited by Peter W Frey.
0 This is a most fascinating book, con · 
cerning itself with the when , how, and 
why of computer chess. $14.80 hard· 
cover. 

SCIENTIFIC ANO ENGINEERING 
PROBLEM SOLVING WITH THE COM­
PUTER by William Ralph Bennett Jr. 
0 Besides teaching BASIC (which it 
does admirably) , this lively, lucid book 
presents a wealth of imagi native and 
unusual applications programs taken 
from many disciplines . 1 n its diversity 
and elegant style, it ranks with Donald 
Knuth 's works as a milestone in the art 
of computing . Hardcover, $19.95. 
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GAMES, TRICKS AND PUZZLES FOR 
A HAND CAL CU LA TOR by Wallace 
Judd. 
D Got a friend who won ' t have any· 
thing to do with calculators? You just 
might woo him or her into the e lectronic 
age with some of the tricks in this book. 
Capers, games and astounding calcula­
tions are here to dazzle. They've even 
pulled a calculator apart to show you 
what the insides look like! A neat book 
for anyone suttering from technophobia 
or plain boredom. 91 pp. $4 .95. 

FUNDAMENTALS OF RECORDKEEP­
ING AND FINANCE FOR THE SMALL 
BUSINESS by Robert C Ragan, CPA, 
and Jack Zwick, Ph.D. 
0 Once you have your organization 
or business up and running, records 
must be kept. 196 pp . Only $10.00 in 
hardcover. 

THE ART OF COMPUTER PRO· 
GRAMMING by Donald E Knuth . 

Praised by many critics as the best 
books in their field. These books are 
part of a projected seven volume omni· 
bus survey of computer science now 
being completed by Donald E Knuth . 
0 Volume I, Fundamental Algorithms, 
634 pp . $21 .95 hardcover. 
0 Volume II, Seminumerical Algo· 
rithms, 624 pp. $21 .95 hardcover . 
0 Volume Ill, Searching and Sorting, 
722 pp; S21 .95 hardcover . 

FUNDAMENTALS AND APPLICA ­
TIONS OF DIGITAL LOGIC CIR ­
CUITS, 2nd edition by Sol Libes. 
0 You'll fi nd everything from the basic 
theory . to various circuit designs , to the 
most recent applications, including the 
circuitry of calculators. digital voltme· 
ters, frequency counters, and computers. 
200 pp. $7.95. 

SMALL COMPUTER SYSTEMS HAND ­
BOOK by Sol Libes. 
0 This is an introductory text for those 
with a minimal knowledge of electronics 
who are interested in microcomputers as 
a hobby . The author explains microcom ­
puter concepts from number systems 
and logic c ircuits to programming lan­
guages and applications with the empha· 
sis on practical knowledge. 197 pp. 
$8.45. 

THE LITTLE BOOK OF BASIC STYLE 

by John M Nevison. 

0 This book teaches you how to write 

clear , well-pl anned programs you can 

read . 151 pp. $5.95 lno photo!. 


SOME COMMON BASIC PROGRAMS 
by Lon Poole and Mary Borchers. 
0 At last. a single source for a ll those 
hard to find mathematics programs! A ll 
the programs are wr it ten in a restricted 
BASIC suitable for most m icrocomputer 
BASIC packages , and have been tested 
and debugged by the au tho rs . $8.50. 

SOCIAL EFFECTS OF COMPUTER 
USE AND MISUSE by J Mack Adams & 
Douglas H Haden. 
0 Most of us have come to accept the 
presents of computers in our lives. Their 
effect on society as a whole is worthy of 
careful! consideration. This book surveys 
the evolution of computers, their appli ­
cation, and the social, economic and 
philosophical implications of their in­
creasing use. 326 pp . $10.00. 

PROGRAMMING A MICROCOMPU ­
TER: 6502 by Caxton C Foster. 
0 This informal , well-written book may 
be just what you need to enter the world 
of microcompu ters . Foster uses the 6502 
microprocessor (used in the KIM· 1. the 
PET, and the Apple microcomputer 
systems) as a basis for discussing the 
techniques of wr iting programs. 231 pp. 
$9 .95. 

TOP-DOWN STRUCTURED ·PRO­
GRAMMING TECHNIQUES by Clement 
L McGowan & John R Kelly.
0 What is structured programming? The 
authors answer this question in this 
lively, well -written book . 288 pp . $15.95 
hardcover . 

6800 ASSEMBLY LANGUAGE PRO­
GRAMMING by Lance A Leventhal. 
0 From Osborne & Associates we have 
another in their series of microcomputer 
books . Lance A Leventhal discusses as­
sembly language programming for com· 
puters using the 6800 microprocessor. 
The 6800 instruction set is presented in 
depth with chapters on assemblers, sim· 
pie programs. code conversion, tables 
and lists. subroutines, input/output, 
interrupts, program design and docu· 
mentation, and sample projects. $8.50. 

ACCOUNTS PAYABLE AND AC· 
COUNTS RECEIVABLE by Lon Poole 
and Mary Borchers. 
0 This is a set of 21 programs which 
constitute an invoice-lln ked accounts 
payable and a low-volume invoice ac· 
counts receivable system for small busi­
nesses . It is the third in Osborne & Asso­
ciates' series of BASIC business programs 
and will be complemented by the soon 
to be published Genera l Ledger. 318pp. 
$15.00. 

DIAL YOUR BANK CARD ORDERS ON OUR TOLL-FREE HOT LINE : 1-800-258-5477. BITS inc 
Books to e rase the impossible 
POB 428, 25 Route 101 West City___________State______Zip_____Peterborough, NH 03458 

Signature _______________________My check enclosed : 


Check :::. :______________ 
 Total1•.::-1uwo J Amount :______________ Number of books _____ 


- My card :!:± :___________________ 
 Postage$ .75/book or 

~· $1.00 outside U.S. 


Expires :______________ - Grand Total 

Prices subjecr ro change wirhour norice. Dealer Inquiries lnvired. You may phorocopy this page. 
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The Digicast System 


Receiving Data and 


A I Halsema 
4921 Patrae St 
Los Angeles CA 90066 

Imagine turning on your radio and re­
ceiving the latest copy of BYTE- or receiv­
ing only the news of interest to you. Tuning 
in to a program could mean exactly that: 
you would receive software source code 
listings, binary object code listings, and do­
cumentation. All of these are possible with a 
revolutionary new system cal led Digicast. 

Digicast is similar to Britain's Te letext 
and France's Antiopc systems, but would 
be transm itted by commercial FM radio 
stations. Teletext data is broadcast during 
a portion of the vertical blanking time by 
te levision stations of the BBC (see figure 
1). Decoded by logic connected to the 
television set, Teletext news and announce­
ments are dialed up and displayed on the 
te levisio n screen at the viewer's option. 

Operation 

To understand how Digicasting would 
work, consider FM stereo broadcasts. FM 
stereo is transmitted as two separate signals 

modulating the same radio frequency carrier. 
Both channels of the stereo signal are com­
bined into one monaural signal. This com­
bined signal is what you hear when listening 
with a monaural only FM receiver. A second 
signal of 38 kHz away from the center fre­
quency, amplitude modulated by left 
channel minus right channel difference 
information, is also transmitted (see figure 
2). This is called the pi lot carrier, and is used 
in the r.eceiver's stereo de mu I tiplexer to 
separate the two stereophonic signals. Stereo 
and other Subsidiary Communications 
Authorization (SCA) signals are transmitted 
only by FM stations due to the wide band­
width assigned to the stations by the Federal 
Communications Commission. This wide 
bandwidth (150 kHz, with deviations of 75 
kHz above and below the center frequency 
of the carrier) is required to reproduce high 
fidelity music. Stereo transmissions do not 
exhaust the bandwidth available to an FM 
station, however. Digicast signals can be 
broadcast in exactly the same way as stereo-

HORIZONTAL 
BLANK I NG 
AN 0 SYNC 

EOUAL­ EQUAL­
IZ ING VERTICAL IZING HORIZ ONTAL SYNC PULSES 
PULSE SYNC PULSE 
INTERVAL IN TERVA L INTERVA L 

BLACK LEVEL -

WHITE LEVEL 

L ONE LINE 
OF VI OEQ DATA 

VERTIC AL BLANKING TIME ---­-­-­- -­

Figure 7: Video synchronization signals. The pulses riding on the waveform at the "blacker than 
black" voltage level are horizontal sync pulses. Intervals between the horizontal sync pulses can be 
used to cany information, and are so used in the Teletext and Antiope systems. This portion of the 
video can be seen if the vertical hold control on the receiver is misadjusted slightly to roll down the 
picture. Nonblack portions visible in the bar displayed ate test signals added at the transmitter. Note 
that this figure is not to scale, since more horizontal sync pulses actually appear during the vertical 
blanking time than are shown here. 
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Information Over Your FM Radio 


SCA SCA 

7 7 
kHz kHz 

74 60 
67 kHz 

STEREO STEREO 

- 15kHz--<o -15kHz---<o 

53 kHz 3S kHz 23 kHz 

MONAURAL 

- 15kH•­

15 kHz CENTER 
FREQUENCY 

Figure 2: Frequency assignments in an FM station's signal. Not all stations trans­
mit both stereo and SCA (background music). Spaces between the various signals 
are required to allow separation and reduce mutual interference at the receiver. 

FM REC£ IVERFM TRANSMITTER 

STEREO 
SCAOTHER 

OIGICAS T DATA 

WIRE SERVICE 
TE L ETYPE; STOCK 
QUOTATION SERVICE; 
LOCAL MESSAGE 
SYSTEM 

DI GI TAL SIGNAL 

DEMULTI PLEXER 

ANO AMPL I FI ER 


COMPUTER 

Digicast and Digicasting are 
proprietary names protected 
by trademark laws. 

Figure 3: Simplified block 
diagram of the Digicast 
system from input to out­
put. 

MASS STORAGE 

PR I NT ER 

T ERMINAL 
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phonic music. Reception would require the 
use of a wide bandwidth FM receiver with 
subcarrier output jacks to allow connection 
of the Digicast demultiplexer. This demulti­
plexer would be similar to a standard stereo 
demultiplexer, but with a different operating 
frequency and output voltage levels. The 
demultiplexed data would be fed into a 
computer via a standard Universal Asyn­
chronous Receiver Transmitter (UART) 
circuit (see figure 3). Data rates of 4800 
to 9600 bps are envisioned. The higher 
data rates may require the use of special 
fast rise time receivers. 

Applications 

Digicast is designed to allow serial read 
only access to large data bases. One such 
data base is the news. Used in the newscast 
mode, Digicast would provide high-speed 
transmission and reception of all the news 
in alphanumeric form. The computer at the 
receiving end would be programmed to 
select those items containing keywords of 
interest to its owner and to store or print 
them for later reading. A news transmission 
facility is simple to implement, since the 
news is received in machine intelligible 
form from the wire services (ie: UPI, AP, 
Reuters, etc). Software at the receiver can 
range from the simplest search and save 
program to complex artificial intelligence 
programs to correlate data and extrapolate 
stock market trends. (Stock market and 
commodities quotations are also available 
in machine readable· form.) As the amount 
of news and ·information increases to the 
saturation point, a UHF television channel 
(6 MHz bandwidth) could be allocated for 
this purpose. A 6 MHz channel could handle 
a 6,000,000 bps data rate, spurring deve­
lopment of still faster microprocessors. An 
alternate approach to the problem of infor­
mation saturation is to use additional FM 
stations in the area to handle additional 
data. Digicasting will reduce the amount of 
paper needed for newsprint, and reduce 
pollution levels. How much of your news­
paper do you read? Once read, most news­
paper becomes trash, adding to pollution. 

Current Status 

For Digicast to be a success technically, 
it must also be a financial success. An FM 
station can be equipped with the needed 
electronics for under $10,000, and sub­
scripti.ons to the service sold to the public 

on a monthly basis. Specialized Digicast 
receivers could be mass-produced now for 
$50, exclusive of the computer, related 
software and peripherals. To insure that no 
pirating of the broadcasts takes place, the 
data can be encrypted, with a new decrypt­
ing key being mailed to subscribers on a 
monthly basis. 

Digicasting is being developed by the 
Digicast Project directed by Jim C Warren j r, 
who has edited Dr Dobb's journal of Com­
puter Calisthenics & Orthodontia, and has 
also been the organizer of the West Coast 
Computer Faires. The project expects to 
have a Digicast facility operating in the 
San Francisco area by the end of 1979, but 
needs both technical and financial help. The 
project is currently financed by subscrip­
tions to the lntel!lgent Machine journal, 
which prints news and details of the project; 
you may offer technical help and buy sub­
scriptions ($18 a year) by writing to Jim C 
Warren Jr, 345 Swett Rd, Woodside CA 
94062.• 
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-----------------------------------------

Write bug-free code faster in BASIC, 
FORTRAN, or COBOL with our 
unique software development system 
Enjoy a bonus in better documentation and easier modification, too 

Yes. you really can gel flawless code faster. 
using the Stirling/Bekdorf™system of software de­
velopment tools with structured programming con· 
cepts. Not only does the system help prevent errors, 
it also helps you trap errors you do make, quickly. 

Each tool is human-engineered to do its job 
better. Every step in the programming process, 
lrom initial logic design through print-out or display 
layout. flows more smoothly with theStirling/Bekdorf 
system. Designed to make fullest use of structured 
programming concepts, our software development 
lools are human-engineered to reduce initial errors, 
improve de-bugging speed, and aid concept commun· 
ication. 

When you use " top-down" structured program­
ming, the first part of our system to help you is 
lhe 78F2 Flowchartrix1": no matter what language 
you· re using. You use it first to lay out your original 
concept blocks. Then you use it to write a finely 
detailed flowchart quite smoothly. 

54%more logic cells than other flowchart forms, 
so you get far more of your program on each page. 
Each Flowcharlrix has a full 77 logic cells. not just 
50. This not only saves paper, but also makes 
your finished flowcharts easier to understand. By 
seeing up to 27 extra steps of your program on 
each page, you comprehend program flow more cl· 
early. That's important while writing the flowchart, 
more important when you write actual code. It's 
also extremely helpful when you debug. and indis· 
pensable when you come back months or years 
later to modify your original work. 78F2's higher 
matrix co unl makes your flowcharts quicker to de· 
bug because there are fewer pages to search for 
euors. Fewer pages also save you money and star· 
age space. 

Unique matrix can show your loops AS loops. 
The 7 x 11 matrix gives you a central column to 
use for executive contro l logic. plus 3 columns on 
each srde to describe loops and subroulines. In 
lact. these 3 colu mns on each side give plenty of 
room to wri te loops laid out visually as loops (sort 
of a squared circle). Th is makes loops and sub· 
routines easier to recognize, because their form is 
readily apparent at a glance. Since they're easier 
to lind. and may even be completed on a single 
page, they're also simpler to debug or modify. 

Evert matrix cell has a specific label lo help 
you track branch points. Now it's far easier to 
follow your program from page to page, point to 
point. When you write program documentation. 
having aseparate reference point for each cell makes 
your program much easier to describe clearly. 

With Flowchartrix, you don't need a shape tern· 
plate to draw remarkably regular logic symbols. 
Guides for the most-used logic symbols are right 
in each matrix cell. They help you draw most stand· 
ard flowchart symbols entirely free-hand. With 78F2. 
your pencil can fly as fast as you can wr ite, wi th· 
out interruption. When a flash ol insight strikes, 
now you can keep your pen on paper, flowing rapidly
from one step to the next wi thout breaking to pick 
up a template. 

78P4 Print-Out Designers are the next step. 
When you finish llowcharting. you're ready to lay out 
the pr inted reports your program will generate. This 
helps you focus your thinking on the end result 
to be produced lrom all your effort. Th en when 
you begrn to follow th e flowchart to write actual 
code you'll be ready to blaze th rough the report 
generation segments right along with the sorts and 
computations. 

Unique 70 x 160 matrix accommodates even 
proportional· spacing word processor formats. The 
160-column width can handle practically any printer 
format. The 78P4 is big, J41, x22 inches, because 
we've scaled the cel l size to humanwriting comfort, 

not machine print. Each 78P4 character cell is 3mm 
wide by 5mm high, giving nearly twice the character· 
·Nriting area of other printout design sheets. Special 
mark ings at columns 80, 96, and 132 show you
the refatrve positron of each printed charac ter. 
Scaled page length arrows referen ce the last possible 
printed line for standard 81·2" and 11 " paper (for 
printers with 6 vertical lines per inch). 

Special 5-column area records the program line 
number of the code which creates each printed 
line. Th is unique leature makes the control code 
much faster to debug and modify. It shows, at 
a glance, exactly wh ich line of code creates each 
line of your report, saving hou rs ol needless search 
time when you must make a change in the report 
formal (and don't you always have to. sooner or 
laler' l. 

Now you've done your flowcharting and planned 
the printed reports, you're ready to write the clean· 
est code you've ever created. And Stirling/Bekdorf's 
78Cl Combination Coding/CRT Layouts will help 
you do it fas ter. If you're using separate coding 
fo rms and CRT layouts now, you' ll really enjoy the 
improvements we've designed for you in the com· 
bination 7BC I. 

Every sheet gives you 2 form uses for the price 
of one. When display layout and line folding points 
ar en 't critical, use 78Cl's full 28 line x 80 column 
grid area for regular program steps. Then for inter­
active or instructional sections, to plan display lay­
outs simply keep your charac ters within the appro­
priate CRT indicator lines, and you 'll automatrcall~ 
know where every character wil l show on your CRT 
screen. 

Gives you 4 extra coding lines on every sheet. 
Full 28 line x 80 column coding capacity saves you 
14 sheets out of eve ry 100, compared lo 24-line 
forms. 86 sheets hold more program steps than 
100 sheets of any 24-line fo rm, yet we offer full· 
size 6mm x3mm grid blocks to give you comfortab le 
writing room and visual space between lines. 

Works with your CRT display, no matter what 
brand you own. Equipped for both 16 line x 64 
column and 24 line x 80 co lumn display formats, 
78CI rs compalible with your video terminal. 

Available in three separate versions (one for 
BASIC languages, one for FORTRAN, another for 
COBOL), the 78CJ is so powerful we include a 7· 
page instruction manual with every order, to help 
you discover every lacet of its unmatched capab ilities. 

Every tool in the Stirling/Bekdorl system is sur· 
lace-engineered to take both pen & pencil without 
blotching. Our tough, extra-heavy, 22# paper is 
pure enough to use with critical magnetic ink char· 
acter readers, although you 'll probably never use 
it that way. We use it because it gives crisp, sharp 
characters whether you write with pencil or plastic· 
tip pens. 

Every part of our system uses eye-comfortable 
soft blue grids. All grid rulings, tints. and division 
rules are reproduced in a special shade of blue. 
We chose it because it's easy on your eyes, even 
after hours of continuous programming. If you 
write sof tware as a professional programmer. you'll 
particularly appreciate the improvement over the 
green lines you 've been writing on. 

A J.ring binder is one more of our secrets for 
your success. Every tool in the S/B system is de· 
signed to work together in a standard 3-ring binder. 
All your notes, logic concepts, flow charts. code. 
CRT layouts, print-out designs. and documentation 
can be kept together, in order, in one place. This 
saves time every time you sit down to write. It 
also makes debugging and modification immensely 
simpler. By ensuring everything you create stays 
together. you assure you can find the area you need 
to modify when the time comes, whether it's next 
week or next year. You can readily recapture your 
original train of thought by scanning your flowcharts, 
then go dir ectly to the area of code you need to 
alter. In fact, when you use our system to its full · 
est, even another programmer can quickly compre­
hend your original thinking, so he can help you 
make changes or extensions. 

Order your supply of the world's most advanced 
software development tools, right now, before you 
hatch even one more bug. Ask your local computer 
sto re for Stirling/Bekdorf 78F2's, 78P4's, and78Cl's, 
or use the coupon below to get your supply. 

r----------------------------------------~YES' Please rush the programming aids indicated below: 

78F2 Flowtlmtrix 
o 2 pads of 50 = $7 .90 + $2.85 p~ng & sh pg 
n JO pads of 50 - $3U5 ·• S6.45 pkng & sh pg 

78P4 Print·Oul Oesign Sheets 
0 I pad ol 50 = $7 .45 + $3.15 ping & shpg 
C 5 pads ol 50 - Sl2.IO + $6.75 p~ng & shpg 

J.hole punched 1inyl poc~els for 78P4 Design Sheets 
n se t of 5 lor $2.65 + $1.35 pkng & shpg 
-: set of 12 for $5 .00 ~ Sl.85 pkng & shpg 

78Cl Combination Coding/CRT Layouts 
All are fhe same p11ce. bu l please check which language 
formal you wanf: 
D lor BASIC 0 for FORTRAN 0 foe CO BOL 

0 2pads ol 50 - S6.35 ... Sl.95 pkng & sh pg 
O 10 pads of 50 = $26.85 + SJ.35 pkng &sh pg 

T' us r61dents pie.au idd !i ;~. salts fiJ to bur p11Ct' . 'Nr U11p 

UPS so P.O. Bo1 add1m rant 11vr phone numbl!I P11cts stiown 

fo1 1Hckm1 &sh1pp1n1 arr U ) A only. lntern1hoHI sh1pp1n1 rates 

~rt h1&ht1, Wiii! IOI dt!allS 

D Sample of one sheet al each form + Charge to: D Master Charge D Visa exp. date_ 
associated labels &literature :$2.50 Card p--------------­

Enclosed is my check fo r,.______ Signature ______________ 
Name ______________________________ 

Address ________________ Phone ___________ 

City ____________ State ________ Zip ______ 

Stirling/Bekdoif 

4407 Parkwood o San Antonio, TX 78218 o (512) 824-5643 

•bl © !'HI Sl!Jlin1 1'1h: ~dorl OtY. of Bl1Uman M\IJ, Cp., Int.. ' 
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http:literature:$2.50


Photo l: The author.'s 
polyphonic music key­
board system, which allows 
more than one note to be 
played simultaneously. The 
scanning keyboard inter­
face is just behind the 67 
note manual in the fore­
ground. The stand alone 
ASCII keyboard in front 
is dedicated to music re­
lated tasks, and, in con­
junction with a video 
terminal (not shown), 
allows two easily distin­
guished levels of system 
control. 

Steven K Roberts 
129 N Galt Av 
Louisville KY 40206 

Photos by Douglas Fowley 

Polyphony Made Easy 


It was not long after the successful im ­
plementation of a hardware chromatic tone 
and envelope generator for my system that 
I began to wish for a method of playing 
music that would be somewhat less cumber­
some than tune encoding with the ASCII 
keyboard . The ability to store a melody by 
defining all the notes and then allowing the 
computer to perform it was worthwhile, but 
without some technique for spontaneous 
interaction the system co uld hardly be called 
an instrument. A music keyboard was clearly 
called for . 

I obtained a 61 note (5 octave) organ 
manual from the Kimball Organ Company 
for about $7 5, and considered the interface 
task in depth. Among the primary perfor­
mance specifications for the design were : 

• 	 Polyphonic capabi li ty (not limited 
to single notes) 

• 	 Undiscernible response delay 
• 	 Very low processor overhead 

The last of these requirements precluded the 

use. of a software scan, which would have 
reduced hardware to its simplest form, and 
the need for polyphony called for either a 
bit map interface or a multiplexer with its 
own memory. To simplify the software as 
much as possible, the latter approach was 
selected. 

A note should be inserted here about the 
touchy subject of software simplification . 
An argument frequently heard in the world 
of the microprocessor is th at everything 
should be done with the program. If the 
processor in question is a dedicated con­
troller, then by all means, all the work that 
can be reasonably handled by the program 
should be so assigned. However if the proces­
sor is at a higher level of system abstraction, 
it may be more efficient to delegate certain 
repetitive tasks either to hardware or to 
another microcomputer. There is no con ­
venient generalization defining the tradeoff, 
but in cases where software complexity gets 
out of hand due to the presence of a fairly 
mundane but demanding task, some paral­
lelism is usually called for . In the specific 
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SYM-1, 6502-BASED MICROCOMPUTER 
• 	 FULLY-ASSEMBLED AND COMPLETELY INTEGRATED SYSTEM that's 

ready-to-use 
• 	 ALL LSI IC'S ARE IN SOCKETS 
• 	 28 DOUBLE-FUNCTION KEYPAD INCLUDING UP TO 24 "SPECIAL" 

FUNCTIONS 
• 	 EASY-TO-VIEW 6-DIGIT HEX LED DISPLAY 
• 	 KIM· 1 ' HARDWARE COMPATIBILITY 

The powerful 6502 8-Bit MICROPROCESSOR whose advanced 
architectural features hove mode it one of the largest selling " micros" 

on the market today. 


• 	 THREE ON-BOARD PROGRAMMABLE INTERVAL TIMERS available to 
the user, expandable to five on-board. 

• 	 4K BYTE.ROM RESIDENT MONITOR and Operating Programs. 
• 	 Single 5 Volt power supply is all that is required. 
• 	 1 K BYTES OF 2114 STATIC RAM onboard with sockets provided for 

immed"1ate expansion to 4K bytes onboard, with total memory expan· 
sion to 65, 536 bytes. 

• 	 USER PROM/ ROM: The system is equipped with 3 PROM/ ROM ex ­
Synertek has enhanced KIM-1 ' software as well as the hardware. The pansion sockets fo r 23 16/ 2332 ROMs or 2716 EPROMs 

software has simplified t!ie user interfoce. The basic SYM-1 system is
• 	 ENHANCED SOFTWARE with simplified user interface programmed in machine language. Monitor status is easily accessible,
• 	 STANDARD INTERFACES INCLUDE: and the monitor gives the keypad user the same full functional capabili· 

- Audio Cossette Recorder Interface with Remote Control (Two ty of the TIY user . The SYM-1 has everything the KIM-1 • has to offer, 
modes : 135 Baud KIM-1 • compatible, Hi -Speed 1500 Baud) plus so much more that we cannot begin to tell you here. So, if you want 

- Full duplex 20mA Teletype Interface to know more , the SYM-1 User Manual is ava ilable, separately . 
- System Expans ion Bus Interface SYM-1 Complete w/manuals $269.00 
-TV Controller Board Interface 	 SYM-1 User Manual Only 7.00 


SYM-1 Expansion Kit 75.00
-	 CRT Compatible Interlace (RS-232) 
• 	 APPLICATION PORT: 15 Bi-directional TTL Lines for user applications Expansion includes 3K of 2114 RAM chips and 1-6522 1/ 0 chip . 

with expansion capability for added lines SYM· 1 Manuals: The well organized documentation package is com ­
• 	 EXPANSION PORT FOR ADD-ON MODULES (51 1/ 0 Lines included in plete and easy·lo·understand. 

the basic system) SYM-1 CAN GROW AS YOU GROW. lls the system to BUILD-ON. Ex· 
• 	 SEPARATE POWER SUPPLY connector for easy disconnect of the d·c pansion features that are soon to be offered : 

power SK Basic ROM $159.00 
• 	 AUDIBLE RESPONSE KEYPAD TV Interface Board 349.00 

QUALITY EXPANSION BOARDS DESIGNED SPECIFICALLY FOR KIM-1, SYM-1 & AIM 65 
These boards are set up for use with a regulated power supply such as the one below, but, provisions have been made so that you can add 
onboard regulators for use with an unregulated power supply. But, because of unreliability , we do not recommend the use of onboard 
regulators. All I.C's are socketed for ease of maintenance. All boards carry full 90-day warranty. 
All products that we manufacture are designed to meet or exceed industrial standards. All components are first qualtiy and meet full 
manufacturer's specifications. All th is and an extended burn-in is done to reduce the normal percentage of field failures by up to 75% . To you, 
th is means the chance of inconvenience and lost time due to a failure is very rare; but, if it should happen, we guarantee a turn-around time of 
less than forty-eight hours for repair . 
Our money back guarantee: If, for any reason you wish lo return any board that you have purchased directly from us within ten (10) days after 
receipt , complete, in orig inal condition , and in original shipping carton; we will give you a complete credit or refund less a $10.00 restocking 
charge per board . 

VAK- 1 8-SLOT MOTHERBOARD 
Thi s motherboard uses the KIM-4 • bus structure. It provides eight (8) 

expansion board sockets with rigid card cage . Separate jacks for audio 
cassette, TTY and power supply ore provided . Fully buffered bus. 

VAK- 1 Motherboard 	 $129.00 

VAK-2 / 4 16K STATIC RAM BOARD 
This board using 2114 RAMs is configured in two (2) separately 

addressable BK blocks with individual write -protect switches. 
VAK-2 16K RAM Board with only $239.00 

SK of RAM ( ~ populated) 
VAK-3 Complete set of chips to $175 .00 

expand above board to 16K 
VAK-4 Fully populated 16K RAM $379.00 

VAK-5 2708 EPROM PROGRAMMER 
This board requires a +5 VDC and ±12 VDC, but has a DC to DC 

multiplyer so there is no need for an additional power supply. All 
software is resident in on-board ROM, and has a zero-insertion socket. 

VAK-5 2708 EPROM Programmer $269.00 

V AK-6 EPROM BOARD 
This board will hold SK of 2708 or 2758, or 16K of 2716 or 2516 

EPROMs . EPROMs not included. 
VAK-6 EPROM Board 	 $129.00 

VAK-7 COMPLETE FLOPPY-DISK SYSTEM (Feb. '79) 

V AK-8 PROTYPING BOARD 
This board allows you to create your own in terfaces to plug into the 

motherboard. Etched circu it ry is provided fo r regulators, address and 
data bus drivers; with a large area for either wire-wrapped or soldered 
IC circuitry . 

V AK-8 Protyping Board 	 $49.00 

POWER SUPPLIES 
All POWER SUPPLIES are totally enclosed with grounded enclosures for safety, AC power cord, ond carry a full 2-yeor warranty. 

FULL SYSTEM POWER SUPPLY 
This powe r supply will handle a microcomputer and up to 65K of our KIM-1 * Custom P.S. provides 5 VDC @ 1.2 Amps 

VAK-4 RAM. ADDITIONAL FEATURES ARE: Ove r voltage Protection on 5 and + 12 VDC @ . 1 Amps 
volts, fused , AC on / off switch. Equivalent to units selling for $225 .00 or KCP-1 Power Supply 	 $41.50 
more. 
Provides +S VDC@ 10 Amps & +12 VDC @ 1 Amp SYM-1 Custom P.S. provides 5 VDC@ 1.4 Amps 

VAK-EPS Power Supply $125 .00 VCP-1 Power Supply $41.50 
• KIM is o product of MOS Technology 

2967 W . Fairmount AvenueENTERPRISES Phoenix AZ . 8501 7 
I N C 0 R P 0 R A T E D (602)265· 7564 Prices in effect Nov. ' 78 
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Figure 7: Polyphonic keyboard interface design. Multiplexer array at top is scanned by counters until a difference is detected between the 
Table T: Po1ver wiring table addressed key and the corresponding bit in memory. The scan is stopped and the key address and direction are read by the processor, 
for figure 7. allowing the scan to continue. 



An A11ortment of lolution1 


ro1 your Re1olulion1 

ARTIFICIAL INTELLIGENCE by Patrick Henry Winston 
O This book is designed for use in a course on artificial intelligence, 
but should prove invaluable to the newcomer to the topic, as well as 
being useful to the experienced as a reference text. Part One is set up to 
be used as an introduction to the key ideas of the subject, including the 
basics of elementary representation. symbolic constraint exploitation, 
search. and control. In addition, understanding natural language, repre­
senting common sense meaning, computer vision, and expert problem 
solving are covered. Part Two covers the programming language LISP. 
its organ ization and uses. Profusely illustrated. 444 pp. Only $10.00 
hardcover. 

HOW TO REPAIR VIDEO GAMES by Robert Goodman 
0 A 270·page service/repair manual containing information on pro ­
ducts sold by manufacturers of electronic home video games and 
pinball machines. Each chapter of the manual. is devoted to an indi · 
vidual manufacturer 's equipment. Some manufacturers covered are 
equipment manufacturers wh ile others produce game chips only. The 
three game chip manufacturers are General Instrument, Texas lnstru· 
ment and Nat ional Semiconductor, wh i le equipment manufacturers 
include Magnavox, Atari, Radio Shack, RCA and Midway. $7 .95. 

INTRODUCTION TO PERSONAL AND BUSINESS COMPUTING by 
Rodnay Zaks 
0 Th is text is designed for both the novice and the user seeking to 
expand his/her knowledge in the microcomputer field . A compre· 
hensive introduction to concepts, peripherals, and techniques, this 
book serves well as an educational text . 245 pp . Only $6.95. 

PROGRAMMING THE 6800 MICROPROCESSOR by Bob Southern 
O This self-instruction workbook is a guide to the fundamentals of 
assembly language and machine code programming of the 6800 micro­
processor and its peripheral devices. Considerable coverage is given to 
programming of input and output devices. The asynchronous com­
munications interface adapter, each with their various modes of oper· 
ations, are explored in detail in both noninterrupt and interrupt modes. 
Program design and documentation are emphazied along w ith pro ­
gramming hints and aids. 270 pp. $12 .95 . 

SMALL COMPUTER SYSTEMS HANDBOOK by Sol Libes 
0 This is an introductory text for those with a minimal knowledge 
of electronics who are interested in microcomputers as a hobby. The 
author explains microcomputer concepts from number systems and 
logic circuits to programming languages and applications with the 
emphasis on practical knowledge. 197 pp. $8.45 . 

SOCIAL EFFECTS OF COMPUTER USE AND MISUSE by Adams/ 
Hayden
0 Most of us have come to accept the presence of computers in our 
lives. Their effect on sociery as a whole is worthy of careful consider­
ation. This book surveys the evolution of computers, their application, 
and the social, economic and philosophical implications of their in· 
creasing use. 326 pp. $10.00 . 

STANDARD DICTIONARY OF COMPUTERS AND INFORMATION 
PROCESSING by Martin H Weik 
0 This is a very complete, fully cross-referenced dictionary. It goes a 


step farther in that it includes full explanations, practical examples, 

many pertinent illustrations. and supplementary information for over 

12,500 hardware and software terms. It cross-references the terms to 

other closely related concepts, and appended to each definition, as the 

need arises, are explanations, tutorial information, examples, usage 

areas. and cross-references for further clarification of concepts and 

meanings. 390 pp. $16.95 hardcover . 


WIRED SOCIETY by James Martin 

O This is a fascinating and not-too distant account of what the future 

might be like, changed by the new telecommunications technology. 

Prefacing his discussions with historical as well as contemporary re· 

ferences, Martin lures the reader into an impending technical revo­

lution, which will change corporations, change government, and 

changes the lives of everybody. $12.95 hardcover. 


For your convenience in ordering, please use this page plus the 
order form on page 99 . You may photocopy this page. 
DIAL YOUR CHARGE CARO ORDERS TOLL FREE 
(800) 258-54 77. 

Books to erase the impossible VISA' 

POB 428, 25 Route 101 West 
Peterborough, NH 03458 • -­
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Photo 2: Keyboard interface hardware. The circuit fits perfectly onto a 
Robinson-Nugent 30 socket wire wrap panel. It could just as easily be imple­
mented on an 5-700 card if there is no objection to the wire bundle. Any 
combination of simultaneous key depressions and releases on the musical 
keyboards, at any practical speed, will result in a series of asynchronous 
"change of state" notices to the processor, which remains ignorant of inter­
face function at all other times. The software maintains a list of keys current­
ly depressed and deals with them appropriately. A simple handshaking 
scheme makes the interface synchronous with the host computer. 

Photo 3: Underside of organ manual. The resistor-capacitor networks shown 
are used with each key for noise reduction. The wire bundle exiting at the 
bottom terminates in the interface's edge connector. 
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case of the music system, keyboard scanning 
and envelope generation can impose such a 
burden that the ability to simultaneously do 
complex real time data manipulation is lost. 

Thus, optimization of the keyboard inter­
face design was undertaken with the system 
considerations given uppermost priority, and 
the result is shown in figure 1. The 61 key 
switches of the manual arc scanned com­
pletely every 5 ms, and with each step of the 
scan the position of the presently addressed 
key is compared with its last known posi­
rion, which is stored in a 256 by 1 memory 
segment. If there is no difference, the scan 
proceeds, but if the key hds changed state, 
the processor is interrupted with the binMy 
value of the key in question along with ,1 

direction bit, and the corresponding memory 
location is changed to reflect the new status 
of the keyboard. The scan is suspended until 
the information is accepted by the computer. 
In this fas hion, any combi nation of si mul­
taneous key depressions ctnd re leases, at dny 
practical speed , will result in d series of 
asynchronous "change of state" notices to 
the processor, which remains ignorant of 
interface function at all other times. The 
software maintai ns a list of keys currently 
depressed, and deals with them appro­
priately. 

Action of the scanning interface is syn· 
chronized with the host computer by means 
of a simple handshaking scheme: when a 
change of state is detected, the data available 
signal appears (this may be treated as an 
interrupt or polled periodically, depending 
upon available time). It is then the proces­
sor's job to read the input port upon which 
the 6 bit key code and the direction bit 
appear, whereupon the ack nowledge signal 
is created by the port strobe, allowing th~ 
scan to continue. It is important to note that 
the scan stops whenever a change is en­
countered (awaiting processor intervention) 
because ulti mate keyboard servici ng time is 
then largely a function of the support soft­
ware. In the unlike ly event that a user of 
this system chooses to im plement such real 
time functions in BASIC, it will be found 
that a forearm laid in jest upon the key­
board results in a sweep up the musical 
scale lasting on the order of a second. In a 
more realistic situation (assem bler level 
coding) the delay is unnoticeable . 

Construction, of course, should follow 
the usual procedures required of random 
logic interfacing. Cables between the board 
and the processor should be kept short, with 
intervening grounds between the handshake 
I ines. The keyboard shown in photo 1 con­
sists of simple normally-open contacts; their 
noise is filtered by the resistor-capacitor (RC) 



networks shown in the schematic. Any re­
main ing bounce may be trimmed out by 
adjusting the clock rate , which is nominally 
12.5 kHz. There is one light emitting diode 
(LED) on the board to provide a visual 
check of operation: "Key In Progress " is 
lit between the data avai lable signal and the 
acknowledgment signal. 

The circuit concept is directly expandable 
to accommodate many more inputs, with 
the memory and counter capable of address­
ing up to 256 points. This interface cbncept 
would be quite at home in many industri al 
control environments, as well as anywhere 
a large number of contact closures must be 
observed. 

In the music system shown in photo 1, 
the keyboard interface has provided the 
much needed flexibility in the interactive 
utilization of the instrument. The "feel" 
is not unlike that of a standard electronic 
organ, and with the avai lable processing 
horsepower taken into consideration, the 
unit is a composer's delight. From teaching 
app lications (where the human must cor­
rectly repeat "by car" a computer generated 
phrase) to the support of creative effort, an 
efficiently in tegrated polyphonic keyboard 
is an essential link between artist and com­
puter. • 

CBASIC Is Better 
Take CBASIC-the best Business BASIC. 


Make it faster, easier to use, 

and more flexible, and you have 


CBASIC·2 

New feature s that enhance CBASIC's value as the besl 
buy In Business BASIC: 
CHAINING lo pass control from program lo program; 
INTEGER VARIABLES a llow fosl computation in 16-b il b inary 
a rilhmelic ; MULTIPLE LINE FUNCTIONS allow easier. more 
slructured coding; XREF produces o cross-reference 
dictionary o f varia bles; SAVEMEM reserves memory space 
and load s subroulines; SADD% returns absolute address or 
strings; CONSTAT3 reports console status; UCASE$ converts 
a siring to upper ca se; COMMAND$ returns contents o f 
command line; p lus CONCHAR%, "EJECT, FILE 
BUFFERING, %PAGE, and more. 

Special Introductory Price: $89.95 
SSG CBASIC version one $4 
owners con upd ate fo r only: . . . . . . . . . . . . . 9.95 
(send regislralio n "' when ordering] 

O ther vendors sell CBASIC. 

But how many back up their customers when 


software is upda1ed? We do. 

For information. o r to order. contact: 


/tructurecJ 1wtem1 Group 
INCOAPORATEO 

5208 CLAREMONT AVENUE 
OAKLAND. CALIFORNIA 94618 

(41 5) 547·1567 

Circle 353 on inqu i ry card . 

Circle 354 on inquiry ca rd . 

Build Your Own Low Cost 


S-100 Bus Micro-Computer 

POWER SUPPLIES 


Unregulated Output: ~ 8.5VDC & 't 17VDC 
With Heavy Currents: 15 Amp or 25 Amp @ + 8.5VDC 

0 .~ ::..:~. ~~~~~!p~~;;·= $ 3.75--7 .EJ,',~ ·. : . ..~...vl ~ ci -:.:;;-... D2: 4 Amp. 50piv $ 1.95 

§ t ~ I " " ..,_... COMPUTER CAPS: r=·1 2 ' -= C ,: 100,000UF, 15V $ 9.50 
N ,, •• C 1: 52.000UF, 15V $ 4.75 

::,~ ..... C 2: 6.000UF. 50V $ 2.50 
TRANSFORMERS: 
T1 : Supplies + 8.5V/ 15A. - 8.5V/2A & ~ 17V/2A $17.50 

SIZE: 3318"(L) x 4" (W) x 23/16"(H). mtg. brackel Incl. 
T2 : Supplies + 8.5V/ 25A. - 8.5V/3A & !17V/3A $22.50 

SIZE: 3314"(L) x 41 /S"(W) x 31 1a"(H) , mtg. bracket incl. 
POWER SUPPLY KITS: Dimensions; 13"(L) x 5"(W) x 4718"(H') 
KIT "A": Oulput; + 8.5V/25A. - 8.5V/3A & '!: 17V/3A $57.50 
Incl. trans. T2 . C1, (100,000UF) .3XC2(6000UF). 0 1. 0 2. 4x resis ., 
fuse. holder. barrier strip, alum. chases plale & all nece. mtg. 
parls. 3 hrs. assy. lime & instructions incl. 

KIT "B": Output;+ 8.5V/15A, - 8.5V/2A & :!: 17V/2A $47.50 
All parts same as kit A. except trans. T1 . & C1 (52,000UF) 


SHIPPING: $4.75 per transformer. For each kit: $5.00 in Calif. , 

$7 .00 for all other states. Calif. residents add 6% sates tax. 

Master Charge/B of A. OEM are available. 


SUNNY IN 1l:HNATIONAL 
MAIL ORDER: STORE: 
P.O. Box 4296 7245 E. Alondra Blvd. 

Torrance, Ca. 90510 Paramount, Ca. 90723 
STORE HOURS: 9 AM-6 PM 

PHONE : (213) 633-8327, 530-3732 

ONLY PROGRAMMERS 

SHOULD BE 


ALLOWED TO SORT! 


Isn't that ridiculous? They're your files, your infor­
mation and your needs. Take control of them now 
with 

SOAT·BO 
available separately (for only $95.00) or as part of 
FMS-80, the only fully integrated microcomputer 
File Management System. From initial file defini­
tion through selective report generation, FMS-80 
takes you every step of the way interactively. 

Also ask about REMOTE-80 Intelligent Terminal 
Software; SCREEN DESIGNER-interactively 
create and utilize video forms ; and MLU-the 
complete Mailing List Util ity. All run under any 
CP / M-based system (IMDOS, CDOS, etc .) . 
BASIC interfaces implemented for most through 
CALL, and all have unique benefits. 

DEALERS: Have we got a deal for you ! Liberal 
discounts and painless evaluation packages­
we 're waiting to hear from you. 

COMPUTERS PLUS, INC. 

678 S. Pickett St. 


Alexandria, VA 22304. (703) 751-5656 


J.muAf)' 1979 © BYTE Publica 1 ion~ Inc 109 



Grandmaster Walter Browne 

John R Douglas 
25 Cannon Dr 
Elk River MN 55330 versus Chess 4.6 

About the Author 

j R Douglas has had 
a professional interest 
in computers since 
7959. For the past ten 
years, he has been a 
designer of "la1ger and 
larger" computers for 
Control Data Corp. He 
and David Cahlander 
{also with CDC) act as 
operators of the data 
communications system 
on those occasions 
when Chess 4. 6 plays in 
competition. They also 
assist in interfacing the 
Chess program to the 
operating system and in 
maintaining the open­
ing book data base. 

The organizers of Minnesota's Twin Cities 
Open invited Northwestern 's Chess 4.6 and 
Contro l Data's CYBER 176 to take parL. 
Since th is World Champion computer system 
had not been tested in open human competi­
tion , its programmers readi ly accepted th e 
invitatio n. With a rating of '1936, Chess 4.6 
was seeded number one in the 5 round Swi ss 
system tournament, perhaps the first time a 
computer has been accorded that position. 

A new electronic chessboard was used for 
the first time. The microprocessor which 
controls the board senses the opponent's 
moves magnetically, _ transmits the move in 
algebriac notation via telephone to CYBE R 
176, and then indicates CYBER 176 's re­
sponses by illuminatin g smal l li ghts on the 
square of the piece to be moved and on the 
one to which it is to go. Chesstor, as this 
device is called, also senses the hitting of the 
chess clock an d thus keeps track of the time 
used. 

Chess 4.6 did very wel l in this even t, 
wrapping up first place in four rounds and 
finishing the tournament with a perfect 5- 0 
result. The 30 to 35 poin ts ga ined brought 
its rating close to the elusive Expert barrier. 
This win car·ried with it an invitation 10 

enter US Ch ampion Walter Browne's simul­
taneous ex hibition. 

A large crowd gathered to listen to 
Grandmaster Browne's lect.u r·e and to watch 
his 44 board simultaneous exhibition . Asked 
his opinion of computer chess, Browne re­
plied that he d id not mind th ei r· slow style 
of pl ay. Browne invited wagers on his com­
puter game and was surp r·i sed to find take r·s 
in the audi ence. Later he declined the side 
bets, saying that although he would win, the 
time he spent at the computer's board would 
not be fair to the other players. 

Grandmaster Browne's 1978 tour· had 
thus far produced an amaz ing winning 
streak, with on ly two losses and six draws 
in 17 exhibitions. As this ex hibit ion began, 
everyone was amazed at Browne's pace 
around the fi rst six circuits; he barely paused 
at each board before r·esponding to the posi­

tion before him . He certainly did not seem 
concerned about the computer's Benon i 
opening, which requires sharp and exact 
play. (Later Browne acknowledged that he 
shou ld have spent more time with this open­
ing.) Browne did, however, appear to be per­
plexed by the computer's adva ntage out of 
the opening, and th is put an end to his 
mak ing bl itz mode moves at the computer's 
table. Here is the way the game went. 

Benon i Defense 

White: W Browne Black : Chess 4.6 

1 P-Q4 N-KB3 2 P-QB4 P-B4 3 N-KB3 
PxP 4 NxP P-K4 

Chess 4.6 tends toward sharp opening 
play. 

5 N-N5 
Walter Browne tends toward sharp open­

ing play. 
5 . . . B-B4 
Chess 4.6 has been modified for this 

event to allow the operator to wait until the 
visiting Grandmaster arrives before request­
ing the computer's move. This gives the sys­
tem maximum time for computation. 

6 QN-B3 Castles 
Browne's Knight move brings 4.6 out of 

the opening book. At this po int Chess 4.6 
has used two minutes and Walter Browne 
has hardly broken stride as he passed. But 
now the sk id marks in front of the electronic 
chessboard are added to each time Browne 
passes by. 

7 P-K3 P-Q3 8 B-K2 P-QR3 
The chessboard seems to flicker with elec­

tronic pride as the machine's estim ate of its 
advantage climbs to more than one half 
pawn - more than one half a Grandm aster's 
pawn. 

9 N-R3 N-B3 
Brow ne 's charming wife spent a lot of 

time watching the computer and was dis­
mayed as with each successive move the 
com puter's evaluation routine gave a stronger 
and stronger procomputer assessment of the 
position. 
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10 N-82 B-84 	 4.6's position seems so lid now . 
Chess 4.6 is predict ing Browne's moves 15 B-R3 P-R3 16 R-81 

with impressive accuracy, and it gets about !Not 16 BxP? BxN . . . Burt Hochberg! 
four minutes per move in which to thwart 16 . . . QR·Ql (expecti ng Q-02) 17 N-N4 
Browne's design for the game. NxN 18 BxN 

11 0-0 	 All an ticipated by 4.6; at this point the 
4.6 expected N-QS 4.6 corner fel l prey to a bit of mild panic 
11 ... Q-02 and req uested the next move about three 
Stil l retaining a one half pawn lead and minutes befo re Browne was due back at the 

expecting 12 8-Q3 P-KR4 13 N-QS N-KNS board. The new electronic chessboard seemed 
14 P-K4. not to have sensed the previous move (which 

12 P-QN3 K-Rl 13 B-N2 R-KN1 indeed it had ), and in the fl.urry of the 
4.6 is having trouble finding something to operations following, Ch ess 4.6 committed 

improve the position. It predicts 14 Q-Q2 its only errnr. 
P-R3 15 QR-Ql N-KS 16 NxN BxN. 18 .. . Q-B2 

14 N-R4 B·R2 	 There may be a stronger move. 

GLOSSARY 

Algebraic notation : a system of recording chess 
moves characterized by the assignment of the 
letters a thru h to the files (columns of squares) 
and the numbers 1 thru 8 to the ranks (rows of 
squares) done from the point of view of the player 
with the White pieces. Usually certain abbrevia· 
t ions are employed. The World Chess Federation 
(FIDE) strongly endorses the use of algebraic nota­
tion (see "descriptive notation"). 

Annotations of ! or?: represent someone's opinion 
of the quality of the move. The exclamation point 
shows a good move; the question mark shows a 
poor move. 

Benoni opening: the name given to the particular 
set of opening moves which are played in this 
game. It is a forceful defense by Black which often 
leads to great tactical display . It was first studied 
by Reinganun of Frankfort in 1825. and was a 
favorite defense of two World Chess Champions, 
Alekhine and Tai. 

Blitz move ; a move made very quickly . 

Chess clock: a device used to put a time limit on 
a chess game. It is a mechanism with two clock 
movements and faces, one for each player. When a 
player makes a move, he or she presses one of two 
buttons on the top of th e clock which starts the 
opponent' s clock movement and stops his or her 
own . In tournaments a player must make a pre· 
scribed number of moves in a limited t imespan. 

Descriptive notation: the traditional system of 
recording the moves of a chess game, used in this 
article. A file is named after the piece positioned 
on it at the start of the game . The ranks are de· 
noted numerically from the point of view of the 
player having the move. 

Expert class: the class of chess player who has a 
tournament rating of somi:what over 2000 points. 
As a comparison, the average rating for all mem­
bers of the United States Chess Federat ion is 
around 1300. 

Kingside attack : an aggression on the side of the 

board on which the Kings were positioned at the 
start of the game. 

Pawn up: to have a mate rial advantage of one pawn 
or its equ ivalen t, or to have a positional advantage 
of the same value. Under most circumstances, the 
advantage of one pawn is sufficient for victory. 

Piece up : similar to, but better than, being a pawn 
up; usually leading to certain victory . 

Ratings: a guide to the ability of a chessplayer, 
based on historical data of performance in over· 
the-board competition in rated chess tournaments. 
The system most commonly in use was invented 
by Dr Arpad Elo. A player gains rating points by 
winning a tournament game, and loses points by 
losing a game. The effect of a draw on a rating de· 
pends on the difference in rati ng between the two 
players in the drawn game. A lower rated player 
achieving a draw wlth a higher rated player will 
gain points, while the h igher rated player will in 
all probab il ity I ose points. 

Sharp play : play ing moves which are likely to lead 
to great tact ical display. 

Simu ltaneous exhibition: an event in which a very 
strong chess player en gages in competition against 
many weaker opponents in many separate games . 

Swiss system tournament : a popular type of chess 
tournament in the United States. It is usually con­
ducted as follows : in the first round, the players 
are ordered accord ing to their ratings. Then the top 
pl ayer in the upper half is paired against the top 
player in the lower half, and so on down to the 
bottom player in each half . For each game, each 
player is given one point t or a win, one half point 
for a draw, and zero for a loss. In the second and 
la ter rounds players are paired according to the 
following ordered genera l principles : 

1. 	 A player must not be paired with any other 
player more than once. 

2. 	 Players wi th equal scores after each round 
must be paired as much as possible. 

3. 	 Colors are assigned by the director of the 
tournament as equitably as possible. 

Copyright 1978 by J R 
Douglas. Repr inted from 
Chess Life and Review by 
perm ission . 

The program Chess 4.6 
was wr itten by Dav id Slate 
and Larry Atkin of North· 
western University . The 
Chesstor electronic chess­
board was constructed by 
David Cahlander o f Con· 
trol Data Corp. 
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19 Q-K1 
Now 4.6 is only one quarter pawn up, 

but it thinks 19 Q-Q2 would have been more 
to the point. 

19 ... B-B4 20 B-KB3 B-06 
One half pawn up again. Computer fans 

could re lax a bit. Both 4.6 and Browne see 
the next four moves now. Browne spends a 
lot of time at our table. Mrs Browne spends 
a lot of time warning Walter that he should 
spend a lot of time at our table. She asked 
how much the machine cost and was told 
several million dollars. She told Walter that 
the machine said it had the advantage. 
Browne was not impressed, although he did 
start to thump th e pi eces and our clock as he 
passed. After a lengthy stay at the board he 
played. 

21 8x8 Px8 22 8-K2 B-84 23 P-83 P-K5 
24 P-84 B-Q2 25 N-83 0-R4 

Now the visting master stops, does a 
double step, smiles: he 's got this thing now. 
The Qu een is out of play. Browne begins a 
Kingside attack, smiles at th e spectators, 
savors his move. 

26 0-R4 
Thump, smile. It's lucky that the elec­

tronic board can only sense the position of 
the piece and not the force with wh ich it is 
moved, for Browne's forceful play intimi­
dates th e spectators. 

26 ... B-83 
For the next four moves, 4.6 must find 

defensive resources that are not obvious to 
those in attendance, and predictions of an 
early end to the game begin. 

27 R-082 
4.6 expected P-KN4. 
27 . .. P-ON4 

Can Browne be distracted? 

28 P-KN4 

Doesn't look like he is. 

28 . . . P-N5 29 N-01 R-03 
Now everyone sees the defense. 4.6 ex­

pects 30 P-N5 N-R2 31 N-B2 KR-Q1 32 
B-N4 Q-N3 33 B-BS . Browne plays. 

30 N-82 R/1-Ql 
If 4.6 survives, the Grandmaster is not 

Table 7: The score (record of moves) of the 
simultaneous exhibition game between 
Grandmaster Walter Browne and the com­
puter program Chess 4.6, duplicated here in 
convenient table form. The notation here is 
algebraic, as opposed to the descriptive nota­
lion which is used in the article tex t. In this 
type of notation, the colon (:) indicates a 
capture and the plus sign (+)indicates check. 
Moves given as square designations alone are 
pawn moves. 

going to like what's happening on the Queen 
fi le. 

31 R-01 RxRch 32 BxR 
Small thump, walk away, stop, look back, 

frown. 
32 ... R-03 
At this point the clocks show two hours 

44 minutes for 4.6 and 22 minutes for 
Grandmaster Browne . 

33 0-N3 Q·Ql 
4.6 correctly projects Browne's game for 

the next 11 moves. 
34 R-81 
Now Browne is defending. Things are not 

going well at some of the other boards, 
either, but it is here that Browne spends 
most of his time. 

34 ... R-07 

What a nice place for one's Rook. 

35 P-N5 

4.6 had been expecting this much earlier. 

35 ... PxP 36 PxP N-R2 37 P-N6 PxP 

We are a whole pawn up ! 

38 OxP Q-R5! 

Now things start to liven up. Browne 


looks unnerved and spends a long time on 
his next move. He gets into trouble at the 
next board, too. Here he finds: 

39 0-85 B-02 
4.6's backers find happiness and will ad­

mit that they just may have moved the piece 
more slowly and punched the clock more 
vigorously than was necessary, so much so 
that Browne remarked, with just a hint of a 
smile, " It is not allowed for the computer 

1. d4 Nf6 33. Q93 QdB 
2. c4 cS 34. Rel Rd2 
3. Nf3 c:d 3S. 9S h:9 
4. N:d4 es 36. f :9 Nh7 
s . NbS BcS 37. 96 f:9 
6. N/lc3 0-0 38 . Q:96 Qh4 
7. e3 d6 39. QfS Bd7 
8. Be2 a6 40. Qf4 Q; f4 
9. Na3 Nc6 41. e:f e3 

10 . Nc2 BfS 42. Ne4 e2 
11. 0-0 Qd7 43 . B:e2 R:e2 
12. b3 Kh8 44 . N:cS Bc8 
13. Bb2 R98 4S. Rdl Re8 
14. Na4 Ba7 46. a3 b:a 
lS. Ba3 h6 47. Ral 9S 
16. Rel R/a dB 48. f:g ReS 
17 . Nb4 N:b4 49. b4 as 
18 . B:b4 Qc7 so. Nd3 R:9S+ 
19. Qel BcS Sl. Kf2 a:b 
20 . Bf3 Bd3 S2. N:b4 Ras 
21. B:cS d:c S3. Ke3 Be6 
22. Be2 Bf5 54 . Kd4 Ng5 
23. f3 e4 55. Nc2 a2 
24. f4 Bd7 S6. Nb4 Ra4 
25. Nc3 Qa5 S7. Kc5 Ne4+ 
26. Qh4 Bc6 58. Kb5 Bd7+ 
27 . Rc2 b5 59 . Nc6 Nc3+ 
28. 94 b4 60. KcS B: c6 
29. Ndl Rd6 61. K:c6 R:c4+ 
30. Nf2 R/9 dB 62. Kd6 Rd4+ 
31. Rdl R:dl+ 63. KeS Rdl 
32. B:dl Rd6 64. res i 9ns 
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Everything you always wanted 

to plug into your PET, 


APPLE or TRS-ao*
HARDWARE SOFTWARE 
DOUBLE DENSITY DISK STORAGE 

FOR THE TRS-80 
(220% capacity of Radio Shack's) 

TRS-80 owners can now increase their 
on- line mass storage capacity to 200K 
bytes. How? By using the 77 track 
Micropolis model 1033-II dual drives. 
Cost: only Sll95 for two drives. 
How does it work? By writing on Tl traef<s (instead 
of the conventional 35) with precision head positioning. 
How do I use it? Microtronix provides you with a 
special program to let your TRS-80 DOS know there are 
extra tracks. This program was written especially tOf 
Microtromx by Randy Cook, author of TRS-80 DOS 
Will the double density disk work with my 
Radio Shack drives? Yes, except of course fOf 
copying an entire Tl track distc to a 35 track dri\.-e. 

FORTRAN IV FOR THE TRS-8(l! Finalls' for hish speed 
calculations on \:lour microi MICROSOFT' s FORTRAN cc-n 
speed UP lhose comPuialion-bound Pr-osr·aurs. Com;:.·lele 
Pad;aSe includes conrF·iler' r·elocalable asserrrbler 1 le;~t 

editor, and lin ~:ins loader. Onl':i $32~. Also c:Vailable 
for Cf'/M S-10(> based ss-sler.;s, 

TRS-8(> 
MTA MANAGEMENT/REPORT GENERATOR- easil~ formats 
disK files, aliows enlr\:11 edil1 delele1 & lisl of 
recordst and retrieves data for disF·laY or 
caiculalion on screen or F·rinler ., ... ,, ....$2(>(1, 
ELECTRIC PENCIL- Powerful word F'l'Ocessor allows 
full cursor m1ove111eni1 inserl/delele1 strins 
search1 blocK R1ove111enl, ad..iuslale line lensth1 
justification ...... , •• , ............ ,, .. ,$99, 95 
LOWER CASE MOD KIT FOR ABOVE ............. ,. ,$12, 
I1ISK BASED WORD PROCESSING PACKAGE ..... .,$124.95 
RSM-2D DISK MONITOR- Powerful sYsle111 1naniPulates 
dis~; data, has Z-8(> breaKF·oinl routine ... ,.$29,95 
ESF'-1 EllITORiASSOOLER •••• , , , • , , , , , , , , , , , $29, 95 
RSM- lS MACH. LANGUAGE MONITOR- laPe base.$23.95 
IICV DISK CONVERSION UTILITY- use with TAPEDISK 
ulilil\:I io save s':lsie111 laPes on disK ( i.e. 
Pencil) •••••••• !- ••• , ••• • ••• •• ••••••••••••$9. 95 
UTILITY PACK 1- a >Libloader 111er·ses from i.aPei 
b)Renul!tber (spec. r.rem. size); c)SLalemenl anal:!Sis 
for· debussins., • .-$9.95 ea, all 3 for ·$24.95 
SARGON CHESS- 16K lv II- the 1978 chani?..$19.95 
HICROCH£SS 1.5 b':I Jenninss- 4K an':! lev ...$19.93 
GAMES- an assorl111ent is available for $5,95 each­
write or call for list. 
MZE- random maze on lhe TRS-8'), sraPhics.$14.-15 
AsK about our COMPLETE BUSINESS SYSTEM 

JOYSTICK 
software' 
dual. 

PET 
PACKAGE- comlele wilh connector-1 
instrucliond ••• $39. 95 sinsle1 $59, 9(> 

MICROCHESS 2.0 b\:I Jenninss.,,,, , ,,,,,,,,,$19.95 
ASTROLOGY/ NATAL PACKAGE sophisticated chart 
comPulalion wilh PET sraPhics ............ .,$14.95 
SUBS- best sraPhics Yel- d:-op dePlh charses on lhe 
subs below ':IOU and racK UP Points. Complete 
adJuslabili l':! for u1an\:I !i0111e variations ... 19,95 
SUPER MAZE- 2 sames in 1: Tunnel vision leis ':!OU 
travel ihrou!ih lhe n1aze in Perspective with 
!iraPhics1 also ~al' n'mouse chase ...$19.95 
7• COHMON BASIC PROGRAMS on 1 laPe!.,,,,,,,,$10. 
19 different sames at $9,95 ·uF- call for· info. 

TOLL FREE 
MICROLINE for: 
Orders, TRS-80 
Tech. Newsletter 
Info;c free c1t1l1!9ue 
SOu-523-4550 

In PA& CAN 
(215) 665-1112 

M lnimun shipping $2.50. Pa. residanu add 6%. Post Office Box 0, Dept.B,Philadelphia, PA 19105 

Circle 202 on inquiry card . 8YTEJ•nu.,y l979 

Cash prices shown.Major credit cards accepted. 
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to play psychologically." 4.6 correctly 46 P-QR3 PxP 
projects Browne's next seven moves. 

40 Q-84 QxQ 41 PxQ P-K6 
World Champion 4.6 admonishes US 

Champion Browne to be careful. Grand­
master Browne adman ishes 4.6 not to be 
overconfident. 

42 N-K4 P-K7! 
Forcing the exchange of a Bishop fo r two 

pawns. 
43 BxP RxB 44 NxP B-81 45 R-Ql R-Kl 
Browne now finds a move to make the 

endgame playable. 4.6 did not anticipate this 
continuation. 

United States Chess Federation 

Suggested Rules of Play Involving Computational Machinery 


The following rules are suggested for use in USCF rated tournaments when 
one or both players is a computer. In matters not covered by these rules, play is 
governed by the FIDE IFederation Internationale des Echecs) Laws, by FIDE 
Interpretations of the Laws, and by the USCF Tournament Rules and Pairing 
Ru les, interpreted by the arbiter . In such games the player shall be considered to 
be the chess algorithm being executed on a specific computer. 

The following regulations shall govern play: 

1. 	 For the algorithmic player (computer), a piece shall be deemed "touched" 
when a move involving that piece is communicated. 

2. 	 A move shall be deemed executed when the move has been executed on 
the playing chessboard. Only after this shall the opponent's clock be 
started. 

3. 	 The computer and/or the operator shall keep the score of the game . 
4. 	 If, during a game, different positions should arise on the playing chessboard 

and on the chessboard or representation thereof maintained by the algo­
rithmic player, such differences shall be corrected with the assistance of 
the arbiter, by consulting both players' game scores. In resolving such dif­
ferences. the player whose score has the correct move, but who has exe­
cuted a wrong one, has to accept certain disadvantages. 

5. 	 If, when such discrepancies occur, the game scores are also found to differ, 
the moves shall be retraced up to the point where the scores agree, and the 
arbiter shall readjust the clocks accordingly . 

6. 	 The algorithmic player's operator(s) shall have the following duties: 
(a) 	 To make the ·moves of the algorithmic player on the playing chessboard. 
(b) To communicate the moves of the opponent to the algorithmic player. 

(c} To operate the chess clock for the algorithmic player. 

(d} To inform the algorithmic player, at its request, of the time consumed 


by either or both players. 
(e} To claim the game in cases where the time limit has been exceeded . 
(f) 	 To carry out the necessary formalities in cases where the game Is 

adjourned. 
(g} 	 To communicate proposals of a draw between the algorithmic player 

and tt\e opponent. 
(h) 	 To carry out the functions associated with machine communication 

failure. During restart, program parameters must be reset to the most 
recent values. Board position and status, along with clock time, may 
also be entered. 

7. 	 The opponent may appoint a depuw to record the game score . 
8. 	 Communication to and from the algorithmic player regard ing the moves of 

the game shall be made in a standard (clear and unambiguous) notation. 
9. 	 During the course of a game, an algorithmic player may not request addi­

tional data or information which requires human intervention. Such a re­
quest shall be considered a violation of Article 19.la of the Laws . [Article 
19.1a says that during a game a chess player may not use any knowledge 
which is not his/her/its own . . . RS] 

10. 	 With the approval of the arbiter in advance of the first round, the operator 
may resign or accept a draw on behalf of the algorithmic player. 

Source: Official Rules of Chess, second edition, edited by Martin E Morrison, 
David McKay Company Inc, New York, 1978, pages 112 and 113. Reprinted by 
permission. 

Greedy, but what else? 
4 7 R-R1 P-N4 48 PxP R-K4 
Expecting N-R4. 
49 P-N4 P-R4 
It's a whole piece up. 
50 N-Q3 RxPch 51 K-82 PxP 52 NxP R­

QR4 53 K-K3 B-K3 54 K-Q4 N-N4 
Expecting 55 N-B6 R-KB4 56 N-Q8 

R-B5. 
55 N-B2 
Browne offers a draw. The computer's 

corner is divided : do we play on for science 
or bag a draw with a Grandmaster for the 
record book? Browne returns in less th an 
two minutes. Science prevails: 4.6 's Bishop 
and Knight tactics should be interesting. 

55 ... P-R7 56 N-N4 R-R5 
The machine records a 5 point lead for 

Black . 
Browne first plays K-B3, hits the clock 

and moves away : then he skids to a stop, 
returns, and announces, "That's not my 
move," stands, leans, sways, taps, pounds 
on a loose pawn, and finally plays: 

57 K-85 
Browne has missed his last chance at the 

Rook pawn. 
57 ... N-K5ch 58 K-N5 8-Q2ch 59 N-B6 

N-B6ch {the final nail) 60 K-85 BxN 61 KxB 
RxPch 62 K-Q6 R-Q5ch 63 K-K5 R-Q8 

And Browne resigns. 
In the course of this simultaneous exhibi­

tion, Chess 4.6 correctly projected 35 of 
Browne's 58 moves, not including those 
from the opening library. The largest num­
ber of positions examined for any one move 
was 2,158,456 in just over nine minutes. In 
total, Chess 4.6 used just over four hours of 
computation time, whereas Grandm aster 
Browne spent 26 minutes at the board. 

Browne was not pleased with his perfor­
mance in general ; six wins and six draws 
were scored against him, dropping his per­
centage for the day to 73%. But the game 
Chess 4.6 played will certainly provide some 
pleasant moments to those who play over 
the moves, and they're alm ost certain to 
find the computer's style refreshing. 

Editor's Comments 

After seeing Douglas' article, our readers 
are advised against being misled about 
the strength of play of which the program 
Chess 4.6 is capable. In this particular game, 
the computer looks very good It should be 
remembered, however, that Grandmaster 
Browne was playing with a number of 
disadvantages. 

This was a simultaneous exhibition, and 
therefore Browne was playing 44 games at 
once, including the computer's game. 
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Browne had to make rapid judgments about 
moves in 44 games, whereas Chess 4.6 con­
cerned itself with only one game. A side 
effect of this difference in worl?!oad was 
that the computer could use at least twice 
as much time as is normally available to it 
for the calculation of its moves. 

Browne also had the disadvantage of not 
knowing his opponent's strengths and weal?­
nesses. If the human had chosen to play a 
more closed and positional game, the com­
puter would have looked far worse. Many 
chessmasters who play simultaneous exhi­
bitions adopt the following strategy: choose 
sharp lines of play so that the weal? oppo­
nents may be quickly vanquished, thereby 
giving more time for concentrating on the 
stronger players. Unfortunately for Browne, 
this method played directly to the com­
puter's strong area. 

Since this event, Walter Browne has 
greatly increased his interest in computer 
chess. It is rumored that he may play 
another simultaneous exhibition in which 
all of the opponents are computer programs. 
Other chessmasters may also be attracted 
by this new field. Even though the original 
Levy wager period is ended, computer chess 
will continue to be a field of great interest 
to researchers on the cutting edge of com­
puter technology ... . RS• 

United States Chess Federation 
Procedure for Registering Chess Playing Computer Programs 

In order to allow for legitimate scientific testing of chess playing 
computer programs, but at the same time to protect the accuracy of 
the rating assigned to the programs and their opponents, the follow­
ing procedures are used to register chess playing computer programs. 

1. 	 No chess playing computer program may be sold a United States 
Chess Federation (USCF) membership to allow it to participate 
in a USCF rated tournament. 

2. 	 Any new chess playing computer program must apply for special 
registration at least one month in advance of its first partici · 
pation in a USCF rated tournament. 

3 . 	 Normally, the programmer is the person who may register the 
chess playing computer program. 

4 . 	 The following information is necessary for registration: 
A. Name and address of programmer. 
B. 	 Name and pertinent identification of the computer (or com ­

puters. if more than one may be used to run the program) the 
program will be using. 

C. 	A general written description of the program procedure used 
in playing. A printout of the program is not usually needed. 

5. 	 Any sign ificant program or computer changes which take place 
after the initia l registration must be filed at least one month in 
advance of participation in a rated tournament with the modifi­
cations. 

6 . 	 Requests fo r registration should be sent to Craig W Ellyson, 
member of the USC F Ratings Committee. 11 Woodland Dell Ad, 
Wilbraham MA 01095. The applican t will be notified by the 
USCF National Office of the disposition of his application, and, 
if it is approved , he will be asked for the $15 annual registration 
fee and be issued a certificate permitting the program/computer 
to participate in USCF rated tournaments. 

A price 

that's hard to beat. 


Because of new technology and high-volume company 
sales, Central Data Corporation has reduced the price of 
its 16K RAM board by $40 and its 32K RAM board by $50. 
Plus, we now offer full 48K and 64K RAM boards. Our 16K, 
32K, and 48K boards are expandable to 64K in 16K incre­
ments. 

• 16K RA/'t'l-$249 • 48K RA/'t'l-$599 
• 32K RAM-$425 • 64K RA/'t'l-$775 

•Memory Expansion Package(t6K)-$185 

As always, our boards come complete-fully assembled, 
burned-in, and ready to use. 

A product 

that's better than ever. 


We've also made improvements to our board's 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. 

Central Data Corporation•s RAM Board 

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

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

For specifications and other information, or to place an 
order, contact: 

Central Data Corporation 
P.O. Box 2484, Station A 

Champaign, IL 61820 

Ph. (217) 359-8010 
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An Introduction to BNF 


W D Maurer 
Rm634 

University Library Bldg 
George Washington University 

Washington DC 20052 

BNF is used like algebra : 
It simplifies certain state­

ments made about lan­
guages in the same way 

that algebra simplifies cer­
tain statements made 

about mathematical and 
physical quantities. 

BN F is a standardized method of abbrevi­
ati ng certain statements which are made 
about a programming language when it is 
being strictly defined, as in a programming 
manual. As such, BN F bears an analogy to 
the use of algebra in order to simpl ify certain 
statements which are made abo ut physical 
and mathematical quantities . Thus the state­
ment that the volume of a sphere is equal to 
four-thirds the cube of the radius times the 
ratio of the circumference of a circ le to its 
diameter may be abbreviated 

47rr3 
V =-­

3 

In order to make abbrev iations such as the 
one above , we set up various conventions. 
For example: 

1. The quantities in the statement are 
represented by single letters; thus V stands 
for the volume. 

2. Squares, cubes, and other powers are 
represented by superscript notation ; thus 
r3 is the cube of r. 

3. Certain fixed qu antities which appear 
very often have stand ard names; thus the 
ratio of the circumference of a ci rcle to its 
diameter is always denoted by rr . 

4. Two singl e letters written together 
signi fy "times" ; thus rrr means 11 Limes r. 
(This rul e must be ampl ified in order to 
specify clearly that m·3 means rr times the 
cube of r, and not the cube of 11r; and to 
make cl ear that it <1lso applies to numbers, 
so that 411 me;1ns 4 times 11.) 

We sha ll now set up a number of similar 
conventions in order· to abbreviate statements 
made about programming languages. For 
example, consider the fo llowing sentence: 

A GO TO Statement in FORTRAN consists 
of the words GO TO followed by a statement 
number. 

We may abbreviate this in BNF as fo llows 

< GO TO statement > ::= 

'GO TO' < statement number > 

Author's Note 

Throughout this exposition we shall 
use the mnemonic, BNF, without specify­
ing what it stands for. Originally BN F was 
called Backus Normal Form, after john W 
Backus, who was the head of the project 
at IBM that developed the first FORTRAN 
and who proposed the present scheme in 
connection with the conference that 
developed ALGOL. Later it was pointed 
out that BNF is not really a normal form, 
in the sense in which this phrase is used in 
mathematical logic. Some people today 
prefer Backus Naur Form as a name for 
BNF; this honors Peter Naur, who edited. 
the ALGOL Report fl j in which BNF 
was first used to define the syntax of 
ALGOL. 

In doing this we have implicitly set up the 
following conventions : 

·1. The signs < and >, which also stand 
for " less than" and "greater than" but in 
this context are cal led angle brackets, en ­
close the name of some "quantity" which 
we wish to define in the programming 
language _ We call such a "quantity " a 
syntactical variable. 

2. The special sign ::= means "is defined 
as." This comes from ALGOL, in which the 
sign := is the replacement symbol , used in 
statements such as A:=B (i .e., set A equal to 
B). 

3. The words "followed by" may be 
omitted , just as "times" may be omitted in 
algebra. 

There is a further analogy between BN F 
and algebra. When we write 'GO TO ' < state­
ment number>, we mean the words GO TO 
fol lowed by any statement number. This is 
very much like writing 3x to mean 3 times 
the value of x, whatever it happens to be . 
Here x is a variable, but 3 is a constant. 
Simil arly, the phrase < statement number > 
is a syn tactical variab le , and may stand for· 
any of various statement numbers; but 'GO 
TO' always stands for the same thing, and 
may thu s be called a syntactical constant . 
Syntactical constants are subject to another 
rule: 

4. A syntactical constant is enclosed in 
quotes. 
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This last rule, incidentally, is not always 
followed. The single quote character ' is 
actually meaningfu l in some programming 
languages, and its use in programming 
language definition would thus cause confu ­
sion here . Of course, we can always use the 
double quote " instead of the single quote, 
unless the programming language uses both 
of these symbols {like SNOBOL, for 
instance). But sometimes even when there is 
no confusion the quotes are om itted for the 
sake of brevity . 

It is clear, of course, that statements 
about programming langu ages may be abbre­
viated even further. We might write G-+ 'GO 
TO ' S, thus incorporating the use of single 
letters for var iab les, as is done in algebra . In 
fact, th is type of abbreviation is used exten ­
sively in the theory of context-free languages. 
(See references 2 and 3 for two interesting 
applications of this theory and this type of 
abbreviation to programming languages .) 
The trouble with abbreviating this far is that 
now the abbrevi ation is not self-contained. 
We must sti ll make some statement such as 
"where S stands for a statement number." 
In contrast, the BNF rules which we define 
here permit the entire syntax, or "grammar 
rules" of a language, to be specified in a 
precise manner, using no other information 
than that contained in the BNF rules them ­
selves. The semantics, or "meaning" of the 
language, must still be specified separately; 
and at this t ime there is no easy and fair ly 
universa l way to specify semantics, although 
attempts have been made (see references 2 
and 4 ). 

Rules in BNF may be extremely simple. 
We may write 

< statement number > ::= 

< u nsigned integer > 

to specify that the syntactical variable 
"statement number" takes the same form as 
the syntactical variable "unsigned integer." 
This is often convenient when severa l 
syntactical variables have the same form . In 
most languages, for example, simple variable 
names, array names, and function (or sub­
routi ne or procedure) names all fo llow the 
same rules about starting with a letter, etc ., 
and we define each of them to be the same 
as the syntactical variable< identifier >. 

Sometimes, in a definitio n of th is type, 
there will be more than one alternat ive . For 
example, let us make a definition of 
"integer" not restricted to unsigned integers . 
If we already know what an unsigned integer 
is, we may use the fo llowing : 

An integer is an unsigned integer 

optionally preceded by a plus sign or a 
minus sign. 

The conventions which we have used thus 
far do not allow for the words "optionally" 
or "preceded by," although "followed by" is 
pe rmitted. Therefore, let us make an equiva­
lent definition, which is slightly longer : 

An integer is either: (1) an unsigned 
integer; or (2) a plus sign followed by 
an unsigned integer; or (3) a minus 
sign followed by an unsigned integer. 

Now all we need is a symbol for "or." The 
symbol we use is the vertica l I ine I . Th us our 
abbreviated definition is 

<integer> ::= <u .i . > I ' + '<u.i.>I '- '<u.i.> 

where we have used "u.i ." for "unsigned 
integer" in order to keep the definition from 
running off the end of the I ine. Actually, 
th is precaution is not necessary. Rules in 
BN F, just I ike statements in ALGOL, may 
run to several lines, and position on a given 
line is immaterial, although, in practice, a 
definition will be started at the beginning of 
a new line. Thus 

< integer >::=< unsigned integer > 

I '+' < unsigned integer > 

I '- '< unsigned integer > 

is a self-contained BN F ru le equivalent to 
the one given above. 

The vertical line is often used for " lowest­
level" definitions , in which a syntactical 
variable is being defined as any one of a 
certain collection of characters . Thus 

< di git > ::= 'O' I '1' I '2' 1' 3' 

I '4' I '5' I '6' 

I '7' I '8' I '9' 

is a very common definition. Note that this 
defines on ly a single digit, not an arbitrary 
integer; 63, for example, is not a digit by 
this definition. We may, if we wish, define 
"letter" in the same way, as any one of the 
26 letters of the alphabet. We may even 
define "alphanumeric character" as any one 
of 36 different symbols, although what is 
usually done is to define " letter" and "digit" 
first, and then to define 

< al phanumeric character > ::= < letter > 

I < digit > 

The definition of an integer, or of an 
identifier, is slightly more comp lex. An un­



~~~ ~~~[3~~ ~~ ~~~~ ~~~~~WJ~ 
NEW! 

9600 BAUD CASSETTE RECORDER 

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate 
108 at 4800 BAUD. Can be used from 110 to 9600 BAUD into a UART - no clocking 
required. This is not an audio recorder . It takes RS232 or TTL signals from the terminal or 
computer and gives back the same signals. No audio interface is used. Motor start/stop is 
manual or through TTL or RS232 signals. 

Tape speeds are 1.6" I 3.0" and 6.0" per second . 110 volt, 60 Hz, 5 watts . (220 Volts on 
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM 
RELOADING and DATA STORAGE. Manual control except for motor start/stop. 6800, 
8080 or Z80 software for file or record searching available on request with order. Used by 
major computer manufacturers, Bell Telephone and U.S. Government for program reloading 
and field servicing. 

AVAILABILITY - Off the shelf. 

....._ DOUBLE DENSITY FLOPPY DISK CONTROLLER 

A new floppy controller for 5" and 8" drives utilizing the new 1791 chip to provide single or double density recording . 
Flip the switch to use one or the other mode. Can load memory from single density and re -record it double density on the 
same drive so you can t ransfer or re-record your programs and files . Comes with new format program for double density on 
disk to replace your old single density format program. (Soft Sector IBM format). $295. Assembled and tested. 

SHIPPING STARTED OCTOBER '78. 

~ PEGASUS DOUBLE DISK ENCLOSURE and POWER SUPPLY 

Holds one or two drives, has two d rive power supply . 110 or 220V. Comes empty or filled with Shugart drives. Varia· 
tions preclude listing prices. Call or write for full details . 

SHIPPING STARTED OCTOBER '78 . 

Z 80 BOARD for SWTP COMPUTER (Ii · ·~>1:{··' .~ ,· :~ .··• )i 1r~c·l 
. , . •·' ... , . 1·, ", , I I,;<"

f l h ·!11· .:1: :. . . . .t• ' ·· 
Now you can use the 8080/280 software programs in your SWTP 6800 machine. Re· r :-

1

··." ... . I · places your MPU board with a Z80 and ROM so that you are up and running with your : ', ; : 

present SWTP memory and MPS card. 1 K ROM on board replaces MIKBUG and enables .. ' • . .. 

you to use XITAN Z80 software which we can supply. ~ ' ~ .. 


AVAILABILITY - Off the shelf. 

___ ________ _____ ______......190.00, Tested & Assmb. 
For U.P.S. delivery, add $3 .00 . Overseas and air shipments charges collect, N.J . Residents add 5% Sales Tax. WRITE or CALL for further 

in formatio n. Phone Orde rs on Mus ter Ch arge an d BankAmer icard accepted . 

~ati()nal Multiplex (:(),-p()r-ati()n 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 

Circ le 279 on inquiry card. BYTE )•nu.,y 1979 119 

PROVIDES MONITOR AND TAPE SOFTWA RE in ROM. TERMINAL and TAPE PORTS 
on SAME BOARD. CONTROLS ON E 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 I/O, plus the motor controlling parallel I/O 
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair o r 
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. 
Just type in the file name and the recorder and software do the rest. Can be used in the 
BiSync (IBM), BiPhase (Phase encoded) or 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. 



Figure 7: Ji n identifier which has six characters or less. 

< an > ::= < al ph anumeric character > 

< identifier > ::= < letter > 

I< letter > < an > 

I < letter > < an > < an > 

I< letter > < an > < an > < an > 

I < le tter > < an > < an > < an > < an > 

I< letter > < an > < an > < an > < an > < an > 

In order to construct 
language elements of 
unlimited length, the 

trick is to use recursive 
definitions: the quantity 

being defined is part of 
the definition itself. 

signed two-digit in teger may be defined very 
simpl y 

< unsigned two-digit integer > ::= 

< digit >< digit > 

Sim ilarly, an identifier contai ning exactly 
two characters may be defined 

< 2-character identifier > :: = 

< letter> <alphanumeric character> 

Extensions to three characters, Four charac­
ters , etc., arc easy enough to visual ize; and 
now, using the vert ical line and a few 
auxili ary :ibbreviations , we may put together 
a definitio n of an identifier which has six 
ch aracters or less (sec figure 1). In a similar 
way, we may construct a definition of 
an unsigned integer containi ng at most 11 
di gits, or however many digits are permitted 
on a given computer. 

This kind of construction, however, fails 
when we do not wish to put any limit what ­
soever on the number of digits in an unsigned 
integer or on the number of characters in an 
id enti fier . In addition, it is overly cumber­
some even in the form given above. Thcre­
fo 1·c, we must ca ll on some new resource . 
This has actuall y been done, historicall y, in 
two di ffere nt ways: One way is designed for 
languages such as ALGOL, LISP , and 
SNOBOL, in which most constructions do 
not have length I imitations. The other way 
is intended for FORTRAN and for simpli ­
fied versions of ALGOL, as well as for 
various other languages, in which length 
limitations do exist. We sha ll consider these 
in historical order. 

The respo nse of the ALGOL group to 
th is pro blem w<1s to use the resources of 
mathemati cs, which rescue us (as they do so 
often) with what looks like magic. The trick 
is to use recursive definitions, which use the 
quantity being defined in the definition 

itself. Consider, for example, the following 
definition 

< unsigned integer > ::= 

< digit > < unsigned integer > 

I< digit > 

Those without a background in mathem atical 
logic may need a considerable amount of 
time to convince themselves that this defini­
tion of "unsigned integer" defines that syn­
tactical variable, in a perfectly valid manner, 
to be a sequence of digits of any length 
whatsoever. The argument goes as follows: 

1. A digit is an unsigned integer by the 
above definition. 

2. A two-digit number is a digit followed 
by another digit , and the second digit, by 
the sentence above, is an unsigned integer. 
Therefore a two-digit number is an unsigned 
integer. 

3. A three-digit number is a digit fol­
lowed by a two-digit number; a two-digit 
number is an unsigned integer by the pre­
vious sentence ; therefore, a three-digit 
number is an unsigned integer. 

4. A four-digit number is a digit followed 
by a three-digit number, and so on; the 
argument may thus be extended indefinitely , 
with each sentence being used in the proof 
of the next. 

Another common recursive definitio n is 

< iden tifie r > :: = < letter > 

I < identifier > < letter > 

I < identifier > < digit > 

Th is one is actually easier to understand if 
the last two alternatives are combined into a 
single alternative, < identifier > < an >, 
where < an > means "alphanumeric charac­
ter " and is defined as either a letter or a 
digit. Using this syntactical var iab le, we may 
rewrite the definition of an identifier as 

< identifier > ::= < letter > 

I < identifier > < an > 

That this constitutes a valid definition may 
be seen as follows: 

1 . A letter is an identifier by the above 
definition. 

2. An identifier with two characters co n­
sists of a letter, which is an identifier, 
followed by an alphanumeric character. 
Therefore, by the second part of the above 
definition, it is an identifier-. 
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3. An identifier with thr·ee characters 
consists of an identifie r with two characters 
fo l lowed by an alphanumeric character. 
Therefore, by the definition above, it is an 
identifier. This argument may then be 
extended to identifiers with four, five, or 
any number of characters. 

Note that th is definition of an identifier 
involves various other identifiers whose 
names are contained with in it. Thus the 
word TAU is an id entifie r partly because Tis 
an identifier and so is TA . This fact may 
lead to confusion because we are constantly 
reminded, when studying programming 
languages, that the individual characters in 
an identifier have no separate meaning. Thus 
TAU is not (by definition) T times A times 
U, or TA times U, or T times AU . Neverthe­
less, TAU is a properly formed identifie r· 
because T and TA ar-e - just as 2PI is not a 
properly formed iden ti Fi er because 2 and 2P 
are not. 

Stil l another common recursive definition 
is 

< argument I ist > ::= 

< expression > ',' < argument I ist > 

I < expression > 

This defines an argument list to be a series 
of expressions separated by commas. It may 
be used in various ways; for example, the 
BNF rule 

< function reference > :: = 

< function name > '{' < argument lis t > ')' 

is one way of defining a function reference 
(i.e. , a use of a function, such as 
SIN(T*U-B) or ATAN2(X2 - Xl ,Y2- Yl) . 

The justification for the definition of an 
argument list is : 

1. A single expression is an argument list. 
2. Two expressions sep;ir·ated by one 

comma may be thought of as the first ex­
pression followed by a co mma fo ll owed by 
an argument list - namely the second ex­
pression . Therefore, this is an argument list. 

3. Three expressions separated by co m­
mas may be thought of as the first ex pres­
sion fo ll owed by a comma fo ll owed by what 
remains - namely, the second and third ex­
pressions separated by a comma. Th is much 
is an argument list, by the sentence above. 
Therefore, thr·ee expressions separated by 
commas constitute an argument list. The 
same argument may be used for four, five, 
etc., expressions separated by commas. 

The r·ecur·sive examples given above are 
written in what may be cal led "pure" BNF. 
The alternative is to add some new conven­
tions to BN F which take care of the recur­
sive cases. This brings us to the second 
possible response to the problem of repre­
senting sequences in BN F. For example, 
an unsigned integer which is a sequence of 
from 1 to 13 digits might be written 

13 
< uns igned integer > ::= < digit > 

1 

and an unsigned integer which is a sequence 
of an ar-bitrary number of digits (at least one) 
might be written 

00 

< unsigned integer > ::= < d igit > 
1 

Simil arly , an identifier of arbitrar·y length is 
given by 

< ident ifier > ::= 
00 

< lette r >< alphanumeric character > 
0 

Thus a subscript after any syntactical var·iable 
stands for a minimum number of repetitions, 
while a superscript after such a variable 
stands for a maximum number of repetitions. 

The use of subscripts and superscr·ipts in 
this way solves two problems at once. It 
makes syntactical variables whose lengths are 
strictly bounded much easier to represent in 
BNF. Also, by rep lac ing many of the r·ecur­
sive uses of BN F with non recursive uses, it 
frees the user from having to "think out" 
these recur·sive definitions. Never·theless, the 
subscript notation does not al low us to 
eliminate all recursion. This wi ll become 
clear in the examples which we now con­
sider, in which expr·essions, such as alge­
braic expressions, are defined in BN F. 

There are many types of expressions in 
programming languages. In ALGOL we have 
conditional expressions, relational expres­
sions, and Boo lean expressions, in addition 
to the standard simple arithmetic expression . 
Some of these are easy to define in terms of 
others. For example, a re lational expression 
{such as P > Q in an if statement) is defined 
by 

< relational expression > : : = 

< arithmetic expression > 

< relational operator > 

< arithmetic expression > 

where a relationa l operator may be any one 

122 J.mu.uy 1979 © BYTE Publicatiu11s Inc 



• • 

INTRODUCING 

DUAL DRIVE MINIFLOPPY FOR PET! 


DEALER 
INQUIRIES 
INVITED 

DKH641 IS A PRODUCT OF COMPUTHINK. 

"DUAL MINI FLOPPY DRIVE WITH 100K PER DISK SIDE FOR TOTAL 200K ON LINE. 
"DESIGNED FOR COMMERCIAL SPEED REQUIREMENTS "FAST LOADING SPEED. 
"DISKMONTM (DOS) AUTOMATICALLY REORGANIZES FREE DISK SPACE AFTER 
SAVE OR ERASE. 

"DISKMON IS RESIDENT IN ROM VIA DISK CONTROLLER BOARD PLUGGED INTO 
EXPANDAPET. • 

"DISKMON ADDS 16 COMMANDS TO BASIC INCLUDING DISK DATA FILES. 
"DISKMON COMMANDS SUPPORT COMMERCIAL PA INTER OFF PARALLEL 
POAT SUCH AS CENTAONICS 779. 

"FULL DISK SOFTWARE SUPPORT• FORTRAN & PLM COMPILERS THIS JANUARY. 
"90 DAY MANUFACTURER'S WARRANTY ON HAADWAAE"READY TO USE ON 
DELIVERY. WITH FULL INSTRUCTIONS AND UTILITY DISKEITE. 

"CALL OR WRITE FOR ADDITIONAL INFORMATION • INITIAL QUANTITIES LIMITED. 
"THIS SYSTEM IS FULLY SUPPORTED BY SOFTWARE FROM THE MANUFACTURER. 
"ORDERS ARE NOW BEING ACCEPTED FOR DECEMBER & JANUARY DELIVERY. 

D KH642 -DUAL DRIVE SYSTEM, COMPLETE WITH DISK MON . . .. . .. ..... $1295.00 
DKL067 - DISKMON ASSEMBLER LISTING/DOS ...... .. ...... ... , . . . .. .... . $19.95 
ASM789T - PET ASSEMBLER ON CASSETTE ..... . ....... . .. ..... . .... ... ... $19.95 
ASM789D -PET ASSEMBLER ON DISKETTE (5.5 inch) . .... . . .. ...... . .. $49.95 

•BUSINESS PACKAGES STARTING IN 1st.QUARTER 1979 * * * 

LNK456 -AUTOLI N K LIN KING LOADER ON DIS KETTE ... . .. .. ..•.. .. . ... .. $49.95 
FOR300 -FORTRAN COMPILER ON DISKETTE (JAN'79) .. .. ................ $69.95 
PLM400 -PLM COMPILER ON DISKETTE (JAN'79) .. . ..... .. ....... ... ... . .. $49.95 

"THIS SYSTEM REQUIRES EXPANOAPET MEMORY (MINIMUM 16K-SEE BELOW) 

PET COMPUTER WHY NOT BUY FROM THE BEST? 
If you BK PET . . . . . . $ 795 * NEECO IS A CUSTOMER ORIENTED. FULL SERVICE COMPANY. haven't * PETS RECEIVE 48 HA. 'BURNIN' BY NEECO BEFORE SHIPMENT. bought 24K PET 1a+16KJ $ 1220* FULL CUSTOMER SERVICE AND FULL PRODUCT SUPPORT. 
a pet 

$1320 * 48 HR MAXIMUM 'TURNAROUND' ON PET WARRANTYIll,yet, call 32K PET 1s+24K> SERVICE ON PETS PURCHASED FROM NEECO. 
for our ALL PRICES INCLUDE 48 HR. PAE· * FULL PAE-PURCHASE INFO AVAILABLE FROM OUR PET INFO 
pet info ..ill!!!!!lp.-~-.- ,,,...:.._ SHIPMENT TESTING & PACKAGE - WE ANSWER CUSTOMER QUESTIONS! 

package! 3 FREE CASSETTE PROGRAMS * ~W°~E~~T~AT3~~WJtl~~~~~'ii~Tf.P6'1isLyJ~~D~R PET 
PRICES SHOWN ABOVE IN· * COMMERCIAL QUANTITIES AVAILABLE. ~~ CLUDE EXPAN DAPET. PME * WE ALSO MARKET REPLACEMENT RAMS & ROMS, ETC. 
MEMORIES WILL HAVE HIGHER * OFF THE SHELF DELIVERIES (NO DEPOSIT REQUIRED). 
PRICING. SCHOOL INQUIRI ES INVITED! 

EXPANDAPET™ 

DEALER INQUIRIES 
INVITED 

INTERNAL MEMORY 
EXPANSION UNIT 

"MOUNTS EAS ILY INSIDE YOUR PET 
"EASY TO INSTALL (15 MINUTES) 
"NO DEGRADATION OF PET SYSTEM 
·uses LOW POWER DYNAMIC RAMS 
"90 DAY PART&LABOR, 1 YA-RAMS. 
"30 DAY MONEY BACK GUARANTEE. 
"MOUNTING SLOTS FOR 4 BOARDS. 
"CALUWRITE FOR ADDITIONAL INFO 
"DEALER INQUIRES INVITED. 

EXPANDAPET PRICES 

16K (+8K PET = 24K) $425 
24 K (+ BK PET = 32K) $525 
32K (+8K PET= 40KI $615 

OPTIONAL PLUG-IN BOARDS 32K UN IT ALLOws- aK OF 
SERIAL 1/0 BOARD.. ...... $75 ASSEMBLY LANGUAGE 
S-100 110 BOARD. _. . . ... . . $75 SUBROUTINES ACCESSED 
4K EPROM BOARD ....... . $50 VIA THE USA COMMAND. 
EXPANDAPET IS A PRODUCT OF COMPUTHINK . 

"COMMERCIAL QUALITY KEYBOARD WITH METAL ENCLOSURE. 
"BASIC TYPEWRITER DESIGN FOR TOUCHTYPISTS. 
"SINGLE KEY FUNCTIONS FOR ALL CURSOR CONTROLS . 
SHIFT/RUN, INSERT, CLEAR SCREEN/HOME CURSOR , MORE. 

"FUNCTIONS SIMULTANEOUSLY WITH PET'S KEYBOARD. 
"PLUGS DIRECTLY INTO PET'S LOGIC BOARD. 
"DOES NOT USE USER OR IEEE-488 PORTS. 
"NPK-101 IS FULLY TESTED & READY TO USE. 
•ATTACHES DIRECTLY TO FRONT OF PET'S FRAME. 
"CAN BE USED AS A REMOTE TERMINAL (SPECIAL ORDER). 
•30 DAYS TRIAL PERIOD· 90 DAY WARRANTY. 
"CALL OR WAITE FOR FULL SPECS·INITIAL QTY LIMITED. 

ORDERS ARE NOW BEING $1 3 9 95
ACCEPTED FOR DEC/JAN 
CUSTOMER DELIVERIES. • 

NPK-101 /SA PRODUCT OF NEW ENGLAND ELECTRONICS. 

WE CAN NOT LIST ALLOF OUR SOFTWARE AND HARDWARE PRODUCTS 

CALLOR WRITE FOR OUR*FREE*SOFTWARE/HARDWARE DIRECTORY 


NEW ENGLAND ELECTRONICS co.. INC.W 248 BRIDGE ST .•. SPRINGFIELD, MASS. 01103 
1111!!!1111 ACCEPTED, ADD 3% 

I~I=I:(ti.~ ( 413) 739-9626 
MON-FRI 9.30-5.30, SAT 10-2, E.S. T. 1i.iiiim SERV ICE CHARGE. • 
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One key to defining the 
BN F notation of expres­
sions is an understanding 

of operator precedence 
rules. These rules can 

often be made a part of 
the BN F grammar of a 

language. 

of the six relations (greater than, less than, 
etc.) expressed in a manner which depends 
on the language used . In any sort of expres­
sion conta111111 g operators and possibly 
nested parentheses, however , the definition 
will be much more complex . We shall indi­
cate here how to define simple arithmetic 
expressio ns in BN F; the basic technique 
used here may be used in other kinds of 
expressions. 

What is a simple arithm etic expression? 
Cl early it is not simply any combination of 
identifiers , constants, operators, and paren­
theses. We may specify certain rules (the 
parentheses have to balance, an operator 
cannot be the last character in the ex pres­
sion, etc.) but it is difficult to know when 
we have specified all of them. One key to 
defining expressions is obtained by means 
of the precedence rules. You have probably 
seen these, although possibly not by this 
name; these are the rules that specify that 
multiplication is performed before addition, 
and the like. Thus in order to evaluate an 
expression (without parentheses) there are 
three basic steps : 

1. Perform all the exponentiations. 
2. Perform all the multiplications and 

·divisio ns. 
3. Perform all the additions and subtrac­

tions. 

We shall incorporate these steps into our 
definition of an expression by defining four 
separate syntactical variables : primary, 
factor, term, and expression. Factors are 
made up of primaries; terms are made up of 
factors; and expressions are made up of 
terms. Thus, performing all the exponentia­
tions in an expression corresponds to 
grouping the primaries into factors, and 
similarly for the other two steps mentioned 
above . 

In order to define a factor as a collection 
of primaries separated by exponentiation 
signs, we note that th is is similar to defining 
an argumen t list as a set of expressio ns 
separated by commas. We need onl y substi­
tute "exponentiation sign " for "comma ,'' 
and "primary" for "expression." Thus the 
definition is 

< factor >: :=< primary > 't' < factor > 

I< pri mary > 

We could also rewrite this definition in the 
other mode 

< factor > ::- < primary > [ 't' < primary > I ~ 
0 

In other words, a factor is a primary followed 
by any number of occurrences, including 
none, of an up-arrow (t) followed by another 
primary. This illustrates another fea ture of 
extended BN F: the use of square brackets, 
the signs [ and ] . Square brackets in BNF 
ser-ve roughly the same function as paren­
theses do in alge bra, and the use of square 
brackets in BN F is sometimes called 
factoring. 

We continue our definition of an expres­
sion by defining a term as a collection of 
factors separated by multiplication and 
division signs. One way to do th is is to 
define a "multiplication operator," or 
"mulop," as either * or /. The definition 
can then take the same form as before 
(we illustrate here only the recursive 
formula ti on) 

< term > ::= < factor > < mulop > < term > 

I< factor > 

An expression would then be defined in a 
similar way, using "addop" for either + or 

< expression > ::­

< term > < addop > < expression > 

I< term > 

where we have used "expression" as short 
for "simple arithmetic expression." Alterna­
tively, both of these could be written out 

< term > :: = < factor > '*' < term > 

I< factor > '/' < term > 

I < factor > 

< expression > ::= < term > '+' < expression > 

I< term > ' - ' < expression > 

I< term > 

The only question remarn1ng is what we 
mean by "prim ary." This differs from one 
language to another ; roughly speaking, a 
primary is one of the "elementary" construc­
tions which are connected by the operators, 
such as a constant, a variable, a subscripted 
variable, or a function reference. There is 
always, however, one special type of "pri­
mary" which takes care of parentheses. 

Up to now we have considered only 
expressions without parentheses. In one 
sense, when we introduce parentheses into 
an expression, we sometimes violate the 
precedence rules upon which we have built 
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the en tire preced ing construc tion. Thus in 
the expression 

A- B* C/( D- E) 

we do not perform all the multiplications 
and divisions first . In fact, the subtraction 
D- E must be performed before the divi­
sion of C by the result. 

This express ion, however, may also be 
thought of as 

A-s·c1F 

where F stands for (D - E). In this new 
expression, we do perform all the mu ltip li­
cations and divisions before the additions 
and subtractions. The process of substituting 
F for (D - E) may suggest to us that an 
expression in parentheses can be treated as if 
it were a single primary . This is also true for 
more than one level of parentheses. Thus, 
the expression 

A+s • (c-o· (E+F/G )-H)+ I 

which are not amenable to BNF. The formal 
definition of the PL-I language (see 
reference 5) is made according to a separate 
set of abbreviation conventions which are 
simi lar, but not identical, to BNF .• 
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may be thought of as the express ion 

A+s• J+I 

where J stands for the expression 

c-o•K-H 

in which K stan ds for the expression E+F/G . 
In each of these three expressions - E+F/G, 
C-D*K-H, and A+B* J+ I - the precedence 
rules apply; and the last two of these contain 
primaries (K and J) that take the form of an 
entire expression in parentheses. The BN F 
description of an expression is now com ­
pleted by adding th is form of a primary to 
the definition. Thus 

< primary > ::=< constant > I var iable > 

I <array reference >I< functi on reference> 

I ' ( · < expression > ') • 

is a sample definition of a primary in which 
the syntactical variables "constant, " 
"variable," etc., shou ld be further defined 
accord ing to the rules of the particular 
language under consideration . 

One fina l and important fact about BNF 
is that although widely used it is not uni­
versal enough to describe the syntax of every 
well-known programming language. In par­
ticular, COBOL (Common Business Oriented 
Langu age ) contains certain constructions 

~~ CP/M™
LOW-COST 
MICROCOMPUTER 
SOFTWARE 

CP/M™ OPERATING SYSTEM: 
• Includes Editor, Assembler. Debugger and Util ities. 
• For 8080, ZSO, or Intel MOS. 
• For IBM-compatible floppy discs. 
• $1 DO-Diskette and Documentation. 
• $25-0 ocumentation CSet of 6 manuals) only. 
MAC™ MACRO ASSEMBLER: 
• Compatible with new Intel macro standard. 
• Complete guide t o macro appl ications. 
• $90-Diskette and M anual. 
SID™ SYMBOLIC DEBUGGER: 
• Symbolic memory reference. 
• Built-in assembler/disassembler. 
• $75-Diskette and M anual. 
TEX™ TEXT FORMATTER : 
• Powerful text formatting capabilities. 
• Text prepared using CP/M Editor. 
• $75 Diskette and Manual. 

(OJ] lJ~[j~TflL RESEflRCH 
P.O. Box 579 •Pacific Grove, California 93950 

[408J 649-3896 
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The chess program that we have presented 
in parts 2 and 3 of this series (November 
1978 and December 1978 BYTE, pages ·162 
and 140, respectively) represents a modern 
implementation of the basic type A strategy 
described by Shannon in 1950 (sec refer­
ences). If run on a powerful computer, this 
type of program can play a reasonably good 
game of chess. Its major weakness lies in its 
inabi li ty to engage in long-range planning. 
In many middle and end game positions, it 
will make seemingly aimless moves. Once it 
attains a position which optimizes the 

if we have a clear idea of what we are look­
ing for. To know what we are looking for, 
however, we must have more knowledge 
abo ut chess. 

So where do we go from here? The highly 
skilled players who are familiar with the 
chess programming literature (notably, Ber­
liner, Botvinnik and Levy) are unanimous in 
their enthusiasm for a selective search strat­
egy. Berliner (see references), for example, 
advocates a procedure in which very smaH 
(for a computer) look-ahead trees are gen­
erated, eg: 200 to 500 nodes. His idea is that 
the program should make an intensive analy­
sis at each node "in order to ascertain the 
truth about each issue dealt with." Chess 
knowledge should play a primary role in 
directing the tree search . The search itself 
would discover additional relevant informa­
tion and this would provide an even more 
knowledgeable focus for the search . This 

Creating a Chess Player 


Peter W Frey 
Dept of Psychology 
Northwestern University 
Evanston IL 60201 

Larry R Atkin 
Health Information Services 
542 Michigan Av 
Evanston IL 60202 

general heuristic goals of its evaluation 
function, it is faced with the prospect of 
finding a move which alters the position 
as little as possible. If the opponent is 
skillful in developing a long-range attack 
while not providing any immediate targets, 
the machine may simply shuffle its pieces 
back and rorth until its position becomes 
hopeless. The absence of reasonable goal 
directed behavior is a common limi tation 
of problem solving techniques which are 
based solely on forward search. The solution 
of this problem would have important 
implications for a wide variety of artificial 
intelligence tasks. 

To play a strong game of chess, it is nec­
essary to have a plan . To have a plan, how­
ever, the program must recognize specific 
patterns and relate them to appropriate 
goals. This, in turn, requires that the pro­
gram have access to the detailed kind of 
chess know ledge which is characteristic of 
the skilled human player. Thus, we seem to 
have come round in a circle. In order to 
avoid selective searching, we have adopted a 
strategy which does not require very much 
chess knowledge. In examining the weak­
nesses of this approach, we discover that the 
forward search can only be truly successful 

procedure is analogous to the progressive 
deepening technique which de Groot dis­
covered in the human grandmaster and is 
the exact antithesis of the brute force (type 
A) strategy (see October 1978 BYTE, 
"Creating a Chess Player, An Essay on 
Human and Computer Chess Skill," page 
182). 

The efforts of the last decade have 
demonstrated that the selective search strat­
egy is harder to implement than the full­
width approach . In addition, full-width 
searching has consistently produced superior 
chess. Despite this, there is hardly anyone 
familiar with chess programming who does 
not believe that further progress depends on 
increasing the amount of chess knowledge 
in the program. The key question is not 
whether th is should be done but how to do 
it. Since the selective search approach has 
not led to notable progress, perhaps it is 
time to consider a different approach. 

We believe that a viable alternative exists 
which combines the proven virtues of the 
full-width procedure with the potential ad­
vantage of a goal-directed search. The central 
idea is the development of a unique evalua­
tion function for each position . In addition 
to the general heuristics which are presently 
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employed, evaluations should consider fea­
tures which are germane to appropriate 
goals. 

According to this plan, move selection 
would involve two separate stages. In the 
first phase, a static analysis of the position 
would be made in an attempt to discover 
key patterns. This process would involve a 
hierarchical analysis in which the features 
of the position would be compared with a 
general set of library patterns. Highly spe­
cific features would be identified and rele­
vant chess-specific knowledge would be 
accessed. This information, including appro­
priate short term and long term goals, would 
be used to construct a conditional evaluation 
function which would assess the usual gen­
eral features (eg: material, mobility, Kin g 
safety, etc) and also other features which 
are meaningful only in specific situations. 
Once the conditional evaluation function has 
been constructed, the second phase of analy­
sis would begin, a conventional full-width 
tree search employing the special evaluation 
function. 

The first phase of this process would rely 
heavily on domain specific knowledge (ie: 
inform ation about chess). It would require 
a pattern recognition facility and an organ i­
zational plan for storing a vast amount of 
chess knowledge in a manner conducive to 
rapid retrieval. When th is first phase was suc­
cessfu I in identifying appropriate goals and 
producing relevant modifications in the eval­
uation function, th e fu II-width search which 
followed would select a move which was 
thematic with the appropriate goal. If the 
first phase were unable to identify a key fea­
ture, the evaluation function would employ 
the same general heuristics which it pres­
ently uses. For this reason, the pattern 
recogn1t1on and information retrieval 
modules can be gradually implemented 
without a le ngthy per iod in which serious 
blunders are frequent occurrences. Th is is a 
major advantage that the conditional evalua­
tion function has in comparison to a selec­
tive search strategy. 

Chess Structure 

To implement a conditional evaluation 
function , it is necessary to develop a hier· 
arch ical desc rip ti ve s true tu re for chess. At 
the top level, one can make the conventional 
distinctions between the opening, the middle 
game, and the end game. Within each of 
these three major divisions, there would be 
many specific subdivisions. Within each 
subdivision, there would be many specific 
variations. 

The opening has three major themes: to 
develop a pawn structure which is favorable 
for you but unfavorable for your opponent; 
to increase the mobility of your minor 
pieces and limit the mobility of your oppo­
nen t's minor pieces; and to castle as soon as 
possible and delay your opponent's oppor­
tunity to castle. These general goals provide 
a framework for eval uatin g specific varia­
tions. They do not provide a specific pre­
scription fo r selecting a move because a 
sequence of moves which is thematic with 
these goals may have a tactical refutation. 
An apparently good move may not work 
because it loses material. For this reason, 
general principles are best applied at the 
terminal po in ts of a look-ahead search rather 
than being used as a checklist fm selecting 
the most thematic move as advocated by 
Church and Chu rch in Chess Sl<ill in Man 
and Machine (see references). 

Part 4 

Strategy in Computer Chess 

The tournament player who knows open­
ing theory as well as many specific move 
variations will have a clear advantage over an 
opponent · who knows the general principles 
but is not familiar ·with the specific varia­
tions. For this reason, tournament players 
and good chess programs rely on a library 
of memorized opening variations. The 
contestant who has car·efully planned his 
opening variations can often gain an im­
portant advantage ear ly in the game. To 
maximize the benefit of a well-prepared 
opening I ibrary, it is also necessary to 
continue the gene~al theme of the opening 
once the predigested move sequences have 
been exhausted. At th is stage it is neces­
sary to have a conditional evaluation func­
tion. When the machine leaves the library 
and starts to use a look-ahead procedure to 
calculate its move, it should use an evalu­
ation function that augments general open­
ing principles with special goals which are 
thematic with that type of opening. 

A portion of the work required to 
implement this proposal has already been 
started. Chess special is ts have prepared 
highly detailed analyses of specific opening 
variations and have developed well-defined 
rules for categorizing different move 
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sequences into specific subdivisions. For 
example, a game which starts (1) P-K4, 
P-K3 is labeled as the French defense. If 
the game continues (2) P-Q4, P-04; 
(3) N-QB3, B-NS, it is called the Nimzovich 
(or Winawer) variation of the French defense. 
If it continues (2) P-Q4, P-04; (3) N-QB3, 
N-KB3, the game is labeled as the classical 
variation. A continuation of (2) P-04, 
P-Q4 ; (3) N-QB3, PxP is called either the 
Rubinstein variation or the Burn variation 
depending upon subsequent moves. A 
different approach develops from (2) P-Q4, 
P-Q4; (3) N-02, which is labeled as the 
Tarrasch variation. And there are many 
more. The important point, however, is 
that each of these variations can be ob ject­
ively identified, and that for each there 
are well-developed strategical ideas and 
specific immediate goals . Th ese ideas can be 
stored in the opening library and can be 
retrieved when the machine leaves the 
library . In add ition to genera l opening 
heuristics, the evaluation function would 
reflect the specific theoretical ideas which 
are appropriate to the particul ar opening 
at hand. In principl e, this idea can be 
implemented without difficulty. In practice, 
however, a tremendous amount of chess 
knowledge is needed and hours and hours of 
effort are required. To our knowledge no 
serious attempt has yet been made to imple­
ment this strategy. The information on 
opening theory is needed only once during a 
game and thus could be stored on disk, 
since rapid access is not critical. 

Pattern Recognition and the Middle Game 

From a conceptual point of view, the 
application of chess knowledge to the eval­
uation function in the middle game is much 
more challenging. In this case, pattern 
recognition becomes an important ingredient. 
In implementing a goal oriented move 
selection strategy, Church and Church 
limited their middle game strategy to either 
a Kingside attack, a Queenside attack, or 
concentration on a weak point (ie: a target). 
The Kingside or Queenside attack is trig­
gered when the machine determines that it 
has superior forces on one side or the other. 
This determination can be based on who 
controls key squares. In calculating the 
power relationship of different pieces over 
given squares, it is important to note that 
less valuable pieces exert more control th an 
valuable pieces. A pawn has greater control 
over territory than a Queen because it is 
harder to dislodge. If an attack on one side 
or the other is deemed appropriate, the 
evaluation function can be modified to give 
an extra bonus for moves which augment 

the attack on that side and for moves which 
increase the pressure on critical squares. 

Pattern analysis is also important in 
detecting an appropriate target. Th ere are 
several well-known chess relations which 
provide obvious targets for attack. One is 
the bacl?ward pawn which is prevented 
from advancing by a pawn or a minor 
piece. Another natural target is the minor 
piece which is pinned to the King or Queen . 
The third is the overworked piece, a key 
element in the defense against two or more 
di ffe rent attacks. If the latter is removed 
in an exchange, the pieces it is defending 
will be open for attack. A fourth natural 
target is a square which would permit a 
Knight to fork two major pieces (ie: Rook, 
Queen, King) or a Bishop to skewer two 
major pieces. If the machine threatens to 
control that square and to locate an appro­
priate piece there, the opponent will be 
forced to devise a defense. Once one of these 
targets has been detected, the evaluation 
fun ction can be modified to give a bonus 
for moves directed at the target. In addition, 
a plan might be devised to encourage the use 
of a decoy (a pawn or minor piece which is 
sacrificed to bring an important piece to a 
particular square) or to capture a piece 
which is serving an important defensive 
function. 

A Chess "Snapshot" 

In the past, programmers have attempted 
to implement such plans by using a selective 
search (eg: Berl iner, Zobrist and Carlson) or 
by using no search at all (eg: Church and 
Church). Zobristand Carlson (see references) 
have developed an innovative technique in 
which "computer snapshots" are devised 
which summarize important piece relation­
ships such as attacks, pins, skewers, forks, 
etc, which presently exist in the given posi­
tion, or which could occur after one or two 
moves. Each snapshot is given a weight based 
on the relative values of the pieces involved 
and the location of the pieces in respect to 
the opposing King and the center of the 
board . The weighted snapshots are then used 
to select moves for inclusion in a Shannon 
type B tree search. This procedure provides 
considerable goal direction to the move 
selection process. 

Although the Zobrist-Carlson snapshot 
procedure has much to offer (including a 
highly efficient bit map implementation 
strategy), it incorporates a common problem 
shared by al I selective search techniques. 
Occasionally an important continuation is 
overlooked and this results in the selection 
of an inappropriate move which may be a 
gross blunder. By implementing the plans 
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derived from the computer snapshots in the 
fonn of a conditional evaluation function, 
instead, the prog1·a111 can benefit from goal 
directedness without risking the oversights 
which are character istic of selective search· 
ing. In this way, the machine can retain 
the benefits of the full-width search and at 
the same time engage in strategic planning . 

There is a special class of positions for 
which this approach is especially appropriate. 
In his thesis at Carnegie-Mellon University 
Berliner described a special problem, the 
horizon effect, which plagues the con­
ventional look-ahead approach (see Chess 
Skiff in Man and Machine, pages 73 thru 
77). One version of this problem involves 
a piece which is trapped and cannot be 
saved. Forward searching programs often 
engage in a bit of foolishness by making 
forcing but poor moves (such as attack­
ing pieces with pawns or sacrificing 
pawns for no advantage ) which de lay the 
capture of the trapped piece and push its 
eventual loss beyond the horizon of the 
tree search . By doing this, the program 
erroneously concludes that the pi ece is safe, 
when in reality the planned move sequence 
weake ns a r·easonabl e position and is stil l 
insufficient to save the piece. In this type 
of situation, the trapped piece should be 
given up fo r lost and the program shou ld 
do its best to take ad vantage of the tempo 
required by the opponent to capture the 
piece. A piece whose time has come is some­
times referred to as a desperado. The only 
op ti on available is to make the opponent 
pay as clear ly as possible for the capture . 
If the desperado can be traded for a pawn 
or a piece of lesser value, this is preferable 
to being given up for nothing. 

This strategy can be implemented with a 
conditional evalu ation fu nc tion by simply 
assum ing that the trapped piece has a 
materia l value of zero . This change wou ld 
cause the search process to trade the piece 
for the highest valued candidate that can be 
found. This is obviously better than having 
the prngram engage in useless sacrifices of 
position and materia l in a hopeless attempt 
to resurrect a lost piece. The key element to 
this implementation is the abil ity to deter­
mine when a piece is tru ly lost and can be 
labeled as a desperado. Th is is a very diffi­
cu lt problem even for a very sophisticated 
pattern analysis facility . 

End Game Considerations 

The most interesting a;Jplicatio n of the 
conditional evaluation func tion is in the end 
game . Because end game strategy is high ly 
dependent on the specific characteristics of 
the posit ion, a general purpose eva lu ation 

function is not very effective. It is necessary 
to understand what is required in a given 
position and then selec t moves which are 
clearly directed at an appropriate goal. 
Church and Church list three common goals 
in the end game: to mate the opponent's 
King, capture a weak pawn, or promote a 
pawn. In this case, pattern analysis is im­
portant. Fi rst the machine must be able to 
identify the position as one belonging to the 
end game. Th en it has to determine whether 
a mate attempt is reasonable or whether a 
pawn can be captured or promoted. Church 
and Church (see Chess 5/?i// in Man and 
Machine, pages 151 thru 154) describe 
a ge ner al strategy for ide ntifying and cap­
turing a weak pawn. Although their 
approach does not invo lve a forward tree 
search, the specific techniques which they 
describe can be adapted to the fu ll-width 
search strategy. Let us consider several 
specific end game positions invo lving either 
a mate, a pawn capture, or a pawn 
promotion. 

For a number of mati ng situations, a 
specific algorithm (step-by-step instructions) 
or a complete lookup table can be developed 
to produce mate in a minimum number of 
moves. Typical app lications would be King 
and Queen versus King ; King and Rook ver­
sus King; and King, Bishop, and Knight ver­
sus King. The mating algorithm for each case 
would inc lude rules for assigning the poten­
tial piece relationships into a few genera l 
categories, and a prescription for a1 1 appro· 
priate type of move for each category. Th is 
approach requires no search. A second 
approach involving a lookup table is even 
more explicit. An appropriate move is stored 
in a table for every possible piece configura­
tion. To play the mate perfectly, the ma­
ch ine uses the position to determine an 
address in the table and then simply reads 
the correct move. 

Both of these procedures are perfectly 
feasib le and avoid many problems which can 
be encountered in the end game. The limita­
tion of this approach is that there are a very 
large number of mating situations and a tre­
mendous amount of work would be required 
to make a detailed analysis of each one. In 
addition, this strategy requires the storage of 
a great deal of information which would be 
used only infrequently. 

A third approach, and one which is 
thematic with the idea of conditional evalua­
tions, is to make a small modification in the 
eva luation function for each specific mating 
situation. The notion is that a shal low search 
combined with a few key ideas should suf­
fice to produce a mate in a reasonab le num­
ber of moves. With King and Queen or King 
and Rook versus King, it is sufficient for the 
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prngram to "know" that the defending King 
must be forced to the edge. To do th is, the 
program simply needs to add bonus points 
to the evaluation function when the defend­
ing King is near the edge. The size of the 
bonus should be a linear function of closeness 
to the edge. This modification of the evalu a­
tion function causes the minimax search to 
select a pathway in the look-ahead tree 
which forces the defending King to the edge . 

With King, Bishop, and Knight against 
King, the job is slightly more complicated. 
In this case it is important to know that the 
defending King must be forced to one of the 
two corners having the same color as the 
Bishop's squares. The trick is to add a large 
bonus when the defending King is on the 
appropriate comer squares and a smaller 
credit when it is near these corners. This 
modification will cause the minimax proce­
dure to find a sequence of moves which 
forces the defending King into one of the 
appropriate corners. The general theme is 
that the fu II-width search is a powerfu I 
device by itself and that the add ition of a 
small amount of chess knowledge is su ff i­
cient to produce the desired outcome. 

Kings and Pawns in the End Game 

Some of the most challenging positions 
in the end game involve on ly Kings and 
pawns. Many of these require an approach 
which is more sophisticated than those 
described previously. Consider, for example, 
the position diagrammed in figure 1. This is 
a modification of a position presented in 
Berliner's thesis which demonstrates one of 
the major weaknesses of a full-width forward 
search. White has a pawn on f6 which could 
advance and be promoted if the Black King 
were out of the way. fAlgebraic notation is 
used throughout this article to designate 
chessboard squares. The horizontal rows 
(ranks) are numbered from 7 to 8, starting 
at the bottom (White). The files are labeled 
a through h from left to right . ... CM/ To 
win, White must do an end run with his King 
and bring it to the aid of the pawn. Since 
Black cannot attack White's pawns on c3 or 
g5 without leaving the passed pawn, he is 
helpless to stop White's maneuver. Although 
th is analysis is obvious at a glance to an 
experienced player, a program that discovers 
truth by doing a full-width search is faced 
with a difficult problem. In order to deter­
mine that the King can force promotion of 
the pawn, White must complete a look-ahead 
search of approximately 35 plies. Th is is 
beyond the scope of even the most powerful 
computer. If the machine employs a general 
purpose algo rithm which encourages the 
King to centralize its position during the end 

game, it will search for a pathway which 
eventually places it on its present square (f4) 
or one of the neighboring squares (e3 or f3) . 
Because of th is, the correct sequence of 
moves would never be discovered. 

In order for a full-width search to make 
progress in this type of position, the evalu­
ation function must produce goal direction. 
One way to do this is to provide a bonus for 
moves which reduce the distance between 
the White King and the passed pawn. A sec­
ondary goal is to reduce the distance be­
tween the White King and any Bl ack pawns 
which arc not defended by another pawn. 
A tertiary goal is to centralize the White 
King. The first step in developing a specific 
implementation of this plan is to identify 
the territory which is denied to the White 
King. For this purpose, we wish to deter­
mine which squ ares arc control led by the 
pawns. The While King cannot move to a 
square occupied by one of its own pawns, 
nor can it move to a square attacked by an 
opposing pawn. Figure 2 presents a map of 
the position with each of the forbidden 
squares darkened. The location of these 

Figure 7: Chess position which demonstrates 
a wealmess of the full-width forward search. 
In this example, White has a pawn on square 
f6 which could advance and be promoted if 
the Black King were out of the way. To win, 
the White King must come to the aid of the 
pawn. Since Blad? cannot attacl? White's 
pawns on c3 or g5 without leaving the 
passed pawn, he is helpless to stop White's 
maneuver. Although this analysis is obvious 
to an experienced player, a program using a 
full-width search would have to search its 
decision tree to a depth of 35 plies (ie: 35 
half moves; a ply is defined as a move by one 
side) in order to come to the same con­
clusion. 
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Figure 2: Forbidden squares in the figure 
position used to help White (the computer) 
evaluate the position more efficiently. Th e 
White King cannot mo11e to a square oc­
cupied by one of its own pawns, nor can it 
move to a square attacl?ed by an opposing 
pawn. All of these squares are darl?ened in 
the figure. This diagram is used in imple­
menting the goal directed technique de­
scribed by Church and Church (see figure 
3). 

"taboo" squ ares provides the defini ng 
boundaries for potential access routes to 
th e desired goals. The second step in impl e­
menting this pl an is to use a Lcchniqu c 
described by ChUl·c h and Church. Startin g 
at each goal object, work back ward toward 
th e attack ing piece(s). In ou r case, we are 
interested in creat ing a reward gradient 
which encourages the White King to ap­
proac h its own passed pawn and th e target 
pawns. To do this, we consider one goal 
object at a tim e. All passed pawns arc identi­
fied. In our exa mple, on ly the Whi te pawn al 
f6 qualifies. The two squ ares diagonally in 
fron t of it (e7 ;md g7) arc each credited with 
8 "points" each. All squares immediately 
adjacent to these squares (but not including 
squares inaccessible to the Wh ite King) arc 
cred ited with 7 points. Next all squa r·es ad­
jacent to these squares (exc luding inacces­
sible squares) are cred ited with 6 points. 
This process is contin ued until we run out of 
squares or until we have assign ed all credits 
down to and in cluding 1. 

The next step in the process is to identify 
Black pawns which are not defended by 
other pawns (ic: targets). In this case, the 
pawns at e6 and g6 quali fy . Credi t these two 
squares and the adjacent ones with 5 points 
each, excluding darkened squares. Next, 

credi t squares adjacent to these with 4 
points. Continue this process until al l avail­
able squares have been exhausted or until 
the valu e of 1 has been assigned . This pro­
cess is executed independently for each 
target pawn . The last step involves credit for 
centra lization. The four most cen tral sq uares 
(d4, dS , e4, cS ) are credited with 3 points. 
The squares which surround these squares 
are credited with 2 points. The squares 
which surround those squares are credited 
with 1 point. Points are then removed 
from any square which is inaccessible 
to the White King. When this process has 
been completed, the credits are totaled 
for each square to provide a bonus map for 
th e Whi te King. This map is presented in 

Figure 3: Bonus map for the White King in 
the position of figure 7, based on a tech­
nique described by Church and Church (see 
references). A goal is established for a parti­
cular attacking piece, in this case the White 
King, and an iterative numerical technique is 
used to implement it. The goal is to encour­
age the White King to approach its own 
passed pawn and the target pawns. (A target 
pawn is an enemy pawn not defended by 
other pawns.) Numerical figures ofmerit are 
assigned to strategic squares close to White's 
passed pawn and Black's undefended pawns. 
Points are also awarded or subtracted for 
positional characteristics such as centrali­
zation of squares, etc. A type of flow 
algorithm assigns lower and lo wer values to 
squares in direct proportion to their 
distances from the strategic squares, avoiding 
any forbidden squares. The resulting map of 
numbered squares enables the King to find 
the right pathway by constantly searching 
for ascending values of squares whenever 
possible. 
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Figure 4: Another end game position, 
analyzed by the method of Church and 
Church in figures 5 and 6. 

figur·e 3. By applying th is bonus map to the 
term inal positions of the look-ahead search, 
the evaluation process will select a move 
sequence which causes the White King to 
gravitate in the proper dir·ection . In fact, 
the correct sequence of moves will be selec­
ted even if White is restricted to a 5 ply 
search each time a move is selected . The 
bonus map, though simple in concept, 
has ii tremendously beneficial effect. 

There is an additional point which needs 
consideration. In our exposition, we have 
assumed that the pawns remained stationary. 
If a pawn were to move, the bonus map 
would have to be changed . This is no t a 
major problem, however, since there are 
only a small number of positions that can 
result from pawn moves, and once the bonus 
map has been computed for· a given configu­
r·ation, it can be stored and used each time 
that configuration is encountered in the look­
ahead tree. For this reason, the calculations 
which are required will not be particul arly 
time consuming. 

Another example of this strategy is based 
on the position presented in figure 4. This 
is a slight modification of figure 6.7 from 
the chapter of Chess Skill in Man and 
Machine by Church and Church. To app ly 
our technique with respect to the bonus 
map for the White King it is neccssar-y to 
determine which squares are not accessible 
to the White King by virtue of pawn control. 
As before, these include squares occupied by 
White pawns and squares attacked by Black 
pawns. The relevant squares are dar-kened in 
figure 5. 

The next step is to locate passed pawns 

for White. There is only one and it is located 
at c6. The two squares diagonal ly in front 
of this pawn (b7 and d7) are credited with 
8 points. Squares adjacent to these squares 
which are not among the darkened squares 
in figure 5 are credited with 7 points. 
Squares adjacent to these receive 6 points. 
This process is continued until there are 
no more available squares or until the credit 
value of 1 has been assigned. The next step is 
to determine whether any Black pawns are 
potential targets. As before, a target pawn is 
defined as one which is not defended by a 
friendly pawn. In the present example, there 
are three candidates : the pawns at a6, d6 
and h7. For eac h pawn, the value of 5 is 
cred ited to the pawn's square and the adja­
cent squares. Then the value of 4 is credited 
to each adjacent square . This process of 
estab li shi ng a gradie nt of decreasing values 
from 5 down to 1 as distance incrc<tscs 
from the target is continued until the last 
values have b.een assigned. This is done for 
each targe t pawn and in each case, squares 
darkened in figure 5 arc always excl uded 
from the process. The last ass ignment pro­
cess is conducted for centralization, with 
center squares (d4, dS, e4 and eS) rece iving 
3 credits each and neighboring squares re­
ceiving 2 cred its. The squares one move in 
from the edge are assigned the value of 1 and 
then creel its are removed from any squ <ire 
which has been darkened. The final step in 
developing a bonus map for the White King 
is to total the credits for each square. 

The composite map is presented in 
figure 6. This set of bonus points will en­
courage the White King to move in the 
appropr iate direction. Without this strategy 

Figure 5: Forbidden squares for the position 
in figure 4. 

BLACK 

8 

7 

6 

5 

4 

3 

2 

a b c d e g h 

WHITE 

IJfHIJr)' 1979 ":.t llYTE Puhlic.i1ion11 lnr 133 



3.5 Megabyte Storage System 

BLACK 
Figure 7: A chess position which can be analyzed efficient­
ly by means of the coord ina tc square concept proposed by 8 

Ken Church (see references). In this approach, the Blacl? 
King must coordinate precisely with the White King in 7 

order to successfully de fend its pawns. The technique is 
6illustrated in table 7. 
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Figure 6: Bonus map for 
the position of figure 4. 
Without this map, an 7 7 
ply search would be re­
quired for the computer 
{White) to discover that 
the pawn at a6 can be 
captured. Using the map, 
only a 3 ply search is 
required. 
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an 11 ply search would be required for 
Wh ite to discover that the pawn at a6 can be 
captured. With the implementation of these 
attack gradie nts for the White King, how­
ever, the correct move can be selected with 
on ly a 3 ply search . As was the case in the 
previous examp le, the estab lishment of a 
pl an within the evaluation function produces 
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a goal directed search without requ iring an 
enormous look-ahead t ree. This increase in 
effic iency is highly desirable. 

Because the process is directed by the 
location of the pawns, changes in the map 
wi ll occur infrequently and therefore only a 
relat ive ly small number of bonus maps wi ll 
be required for any one search . Once a map 
has been calculated for a particu lar pawn 
configuration, it can be stored and used later 
whenever i t is needed. Although this strategy 
seems to work well in the examples we have 
presented, it is reasonab le to ask whether 
this procedu re wil l work in al l end game 
situations. Unfortunately, the answer is no. 

Consider the pos ition presented in 
figure 7. Th is is a famous end game problem 
which appears as diagram 70 in Reuben 
Fine's classic chess book, Basic Chess 
Endings (see references) . I t was analyzed 
in 1975 by Monroe Newborn to deter­
mine if his special end game program, 
Peasant, could solve it. After several unsuc­
cessful efforts, Newborn concluded that 
the problem would require about 25,000 
hours of processor t ime before a solution 
could be fou nd (see Chess 5/?i!I in Man and 
Machine, page 129). The problem is diffi ­
cult, but not as impossible as Newborn 
suggests. Because Peasant does not have a 
transposi t ion table, the program did not take 
ad van tage of the tremendous number of 
identical term inal positions which are 
encountered when an exhaustive search is 
made of th is posi tion. Because the pawns 
arc locked, the only moves which are pos­
sible arc King moves, and th is greatly in­
creases the potential number of 
transpositions. 

The position was submitted to North­
western 's chess program Ch ess 4.5 running 
on the CYBE R 176 system at Control Data 
headquarters in Minneapolis. David Cah­
lander discovered that Chess 4.5 cou ld solve 
the prob lem after a 26 ply search! This re­
quired ten minutes of processor time on the 
power ful CYBER 176. Although it is inter­
est ing to know that the problem can be 
solved by a brute force search, th is type of 
solution is not particularly elegant and it 
1·cqu ires a level of hardware sophistication 
that is not likely to be avai lable in the smal l 
system for a few years yet. 

The Coordinate Squares Approach 

What can be done to make this problem 
more manageable? I ntcrestingly enough, 
there is a rather neat approach to problems 
of th is type which has been examined in 
so me detail by Ken Church in his under-
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graduate thesis at MIT. Working with Richard 
Greenblatt as his advisor, Church applied 
the chess concept of coordinate squares to 
this position . The basic notion is that the 
Bl ack King must coordinate precise! y with 
the moves of the White King in order to 
successfu lly defend its pawns. For any 
particular square which the White King 
occupies, there are only a limited number of 
squares which the Black King can occupy 
and still hold his act together. 

In his thesis, Ken Church presents a fairly 
extensive ana lysis of King and pawn end 
games. For our present purpose, we wi ll 
limit our analysis to King and pawn end 
games in which the pawns are locked and we 
wi ll modify Church's approach to suit our 
conditiona l evaluation strategy . The major 
difference is that Chur·ch attempts to dis­
cover a complete solution to the problem 
using the coordinate squares idea. We pro­
pose, instead , to use the coordinate squares 
approach to provide the evaluation function 
with additional chess knowledge. With this 
modification, a ful I-width search of reason­
able depth can find the correct move. 

Using figure 7 as an example, the first 
step in this process is to determine which 
squares are denied to each of the Kings by 
the existing pawn configuration. By noting 
that each King cannot move to a square that 
is occupied by its own pawn or that is at­
tacked by an opponent's pawn, one can 
easily determine that squares a4, b4, c5, d4, 
d5, e4, e5, f4 and g4 are denied to the White 
King. Likewise, squares a5, b5, c5, c6, d6, 
e5 1 e6, f6 and g6 are denied to the Black 
King. Neither side has a passed pawn, but 
there are multiple targets, since none of the 
pawns are defended by friendly pawns. 

By applying the strategy described earlier, 
it is possible to calculate a composite attack 
map for the White King on the basis of the 
target pawns at a5, d6, and f5 and taking 
into account the centralization subgoal. The 
resu lting map for Fine's position is presented 
in figure 8. The squares without a number 
are the squares which are denied to the 
White King because of the pawn structure. 
Given the position of the White King (al), a 
shal low search using this attack map as part 
of the evaluation function would encourage 
the White King to approach the target pawn 
at a5 (eg: b2, c3, c4, b5, a5). If the Black 
King were more than five moves from a5, 
this sequence of moves would lead to suc­
cess. Given that the Black King is at a7, 
however, this plan is doomed to failure . In 
fact, the first move in the sequence, b2 1 is 
fatal and transforms a winning position into 
a draw. There are two important conclusions 
that fol low from th is discovery. The first is 
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Figure 8: Bonus map for the position of 
figure 7, a composite attack map for White 
based 011 the target pawns at a5, d6 and rs, 
and taking into account the centralization 
subgoal. 

that our simp le goal-gradient app roach does 
not always work . The second is that chess 
end games arc much more difficult than a 
novice player might suppose. 

Let us extend Ken Church's ideas and 
apply the concept of coordinate sq uares to 
this posit ion. First, we wish to assign each of 
the squares to one of three categories: under 
the influence of the Black King, under the 
influence of th e White King, or contested . 
To do this we compute the distance from 
each King to eac h sq uare, given the con­
straints imposed by the existing pawn st ruc­
ture. This Cl"eates two distance maps, one for 
the White King and one fo r the Bl ack King. 
For squares which are not accessible to one 
or both of the Kings, we assign a distance 
score based on the number of King moves re­
quired to reach that square by travel ing 
across accessible squares. Next, each square 
which is closer in moves to the Black King 
than to the White King and is not denied to 
the Black King is ass igned to Black. Each 
square which is closer to the White King 
th an to the Bl ack King and is not denied to 
th e White King is assigned to White . The re­
maining squares are assigned to the con­
tested category. The results of this proce­
dure are summarized in figure 9. The squares 
assigned to Black are indicated by the letter 
B and the squares assigned to Wh ite are in­
dicated by a W. The blank squares be long in 
the contested category. 

If the territory under the influence of 
either Kin g is adjacent to an opponent's 
pawn, the contest is esse ntia ll y settled since 
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Figure 9: The square control concept applied to the position of figure 7. 
Each of the squares is assigned to one of three categories: under the influence 
of the Blac!? King, under the influence of the White King, or contested. To 
do this, the distance from each King to each square is computed, given the 
constraints imposed by the existing pawn structure. Each square closer in 
moves to the Black King and not denied to the Blac/? King is assigned to 
Black, and vice-versa. The remaining squares are labelled as contested. 
Through a complex series of manipulations and the use of so-called frontier 
squares (see text), White is actively directed to attack Blac/? 'spawns using the 
strategy of t1ying to prevent Blac/? from moving onto strategic coordinate 
squares which are vital to Blacl? 's defense. 

BLACK 

0 b c d e g h 

WHITE 

that pawn would be open for capture. Since 
this is not the case for the present posit ion, 
we wish to define a spec ial category of 
squares call ed frontier squares. A frontier 
square is any square under your influence 
that is adj ace nt to an accessible contested 
square or is ad jacent to an accessible square 
un der the influence of th e opponent. 

For the position cli agramecl in figure 7, 
the frontier squares for Wh itc arc c4 and h4. 
The next step is to determine, fo1· each of 
these fron tier squares, the se t of squares 
under Bl ack 's influence wh ich, if the Bl ack 
King were located on that square, wou ld 
prevent the Whi te King from moving from 
the Fron tier square to any of the con tested 
squares or to any of Black's squares. For the 
frontier square at c4, the Black King would 
have to be at either a6 or b6 to prevent the 
White Kin g from penetrating to b5. For th e 
front ier square at h4, the Black King would 
have to be at g6 or h6 to prevent penetration 
by the White Kin g. (Note that th e BI Jck 
King coul d not legal ly be at h5 if th e White 
Ki11g we re at h4 .) These defense squares for 
Black can be determi ned by th e machine by 
placing the White King on the front ier 
square and co nducting a shallow tree search 
with Wh ite to move first and determining 
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emp iri ca lly which locations for th e Black 
King successfu lly repel the invader. 

The next step in this process is to deter­
mine the shortest distance between each pair 
of frontier squares. For the presen t position, 
there arc only two frontier squares and th us 
one min im al distance . Five King moves arc 
required to travel between the two frontier 
squares. If Black is to be successful in de­
fending, the Black King mu st be ab le to 
move fro m a defense square for h4 to a 
defense sq uare for c4 in th e same number or 
in fewer moves than it takes the Wh ite King 
to tr·ave l between th e two frontie r squares. 

For this reason, each sq uare in Bl ack's 
defense set for c4 must be five or fewe r 
moves from one of the defense sq uares for 
h4. Also, each squ are in the defense set for 
h4 must be five or fewer moves from one of 
the defense sq uares for c4. Th is req uirement 
places a further restriction on those sq uares 
which satisfy the necessary defense condi­
tio ns. One wil I note th at a6 is six moves 
from the nearest square in the defense se t 
for h4. Also, h6 is six moves fro m th e nea res t 
square in the defense set for c4. Therefore, 
the true defense se t for c4 contain s only b6 
(a6 will not suffi ce). The true defense se t 
for h4 con tains only g6 (h6 wi ll not suffice). 
Thus, we have dete rmined that when the 
Wh ite King is on c4 and has the move , there 
is one, and onl y one, coo1·dinate square for 
the Black King (b6). If the Whi te King is 
on h4 and has the move, there is one, and 
only on e, coordinate square for the Bl ack 
King (g6). 

The next step is to ge neralize thi s analysis 
to squares in Whi te's terr itory which are 
immediately adjacent to the frontier squares. 
In this case, squares b3, c3, d3, g3 and h3 . 
The square at b3 is one King move fro m the 
frontier square at c4 and six moves from th e 
frontier square at h4 . If the White King is at 
b3 , therefore, the Black King must be on a 
square which is si multaneou sly one move 
from b6 and six or fewer moves fro m g6 . 
Th e squares which satisfy this co ndit ion (ie: 
the coordin ate squ ares for b3) are a6, a7, b7 , 
and c7 . This same set of calculations can be 
made for the other adjacent squares. The 
coord inate squares for c3 are b7 and c7. For 
d3, th ere is only one coordinate square, 
namely c7. Since the White King can move 
directly from c3 to d3 and Black must move 
to c7, and only c7, to maintain his defense, 
it is not possi ble for him to be on c7 when 
the White King is on c3. If he were, he 
would not be able to move when White 
moved from c3 to d3 and stil l satisfy the de­
fe nse requirements. For this reason , onl y 
square b7 is sufficient for Black when White 
is on c3 . In addition, since b3 is adjacent to 
c3, the coordinate square for c3 is not ava il ­
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able for b3. Thus the set for b3 is further re­
stricted to a6, a7 and c7. 

If we examine g3, we will discover that 
it is one move from the front ier square at h4 
and four moves from the frontier square at 
c4 . This implies that the Black King must be 
on a square which is one move from b6 and 
four or fewer moves from g6 . There are on ly 
two squ ares which satisfy this requirement, 
namely, f6 and f7. Therefore we can con­
clude that no square other than f6 or f7 will 
serve as a coord inate for g3. When we ex­
amine h3, we will find that there are three 
potenti al coordinate squares: f6, f7 and g7. 
Si nce this set shares f6 and f7 with the 
defe nse squares for g3, further restrictions 
are implied. It is not possible for the same 
square to serve as a coordinate square for 
two ad jacent squares since it is not poss ible 
for Black to pass when it is his turn to move. 
Therefore if f6 is assigned to h3, then f7 
must be assigned to g3. If f7 is assigned to 
h3 , then f6 must be assigned to g3. 

The next step in this process is to deter ­
mine the set of coordinate squares for each 
square on the mi nimum pathway (s) between 
the two frontier squares for which the coor ­
dinate squares have not yet been deter­
mined . The new squares are e2, e3, f2 and 
f3 . By fol lowing the same analysis as before, 
we can determine that the coordinate 
squares for e2 and e3 are d7 and d8 . The 
coordinate squares for f2 and f3 are e7 and 
e8. Because of the adjacency restrictions, the 
assignment of one of these val ues automati­
cally restricts the other square to the remain­
ing value. 

The results of our coordinate square 
analysis are summarized in table 1 . When it 
is Black's turn to move and White has moved 
to one of the sq uares listed in the table, 
Black must be able to move to a coordinate 
square. For this reason, the eva luation func­
tion for the machine can be modified to give 

Square of the Coordinate Squares for the 
White King Black K ing 

b3 a6, a7, c7 
c3 b7 
c4 b6 
d3 c7 
e2 d7,d8 
e3 d7,d8 
f2 e7 , e8 
f3 e7.e8 
g3 f6, f7 
h3 f6 , f7, g7 
h4 g6 

Table 7: Results of the coordinate square 
analysis for the position of figure 7. Shown 
are the potential squares for the Blacl? King 
which de fend against the White King's 
threats when it is White's tum to move. 

http:assetnbly)-$39.95


a bonus of 20 points to White for any term i­
nal position in the look-ahead tree where it 
is Black's turn to move and the Black King 
is more than one move from a necessa ry 
coordinate square. If it is White's turn to 
move, a 20 point bonus will be awarded to 
any tenninal position in the look-ahead tree 
where Black is not located on a necessary 
coordinate square. 

Let us consider how this in combination 
with the White King attack map (figure 8) 
will affect the outcome of the look-ahead 
search. The machine will try to find a path­
way to squares c3 or d3 because their attack 
value of 7 is higher than any of the sur­
ro unding squares. Even better would be a 
pat hway to c4, since its attack value of 10 is 
larger than 7. In each of these cases, th e 
machine will also try to satisfy the condition 
that Black cannot be on a proper coordinate 
sq uare when the Wh ite King reaches c3, d3, 
or c4 so that the additional 20 point bonus 
is also earned. In attempting to do thi s, it 
wil l find that if the White King moves from 
al to either a2 or b2 on his first move, the 
20 point bonus wil l be lost forever . The rea ­
son is that eith er of these moves allows the 
Black King to coord inate and , because of 
the min imax strategy, the tree search will 
always assume replies for Black which main­
tain this coordination. If the White King's 
first move is to square bl, the Black King 
cannot coordi nate and the 20 point bonus 
will still be available at some of the terminal 
positions in the tree. It is not surprising, 
therefore, to find Reuben Fine advising that 
K-Nl is the only move for White which pre­
serves the win. 

In order for the machine to find this 
move, assuming that both the attack map 
and the coordinate squares in formation are 
incorporated in the eva luation functio n, a 
search of nine plies is required. This is a tre­
mendous improvement over the 26 ply 
search req uired by the unmodified program. 
In order to actuall y win a Black pawn, the 
White King must move to c3 or c4 with 
Black not in coordination an d make a 13 ply 
look-ahead search. If the White King moves 
to d3 with Black not in coordination, an 
11 ply search wi ll suffice. In order to pre­
vent a draw, White will avoid repeating 
ident ica l positions and thus wi ll eventually 
travel to e3. From th is vantage point, the 
win of a pawn can be visualized with a 9 ply 
search. Therefore, the problem could be 
so lved by the machine if it searched to a 
depth of nine plies for each move calcul a­
tion. With a program such as Chess 4.5, a 
9 ply search for th is position can be con­
ducted in less than two minutes on even a 
medium power computer. 

The procedures which we have described 
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IDS now supplies quality order necessary. Just 
cables with mole to mole. phone or moll In your 
male to female. or female orders. Special coble 
to female connectors In 5. configurations also 
10, 15. 20. 25, 30, 40 & 50 available. Immediate1foot lengths. No minimum · delivery from stock. 
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7 Wellington Rd.• Lincoln, R.1. 02865 ll'q]l INTERNATIONAL 
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capab ililv al incredible package prices. 

USR-310 Or iginale Acous1ic Coupler + Teleiype Mod el 43 KSR =S1195 
USR -330 Origina1e/Aulo-Answer FCC Certif ied Modem 
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U.S. ROBOTICS, INC. 
1035 W. Lake St/Chicago, IL 60607/(312) 733-0497 
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arc applicable to a wide range of end game 
positions. The coordin ate squares analysis 
demonstrates that even highly complex end 
game posi tions are manageable when the 
full-width search employs a sufficient ly 
knowledgeable evaluation fu nction. Al­
though the examples we have di scussed en­
compass only a few types of chess positions, 
we hope that the reader will envision the 
power which is potentially ava il ab le when 
the evaluation fu nction is modified to incor­
porate relevant chess knowledge. The imple­
mentation of this ap proach on a broad scale 
should eventual ly produce chess programs 
which can be run on medium power ma­
chin es and still compete on equal terms with 
strong human players. 

Quiescence 

Another important area fo r the applica­
t ion of chess knowledge is the prob lem of 
quiescence. It is essential that the stat ic eval­
uation funct ion not be applied to a turbu­
lent position . If the next move has the 
potential to produce a major perturbation 
of the situation, the eva luation which is ren­
dered will not be accurate. For example, it 
makes little sense to apply a static eva luation 
function in the mid die of a piece ex change 
or when one of the Kings is in check . In each 
case , the judgment which is rendered will 
not be reliable . For thi s reason Chess 4.5 
presently goes beyond the predetermined 
search depth at "terminal" posit ions where a 
capture might be profitable for the side 
whose turn it is to move, where ce rtain types 
of check ing moves are poss ible, or where a 
pawn is on the seventh rank. Th is ex tended 
search facil ity is called the quiescence 
search, and its major objective is to produce 
reasonably stat ic positio ns for which the 
evaluation function can provide accurate 
assessments. 

A weak ness of th is presen t implementa­
tion is that the definition of a tu rb ulent 
position is much too narrow. There arc 
many situations in addition to capture 
threats, checks on th e King, and pawn pro­
motion threats which are clearly tu rbulent. 
Lar ry Harris has characterized some o f these 
in chapter 7 of Chess Skill in Man and 
Machine. Har ris includes in th is category 
positions which in vo lve a pawn lever, a back 
rank mate threat, or sacrifice potential. The 
interested reader can consult Harris' chapter 
for operational definitions of these patterns. 
It is essential to note that these and other 
important patterns are not easi ly detected. 
In each case, a fa irl y sophisticated paltern 
analysis capability is required. A reasonable 
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goal for improving the present forward 
search chess programs wou Id be the develop­
ment of an efficient procedure for detecting 
potential sources of turbulence. The central 
objective would be to use this information 
as one of the decision criteria for terminat­
ing search at a node. If the position is not 
quiescence in respect to a potential perturba­
tion which has been detected, the look­
ahead process should be continued. 

For example, during the opening when 
the machine leaves its library with informa­
tion that the control of a particular square is 
an important objective, the decisions about 
search term in ati on can consider whether the 
position is quiescent in respect to perturba­
tions which might influence control of the 
key square. An0ther example of this idea 
involves the end game. If the preliminary 
analysis indicates that a particular pawn 
should be an attack target, the decision for 
search termination shou Id consider whether 
each position is quiescent with respect to 
th is goal. Positions at the predetermined 
depth level will be evaluated only if all po­
tential attackers are more than two moves 
away from the target. When one or more 
attackers are close to the goal, the search 
process will be continued to determine if 
capture is feasible. This modification of the 
search process introduces a goal directed 
selective search at the terminal positions of 
the full-width tree. The addition of several 
extra plies of search at relevant nodes in the 
tree can mean the difference between find­
ing and just missing an important continua­
tio n. This type of faci lity is difficult to 
implement and difficult to control properly , 
but the potential gains are such that the 
effort is worthwhil e. 

Establishing Appropriate Goals 

In order to implement this goal direction 
feature in the evaluation function and qui­
escence search , it is necessary to recognize 
that a goal which may be of paramount 
im portancc at the base node of the look­
ahead tree may no longer be relevant at 
some of the termin al nodes. Intervening 
moves may accomplish the necessary goal 
or may alter the situation suc h that it is no 
longer possible. In these cases, the condi ­
tiona l evaluation function would be directed 
at an inappropriate goal. One way to deal 
with this problem would be to select goals 
which were both general and long range. In 
this case, they should continue to be rele ­
vant at the terminal nodes of the look-ahead 
tree. Unfortunately, this is a fairly severe 
limitation on the goal directed search and is 

Give your computer its "Freedom of Speech" w ith the COMPVTAU<ER 
CT-1 Speech Synthesizer. Under software control. soundsare defined 
in real time. These parameters. transmittec from your computer at 
high speec, enables the Model CT-1 to produce highly intellig ible 
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Only COMPUTALKER gives you a choice of two different sottware­
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Why

Pay More? 


Why pay for more printer than you need? Our 
series 40 printers offer more features for less 
bucks than any other commercial quality printer 
on the market today. A complete stand-alone 40 
column impact dot matrix printer with a 64 
character ASCII set. Includes power supply, 
casework and interface electronics. Single 
quantity price for the parallel ASCII interface 
model is $425. Serial RS232/current loop 
interface models start at $575. OEM discounts 
available. 

For more infor­
mation write to: 

MPI 2099 West 
2200 South, Salt 
Lake City, Utah 
84119 or call (801) 
973-6053. 

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 LSI· 11 on one DUAL SIZE BOARD. When 
requested , 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 . The correct 
date and time will be there when you power up. 

The TCU-500 is shipped preset to your local time , but can be set 
to any time you want by a simple software routine . 

AT $295 

YOU CANT AFFORD TO IGNORE TIME 


T ime is only one way we can help you upgrade your LSl -11 or 
PDP-11 system. We'd also like to tell you about the others. So 
contact Oigltal Pathways if you 're into -11 's . We are too. 
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therefore not desirable. A second approach 
would be to apply pattern analysis at each 
terminal node instead of at the base node 
only. In this case, the goals which were 
selected would always be relevant to the 
position. This procedure would be very time­
co nsumi ng, since feature ana lysis is a com­
plex process. The essential aspect of the 
problem is a time relevance tr ade-off in 
which a guarantee that relevant goals arc 
being pursued requires a heavy investment in 
additional computing time. The third and 
most reasonable approach would be to desig­
nate which features of the position arc 
crucia l to each particular goal and to incre­
mentally update our goals (and thus the 
evalu ation function and the decision rules 
for the quiescence search) whenever these 
features change. This is a highly soph isti ­
cated approach which would be difficult to 
implement. 

Conclusion 

Let us summarize our conclusions and 
re late them to the wor ld of person al com ­
puting. We have attempted to argue that a 
full-width search strategy is feasible with a 
sm all computer, and th at ultimately this 
approach will produce better chess than a 
selective search strategy. For this plan to be 
successful, it is necessary to employ software 
and hardware suited to the task . The soft­
ware must incorporate recent improvements 
in tree searching strategy (ie: er.-~ pruning, 
the capture and killer heuristics, iterative 
searching, staged move generation, incre­
mental upd ating, serial eva luation and trans­
position analysis) as well as other refine­
ments such as conditiona l eva lu<1tions which 
provide goal direction to the search process. 

On the hardware side, it is necessary to 
have a reasonably powerful system. Al ­
though there have been a number of recent 
efforts to program microprocessor systems 
to play chess, the games which have resulted 
have not been compa rable to those pl ayed 
by estab lished large system programs. Al­
though it is quite an accomplishment to pro­
duce even rudimentary chess from a micro­
processor system, the level of play to date is 
not very encouraging. An example of th is 
type of game appeared recently in M<1rch 
1978 BYTE, "Microchess 1.5 versus Dark 
Horse," page 166. 

The type of chess program described in 
th is article rcqu ires reaso nab ly powerful 
hardware in order to provide an interesting 
game. Because of the many operations re­
quiring bit map manipulation , a 16 bit pro­
cessor is much more desirable th an an 8 bit 
processor. It is more efficient to represent 
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a set of 64 squares with four 16 bit words 
than with eight 8 bit words. With a need for 
computing power in mind, one might select 
a microprocessor system based on one of the 
new high-speed 16 bit processors such as the 
Zilog Z-8000 or the Intel 8086. In addition, 
this type of program will require quite a bit 
of memory. The program itself will require 
about 20 K bytes and the transposition 
table, if implemented , wi ll need at least 
another 20 K bytes . If the programmer plans 
to add chess knowledge for conditional eval­
uations, a total of 64 K bytes is desirable. 
An opening library which is sufficient to 
keep a skilled opponent on his toes requires 
disk storage. 

These considerations may dampen the 
enthusiasm of many would-be chess pro­
grammers. On the other hand, a real is tic 
orientation at the sta1·t cou ld save a great 
deal of grief along the way. When imple­
mented on fairl~1 soph isricated hardware , our 
demonstration chess program will usually 
provide a reasonab le chess move after two 
or three minutes of computation . If more 
time is available (eg: selecting a move for a 
postal chess game by letting the machine 
"think" for several hours). a fairly respect­
able level of play can be anticipated. With 
future hardware improvements, this type of 
program may soon become reasonably com­
petitive at tournament time limits, even on 
a personal computing system.• 
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IPS, An Unorthodox 


High Level Language 


About the Author and IPS 

Karl Meinzer is a research physicist at the University of Marburg, 
in West Germany. He is a member of a very small, worldwide group of 
amateur satellite builders, who find an organizational home in the 
AMSA T project and its ties to the amateur radio community as well as 
various space agencies. Karl is the principal system designer for the high 
orbit "OSCAR" amateur radio satellites soon to be launched. His func­
tions include the mechanical design, RF system design, computer 
system design and software design of the vehicle. !PS was developed 
in order to provide the AMSA T organization worldwide with machine 
independent OSCAR ground station software to be run on the typical 
project member's computer. The spaceborne version of !PS will run on 
an RCA 1802 processor in orbit, with 4 K (hopefully 7 6 K if tech­
nology becomes available) of on board mem0ty and a radio communi­
cations bootstrapping method for loading from the ground control 
station. After the satellite is launched, /PS may indeed be one of the 
highest flying high level languages around. 

Dr Karl Meinzer It seems to me that the general confusion 
Hoehenweg 38 and lack of orientation regarding the best 
355 Marburg 1 high leve l langu age for microcomputers is 
WEST GERMANY caused by the combination of two problems: 

1. 	There is a ma1·ked lack of stated ob ­
jectives regarding such a language. 

2. 	It is tacitly assumed that the ease with 
which a fea ture can be added Lo a lan­
guage is enough justification for add­
in g the feature . 

Let us look at the first point. In my 
ex perience, the te1·m high level language 
has nea rly the same meaning as "problem 
oriented" language. But oriented to what 
problems? It may help to classify computer 
app lications into three large areas : 

• 	 Mathematical problem solving: Here 
th e amount of data to be processed 
is usual ly small, but the data are sub­
jected to relatively complicated nu­
mer ical operations requiring high accu­
racy and diversity . 

• 	 Commercial data processing: Here 
large amounts of data are subjected 
to relatively simple procedu1es. Appro­
priate file handling techniques are 
essential. 

• 	 Engineering applications in the wider 

sense: By this I mean process control, 
systems programming, games, Al, 
robotics and any processes interacting 
with the real world. Programs in this 
area are characterized by moderate 
amounts of data and accuracy require­
ments. However, these programs usu­
ally have rather complicated flow of 
control. 

I think that much of personal computing 
would fall into the third class. On the other 
hand, the programming languages advocated 
so far were really created for the first two 
groups. To complicate things further, a 
good programming language not only has 
to be optimum for the intended problem 
area, but it also has to appea l to the humans 
using it. After all, the purpose of a program­
ming language is to be a tool of communica­
tion between the human way of under­
standing a problem and the unambiguous 
way a computer needs the problem to be 
explained. Here of course many different 
opinions are to be expected, particularly be­
cause there is a positive feedback mechanism. 
By using a given language, one adapts to 
its idiosyncrasies and then, in all truth , can 
claim the "superiority" of that language. 
Nevertheless, I feel there are some language 
properties that would hardly be considered 
controversial. They can be best expressed 
by some buzzwords : top down design, 
structured programming, modularity and 
good se lf-documentation . These properties 
are particul arly important in problem areas 
where the intelligence of the program resides 
in the flow of control. 

The second problem may be explained 
by having a look at the competitive environ­
ment in which languages are created . lf a 
company wants to express the superiority of 
their product, what better way than to claim 
to have more language features than th e 
other guy. With this approach to computer 
languages lots of problems are created. The 
added features not only require additiona l 
implementation effort and an increase in 
the amount of hardware required (ie: 
memory), but they also make the language 
mentally less manageable, both from the 
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A Bit ol the BASIC 

---Computer Resource Book-Algebra by 
Thomas A Dwyer and Margot Critchfield is 
an exciting new way to learn about algebra 
and the interesting things you can do with it 
using a computer. The book uses the BASIC 
language, and flowcharts are used through· 
out to show the structure of programs. 
There are 60 applications programs inclu ­
ding straight line graphs, polynomial equa­
tions, a space probe navigator, temperature 
profiles, computer generated animation, the 
ultramatic root finder, random number 
generation and many more. Although it 
is particularly suitable for students, just 
about everyone will find some intriguing 
and easy to use applications in this enter· 
taining book . $5.20 . 

---Introduction to Computer Program· 
ming by Rudd A Crawford Jr and David H 
Copp . Here is an excellent way to learn 
about the general aspects of computer pro· 
gramming. Introduction to Computer Pro­
gramming makes use of a hypothetical com­
puter model and set of assembly language 
instruct ions designed to help the beginner 
see what goes on in computer programs. 
The emphasis throughout is on general 
principles; such concepts as loops, decisions, 
flowcharts and 10 routines are covered in 
detail. The book also provides many ex­
ample problems and prompts the reader by 
posing several quiz questions. Anyone who 
masters its contents will have a solid faun· 
dat ion for the study of practical assembly 
and high level languages. It is especially 
recommended for students, but just about 
everyone new to the subject should profit 
from it. $4 .80 . 

--- Basic BASIC by James S Coan . If 
you're not already familiar with BASIC, 
James Coan's Basic BASIC is one of the 
best ways to learn about this popular 
computer language. BASIC (which stands 
for Beginner's All-purpose Symbolic I nstruc­
tion Code) is easy to learn and easy to apply 
to many problems. Basic BASIC gives you 
step-by-step instructions for using a ter­
minal , w riting programs, using loops and 
lists, solving mathemati cal problems, under­
standing matrices and more . The book con­
tains a wealth of i llustrations and example 
programs, and is suitable for beginners at 
many different levels. It makes a fine refer· 
ence for the experienced programmer, too. 
$8.95. 

- --Advanced BASIC by James S Coan . 
Advanced BASIC is the companion volume 
to James Coan's Basic BASIC . In this book 
you 'll learn about some of the more ad­
vanced techniques for programming in 
BASIC, including string manipulation, the 
use of files, plotting on a terminal, simula· 
tion and games, advanced mathematical 
applications and more. Many useful algor­
ithms are covered, including some clever 
sorting techniques designed to reduce 
program execution time. As with Basic 
BASIC, there are many illustrative example 
programs included. BASIC doesn't have to 
be basic with Advanced BASIC! $8.95. 

---A Guided Tour of Computer Pro· 
gramming in BASIC by Thomas A Dwyer 
and Michael S Kaufman. Colorful graphics 
abound in this lively introduction to the 
BASIC language. The authors have tried 
to present a rigorous, yet entertaining 
approach to the subject. Written for the 
novice, A Guided Tour begins with a 
section on how to recognize a compu ter, 
followed by some tips on working at a 
terminal. By the end of the book readers 
are writing their own programs and solving 
elementary problems in finance and busi ­
ness. The emphasis throughout is on lear­
ning by doing. Anyone interested in com· 
puter programming should benefit from 
A Guided Tour of Computer Programming 
in BASIC. $5 .20. 

--Some Common BASIC Programs by 
Lon Poole and Mary Borchers, published by 
Adam Osborne and Associates. Here's a 
single source for all those hard to find 
mathematics programs! Some Common 
BASIC Programs combines a diversity of 
practical algorithms in one book: matrix 
multiplication, regression analysis, principal 
on a loan, integration by Simpson's rule, 
roots of equations, operations on two vec· 
tors, chi -square test, check writer, geometric 
mean and variation, coordinate conversion 
and a function plotting algorithm. These 
are just some of the many programs in· 
eluded. For only $8 .50 you can buy the 
kind of programs previously available only 
as part of software math package systems 
for large scale computers. All the programs 
are written in a restricted BASIC suitable 
for most microcomputer BASIC packages, 
and have been tested and debugged by the 
authors. New, 2nd edition, only $8 .50. 

The Textbook... A Full Debugging Monitor... 
18 Chapters (481 pages) of solid, accurate program· 
ming information, by Walter J Weller . 

Not a simple ROM monitor. Contains facilities for 
breakpointing, modification of pseudo registers and 
much more . 

The Assembly Program (easily worth $100. by itself). .. 
All this for the amazing price of $29.95. 

The full source listing of a combined editor/as· 
sembler which supports the language used. This 
language uses 8080 mnemonics. and is resident in 
less than 1 OK of RAM. 

And by the Way .. . 
When the coupon in the book is filled out and re­
turned, the object programs of the editor/assembler 
and debug are shipped FREE! 

For your convenience in ordering, please use this page plus the 
order form on page 99. You may photocopy this page . 

Books to erase the impossible 
DIAL YOUR CHARGE CARD 0 ROERS TOLL FREE 

(800) 258-5417. 1·•1~ 
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BUILDING BLOCKS FOR 

MICROCOMPUTER SYSTEMS, 


CONTROL & TEST EQUIPMENT 
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R2 110 
2K ROM 2 KRAM 


3 SE RIAL PORTS 1 PARALLEL PORT 


TABLE TOP MAINFRAMES 

RACKMOUNT CARD CAGES 

POWER SUPPLIES, CPU's, 

MEMORY, OEM VARIATIONS 


SPECIALIZING 

IN 


QUALITY 

MICRO­


COMPUTER 

HARDWARE 


INDUSTRIAL 

EDUCATIONAL 


SMALL BUSINESS 

PERSONAL 


ELECTRONIC 

CONTROL 


TECHNOLOGY 

763 RAMSEY AVE. 

HILLSIDE, N.J. 07205 

(201) 686-8080 

• S.100 BUS INTERFACE 
• 6 SLOT MOTHERBOARD 

Ttv-11i100 ..u.-.. .. Hiod"'Sh11&·k Tfl.....,.,ln1111j1<.11nr1 nhr 
lntf"rf111, .,Jt.-1 t hl"p!1pilll.Dt S- lli l l\u. (lllr 1,,.,,in,>f}"1>•p1tn• •nn 
11R'd l'lltrnd..d I 0 cap11hiliu e. J"iw H:ampl<I', )'OU u.n nuw 
r$I) ••kt """"' lnl'ma~ n!Jf)r J" dnc: ~)'1rm• . PHOM 
~rd-. l:'flfl lcf ll\lf'rl'-11'"" n1ul 1 1-pu~ 1,0 bo;mh. 1\( ' 
d.n··~ ~11.r.1l kri1, "''d ..... hnt.. ,_, ul 1it.llC't <rw t '"-1 ....11jlf1· 
t'RI" 

TM 111100 hu 111< cnrn bu1l l·in 11 to-lilt mlllhnh1111nl •hwh 
111ch1d1... 111.11 11""1 '"' cant cui..t.- ~)>l<.'m which llft'J'" th.o 
Wa.r.t..~d"·ltpl;ror.... 

T11rM 100~0iU1ipwtio1tt11ii 1 ')'11tt11....,.. ,,i,. (rit r lri.;b 1 
lfil\ d yn11mK JLU.I rhi.- a llr.... 111« >...,. tn ,,,1pa.111.l 1h.. ltl~l'll ­
Ol'}" of)·uur TRS-80 b) llU< wi1hm11 h llvinr1ot1U,' any S•lllfl 
k.i\)1 h•i.~rd ~ 

PRICES START AS LOW AS S185• (S-100 BUS INTERFACE ONLYI 

!IUHI 

• ELECTRONICS 
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1429 Maple St. 
San Mateo, CA 

94402 
(415) 573-7359 

• SPACE FOR 16K OYN4MIC RAM 

• C4N USE LEFT OVER 4K CHIPS 

• LOW COST- PRICES START AT $185• 

• AVAILABLE IMMEDIATELY 
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pi::..1111..- .u1d nr11.i111·1· ••till"' 1111m1~ ..a1td •111111111• .11 11d 11 •• ~ 1 · 
plt'r.1) c.f1tn..-.. r .11>.i h1lll>" 

CALL O R WRITE FOR COMPLETE PRICING 
INFORMATION AN O MOAE OEJAll.S 

THE 8100 1$ AVAIL.lliE.11..C FnOtA LE ACING 
COMPUtEF\ OCAt.fAS 0A FACTOR¥ OIRECT 

DEALER INQUIRIES INVITED 
•E•trnS· I DOClll"TillClor'!t.. RAM~. 


IOOl~'YOQt>On."11 

USA 001.lE.STIC P'RICE: O"ll~ 


user's and the implementer's points of view. 
In my opinion , PL/ I, desp ite al l its virtues , 
is a good example of where this philosophy 
leads. 

We Need Extensibility, Not Features 

It is noteworthy that the need of feat ures 
in languages arises in the first place because 
of their restrictive nature. In the uaditional 
data processing environment with many 
independent users, this is justified by havi ng 
to prevent inadvertent interact ions. Bu t in 
the personal area, with typically only one 
user per computer, one may take a much 
more liberal attitude. If one user bombs, 
nobody else suffers. So instead of packing 
a language with features, it makes much 
more sense to provide only those capabi lities 
which will be required in, say, 70% or more 
of all programs. In addition the language 
should contain means to extend itself. 
Thus, it will be possible to add additional 
capabilities, if requi red . Another hol y cow 
in 	 high level languages is the use of alge­
braic notation. Because it is re lat ivel y 
easy to implement, its desirability is hardly 
ever investigated. Adm itted ly, expression s 
in 	 reverse Pol ish notation are somewhat less 
r·eadab le th an th e equivalent algebraic 
forms. 

However, look what you gain by the 
exp li cit presence of a stack : 

• 	 Parameter passi ng between program 
modules becomes extremely simple. 

• 	 Th e problems regardi ng the initializa­
tion and range of validity of variables 
in bloc ks disappear. Local vari ables 
are ke pt on the stack wi thout a name ; 
on ly global variables are named. 

• 	 With variab les there is a clear distinc­
tion between th e " pot" and the 
"content of the pot. " The explicit 
avai lability of addresses enables very 
fancy poi nter calc ul at ions. 

• 	 Tes ting of program mod ul es is ex­
tremely simple. By manually supply ­
ing parameters on the stack and ob ­
se1·ving th e results, debugging is a 
sn ap. 

• 	 The language becomes co mplete ly pro ­
cedu ral and the statements are exe­
cuted strictly in the order in which 
they are written down. Th ere is no 
guess ing or experimental progra mm in g 
to learn what th e compi ler wi ll do to 
you r program . 

hope th at these points show th at the deci­
sion - reverse Polish notation or algebraic ­
should not be a closed matter. 

http:AVAIL.lliE.11
http:J.anu.uy
http:thl"p!1pilll.Dt
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Another point often overlooked is the 
fact that the language itself is onl y part of 
the total acceptability of an approach . 
The amount and ease of handling are at 
least as im po rtant. A compiler requiring 
five passes before an executable code is 
produced hardly could claim to be very 
convc n ient. I feel it is highly desirable that 
a system should be interactive. This goal 
includes the requirement that a compiler 
should only require a si ngle pass; incre­
mental compilation wi th an interpretive 
mode shoul d be avai lable to simplify de­
bugging. Usual ly this translates into the 
fact th at objects need to be defined before 
they can be referenced, a small penalty fo r 
a much more transparent system . (Probably 
the wide acceptance of BAS IC and APL 
is based on their interactive handling desp ite 
their mismatch to engineering problems.) 
Also, note that a fast single pass translation 
system eliminates the need for code re­
locatability. Instead of relocating binary 
objects, one simply translates the source to 
a new position in memory ; there is no sep­
arate loading process. 

If one takes the points above as an out­
line for a language design, it turns out that 
amazingly few degrees of freedom are sti ll 
left. The main remaining work is selec ting a 
suitable set of primitive functions, fro m 
which the language is built. Th is cannot be 
done arbitrarily, as a lot of feedback is 
necessary from actual problems utilizing the 
language . Only that way can one assure that 
the instructions are powerful and self­
documenting in a reverse Polish notat ion 
environment. Most importantly, the lan­
guage should have as few underlying rules as 
possible; an d these ru les should be ap pl ied 
without excepti on. 

An imporran t question relates to the 
optim um im plementation technique to be 
used. Essential ly three approaches are possi­
ble. BASIC an d APL are generally 1·ealized 
as interp1·eters. Classical interpreters are 
rather slow because the program has to 
be analyzed at execution time. The other 
approach, the com pi lers, produces mach ine 
code which executes without syntax and 
semantics analyzing overhead ; al though a 
good optimizing compiler usually is bulky 
and requires large amounts of memory. 
Otherwise, the code produced is less than 
optimal if the com piler is simple. 

A third approach tries to combine the 
best of both tec hni ques . It uses a set of high 
level instructions defined by code rout ines. 
A compi ler produces a pseudocode, treating 
these code routines as the instruction set 
of a virtual high level machine. Since these 

Send us $2. 
We'll send you the 
latest microcomputer 
catalogue from 
Computer Enterprises: 

Computerlogue '78 

Special! With your new 
Computerlogue '78 
we'll also send you a 
credit coupon worth $3 
on your first order of 
$20 or more. 

~TM 

P.O . Box 71 


Fayetteville, N.Y. 13066 

(315) 637-6208 
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Retro-Graphics™ 


TERMINALS FROM TRANSNET 
~ 

PURCHASE 

12-24 MONTH FULL OWNERSHIP PLAN 


36 MONTH LEASE PLAN 

PURCHASE PER MONTH 

DESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS. 

DECwriter II ..... . ....$1 ,495 $145 $ 75 $ 52 
DECwriter Ill, KSR . . . . 2, 195 210 112 77 
DECwriter Ill, RO . . . . . 1,995 190 102 70 
DECprinter I . . . . . . . . . . 1, 795 172 92 63 
VT100 CRT DECscope 1,595 153 81 56 
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 
QUME, Ltr. Qua I. KSR . 3, 195 306 163 112 
QUME, Ltr. Qual. RO .. 2,795 268 143 98 
ADM 3A CRT.. .. .. . .. . 875 84 45 30 
HAZELTINE 1400 CRT. 845 81 43 30 
HAZELTINE 1500 CRT 1,195 115 67 42 
HAZELTINE 1520 CRT. 1,595 153 81 56 
DataProducts 2230 . . .. 7,900 725 395 275 
DATAMATE Mini floppy 1,750 167 89 61 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
10% PU RCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 

ACOUSTIC COUPLERS • MODEMS • THERMAL PAPER 


RIBBONS • INTERFACE MODULES • FLOPPY DISK UNITS 


PROMPT DELIVERY • EFFICIENT SERVICE 


[I] lR ANS'NErCoRPORAT/OiV 
2005 ROUTE 22, UNION , N.J. 07083 

201-688-7800 
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instructions (usually addresses to prim1t1ve 
code) need very little overhead to interpret, 
such a system is only 2 or 3 times slower 
than optimum assemb ler produced code. 
Assumi ng that this is acceptab le, the tech­
nique results in an extremely compact 
pseudocode requiring significantly less mem­
ory than the other approaches. Further­
more, the pseudocode itself is machine 
independent; only the primitive routines 
present an interface to the underly ing 
processor . This greatly facilitates program 
portability, since transcribing such a system 
to a new processor entails rewriting on the 
order of 1000 bytes of code (600 in the 
example which I have implemented). Of 
co urse the largest part of such a system 
is written in the language that is to be 
im plemented . 

My interest in com puting stems from my 
involvement with the AMSAT Phase 111 
satellite, a space projec t for the amateur 
radio service. For the on board computer 
as well as for the ground stations I wanted 
to design a system that met the criteria 
above and would allow total portability of 
the programs among the numerous differ­
ent com pu te rs used by radio amateurs 
world wide. Naturally the first thing to do, 
if one tackles a project of this sort, is to 
study the li terature on the subject. A lan­
guage that meets most of the po in ts just 
mentioned has been publ ished by CH Moore 
under the name of FORTH. Part icu larly, 
Moore's implementation technique is very 
ingenious. On the other hand, his user 
interaction mechanisms were too limited 
for our problem area. Thus, I rather took 
FORTH as a platform, from which I de­
signed and im plemented my own system 
which I named IPS (abbreviated from its 
German language name). 

Th e hardware I had in mind when I de­
signed IPS would typically consist of: 

• 	 An 8 bit processor. (The spacecraft 
co mpu ter uses the RCA COSMAC and 
most ground stations use the 8080 
and some the 6502.) 

• 	 16 K by tes of programmable memory. 
The IPS system itself requires a little 
less than 6 K bytes, so enough mem­
ory is left to the use r. 

• 	 An ASCII keyboard and a 64 charac­
ter by 16 line video display memory. 
The video memory makes possible 
much more transparent interactions 
than obtainable with a Teletype or 
a hard copy oriented system. 

• 	 A hardware input of a sort providing 
20 ms timi ng signals. All timekeeping 
and sched uling is derived from this 
input. 
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• 	 Only enough read on ly memory to 
provide a simple bootstrap loader. 
(The COSMAC based systems have 
no ROM at all due to a hardware 
load feature on the chip .) 

• 	 A cassette interface and one or two 
cassette recorders. Since all ground to 
spacecraft and spacecraft to ground 
communication takes place sy nchro­
nously at 400 bits per second, the 
same rate is used for recording. Re ­
cordings have a fixed length of 512 
bytes (half a TV screen) and may 
consist of ASCII characters or binary 
data . Synchronous in this context 
means that there are no start or stop 
bits, the data is self-clocking and a 
valid block is preceeded by a 31 bit 
long sync vector. 

want to give you now a cursory descrip­
tion of the language. In the context of this 
discussion, unfortunately, it will be impossi­
ble to give you a detailed introduction. 
Rather, l intend to famil iar ize you suf­
ficien tly for being able to walk with me thru 
a typical program. I hope that this way you 
will be able to get some feeling of the nature 
of IPS. First let me describe how you com­
municate with IPS. The display screen has 
16 lines. The eight lower lines are used for 
input to the system, either manually or by 
tape. The upper eight Iines are used by I PS 
for answers. The basic JPS quantity is the 
16 bit signed integer. By typing 125, for 
example, this number is pu t on the stack 
an d displayed in the firs t display line. 
Keying - 20 now, you get the display 
125 - 20. Now keying * will resu l t in - 2500 
being left on the stack. An arbitrary number 
of numbers may be hel d on the stack; 
operations al ways refer to the last entries 
on the stack regardless of the total number 
of numbers on it. 

Besides the normal algebraic operators 
logica l operator·s are also avai lable to allow 
bit manipulations. Boolean operations use 
these operators as well. (Onl y the effect 
on the least significant bit is utili zed.) 
Another class of operations allows one to 
manipulate the order of items on the stack, 
like DUP duplicating an entry or VERT, 
which interchanges the two top entries. 
[Note: In present versions of /PS, German 
(the author 's natural language) inspired the 
symbols of primitives. Thus, VERT is from 
the German word Vertauschen.J 

Numbers may be stored permanently 
with a name attached to them. They can 
either be defined as constants (KON), as 
variables (VAR) or ar arrays (FELD). Calling 
a constant by mentioning its name pushes 
its value on the stack. Call ing a vari-

New Standard Size 
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-YOUR PET 
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You asked for a versatile keyboard to attach to your 
Commodore PET. And GR/ did it right! PERK is a 
convenient typewriter-style keyboard that attaches 
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have the speed and ease of standard typewriter input 
plus the added capacity of upper and lower case alpha 
characters, optional graphics, cursor editing, full 
screen control, full screen editing and more ... including 
multiple hookups to a single PET. Find out all the ways 
PERK can make your PET much more valuable. 
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GEORGE RISK 
INDUSTRIES, INC. 
GRI Plaza• Kimball , Neb. 69145 
Tel: (308) 235-4645 

True-Interrupt Driven 

TIME SHARING 
for 

N oRTH STAR* C oMPUTERS 
Now included in our Program Library! 
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and Basic. Other languages to be supported in near future. 

Program Library - $500 One Time Fee 
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lime Sharing System 
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2. ADM-3A 
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•2100. 00 
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Listing 7: The complete text ofan /PS program 's source. The program used as 
an example is the software which converts ASCII to Selectric codes, formats 
a text fife and prints that file on a Selectric typewriter. Please note that the 
JPS primitives used in this listing are based on the German version of the 
system; equivalent English language names of the primitives are often noted 
in the text of the article as various features are explained. 

( IBM SCHREIBMASt: HINENSTE UERUNG VOM 2 . 11. 77 ) 

0 KON CBA 


HIE R 2 + ? CBA ! HI En GR + · ~ ! 


CBA VA f! CHARP 


0 VAR 1.E 


'10 00 Vl\R SBP 

11000 VAR I ~p 


0 VAR Bl 


CODE f!F.l-IOVE H LO IM I t; Pill 0 Lil IM I C PL O R LO IM IA PLO 

BEG I~ 10 1/0 LO MX 120 II.ND IM ( 8E LEGT? ) 
fl=O Y? IC DEC I C ~HI 140 US LOOP 

VERT D• O ENO rn HF LO I" IA srn 3 1/0 'A DEC 4 1/0 NFXT 

CODE H/TRl\NSMIT l Lil IM 1n PLO BE~ IN ~ Lil IM II\ Plfl PS l~ r. 05 LO 
A •FF XOR IM IA srn 100 l.D If\ •c P'JI 0 Lil IM •c PLO ll\ INC 

BEGIN ID 1/0 1.0 MX 13~ l\NP IM ( FREI? ) 
O•O NOT Y? IC DEC IC ~HI 

VERT fl•O 	 END NEXT 


TH II\ DEC ID ~LO O=O Y? 3 1/ 0 


N: 4 1/0 

TH NEXT 

CODE l/TRANSMIT 0 LO IM ID PLO 0 ENO 


COllE MSTl\TUS PS - >X PS OEr. 10 1/0 I A - >X 


PS OEC 0 LO IM PS STR NEXT 

0 VAR LV 

0 VAR s 

0 VAR EINFL 


FELD SC 11020 i400C SC 2 !~K 


18 FF.LO 3ZEICHEN 

128 FELD Tl 


INCR DUP @ 1 • VERT ! ; 


ADJ DUP @ 13FF UNO 11900 ODER VER T ! ; 


LIES LADEFLAGGE @B NICHT DUP LV@ UNO 

JA? IBP @ 512 + IBP ! IBP 40J S INCR O LV I 

DANN 


EINFL @ S @ 2 < UNO UNO ( LAOEFL4GG E NICHT ) 

JA? I BP I! DUP 1200 + SLOAD 1 LV ! 


DANN ; 


NORMi\L ZE I CH EN our MSTATUS EXO 180 UNO =O 
JI\? DUP 180 UND >O ( DllEHE Kn PF ) ,Jf1? 

'IE IN: 
OA>l'I 

H/TRANSrtlT 0 4 JE 'IUN RHIOVE 0 6 JE NU N 
DANN l/TllANSM IT CHA RP 1~·en. REMO VE 

SONDERBEH 120 - OUP 4 < JA ? OUP 2 • JA? 1 LE I 

DANN 
SC + @8 H/TRANSMIT CHAR P INrn 
llEMOVE 

NEIN: 	 CHARP@ 2 - CHARP ! 

~ - DUP DUP + + 3ZEICHEN + 

CHJ\RP @ 3 »> 

able or an array pushes its address on the 
stack; in order to get its value, the operator 
@ is used. It interchanges an address on i.'ne 
stack with the content of the address . To 
store a value into an address, the operator ! 
is used. It expects a value and an address on 
the stack, and by performing the storage, 
removes both. There are other similar 
operators like @B or !B, which pe1-form 
like operations on single bytes. 

Program modules are created by a colon 
fo llowed by the name of the module. Then 
the actions are typed in as if the computer 
were to perfo1·m the actions immediately . A 
module is closed by a semicolon. Later on 
this module may be executed by typing its 
name or its execution may be put into 
another module simply by writing its name. 

To contro l the flow of the program, I PS 
has some control words consistent with 
structured programmin g. The words )A? , 
NE IN : DANN (In Engl ish, respectively: 
YES ? , NO: , TH EN} are pretty se lf. 
ex planatory . They roughl y correspond to 
the IF TH EN ELS E construct of othe1· lan­
guages, onl y, to be consistent with reverse 
Pol ish notati on, the test action prece des th e 
)A? . There are three loop constwcts ava il­
able. The JE ... NUN (in English , EACH ... 
NOW) construct ex pec ts two numbers, a 
loop sta1·t index, and a loop limit. The loop 
is executed for each consecutive value, until 
the index exceeds the limit. If initially the 
limit is smaller than the start, th e loop is 
not executed at al l. This construct may also 
emp loy an increment differe nt from one. 
The two other two loop constructs are 
intended for loops with an initially unknown 
number of repetitions. The AN FANG ... 
ENDE? (in English, START .. . END?) 
structure is functionally equivalent to the 
DO UNTIL of PASCAL with the test at the 
end of th e loop. The AN FANG . .. JA? .. . 
DANN/NOCHMAL (in English, START . . . 
YES? . . . THEN/AGAIN) structure cor­
responds to DO WHILE with the test at the 
beginning of th e loop. Note that these 
constr"ucts completely eliminate the need 
of GOTOs and labels. 

Now I want to take you on a little walk 
thru a program. Its purpose is to read ASCI l 
lex L reco1·ded on tape cassettes and pr·in t 
them on my IBM Selectric typewriter. (As 
evidence of the practicality of IPS, this 
article's manuscript was pri nted by this 
progra m.) As mentioned, a tape block con­
tains 512 characters (eight lines) without 
any co ntro l characters. The program , besides 
1-eformating th e ASCII characters to the 
Selec tric code , has to insert th is control 
information. The program maintains a 
cyclic buffer of two blocks; S is a variable 
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Radio Shack Computer Users 
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•Gambling-Games •Program Printouts 
• 	Latest RADIO SHACK Developments 


• ••• and more 
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... AND MORE 
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MATHEMATICAL APPLCATlO\JS se~1ce·· · 

Box 149RB. New City, New York 10956 (914) 425-1535 

Send for FREE Software Catalogue (Including listings of 
hundreds of TRS programs available on cassette and diskette). 

APPLE II USERS 

WE'VE GOT SOFTWARE! 


We have the best disk file management system in the mar ­

ket. Use it for your mailing list, accounts receivable, pay­

ables, personne l records, etc. 

In addition, we offer not only the most fascinating basic 

programming course for people with l ittle o r no programming 

experience, but also commercia l software for North Star 

Horizon Computers and Ohio Scientific Computers, and over 

one hundred programs for Apple II Computers. 

The file management system is ava i lable for $60.00 and 

the programming course for $30.00. 

Please specify tape or disk version . 

k, money orders and credit cards accepted. 

Florida residents add 4% tax. 

TRANS-DATA CORPORATION l=====f 
161 Almeria Avenue 

Coral Gables, FL 33134 

(305) 5 76-7666 

Send $1.00 for software catalog or call our toll free number 
(800) 327-8455. 

Ci rcle 378 on inqu iry card . 

Circle 3 on inquiry card. 

READY·TO·RUN SOFTWARE 
TRS-80 • NORTH STAR• APPLE 

INTEGRATED BUSINESS SYSTEM $175.00 
NP: AI R: Gen Led: Pay: Bus Stal ; Letter Writer. Comes 
"Ready-to -Run·· with easy-to-follow instructions. Requires 
2 disc drives. Speci fy: TRS-80. NORTH STAR. or APPLE II 
(must have Applesoft). 

TUTORIALS S40.00 
Computer Aided Instruc tion. teaches the idiosyncracies of 
your version of disk basic. Specify: TRS-80, NORTH STAR, 
APPLE II (Applesolt). 

HOMEMAKER I $50.00 
Includes: Appointm ent Minder. Shopping Lisi , Menu 
Plann er. Diel Planner. Speci fy : TRS-80. NORTH STAR, 
APPLE II. 

EDUCATOR I $50.00 
Inc ludes: Math Tuto r. Grading System. Hangmalh. 
Spelling, IQ Test. Games. Specify: TRS·80. NORTH STAR. 
APPLE II. 

WORD PROCESSOR $35.00 

Comes complete with simple. easy- to-follow instructions. 

ALL SOFTWARE PACKAGES ARE WRITIEN IN BASIC ON 


DISKETIE ONLY 

Send for Free Catalog 


Packages containing Program Listings only are available. 


(714) 774-1270 

E9 ~o~!. ~~~~~~~2669 


~······································1! DATAFACS 	 ! 

• Software now for: • 
: Micropolis and Northstar : 
: Good Software is Essential for an Efficient Business. : 
• Now . the finest in software at a price you can afford. • 
• We are definitely the affordables' • 
: PROGRAMS CURRENTLY AVAILABLE: : 
: INVENTORY PROGRAM PACKAGE 	 : 
• • Inventory Addition • Update • 
• • Analysis (Current month) • Analysis (Year to date) • 
: • Search • Vendor File : 
• Also generates 7 additional user reports and much, much more. • 
: - Cost $175.00 - : 
• MAILING LIST PROGRAM (Single Drive) • 
•• •Print formating in 80 or 132 columns. •• 
: - Cost $20.00 - : 
• The above programs are designed to run under the foll owing: • 

: •CP/M in CBASIC f Micropolis and NorthStar : 
• 2 drives required • 

: *CP/M in BASIC E also IMSAI IMDOS : 
: (2) 8" disc IBM 3740 Format requ ired ; 
; EXTENSIVE CONTRACTORS ESTIMATING PROGRAM : 
• Literature available upon receipt of your letterhead ••• Currently Under Development: •• 
: • Billing f Available : 
• • Payroll early in '79 • 
: • General ledger in new CBASIC-2 : 
• Specializ.ing in custom software for the AM-100.. • 
: Datalacs System Inc. Eastern Division : 
: 2440 W. Catalpa , Chicago, Ill. 60625 : 
• Phone (312) 784-0300 • 
e ·cP1M Is a Trademark ol Oigilal Rosearch Corp. e 
• ..AM·lOO is a Trademark of Alpha Mlcrosyslems. • 

w••••••••••••••••••••••••••••••••••••••••• 
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Listing 7, continued: 

: TYPLl~!E 100 	 ( CR/LF CHAR? @ 1 + !B CBJ\ CHARP 0 LE 

ANFANG 	 C~AP.O@ @B 17F UNO Tl + @B 

nur OUP i lF > VERT 130 < UNO 

.JA? SONDERBEH 

NE IN: ~!nRMll LElrr1F.t' 

OAJlN LE @ 

ENDE? 

SZEILE 	 SBP @ CBA 64 ))) CSA 1 - CHA r r 
CBA DUP 63 + JE I @B 120 - >O 

,JA? I CllARP 

f'l\N'I 

NUN TY~L I~•<: ; 

SBLOCK 0 7 JE 	 SZEILE SSP ~ 64 + S~P ! LIFS 

MSTATUS 2 UNO >O ( STOP? ) 

JA? 0 El~1 FL ! 

DA 'IN 

NUN SB P ADJ S @ l - S Ill INCR 

SCHREIB EINFL @ JA? S @ >O 
JA? SBLOCK BL @ 4 > 

JA? 0 BL ! MSTATUS ( STJ\RP ) 

.IA? 0 7 JE CB~ l - r.HARP 

TYPLIN 'C 

NUN 

NF.l'I :? F l '!fl ! 

DANM 
Of\NN 

DJ\'IN 

4EIN: 0 BL ! MSTATUS 180 UNf' •n 
Jfl ? ( TIFFSTFLLUNG BEi AUS ) 

2 11/TRA'ISM IT REMOVF n11m1 
MSTAT US ( START? ) JI? I F. INFL ! 

OANN 

OAN'I 

MSTATUS 2 UNO >O 

JA? 0 EINFl 
DANN LI ES ; 

( CNDF 	 SCH!lE IBMJ\SCHI NE ; SC 'fl\E I B I ST EI NGEHA F. NG T l 

( COOETABELLE FUER ISM KOPF CORRESPONDENCE COURI ER ) 

12020 12020 12020 12 020 12 321 120 20 1 2220 62020 
12020 .1 2020 ' 2020 12020 ' 2020 12020 12 020 12020 
; B~ 2 0 ' 87S7 ' CF26 , 5807 # DE96 "' 6 2 5 • 011 9 1 C6 34 
17FCC M3E37 i 571, F 15 El6 ·' 071F I FFC9 ' 3E27 19928 
<9 C24 19 A82 10208 iF9 88 195C3 19 3FO I FCCJ\ , CCB2 
19001 ICSDO I BBF3 1 8480 I COFA 1 5H6 '75 31 18129 
11C08 11A02 65258 I 79 33 #1543 113 70 17C l•A 14C32 
no51 ' 4 55 D 13873 '043 0 ' 4 07A I 0'176 iF5Bl 12 049 

Tl 6~ ! FK 

108H #5828 12008 10853 1202F 12708 10820 16060 

3ZE ICHEN 9 lFK ( ENDE TABELLE ) 
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indicating the number of blocks available 
for printing. S equals 0 means an empty 
buffer, S equals 2 is a full buffer. 

Complete details are found in \is ting I. 
Turn first to the last routine SCH RE I B 
(in English, WRITE) which is ·the main 
program executed periodically. (Because 
of the previously mentioned referencing 
restnct1on, programs have to be read 
backwards.) SCHREIB at first checks if 
EINFLAG (ONFLAG) is set; if so, it starts 
the printing act ions. This action starts by 
checking if Sis larger than 0. Only if this is 
the case is there a block in the buffer an d 
the routine SBLOCK (WRITE BLOCK) is 
called. A blockcounter is mai ntained (BL). 
If it exceeds four, printing is stopped (PAGE 
FULL) unless the start switch is on. In this 
case the 0 7 JE .. NUN does eight linefeeds 
(endless paper assumed). The o ther parts of 
the main program are less important, they 
mainly make sure that at the end of printing 
the head is in lower case because if left in 
upper case the machi ne cannot be manually 
switched into lower case. 

Now let us look at the routine S BLOCK 
(WRITE BLOCK). It prints 8 lines (0 7 
JE .. NUN) by calling the routine SZEILE 
(WRITE LINE) and then updating the 
write buffer pointer SBP by 64. Also it 
checks for an emergency stop. The routine 
SZEILE (WRITE LINE) takes 64 characters 
at SBP and transports them into an auxiliary 
array CBA (>>> is an array tra nsport in 
IPS) . Then the auxiliary array is scanned in 
such a way that the pointer .CHARP points 
at the last pr·inting character. The loop 
index is supplied by I. Then TYPLJNE is 
called. TYPLINE inser·ts a CR/LF after the 
last printing character and then uses the 
characters in the array CBA without the 
most significant bit (#7F AND) as index to 
table Tl to find the Selectric code. If it is 
between #1 F and # 30 a special treatment 
is necessary by calling SONDERBEH, 
otherwise NORMALZEICHEN (NORMAL 
CHARACTER) is called. 

Let 's look at SONDERBEH (SPECIAL 
CHARACTERS). Some actions of the 
machine are not performed by the printing 
ball, but by special magnets (blank, for 
example). In my hardware, these codes have 
to be output to a different por·t. Some 
ASCII characters are not ava ilable on the 
printing ball. These are simulated by two 
other characters overwritten on each other. 
The auxiliary array is accordingly ma­
nipulated . Both activities are done by 
SONDERBEH. The NORMALZEICHEN 
routine checks if the print ball is in the 
proper case positron for the character to be 
printed. If not, it first executes a head 

12708 
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Circle 326 on inquiry card . 

TRS-80 USERS: 
Make 

Two Bits 
Perform 

Like 16K. 
lff>.J§~~. If you missed the first 

- ~two issues of SoftSide, 
t =============::::J you missed: 

\WATS line in our 
Peterborough, New 

Hampshire office. 

If you would 

BYTE's New 

Toll-free 

Subscriber 
W.A.T.S. Line 

(800) 258-5485 
We thank y ou and look 

forward to serving y ou. 

subscription, 

you are invited 

to call* 

(800)258-54·85 

Cribbage A 16K you vs. computer game that 's 
hard to beat. Calculator Just what it says. End 
Zone A 2-player 16K football game, from coin 
toss to 2-minute warning . Pillbox Computerized 
artillery for 2 players . Shopping List An aid for 
consumers Plus, Troll's Gold, Octal to Hexa­
decimal Converter, Death Star and much more ! 
A 1-year subscription 
will bring you about 1 Year Subscription-$15 
sixty top quality pro­ Check , money order or 
grams for $15.00 - or charge to VI SA or Master 
about 25 cents apiece. Charge (send full address, 
Think about it ... how signature. card numbers , 
else can you get so exp . date with order . or 
many K bytes of pro­ telephone 603-673-5144) to: 
gramming out of two SoftSlde Subscriptions 
bits! PO Box 68 

Milford, NH 03055 

NOBODY SELLS THE BEST FOR LESS! 

COMPUTER l. AB OF NEW JERSEY 

llSf SPIECIAl. 

1•R1C[..ntcr 

Electronic Control Technology 
44000 375.. 

TT ·8080 Computer Kit 

PolyMorphic Poly 88 
1,99500 1,695 00 

Svuem 16 

1650022000Sanyo 9" V ideo Moni tor 

29 00 

lms.ai S10 2 -2 kit 

3500Mullen Extender Board 

13200156°0 

In tegral Date System 
79900 67900 

IP- 125 Printer 

-
North Star Horizon II kit 1.99900 1,699" 

SUB JECT TO AVAILAB LE QUANTITIES SHIPPING AND INSURANCE EXTRA 
SH IPPING E.B&I; ON PREPAID ORDERS 

COMPUTER LAB OF NEW JERSEY 
I J 1 ROUTE •16 


euoo LAKE . NEW JERSEY 0?828 


12011 691 -1984 
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PSEUDO PSEUDO PSEUDO 
PROGRAM PROGRAM PROGRAM 
COUNTER COUNTER COUNTER 

+I 	 AFTER 
CALLl ! ' 

Figure 7: The temptation 
on the part of an interpre­
ter writer is to implement 
direct execution as if the 
interpreter were simulating 
some form of traditional 
machine. Thus in this ex­
ample, the operation code 
for a CA LL to a subrou­
tine is followed in the 
interpretive text by the 
address of the subroutine 
being called. This requires, 
for example, two entries 
in the string of interpre­
tive text. 

n+I n+2 n+3 

INSTRUCTION INSTRUCTION 	 CALL 
I NS T RUCTION 

EXECUTABLE CODE 
OF I NTERPRETER ' S "C ALL '" 
INST RUCT ION : 

PUSH PSEUDO-PROGRAM - COUNTER . 
PSEUD O-PROGR AM -C OUN T ER: • 

CONTENTS OF MEMORY AT 
PSEUDO-PROGRAM-COUNTER+ I 

RE TURN TO I NTERPRETER 

rotate action before printing. Each machine 
action is started by issuing the magnet code 
via H/TRANSMIT or L/TRANSMIT. These 
routines check the machine for "not busy" 
and then output the code to the magnets . 
The routine REMOVE does th e opposite; 
if the mach ine ack nowl edges a code by 
"busy," th e magnets arc deenergized. Thus 
the necessary handshaking is established. 

These interface routines are particularly 
noteworthy , because they are coded in 
assembler. IPS has an integral assembler; 
thus procedures deali ng with special hard­
ware or extremely t ime critical jobs can run 
at the maximum speed of the processor. This 
assemb ler also employs structured program· 
ming. The branch codes have been rep laced 
by the Y? N: TH and BEGIN EN D 
mnemonics . The assembler, like the com­
piler, uses the stack to keep track of the 
ad dresses to be inserted in to the branches. 
The routine LI ES fina ll y serves to read in 
the cassette blocks. 

I hope this walk was not too tedious for 
you and was justified by giving you some 
insight into IPS programs and IPS-like 
languages. Let us have now a look at some 
selected topics regarding the implementation 
of IPS . These items maybe useful to you, if 
you want to tackle a similar project. 

As mentioned earli er, the stack keeps 
16 bit numbers . In addition to the normal 
operand stack, the design is simplified if 
there is a second stack, which is primarily 
used by the system to keep return addresses. 
This stack is ava ilab le on a lim ited scale to 
the programmer as well. 

A very useful trick in such a system is 
the use of "indirect execut ion ." When 
implementing a simulated high level com­
puter one is tempted to compi le addresses of 
the appropriate code routines performing 
the instructions as shown in figure 1. This 

n+4 

ADDRE SS 
M 

n+5 

I NSTRUCTION 
N+5 

M 

l IINSTRUCTION I 

is a simple model of an "emulator" of 
some instruction set of a traditional 
computer. 

If pointers are compiled that point to 
a descriptor which includes another pointer 
to an actual executable code, then all com­
piled instructions have the same format 
regardless of their nature (see figure 2) . 
Ind irect execution not only saves memory , 
it also simpli fies the compiler because it 
needs no more checking the semantics of the 
instruction to be compiled . Thus in figure 2, 
a subroutine reference reduces to a pointer 
to the descriptor which begins the inter­
pretive code of the subroutine. Thus, it 
boils down to having a descriptor at the 
head of each routine, defining its natu re. 
This also makes the language naturally 
extensible since new descriptors may be 
defined anytime, and it eliminates the 
distinction between app lication routines 
and the primitive routines constituting the 
language. 

In IPS the names along with the pointers 
to the pseudocode are kept in a hash table 
with a size for 512 entries. Experience shows 
that using this size in a 16 K system, memory 
and table saturate at about the same time. 
I preferred the hash table over a linked list 
because the compilation process is much 
faster and enables transcompilations for 
machines having no interaction faci liti es 
like the computer running the typewriter 
on which I printed this manuscript. (Names 
are separated from the program.) 

Use of IPS in program development 
situations also requires the possibility of 
eliminati ng entries from rnemo1·y. Generally 
a hash tab le would be unsatisfactory for this 
purpose. Nevertheless, since the program 
grows Ii nearly in memory, the pointers to 
the routines in effect represent a secondary 
index by which the order of the entry and 
creation is available . Thus, pruning is no 
problem. 

Reverse Polish notation languages can be 
essent ially syntax free and by indirect 
execution the compiler can compile virtually 
blind, th at is, without knowledge of what is 
being co mpi led . This is not exactly true, 
though. In fact, there are four different 
sorts of entries regarding the action the 
compiler is expected to take. This 2 bit 
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Circle 83 on inqu i ry card . 

INCOME TAX 

PROGRAMS 

FOR TRS-80™ 


FOR INDIVIDUALS (LINE PRINTER OR 
DISK NOT REQUIRED) 
1040A 4K 7.95 
1040 (with Schedule A 4K 14.95 
& C thru F Routine) 
TC&G (Income Averaging) 4K 14.95 

***STATE LEVEL I OR II*** 

BUSINESS & PROFESSIONAL: 
Full sys tems with line printer 
output start at. ........... . .. 189.95 

FREE 7-PAGE CATALOG 
AND DESCRIPTION 

CONTRACT SERVICES ASSOCIATES 
1846 W. Broadway Anaheim, CA 92804 

22 START-AT-HOME 
COMPUTER BUSINESSES 
In "The Datasearch Gulde to Low Capital, 
Startup Computer Businesses" 
CONSULTING• PROGRAMMING• SOFTWARE PACKAGES 
•COM• FREELANCE WRITING• SEMINARS• TAPE/DISC 
CLEANING • FIELD SERVICE • SYSTEMS HOUSES • 
LEASING • SUPPLIES • PUBLISHING • TIME BROKERS • 
HARDWARE DISTRIBUTORS • SALES AGENCIES • 
HEADHUNTING • TEMPORARY SERVICES • USED 
COMPUTERS • FINDER'S FEES • SCRAP COMPONENTS • 
COMPUTER PRODUCTS AND SERVICES FOR THE HOME. 
Plus - Loads of ideas on moonlighting, 
going lull-time, image building, revenue j t<M~,&t.U.a~ 

building, bidding, contracts, marketing, ; -~~-
professional ism, and more. No career 
planning tool like it. Order now. II not 
completely satisfied, return within 30 
days for lull Immediate refund. c~ 
• 8'h x 11 ringbound • 156 pp. • $20.00 

Phone Orders 901·382-0172 

DATASEARCH 
Incorporated 

5694 Shelby Oaks Dr.. Suite 105, Dept. B. Memphis, TN 38134 

Rush_copies of "Low Capital Startup Compuler Businesses" al $20 
per copy to me right away. 

NAME/COMPANY ------------ ­
ADDRESS-------------- ­
CITY/STAT E/Z IP ------------ ­

O Check Enclo..,d O Bankamericard O MBSter Charge 

Ci rcle 93 on inquiry card. 

~ 

A Message 

to our Subscribers 


From time to time we make information of interest to 
the BYTE subscriber I ist them in the mail. Used are 
avai lable to other companies our subscribe rs' names and 
who wish to send our addresses only (no other 
subscribers promotional information we may have is 
material about their pro ducts. ever given). 
We take great care to screen 
these companies, choosing Wh ile we believe the 
on ly those who are rep utable, distribution of this 
and whose products, services, information is of benefit to 
or information we feel would our subscribers, we fi rm ly 
be of interest to you. Dire ct respect the wishes of any 
ma il is an effic ient medium subscriber who does not wa nt 
for prese nting the latest to rece ive such promotional 
personal computer goods and li te rature. Should you wish to 
services to our subscribers. restrict the use of your name, 

simply send your request to 
Ma ny BYTE su bscribers BYTE Publications Inc, Attn: 
ap prec iate this controlled Circulation Department, 
use of our mail ing list, and 70 Main St, Peterborough NH 
look forward to fi nding 03458. Thank you. 

PCE Electronics 

PCE/ITHACA AUDIO 
IA-1100 64Xl6 Video Interface with 
wh i te on black or black on wh i te, switch 
select blrnkrng cursor, a there's NO 
SNOW or WAVE. S-100 kit $115 ° 0 

add $ 35 °0 for assembled a tested 

PCE 16/4+1 EPROM/RAM 
Sockets for up to 16 2708's wi th 
0 to 4 watt states, addressable in 

four 4K blocks, with IK of RAM 

that may run w1th1n one of the 4K 
blocks or at any IK boundary. S-100 
kit $ 130° 0 add $5°0 for 250ns RAM 
add $30° 0 for assemb led a tested 

We ha ve m uch more, ca l l or wri t e for our flyer. 
PCE Elect ronics, 4782 Dewey dr. , Fa ir Oaks, Ca. 95628 
(916) 966- 2208 

Mas t er Charge 5 °/o for sh1pp1ng 

excess refundedVisa 
Ca l if. residents addCOD requ i res 
6 °/0 sales tax50 °/o deposi t 

Spe c 1o l pac ki ng fo r 1n te rn at 1ona l orde r s. 
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information is kept in the name table. 
Normal entries execute in th e inter· 

pretative mode and compi le in the entry 
mode. See table 1 for Lhe other modes. 
INT is used for variab le definiti ons or for 
the colon to prevent defi nitions within 
definit ions. PRIOR, on the other hand, is 
used for the JA? NEIN: DANN and the 
semicolon. These entries are executed at 
compilation time to handl e jump <Iddresses 
on the stack or to reset the compile flag. 
At the beginning of compilation(:). a special 
number is placed on the stac k. At the end of 
compilation (;), thi s number· is checked. If 
it is wrong there has been a structuring error 
(such as DANN following a JA?) fo rgotten 
and the entry is rejected. 

At this point I wou ld like to po int out 
that much of the readabi lity of structur·ecl 
programs see ms to come from a gcornetl"ical 
representation of the sou1·ce text. as exempli· 
fied by the indented wr·iting. Hardly any 

n+I n+2 n+ 3 n+ 3 

language software analyzes this geometry, 
though, and it is in effect redundant to the 
semantics of statements. 

There is another useful technique which 
I call "pseudoi nterrupts. " On a stack com­
puter programs are naturally reentrant; and 
recursive programmi ng is possible. Thus, the 
inner interpreter can be designed to accept 
"interrupts" between actions specified by 
interpretive code . These interrupts interrupt 
a stack oriented computer simu lated by the 
interpreter, so no state saving operations 
are necessary (except for the pseudoprogram 
counter, of course.) Machine interrupts may 
also be implemented independently when 
required. The 20 ms clock input assumed 
by IPS forces suc h a pseudointerrupt to keep 
time in a normal clock and to service four 
"stopwatches." 

Engineering problems usually require a 
few programs running independently of each 
other. I so lved this problem by providing 

n+ 4 

DESCRIPTOR 
POINTER 

DESCRIPTOR 
POINTER 

DESCRIPTOR 
POINTER 

DESCRIPTOR 
POINTER TO 
SUBROUTINE X 

DE SC RI PTOR 
POINTER 

OESCRI PTOR 
POINTER TO 
"'DUP" 

DESCRIPTOR FOR 
USER SUBROUTINE X 

.._,o"'
..:;C. 

c;"\~~
-l ,,.. ,.."\~ .._o 

~..i~~ ~o~~c.~ o~ 
,.., ~~~ "\o"._~~ 
~~ ~,~ "\I' 

'V~c;~,o~ 
t>c. 

M M+I 

POINTER TO 
SU BROUT INE ENTRY 

DESCRIPTQR 

PROCEDURE POINTER 

M+2 

DESCRIP TO R 
POINTE R 

M+ I 

DESCR I PTOR FOR 
"D UP" 

IPS PRIMITIVE 

DESCRIPTOR 
POINTER 
"RETURN" 

POI NTER TO 
11 
0UP 

0 

"PROCEDURE 

DESCRI P TOR FOR POINTER TO 
EX ECUTABLE LOW LEVEL CODE OF "RETURN" "RETURN" 
INTER PRETER SUBROUT INE ENTRY IPS PRIMITIVE PROCEDURE 

PUSH PSEUDO·PROGRAM-COUNTER 
PROCEDURE : 

PSEUDO-PROGRAM-COUNTER:• M+ I 
RETURN TO INTERPR ETE R 

EXECUTABLE 
INTER PRETER 

LOW LEVEL CODE OF 
"RETUR N" PRIMITIVE 

POP PSEUDO-PROGRAM-COUNTER 
RETURN TO INTE RPRETER 

Figure 2: If a 2 level indirect form of interpretive execution is defined, then simplicity is achieved by making every token in the 
text of a user program a pointer reference to a descriptor of the operation. The descriptor in turn contains information such as 
the pointer to a low le vel routine to be executed upon reference to the descriptor during interpretation. Thus, a subroutine call 
which required two interpretive text entries in figure 1 is replaced by a simple pointer reference to the subroutine's descriptor. 
This descriptor in turn contains a reference to the low level interpreter routine which saves the program counter on the sub­
routine stack, then points to the first entry of the subroutine's interpretive text before resumption of interpretation. For simple 
built-in primitives of the language, the descriptor simply points to the low level executable routine of that primitive 's operation, 
as shown for example in the case of RETURN and DUP. Note that the interpreter increments the pseudo program counter after 
each interpretation cycle. 
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a chain, that is, an array of programs exe­
cuted in a cyclic fashion. Initially , this 
chain is only occupied by the compiler , 
while the other positions contain null entries. 
Programs may put other programs into this 
chain, or programs may remove themselves 
or other programs from this chain . It turns 
out that by this method , very ge neral mul ti­
programming is possibl e without needing 
separate stacks for each chain membe r. 
The act of scheduling or descheduling a 
rea l time process is implemented by this 
chaining technique. Apart from the "chain 
in" and "chain out" operators two other 
operators are necessary . A suspend and a 
resume operator are provided to be able to 
wait for internal or external events be­
fore a program's execution is continued . 
Amazi ngly, the fo ur chain operators el imin ate 
the necessity of a centralized operating sys­
tem without imposing undue restrictions. 

Prese ntly at AMSAT we have I PS versions 
for the RCA COSMAC and the 8080, and 
a 6502 version is in preparation. Also, there 
exists a special version for the COSMAC 
aboard the AMSAT satelli te, performin g all 
interactions by radio link. Except for th e 
las t they occupy a littl e less than 6 K bytes 
of memory, having everything resident 

compiler-mode 
entry-type interpreting : compiling 

Normal( : ) execute compile 
INT execute error action 
PRIOR error act ion execute 
HPRI execute execute 

Note : error action marks input-word with ques­
tion mark and stops fu r ther processing of 
input. 

incl ud ing the tex t editor. The radio version 
is slightly smaller. 

In mid 1976 the first IPS version was up 
and runn ing. Since the n I have done some 
fine tuning as a result of feedback from 
some ten sc ienti fic projects using IPS within 
the Un ivers ity of Marburg. If you fee l that 
IPS co uld be useful to you or if you have 
some comments or suggestions, please 
do wri te me. 

(The ori gi nal paper which di scusses such 
a machine interpreter is : "FORTH, a New 
Way to Program a Minicomputer," by CH 
Moore, Astron Astrop hys Suppl 15, 497­
511, 1974. In the years since the first 
FORTH paper, FORTH has become a 
registe red trademark of Mr Moore's con­
sul ting fi rm FORTH Inc.)• 

Table 7: The modes of !PS 
operation (interpreting or 
compiling) and the action 
the compiler takes de­
pending on the type o f 
entry found. Normal refers 
to standard modules (:), 
variables and constants. 

HERE IS THE LATEST AND BEST IN 
8080/Z80 DISK SOFTWARE 

CP/ l\•I '" FOOS and Utilities 
Microsoft FORTRAN·80 
Microsoft COBOL·80 
Microsoft Disk Extended llASIC 
Microsoft MACR0-80 MACRO Assembler/ Linking Loader 
Microsoft MACR0-80 (as above) w Subroutine Library 
Microsoft EDIT·BO Line Edi tor 

FromS l 45 
5400 
$625 
5300 
5149 
$219 

$89 
$99Xitan SUPER BASIC (!\3) 

Xilan DISK BASIC (A3+) 
Xilan Z·TEL Text EdilOr (A3. A3+ ) 
Xi tan Text Output Processor (A3. A3+) 
Xitan Macro ASSEMBLER A3. A3+) 
Xitan Z·BUG . (A3+ ) 
Xi tan LIN KER (!\3+) 
Xi1an Package A3 (as keyecl above) 

SI 59 
S69 
NIA 
569 
$89 
569 

$249 

Xitan P<1 ckage !\3+ 
Micro Focus CIS COBOL 
SOURCE Disk Based Disdssernbler 
ZASM Zi log '" Mnemonic Assembler 
XY BASIC Process Con1rol Language 
Si'l'li\L/80 S1ruc111rccl i\·lacro Assembler Language 
Cl.lASIC Compilcr/ lnlerpreter BASI C 
MAC Macro Asscmliler 
SID Symbolic l ns1rnc1io 11 Debugger 
TEX Texl Funna1ter 
Cicneral Ledger 
Accounts Rcce iv.1hle 
N;\D Name & Address Processor 
QSORT Dis!-. File Son /Merge Utili1y 

$409 
$500 

$70 
S45 

$300 
$75 
$95 

$100 
SSS 
SBS 

$995 
$750 
$79 
$95 

Most software available in a variety of diskene formats including: IBM 8" single and double 
density: North Star CP/ M; Micropolis CP/ M; and S" soft sectored. All Lifeboat software 
requires CP/M to operate. 

Watch for the December 1978 release of the above software on Processor Tech Helios II; 
Altair Disk; and iCOM Microdisk systems. 

LIFEBOAT ASSOCIATES 

164 W. 83rd Street 0 New York, N.Y. 10024 0 (212) 580-0082 
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Rhode Island Computer Club 

RICH is a computer c lub in Rhode 
Island that will be meetin g on the fol· 
low ing dates: March 20 , April 17 and 
May 15 1979, from 7 to 10 PM a t 
Jabour's Electronic City , 345 Fou ntain 
St, Pawtucket RI. For more informat ion , 
wr ite POB 599, Bris tol RI 02809 or 
call (401) 253-5450. 

User Notes for 6502 Owners 

KIM-1/6502 User Notes is gett ing a 
facelift and will now be called User 
Notes: 6502. It will continue as a bi· 
monthly publication buL wil l be ex ­
panded to 24 pages. In addition to Ill e 
KIM, th e Notes w ill support VIM an d 
A IM systems as well as others. The new 
subscrip tion rates will be $ 13 for six 
dou bl e issues mailed first cl ass and to 
Canada and $19 for six double issues 
air mailed overseas. The new address is 
POB 33093, N Royal ton OH 44 133. 

PACS Publishes Data Bus 

The Data Bus is the mon1hly publica· 
Li on o f the Phi ladelphia i\rea Computer 
Society (PACS). Its 16 pages contai n a 
varie ty of info rma tion, including regu lar 
features such as meeting news, PET 
shop, cd i to rial, classified and such 
articles as " Compu tcrs for Kids" and 
"Software/Courseware Exchange for 
UCSD Pascal." This organization was 
formed for the pu rpose of educa tion and 
intercom mun icat ion of compu ter users 
in the grea ter Ph iladelphia area and 10 
inform the ge neral publi c about com · 
puter technology and its implicat ions 
for the future. Dues arc $10 per year 
for regular membership and $5 per 
year for s tu den ts. Both memberships 
in cl ude a subscription to {h e Data Bus 
;111cl partic ipation in group pu rchase 
programs and cl u b projects, as well as 
borrowing privi leges in the society 's 
sof tware and literature libraries. l'ACS 
mcc tings are held in the LaSalle College 
sc ien ce building. For more in format ion , 
ca ll th e clu b's hoLlinc at (215} 92 5 ·5264. 

New York Amateur Computer Club 

The New York Amateur Computer 
Cl u b, which just celebra ted its third 
birthday, is an organi zat ion fo rm ed to 
p romo te the free exc hange of inforrna· 
tion about computers for personal use 
and ro encou rage fello wship among 
th ose interes ted in comput ing. General 
meet in gs are he ld once a m onth , nor· 
m all y on the second Thursday. Several 
user groups consisting of club rnem bcrs 
with speciali zed interests also meet on 
a month ly bas is. Club dues arc $10 per 
year whi ch includes a well-compiled an d 
inform ative newsletter. For more infor· 
mation about th is group, w ri te to the 
clu b a t POB 106, Church St Station, 
New York NY 10007. 

Attention : Canadian Readers 

We have he ard fro m the West Coast 
Computer Socie ty (POB4476, Vancouver 
BC, Canada V6B 3Z8) regarding their 
club 's meeting sc hedul e. They meet the 
first Wednesday of every month a t 8 PM, 
room 126 at BCIT, which is located in 
Burnaby, British Columbia. 

TRS-80 Monthly Newsletter 

The purpose of the Tl?S-80 Montil/y 
Ne111sle t1er is to provide and exchange 
info rm a t ion re lated to the Rad io Shack 
TRS-80 computer system . This 68 page 
news letter conta ins programs related to 
business, pe rsonal fi nance , money man· 
agement , prac tical a ppl ica ti ons , statis· 
tics, mathem atics, gam bling and games. 
Every month one major program (such 
as a compl ete personal finance package 
or a comp lete income tax program ­

short and long form) will be published. 
Subscriptions arc $24 by first c lass m ai l 
($40 outside of the US and Canada, air 
mail). Con tac t Mathematical App lica· 
t ions Service , POB 149, New City NY 
10956. 

Independent Ohio Scientific 
Users Group Formed 

Owners, prospective users, OE Ms and 
dealers o f Ohio Scientific computers ca n 
share in fo rmation, applications and 
software tlirough an independent users 
group formed by the New ton Software 
Exchange, POB 5 18, Newton Ce nte r MA 
02158. The Exc hange was create d to aid 
in the transl a tion of microcomputer 
applications and sys tems programming 
from the sopl1 isticated use r and pro· 
gramme r to the na ive user and operator. 
They are oricnred and willing to work 
with progrJmmcrs and OEM s wl10 have 
good ideas an d programs, but have 
diffi cu lty expressing themselves to rela· 
tively unsophisticated end use rs . The 
OSI users group will e ncompass the fu ll 
ra nge of OSI products w ith special 
attention to tl1 c Challenge r series. 
Annu al clues are $5 and include a month· 
ly ne wsletter . 



Microcomputer Owner's Society 

) im Brown of Elyria OH has noti­
fied us o f the formation of the Micro­
compu ter Owner's Society. They meet 
every fourth Sunday at I PM. For more 
specific information, contact Jim Brown, 
POB 474, Elyr ia OH 44035 . 

Compucolor-lntecolor Users Group 

The Com pucolor·l111ccolor Users 
Group l1as announced that it will start 
makin g programs availab le to members 
witl10u1 the donation of a program. Club 
members may now order programs from 
the club's li brary of over 300 programs 
for as Ii ltle as $2 each, plus a disk and 
handlin g charge of $20 for tl1e firsl 
disk and $15 for each subseq uent disk or­
dered al the same time. T hose don ating 
an acceptab le program will receive five 
or six programs back at no charge. Mem­
bership to the group is $25 or $10 with 
the su~mi ss ion o f an acceptab le artic le 
for publication in the group's bulletin 
or a program to the library. Those wish­
in g to join should write to Compucolor­
lntecolor Users Grau p, 5 250 Van Nuys 
Blvd, Van Nuys CA 9 1401. 

Tulsa Computer Society Sponsors 
Apple User Group 

The Tulsa Compu ter Society (TCS) 
meets 1hc last Tuesday of every month 
at 7:30 PM. The meeting place is the 
Tulsa Vocational-Technical School sem­
inar room ill 3420 E Memorial Dr. 
The Apple User Group meets the second 
Tuesday of the month at High Tech­
nology of Tu Isa . All users of Apple 11 
computers and in tercstcd individu als 
arc invited lo attend. Membership in 
TCS is $6 an nu ally and includes a 1 year 
su bscri pti on to their newsletter, The I/0 
Port. Address all correspondence to The 
Tulsa Computer Society, POB 1133, 
Tulsa OK 74101 . 

Attention: Rochester NY Computerists 

According to the mos t recent edit ion 
of Memo1y Pages, the offic ial magazine 
of t11e Rochester Area Microcomputer 
Soc iety {RAMS). the club is in to its 
thi rd year and has over 150 members 
with diverse backgrounds in the field of 
compu ti ng. RAMS is the local focus of 
personal computing in the Rochester 
area, as evidenced by the ACM and IEEE 
joining them for jo int meetings on per­
sonal computing. It is the club's aim to 
provide ils members with exposure lo 
ideas and co n1;1ct with indi viduals with 
similar interests. If you ;ire interested, 
a ttend one of their meetings on th e 
second Tlrnrsday of e;1ch mon Lh at 
7:30 PM in room 1030, Gleason Building 
(# 7 - Engineer ing) , Rochester lnstiru tc 
of Technology, Rochester NY. The 
address for RAMS is POB D, Rochester 
NY 14609. • 

Write and run machine language programs al home, display video 
graphics on your TV set and design microprocessor circuits-the 
very first night-even if you've never used acomputer before! 

ELF II 1eaturing RCA COSMAC 
microproc~:i! COMPUTER $Q995 

as FORTRAN and BASIC must be lrnnslated into machine 
language before &1 compuler can understand them. With ELF 

AslHIVld 

In PO'UUI II you build a solid foundalion in compulers so you'll really 
know whal you"rc doing, no ma.utr how complicated rhings 
gel. 

Video ou1put also makes ELF II unique among computers 
selling for such a low pric:e. Attached to your TV sel, ELF 11 
becomes a fabulous home entenainmenl cenler. It's capable or 
pro"iding endless hours or fun for bolh adults and children or 
all ages! ELF II can crea1e graphic•. alphanumeric displays 
and fontas1ic video game~. 

No addi1 ional hardware is required to connecl ELF 11 10 
your TV's video input. Ifyou prefer 10 connect ELF 11 to your 
antenna tcnninals ins1ead, simply use a low cost RF modulator 
Ito order one. sec coupon below). 

ELF ll's S-curd e:-::pansion bus (connectors nm included) 
allows you to expand ELF l I as your needs for power grows. If 

Stop reading abou omputers ;ind gel your hands o n one! With you're an cnsincer or hobbiest, you can otlso use ELF 11 as B 
ELF 11 and our new Short Cm•rst' by Tom Pillman . you can counler, ;1larm. lock . thennoslal. Ii mer or 'elephone dialer, or 
maslercomputcrs in no time nl all! ELF 11demon~lralcs all9 1 for countles s ot her applications . 
commands an RCA 1802 can execute und lhc Short Co11n:r 

quickly teaches you how to use each of the 1802's capLtbili1ies. ELF II Explodes Into A Giant! 


ELF I l's \1ideo oulput lets you display an alpnanumcric Thanks 10 ongoing work by RCA and Netronic s, ELF II 
readout or graphics on any TV screen or video monitor plus. add·ons arc among the most advanced anywhere. Plug in 1he 
enjoy 1hc latest video games. including an e:tciling new GIANT BOARD" and ·you can record and play back programs. 
target/miss ile gun game thal wus specifica lly developed for edil and debug programs. communicate with remo1e devices 
ELF II . and make lh ings happen in the outside world. Add Klug• Board 

Bui 1hat"s not :111 . Once you'"'c m::is1ered computer funda· 10 get ELF 11 10 solve special problems such as operating a 
menials. ELF II c"n give you POWE R wi1h add-ons lhat arc more complex alarm syslem or conlrolling a printing press. 
among 1he most advanced found anywhere. No wonder IE EE Add 4k RAM board and you can wrile longer programs. store 
chaple:rs plus hundreds of univr.:rsit1c.s and major corporal ion,'\ more informmion and solve more sophis1icated problems . 
have chosen lhc ELF II 10 inlruducc !heir •tudenls und per­ Expanded. ELF II is perfec1 for engineering. bu•iness, 
sonnel lo microproc~sor compuling~ induslrial. scientific and personal finance applica1ions. No 

other small compuler anywhere near ELF ll 's low price is
Learn The Skill That May Soon Be Far hacked by such an extensive research and development pro.More Important Than Your College Degree! gram.

The abi lity 10 use a computer may soon be more imporlant 10 The EU"-BUG"'" Monitor i• an extremely recenl break­
your earning power than a college degree . Wi1hout •1 know!· lhrough tlrn1 lets you debug programs wilh lighlening speed 
edge ofcompulcr.s , you arc alw:1ys :1t 1hc mercyofolhcrs when because 1he key to debugging is to know what's inside the 
it comes to soJ,,. in1; highly complex business. engineering, in · registers of the microproces sor and, instead of single slcpping
dustri;il and ..;c ienttfic problems. People who understund com· lhrough your program. the ELF-BUG~'" Monitor, u1ilizing 
putcrs can command MO~EY and to gel in on the action. you break points. leis you display the enlire contents or !he re~i s· 
mu st learn computers . 01hc:rwise you 'll be left behind . ters on your TV screen at any point in your program. You fmd 

ELF II la The F-A-S-T Way To Learn oul immedi;itcly what's golng on and can make any necessa ry 
Computer Fundamentalal changes. ProgrJmming is furlhcr simplified by displaying 24 

bytes of RAM with full address. bhnking cursor and auto Regardless of how minimal yollr compuler background is now. scrolling. A must for serious programmers!you can le:1rn to program a compulcr in almost no lime :1t all. Ne1ronics will soon be introducing the ELF 11 ColorThat's because Nctronic s h;is developed a special Shor1 
Graphics & Music System-more breakthroughs that ELF 11Co11r.ft' cm M;croproces.mr And Computrr Pru1:"1mmr"n~ in owners will be the first toertjoy! non-1echnical language tha1 lc11ds you through every one of1he 

RCA COS MAC 1802"s capabili1ics so you"ll understand Now BASIC Makea Programming ELF II Evan EHlerl 
' ' L'tf)'lliifr>: ELF ti can do .. .mrd lum· 10 gel ELF // 10 do it! Like all compulcrs. ELF 11 understands onty "machine 

All 91 command-s. tha1 an 1802 can cxecu1e arc explained to language"-the language computers use to talk to each olher. 
you, s tcp·by-slep. The te:o. wriucn for Ne1ronics by Tom But. to make life ea.•ier for you. we"ve developed an ELF U 
Pillmtin. is a tremendous adV Uncc over every other program· Tiny BASIC. It talks to ELF II in machine language for you so 
ming book in print. 1hat you can program ELF ti with si mple words that can be 

Keyed •pccifically to 1he ELF II . it's loaded wi1h ""hand• lyped out on a keyboard such as PRINT. RUN and LOAD. 
on'" illuslrntions. When you're finished. ELF II and 1he 1802 
wilt no longer hold nny mystll!rics to you . "Aak ~~~:::,tJ~~~f~:f0u,1~01:,!! Do ... 

In fact, nol only will you be able 10 use a pcrsonnl compulc r 
creatively. you'll also be able lo read magazines suc h ns Don'I be trnpped in10 buying_ a d inosaur si mplr because you 
BYTE . . . INTERFACE AGE . .. PO l'U LA R E LEC· can afford ii and i1's big. ELF II is more usefu and more fun 
TRON ICS and PERSONAL COM PUTt NG and u11d.·r· than "'big name" computer> !hat cosl a lot more money. 
swrtd 1he ar1icles. With ELF 11, you learn to wrile and run your own programs. 

If you work wi1h lurgc compu lcrs . ELF ti and our :dwrt You're never reduced to being a mere keypunch operator, 
Cour.u· will help you to undersland whal makes them tick . working blindly with someone else's predcvcloped software. 

No matler what your specially is. owning a computer which 
A Dynamite Package For Juel $99.951 you really know how to use is sure to make you a leader. ELF 

With ELF 11. you learn 10 use machine language - the funda- 11 is !he fasleSI way !here is 10 get into com pule rs . Order from 
mental language of all computers. Higher level languages such the coupon below! 

r------------SENDTODAY!------------,
I 	 NOWAVAILABLEFORELF/1- 0 Deluxe metal cablnot for ASCII NetronlcsR&DLtd.,Dept.0000 

O Tom Pittman·s Short Course On Mi- Keyboard, $19.95 plus$2 .50 p&h. 333 Litchfield Road , Phone 
croproctnor & Computer Programm - D ELF ti Tiny BASIC o n casselle New Milford . CT06776 '(203) 354-9375 
ing ic:u.:he~ you just aboul every1hing tape . Commands include SAVE, Yes1 l want to run programs at home and 
1herc is [O know abou1 ELF 11 or !my LOAD. "'. '. + . ( l. 26 variables A-Z. have enclosed: 0 $99.95 plus $3 poslage 
RCA 1802 <0mputer. Wri11cn in non· LET, I FffHEN. INPUT, PRINT, & handling for RCA COSMAC ELF II iii, 
1echnica l language. it's a learning GOTO. GO SUB, RETURN. END . $4.95 lor power supply (required) , 0
breakthrough for engineers and laymen REM, CLEAR. LIST. RUN. PLOT. $5!or RCA 1802 User's Manual, o $50
al ike . $5.00 pos1paid! PEEK. POKE. Comes fully docu- for Short Course on Mlcropro~sor & 

D Dcfox:c melal cabinel wi1h plcxiglas mentcd and includes alphanumeric . 

dust cover for ELF IL. $29.95 plus generalor required to dis play a l- CompulerPro11rammm11. 

S2 .SO p&h. phanumeric charnc1ers directly on your D I want mini wired ind llllld wllh 

O ELF ti connects lo !he video inpul TV scree n without addi 1ional hard· power 1upply, RCA 1802 U11r'1 M1nual 

of your TV set. 1r you prefer 10 use ware . Also plays 1ick-tack-!oe plus a 1ndShaltCouis1 ln~udedlorful1S149.95 

your an tenna terminals. order RF drnwing game 1ha1 uses ELF ll's hex plu1$3p&hl 

Modulator, $8.95 po>lp;iid. hcrbourd as ajoy,tick . 4k memory re- D I am also enclosing paymenl (lnduding 

o GIANT BOAIU)'I'.• kit wit I> casscne quired. St4.95 postpaid. palothstaegeeft&. handling) !or the items clt•ckocl 
110, RS 232-Cf!TY 110. 8-bil p 110. 0 Tom Pillman·s Short Course on Tiny l 
decoders for 14 separa1e 1/0 instruc· BASIC for ELF ll. $5 postp•id . Tolal Enclosed (Conn. res . aclcl tu/ 
1i ons aml a sys tem monihlr/cditor. D Expan.o;ion Power Supply (required S D Cheek here i 
$39.95 plus S2 p&h. when add ins 4k RAM). SJ4.9S plus $2 you are enclosing Money Order or Cashier's 
O Kluge ( Pm!olype) Board accepts up p&h . Check lo expecllte shipmen!. 
tu 36 IC-s . $17.00 plus $1 p&h. O ELF-BUG" O.luxe System Monitor USE YOUR D VISA D Master Charge 
D 4k Slatlc RAM ki1. Addressable to on cassetle 1af"· Allows displaying !he (lnlerbank /I _ - - - --) 
any 4k page 10 Mk. SH?.95 phis $3 p&h. content> or al registers on your TV al Accounl II 
0 Gold plntcd 86-pin connttlors (one any poinl in your program. Also dis· Signature Exp. Date__ 
required for each plug-in boord). $5.70 plays 24 bylcs or memory wilh full ad- PHONE ORDERS ACCEPTED (203) 354-13751
p-0stpriid. dresses., blinking cursor and nu to scroll· 
D Profcs~ ionril ASCII K~yOOard kil ing. A mus.I ror the serious prugmm· Print I 
with 12K ASC 11 uppernowcr case set . mer! $14.95 postpaid . Name 
96 printable characters. onboard rc~u- CL0•• ~lng 0Soon.nC:oAn,·roDl,leDr ·A •.!=rodn."certe rr. A_ddress I 
lalor. parity, logic selec1ion and choice 1& 11 1 P 8 0 ·• 0 10 
of-I hand:i; lrnkins signal s 10 m;itc wi1ti Graphics & Music System . . . and City I 
almost any computer. $64.95 plus $2 more! State Zip
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approximately 50 words, an abstract 
of approximately 100 words, and a 
listing of appropriate Computing 
Reviews categories.•EYTE's Eiis 

Attention: ACM Members and 
Students of Computing History 

The editors and editorial board of 
the Annals of the /-listory of Computing 
are cu rrent ly soliciting articles for this 
new quarterly periodical. The Annals 
will be published beginning in July 1979 
by the American Federation of Infor­
mation Processing Societies Inc (AF IPS). 
The publication will focus on the history 
of computing by including contributions 
from individuals who participated In, or 
wi tncssed, the even ts and decisions 
which have shaped the prcscn t com ­
puting environment. 

In addition to forma l articles , indi ­
viduals are invited to submit short 
anecdotes or personal recollections, 
commentaries on collections of priva te 
letters considered historically re levant, 
descriptions of current historical pro­
jects, articles on the influence of societal 
factors on the development of com­
puting, reports of significant successes 
and failures in the com pu ting field, and 
annotated bibliographies of relevant 

publications. Coverage will center on 
events and developments that occurred 
at least 15 years prior to the date of 
Pll bl ication. 

Prospective authors interested in sub­
mitting articles should send five copies 
of their contributions to Bernard A 
Galler, editor in chief, Annals of the 
/-/!story of Computing, University of 
Michigan, College of Literature, Science 
and the Arts, 2522 LSA Building, 
Ann Arbor MI 48109. Articles should be 
be tween 5000 and 10,000 words. 
Longer artic les may be considered for 
publica tion in two or more parts. All 
contributions should be typed, and 
diagrams should be carefully drawn 
and fully labelled. Glossy photographs 
may be included . All cited references 
arc to appear at the end of the paper 
under the heading "Notes." The notes 

should be typed, numbered consecu­
tively, and consist mainly of citations. 
All words to be italici zed should be 
underlined. 

All articles should be accompanied 
by brief biographical sketch of 

IA~,~Y~P[t~s~s~,!l~!?~,.

"Manufacturers of Informatwn Processmg Supplies" 
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TRS-80 Memory Expansion 

Owners of Radio Shack T RS-80s, 
take note: if you are upgrading from 
4 K to 16 K of user memory and have 
the work done at a Radio Shack repair 
center, you should ask that the old 4 K 
memory integrated circuits be returned 
to you, after the new 16 K memory 
devices are installed. There is no addi­
tiona l charge, but in most cases you 
don't get the old memories back unless 
you ask. 

Those owners of TRS-80 systems 
who buy 16 K memory kits from sources 
other than Radio Shack should be aware 
of this precaution. It is likely that Radio 
Shack repair centers will charge more for 
repairs to TRS-80s that have been modi­
fied by the user than for repairs to 
machines untouched internally except 
by the hands of the technicians at said 
repair centers.• 

Speakers Invited to Computing Festival 

The Personal Computing Festival of 
the 1979 National Computer Conference 
will be at the Americana Hotel in New 
York City, June 5 through 7. The Festi· 

val will include three days of programs 
and special activities on all aspects of 
personal computing, with emphasis on 
the applications people have for their 
own computers. Individuals interested in 
presenting a paper, giving a talk, organ­
izing a panel, or delivering a tutorial 
should send a letter of intent as soon as 
possible, but no later than February 1 
1979, to Jay P Lucas, 3409 Saylor Pl, 
Alexandria VA 22304. The letter of 
intent should include an abstract and a 
brief biography. Papers presented during 
the festival program will be published. 
Potential authors will be malled a 
festival author's kit, which contains 
instructions and necessary materials 
for preparing papers in camera ready 
format. Papers submitted for consider­
ation must be received by March 15 
1979, in the specified camera ready 
format. Papers will be reviewed and 
authors will be notified by May 1 1979 
regarding acceptance. Session leaders 
should submit a brief abstract describing 
either the scope of the proposed session 
or the tentative title of the presentation 
by February 1 1979. The prospective 
organizer should submit a list of pro­
posed participants, their affiliations, and 
a brief biography of each.• 

On the Eight Queens Problem 

When Terry Smith bypassed the 
permutations of digits method of 
"Solving the Eight Queens Problem" 
(October 1978 BYTE, page 122) be­
cause calculating the permutations of the 
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ASCII 	 ASCII 

IBM SELECTRIC @ 
BASED 1/0 TERMINAL 


WITH ASCII CONVERSION 

INSTALLED $645.00 


• Tape Drives • Cable 
• Cassette Dr ives • Wire 
• Power Supplies 12V15A. 12V25A. 
5V35A Others, • Displays 
• Cabinets e XFMRS e Heat 
Sinks • Printers • Components 
Meny other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
130 NORTHEASTERN BLVD. 
NASHUA. N .H. 03060 
Phone orders accepted using VISA 
or MC. Toll Free 1-800-258-1036 
In N.H. 603·889·7661 

C i rcle 395 on i nqu iry card . 

•• 
• 

• O.S.I• 
•
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OHIO SCIENTIFIC
•••• * COMPUTERS*
•• 
SALES &SERVICE•••• Business/ Home/ Hobby 
Hardware & Software••• - · SEEO.S.I. NOW! -

•••••••••••••••METRO O.C.AREA &MARYLAND
• The Math Box,lnc. •• (301> 933-6555 •••

CENTRAL VIRGINIA AREA• H/B Computers,lnc. 
<804>295-1975 •• 
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ACCELEWRITER DOUBLES 
DEC WRITER SPEED 

The A CC ELEWRITER doubles the 
LA36 Decwr iters speed fr om 30 to 60 
CPS. The A CCELEWR ITE R is a small 
molded module w hich p lugs into the 
prin ter·s logic board . 

The ACCELEWR ITER enables the 
Decwriter to pri nt at irs "catch·up' 
speed of 60 CPS all ol the t ime, You 
must be able to prog ram Ii 11 charac ters 
into the da ta stream af ter carriage re· 
turns . 

Easy insta llation and easy recon · 
versi on, if ever desired. Compatible with 
standard Decwri ter op t ion boards . Full 
one.year warranty . Only $95.00. 

Pl ease write or phone. 

Illinois residents il d d 5% sa l es tax . 


Available NOW from 

LARKS ELECTRONICS & DATA 
P. 0 . Box 22 


Skokie, Illinois 60077 

(312) 677-6080 


COMPUTER MART 
of NEW HAMPSHIRE, Inc. 

* 
SPECIALIZING IN BUSINESS * 
AND PERSONAL COMPUTERS 

~-
DATA GENERAL microNOVA® 
XITAN GENERAL 
APPLE II 
S·100 Bus Products 
SOFTWARE currently available: 


AR . GL. AP, Inv.. Payroll, 

Word Processing. and Dental 

Office Manage r. 


D 
170 Main Street 

Nashua, NH 03060 
D603/883-2386 

m .c roNOVAe •\" •eq•" l''l'd 
11otdt"•n ,116t o l O.iu G t>nt't.JI Co 1p 
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CANADIANS 

Announcing 

HAMILTON LOGIC 

SYSTEMS 

Specializing in logic 

devices , microprocessors, 

memorys, TTL . Cmos . 
etc . 

Send for your catalogue 

Box 7 

STONEY CREEK 

ONTARIO L8G 3X7 

Circle 157 on inquiry card. 

NORTH STAR 
PAYROLL PACKAGE 
,:; Salary , hourl y or commission 
,,., A ny numbe r o f pay peri ods per 

* year 
H ash cod ing allows faste r fil e 
ac cessing 

~"! M ul t ip le companies on one d isk 
,;, New 1ax ra tes arc easil y en tered 

as data statemcnlS 
·tr Simple to use - m in imum oper­

ators response 
-C.· 	 Selec ti ve printo u1s for employee 

in form at ion i.e . las t pay, MTD , 
QTD , YTD , add resses , W-2, e tc... 

Uncon di t ionall y gu aranteed . Can be 
retu rned fo r refun d if no t satisfied. 

North Star disk - $75.00 

Potter's Programs 
224 44 L akeland 

St . Clair Shores, Ml 48081 

{313} 573 -8000 

Circle 308 on inquiry card . 

PET SCHEMATICS 
Anotlm First from "PET·SHACK"". 


For only $24 .95 you 1et: 


24 •• x 30 •• sch1m1tic of th• CPU boord. plus 0•1rslnd 
sch1m•tits of tli1 Video Monitor ind T1p1 Rocordor. plus 
compl111 Peru LevD111-1ll Accur1tely ind P1inmkindv 
drawn to tht Minutest detail. 

PET ROM ROlJDilES 
Anothor Brnkthrough From "PET.SHACK". 

Complttt Assembly Linings of 111 7 ROM1. plus id1nli· 
tied 1ubroutlne ontr; points; Video Monitor. KtybOlld 
Routine. T1p1 Rocord 1nd 1'11\'bock Routine. R11I Timi 
Clock, Uc. 

To 1n1ice vou WI .,, 1ha jncludin9 our own MKhin1 
L1nll'Jl9f Monitor progrom for your PET using the kev· 
boord ond •idoo d~plev. All thistor only $19.95. 

S..r TIS FACTION GUARA N TEED. 
You ctn hive tht Monitor progr1m on e1aett1 for only 
$9.95 IXtrl. 

Send chock, money order. or Manor Ch•'ll• or VISA 
number 1nd t.1Cpir1tion dltt to: 

PET-SHACK Software House 
Marketing and Research Co. 
P. 0. Box 966 

Mishawaka, IN 46544 
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IMSAI 8080Wl 11 SLOTS Sl5r $649 

t6K A PPLE II $1195 $1050 

SHUGGART MODEL 800 $650 $595 


SIMILAR DISCOUNTS ON : 
IMSAI CK, 16K. J1K RAM, MIO t'K• 
POL YMORPHICS VJ0£() 
DYNABYTE 16K (ASMJ RAM 
l-IAZEL TINE 1400, 1500, 1510 
NO VATfON ACOUSTJC COUPLERS 
1µ5 BK (ASMJ RAM 
PROCESSOR APPL ICA TJONS OMA FLOPPY 

DISC CONTROi.i.ER IASMJ 
TAR8Ell. FLOPPY DISC CONTROLLER 
TARBELL CASSETTE INTERFACE 
SHUGART CS! MODEL 11() 
PICKLES ANO TROVT MOO FOR HJ TACHI TV 
Al.I. swrP PROOVC TS 
APPLE JI 
MOOEI. 43 TEl.EPRINTER IOCTOBERI 
ADM 3A TfRMINAL 
SOROC IQ,20 TERMINAL 
TEL. E T YPE MODEL 40 3 00LNP 
CENTRONJCS PRINTER 
REPAIRS IN.HOVSE A Tl.OW COS T 
CUSTOM SOFTWARE & FIRMWARE 

THE [[]t:lPlJTEA Sl[]P 
16919A Hawthorne Blvd 
L1wnd1l1 CA 90260 11 30 10 6 00 T11e ·Sa1 
12131 371-4010 C low-d SundayJMon~y 

Circle 73 on inquiry card . 

• 	 Floppy Kil 
SA 801 lloppy (8"') & disk cont. 
kil!S-100) . . . . . . . . . .. . .. .. . .. $599 

• 	 Add On Floppy Drives 
SA 800/1 18") floppy. .......... , ,, $469 
SA 400 mini floppy•. .... .. . . . .. . , , $285 

• Centronics 779 prinler . .. . .. . , . . , ,$999 
• 	 Miscellaneous 

CP/M Operaling System/ Manuals . . ,$89 
a··Memorex Diske lles 

(IBM comp.) . ... . . ... . " , , , .. . . $3.50 
a··Verbatim Di skettes 

(IBM comp) . . . . .. . . ... . .... " .$3.99 
4.. Diskettes .... .. . .. .... .. .. , , , ,53.39 
16k RAM chips . . . $9.75 
Pwr Supply cabinel (mini floppy) . . ,$79 
Pwr Supply cablnel (ll oPpy). . , ... . $225 

t{gr COMF>q~~~~~~'~t1~~~0LOGY 
2080 SOuth Gr.anel, Grand Centre. Santa Ana. CA 9'2?0S 

Circle 74 on inquiry card. 

Call (714) 
979-9920 

http:CONTROi.i.ER
http:t>nt't.JI


The 	 digits from 1 to 8 seemed too difficult, The line numbers in listi ng 1 which 
I took it as an interesting problem in arc mu ltip les of 10 a re the permutationRothenberg 
itself. At first I doubted that BAS IC program. The res t we re added to screen 

INTEGRATED 

FINANCIAL 


SYSTEM 


under. 

CP/M* 

• GENERAL LEDGER 
• ACCOUNTS RECEIVABLE 
• ACCOUNTS PAYABLE 
• PAYROLL 
•INVENTORY CONTROL 

Easy to use. self-guided. 
You don't have to b"e a CPA! 

Price: $500 each 
Complete manuals: $8 each 
Immediate Del ivery 
Requires only 32K system 

Requires CBASIC** 

Prepaid or COD only 

Send CP/M serial 1t with each order 

Also available: 

Complete Legal Bil ling System 


Only$1995. Manual $8. 


260 Sheridan Avenue 

Palo Alto. CA 94306 


(415) 324-8850 


*CP/M is a trademark df Digital Research 
**Add $100 if CBASIC is also needed 

Circ le 328 on inquiry card . 
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was fast e nough, but as it tu rned out I out the diagonal attacks. T he AND or 
received a permutation every second o r OR operators operate on each bit 
so using Micropolis BASIC on a SOL 20. independent ly, as in machine code. 
T hat encouraged me to complete the T h an ks for a n inte resting coupI e of 
eight Queens problem. hours. 

My first solution appeared in less Also, I am fo llo wi ng the Pasca l 
than a minute and a ha lf. That's a lot artic les and may implement the cu rrent 
faster than the 20 minutes Terry Smith series, alt hough it's too bad the data 
waited! The last of the 92 sol utions types cou ld not be impleme nted. I also 
came out 27 minutes from the start of wish I had some idea of the ir speed. 

the run. 


Richard Greenlaw 

251 Col ony Ct 


Gahanna O H 4 3230
Listing 1: 

10 REM PROGRAM TO CALCU LATE CHESS BOAR D POSITIONS FOR 8 OU EE NS 

12 REM WITH NO ATTACKS ANYWHERE . 

15 REM BY RICHARD GREENLAW 1017/78 

20 REM TESTS PERMUTATI ON METHOD MENTIONED BUT NOT USED BY 

22 REM TERRY SMITH IN 10178 BYTE 

28 REM D VARIABLES ARE VERTICAL POSITIONS IN EACH COLUMN 

30 REM F VARIABLES AR E FLAGS REPRESENTI NG THE DIGIT USED 

32 REM U VARIABLES COMBINE FL AGS FOR ALL DIG ITS USED SO FAR 

100 FOR D1 =1 TO 8 

110 U1=210 1 

120 FOR D2=1 TO 8 

130 F2=2 102 

140 IF (F2 AND Ul l<>O THEN 970 

145 IF D2=D 1+1 OR 02=01 -1THEN970 

150 U2=F2 OR U1 

160 FOR 03=1 TO 8 

170 F3=2 I 03 

180 IF IF3 AND U2l<>OTHEN 960 

185 IF 03=D2+1 OR 03=02 - 1 OR 03=01+2 OR 03=01-2 THEN 960 

190 U3• F3 OR U2 

200 FOR D4=1 TO 8 

210 F4 • 2 104 

220 IF CF4 AND U3l<>OTHE N 950 

225 IF D4=D3+1 OR 04 =03-1 OR 04 =02+2 OR D4=D2-2 THEN 950 

226 IF 04=01+3 OR 04 • 01 -3 THEN 950 

230 U4 =F4 OR U3 

240 FOR D5=1 TO 8 

250 F5=2 105 

260 IF {F5 AND U41 <>0 T HEN 940 

262 IF 05=04+ I OR 05=04 - 1 OR D5=D3+2 OR 05=D3- 2 TH EN 940 

264 IF D5=D2+3 OR 05=02-3 OR 05=D1+4 OR 05=D1-4 T HEN 940 

270 U5=F5 OR U4 

2BO FOR 06=1 TO 8 

290 F6=2 106 

300 IF IF6 AND U51 <>0 THEN 930 

302 IF 06=05+1 OR D6=05- 1 OR 06=D4+2 OR 06=04-2 THEN 930 

304 IF 06=03+3 OR 06=03 - 3 OR 06=02+4 OR 06=02-4 THE N 930 

306 IF 06=01+5 OR 06=01 - 5 THEN 930 

310 U6=F6 OR US 

320 FOR 07=1 TO B 

330 F7=2 107 

340 IF (F7 AND UGl<>OTHEN 920 

342 IF 07=06+1 OR D7=06-1 OR 07=D5+2 OR 07=D5-2 THEN 920 

344 IF D7 =D4+3 OR 07• 04 - 3 OR 07=D3+4 OR 07=03-4 T HEN 920 

346 IF D7 =02+50R D7=02- 5 OR 07=D1 +6 OR 07=D1-6THEN 920 

350 U7=F7 OR U6 

360 FOR 08=1 TO B 

370 F8=2108 

380 IF IFS AND U7l<>OTHEN 9 10 

382 IF 08=07+1 OR D8=D7 - 1 OR D8=D6+2 OR D8=0 6- 2 THEN 910 

384 IF 08=05+3 OR DB=D5-3 OR D8=D4+4 OR 08=04- 4 THEN 9\0 

386 IF 08=03+5 OR D8=03-5 OR 08=02+6 OR 08=02- 6 THEN 9 10 

387 IF 08=01 +7 OR 08=01 - 7 T HEN 9 10 

500 PRINT Dl ;02;03;04;05;06;07;08 

9 10 NEXT DB 

920 NEXT 07 

930 NEXT D6 

940 NEXT 05 

950 NEXT 04 

960 NEXT 03 

970 NEXT 02 

980 NEXT 01 

READY 

RUN 

15863724 

16837425 

17468253 

17582463 

24683175 

25713864 

25741863 

26174835 

26831475 

273685 1 4 

27581463 

28613574 

31758246 

35281746 

35286471 

35714286 

35841726 

36258 1 74 

36 271 485 

36275 1 84 




Listing 7 continued: 

3 6 4 1 8 5 7 2 
3 6 4 2 8 5 7 1 
36814752 
36815724 
36824175 
37285 14 6 
37286415 
38471625 
41582736 
41586372 
42586 1 37 
42736815 
42736851 
4275 1 863 
42857 1 36 
4286 13 57 
46 1 52837 
46827135 
46831752 
47185263 
47 382 516 
47526138 
475 31 682 
48 1 36275 
48157263 
48531726 
51468273 
51842736 
51863724 
52468317 
52473861 
52617483 
5 2 8 1 4 7 3 6 
53 1 68247 
53 17 2864 
53847162 
57138642 
57 14 2863 
57248 1 36 
57263148 
57263184 
57413862 
584 1 3627 
58417263 
61528374 
62713584 
6271485 3 
63175824 
63184275 
63185247 
63 571428 
6 358142 7 
6372481 5 
6 3728 514 
6374182 5 
64158273 
64285713 
6471352 8 
64718253 
68241753 
7 I 3 8 6 4 2 5 
72418536 
7 2 6314 85 
73 16 8524 
73 825 1 64 
74258136 
74286135 
75316824 
82417536 
82 5 31746 
83162574 
84 1 36275 • 

Call for Papers for SIGPLAN 
Symposium on Compiler Construction 

The SIGPLAN Symposium on Com­
piler Cons truct ion which is scheduled 
for August 8 through 10 in Boul der CO 
has issued a cal l for papers . The sympo­
siu m will consider compiler construction 
methods an d cons truction experience. 
T he e mph asis will be less on theo retical 
methods and more on tech niques app lied 
to real compilers. Espec iall y welcome 
are papers on the applic ation of theo­
retical methods and practices to prac ­
ti cal compilers. Some typica l topics 
of inte rest are : code generation tech­
niques; compiler generation for parti ­
cular languages, language constructs, or 
sys tem architectures; compiler porta­
bility and bootstrapping; compiler 
testing a nd verification ; code optimi ­
zation and its practical effec t; measuring 

and ach ieving compi le time and exe­
cution time efficie ncy. 6 copies of a 
summary (not a com ple te pape r) should 
be se nt to th e program chairman Dr 
Stephen C Johnson, room 2C-559, Bell 
Telephone Laboratories, 600 Mountain 
Av, Murray Hill NJ 07974. Summ aries 
should no t indica te auth or name and 
address. This information should appear 
only in a cover le tter to the chairman. 
Summ aries shou ld exp lain what is new 
and interesting about the work and 
wh at has actua lly been accomp li shed. 
February 1 1979 is the deadl ine for sub ­
mission of summaries.• 

National Computer Tournament 
for the Prisoner 's Dilemma 

Looking for a challenging project 
for your strategic instincts and your 
program ming skills? This computer 
tournam ent may be for you . There is no 
charge to enter. 

The tournament is based on a nifty 
lit t le game ca lled the Prisone r's 
Dilemm a. In the Prisoner's Dilemm a 
the re are two players. Unlike most 
games , such as chess, the two players 
arc not in total conflict. In fact , both 
can do well or both can do poorl y. 

Here is how the tournament works. 
The game will be played for an average 
of 200 moves, and in each move, each 
player can choose either to cooperate 
or to defect. If both cooperate, both 
do well. But if one defec ts while the 
other cooperates , the defec ting player 
ge ts his highest payoff, and the cooper­
ating player gets taken for a sucker and 
gets his lowest payoff. The catch is that 
if both defect, both do poorly . 

The precise payoffs in the tourna­
ment for a give n move are three poin ts 
each if both cooperate ; five points to a 
player who defects while the other 
coopera tes , with zero points to the 
sucke r; and one point each if both 
defect . The score of a player in a single 
game is his or he r total over all the 
moves. 

To win the tournament you have to 
ge t the highest total score summed 
ove r all the games you play. Therefore 
your object is to get a good score in each 
separate game, but not necessarily to get 
a bette r score than the playe r with 
whom you arc currently play in g. 

To join the computer tournament 
you submit a program written in BASIC 
or FORTRAN IV which will be a de ­
cis ion rule for the selection of the 
coope rative or th e defect ing choice at 
each move . The decision rule may be 
based on the history o f the game so far . 
For example , a simple and quite effec­
ti ve decision rule is Tit For Tot: cooper­
ate on the first move , and then do 
exac tl y wha t the othe r player did on the 
previous move . Quite sophisticated de­
cision rules can be written in as little 
as 25 lines. 

This tournament is part of a research 
project to understand the nature of 
skillful performance in a 2 sided environ­
ment which is partial ly cooperative 
and partia ll y competitive. 

Each pe rson who completes an entry 
will recei ve a report describing the 
resu lts of the tournament. The winner 
will rece ive a handsome engraved trophy . 

To get further details on the tour­
nament, write to Prof Robert Axe lrod , 
Insti tute of Public Policy Studies, The 
Unive rsity of Michigan , 506 E Liberty 
St, Ann Arbor Ml 48104.• 

Using a Calculator to Perform 
Hexadecimal Addition and Subtraction 

This helpful hint to anyone analyzing 
hex adecimal programming and memory 
dumps comes from the NCR Cenwry 
Systems Software volume 4, issue 2, by 
NCR analyst Robert C Moler. 

If you do not have a Texas Instru­
ments hexadecimal calculator and work 
wi th hexadecimal numbe rs , you only 
need to rem em ber the number 84 . 

Here is how it is done. Allow two 
decimal places for each hexadecimal 
character and assign the values as fol­
lows : 0=00, J=Ol , 2=02 , 3=03, 4 =04 , 
5=05 , 6=06, 7=07 , 8=08 , 9=09, A=lO, 
B=l 1, C=l 2, D= l 3, E= l 4, F= l 5. 

During addition, when the sum of 
two decimal representations of hexa­
decimal numbers exceeds 15 (F ), add 
84 to it to perform the carry to the next 
place. 

Example : 

Hexadecimal Keyboard 

Number 


1B4D 01 11 04 13 

+1C85 + 01 12 08 05 

3702 02 23 12 18 

+ 84 

02 23 13 02 

+ 84 00 00 

03 07 13 02 = 37D2 

For subtraction, when a borrow is 
made from the next higher place the 
result is in the range of 85 to 99. The 
result is corrected by subtracting 84 
from that place. Using the preceding 
example , subtracting 1CBS from 3 7D2: 

03 07 13 02 

- 01 12 08 05 

01 95 04 97 

01 95 04 13 

84 00 00 

01 11 04 13 = 1B4D 

Although the limitation is four digits 
on my 8 digit calculator, I still find this 
method helpful when digging through a 
hexadecimal dump. 

Harold Pritchard 
1801 Oxford St N 

St Petersburg FL 33710• 
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Circle 138 on inquiry card . 

Now 
Any IBM SELECTRIC® 
can be interfaced to 
Any micro computer 

• Unique mechanical design fits on to any style 
SELECTRIC®without modification to the 
typewriter 

•Compatible with S-100 bus; RS232, Parallel 
and IEEE-488 ports 

• Use your typewriter as a high quality output 
printer with TRS-80, Apple, PET, Sorcerer, 
Horizon, etc., etc. 

Prices:• S-100 $496.00 
Parallel $525.00 
RS232 $549.00 
IEEE-488 $560.00 

"Prices valid in USA only 

NORTH STAR * DISK OWNERS 

THE MOST COST-EFFECTIVE MACHINE 
LANGUAGE DEVELOPMENT SYSTEMS AVAILABLE 

THE XL·8080 & XL· Z80 SYSTEMS 

EDITOR •• Creale & modll y source l1sllngs using 15 powerful 
commands. Provides stri ng search/replacemenl, auto- line 

1 numbering, mu lti -disk file slo rage, automalic memory 
managemenl. buUt-in lab, printer lisllngs and much more. Al so, a 
North Star-compatable line editor provides rapid line edil 
capab1 l1ty. 

2 
ASSEMBLER •• Processes source l islmgs direclly from disk 
and oplionally slores bina ry code in memory or on disk. Features 
mu ll i-disk/ fi le processing, mulli·lenglh labels. symbol leble 
llsti n.g, conso le or printer oulpul. etc..Allows any size program 
(sou rce or code) lo be processed ! 

3 
DISASSEMBLER • • Processes an ob1ec1 1110 on d isk and 
produces sou rce fi le lts lings bolh on a second disk Ille and on 1he 
console or p ri nle r. 

.. MAXIMIZES DISK CAPABILITY 

.. USES EXISTING DOS USER 110 ROUTINES 
'"REQUIRES LESS THAN 16K MEMORY TO OPERATE 

XL·8080 SYSTEM wlcomplele documen1a11on , ...... . . S39.95 

XL·Z80 SYSTEM (same as above bul p rocesses 
Z80 Zilog·formal liles ... .. ... $59.95 

XL·ZP/ M SYSTEM (Z80 Assemb ler lot CP/M) ... .. . $59 .95 

Availa ble a1 your local compuler sto 1e 01 by sending check or money order to: 

~ (1 ~[J':1PUJH\ P.O. Box 805 
~ U...,. PRODUl:TE Mesa, AZ 85202jNL. 

Dealer inqu iries welcome 
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Continued from page 10 

tive), but the statement J: 0 returns to 
the start of the program rathe r than to 
the last acce pt. 

Also, two simple changes can save 
one level of nesting each : 

004A 7E E1AC JI N JMP INEEE 
004E 7E E1D1 JOUT JMP OUTEEE. 

All of the above arc sim ple modifi· 
cations , but I re wrote the wl1 o le program 
to optimi7.c it by usi ng RAM in the 
STACK area for LOC, CHR and FLG, 
while deleting LST. 

I am sorry to prap ose these modi fi­
ca tions on ly in MOTOROLA M6800 
form at but I am su re that anyone using 
tl1e 8080 can work it out on their own. 

Keep up th e goo<J work for 6800 
experime nters. 

A De Longchamp 
7600 Rou sselot, Ap t 6 

Montreal, Quebec 
CANADA H2E 1Z3 

A TIME LY MODIFICATION 
TO KIMER 

We attempted to ru n a program from 
Robert Baker's article "Kirner: A KIM-1 
Timer" (July 1978 BYTE, page 12) . We 
found Mr Baker's statemen t that the 
timer would run as a 12 hour c lock by 
changing the conte nts of a particu lar 
address not to be true. After incre· 
men ting time at 12:59: 59, the 12 hour 
clock goes to 00: 00: 00. The proper time 
(01 :00 :00 ) can be displayed by changing 
and adding tl1 e following code : 

0257 C9 13 CMP ¥'13 

0258 20 66 02 JSR MIDO 

0266 A9 # 0 1 MIDD LOA ri:J1 
0268 85 FB ST A POI NTH 
026A 60 RTS 

We hope that this co rrec tion will aid 
others in uti li zing the KIM-1 as a ·12 
hour digital clock for demonstrative 
purposes. 

Alan A Leff 
Donald L Boos 

The Standard Oil Company 
3092 Broadway Av 

Cleveland OH 44115 

GRAPHIC PRESENTAT ION 

found the articles by Jeffrey L 
Posdamer, "The Mathemat ics of Com­
pu Ler Graphics," and Joel C Hungerford, 
"Graphics Manipul ations Using Ma­
trices," quite interesting (see September 
1978 BYTE , pages 22 and 156, respec· 
tively). I am pleased to sec !hat com· 
pu ter graphics is becoming mo re popular 
and useful at all levels. The a rticle by 
Posdamer was partirn larly in tc resting 
because it close ly paral lels the material 



ARE YOU 

TAKING FULL 

ADVANTAGE 
OF YOUR 

COMPUTER? 
Then we want you. Assembled at the Per­
sonal Computing Festival of the 1979 Na­
tional Computer Conference will be scores D No of experts with diverse backgrounds. Your 

imagination cannot help but be triggered with new uses and applications 
for your own computer. Over 25 technical sessions will cover such topics 
as : languages, education, robotics, small business applications, speech 
synthesis and recognition, and investment analysis . Live demonstrations 
of applications by individual users will enable you to see the latest per­

sonal computing realities in ac- Then we need you . D YES
tion . Commercial exhibits will bring You have developed 
you up-to-date on industry offer- an application to a 
ings in microcomputer products, point where your re­
systems, and services . Take full sults are up to your own high personal standards. Speak to 
advantage of your computer by us, and the world , at the NCC '79 Personal Computing Fes­
attending the NCC Personal Com­ tival . You can help your friends and colleagues take full ad­
puting Festival at the Americana vantage of their own computers by presenting a paper, chair­
Hotel in New York City, June 4-7. ing a session , or demonstrating your application. Valuable 
For continuing information about prizes will be awarded for outstanding applications demon­
the complete computing experi­ strations and for the best papers published in the NCC 79 
ence at NCC, simply fill out and Personal Computing Proceedings. Fill out the coupon be­
return the coupon below. low, check the box on conference participation. and we 'll 

send you complete information. The deadline for submit­
ting ideas and proposals is February 1, 1979. But remem­
ber...whether or not you 're presently taking full advantage of 
your computer, there's a world of information on the very latest 
in personal computing awaiting you at NCC '79 in New York. 

BYTl]Kcc·79 I 
PERSONAL COMPUTING FESTIVAL 
c/o AFIPS, 210 Summit Avenue, Montvale, N.J. 07645I D Please keep me up-to-date on NCC '79 and its Personal Computing Festival . . 
D Please rush me information on participating in the Personal Computing Fes­

tival program sessions. 
D I 'm interested in demonstrating my own personal computing application; please I 

send me details. 
D My company is interested in exhibiting at the Personal Computing Festival. I
D Please send information on the NCC '79 Travel Service . 
Name Title___ _______ I 
Company~-------------------------~ 

L 
 Street~----------------------------
City __________State._____ _____Zip_____ _J 
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presented in chapter 2 of our book, 
Mothemoticol Elements for Computer 
Graphics. 

Th ere are one or tw o small comments 
that may be of in teres t. Posdamer s tates 
that there are three basic transfor· 
mations in two dimensions: translation, 
rotation, and scaling. In the sense that 
Posdamer is using there is of course a 
fourth, namely, reflection . 

Hungerford's statement with respect 
to projected views although technically 
co rrect is confusi ng. In rea l li fe we see in 
perspective, th at is, all lines converge at 
infinity. The projected view give n by 
Hungerford is technically an ortho­
graphic projection. In an orthographic 
projection all parall el lines remain 
parallel. Orthographic projections arc 
commonly used for engineeri ng draw· 
ings . It is this type of projection that he 
describes. 

David F Rogers PhD 
Prof of Aerospace Engineering 

Director Computer Aided Design 
Interactive Graphics 
US Naval Academy 

Annapolis MD 21402 

TINY PASCAL 

I woul d like to take this opportunity 
to thank you for publi shi ng the se ri es of 
articles about "A Tiny ' Pasca l Com­
piler" (September, October and Novem· 
be r 1978 BYTE) I have enj oyed them 

very much. I have considered (and am 
sti ll considering) ob tai nin g UCSD Pascal, 
but I do not own a disk system running 
CP/M . Th is is why I have appreciated 
your series of art icl es, since they did not 
require a di sk system and could be easily 
modified for any 8080 system (I own a 
MECA casse tte operating sys tem). I hope 
you will continue havi ng serious articles 
abou t Pascal: by this I mean articles 
perhaps extending Tiny Pascal 's features 
com pared with full standard Pascal and 
about structured programming in Pasca l 
or Pascal-l ike languages ; I th in k I have 
seen enough art icles in al I the personal 
computi ng m agaz ines late ly comparing 
the virtues and vices of Pascal vs BASIC 
and the like. 

Harvey E Hahn 
14 N Highview 

Addison IL 60101 

CHESS 4.6 DEFEATED? 

In refe re nce to Norman Whaland's 
article "A Computer Chess Tutorial" 
(O ctober 1978 BYTE, page 168): Chess 
4.6 proved its weakness when it lost 
to Duchess at the Jerusale m Conference 
on Information Technology Computer 
Chess Tournament on Au gust 6 thru 9 
1978. Chess 4 .6 resigned after 59 moves 
(copies of th a t game are ava il able upon 
request along with a se l f-addressed 
stam ped envelope). Duchess had a clear 
lead well into midgame , but played 

rather aimlessl y, picking off Chess 4 .6 's 
pieces one at a time and leavi ng a lon e 
King to resign . The final standings were 
as follows: 

1. Duchess 3 points 
2. Ch ess 4.6 2 points 
3. Chaos 2 points 
4. Ostrich 1 point 
5. Tell 1 point 
6 . BS '66 '76 0 points 

In addition , I have a program written 
in Pascal to solve the 8 Queens problem. 
It was run on the Hebrew University 
co mpu ter (CDC 64000) with the origina l 
Pascal compiler: ETH Zurich (Release 
2). The program works rec u rsively and 
con ta ins more comm ents than actual 
codin g to make understa nding easy. It 
too is available upon requ est (with 30 
cents in stamps to cover sh ipping) . Also 
available are a Magic Squ ares generator 
and a Life genera tor written in Pascal. 

Henry Nussbacher 
570 Fort Washington Av 

New York NY 10033 

HEATH BIT 

recently pu rchased a DECwriter 
(H36) for my H8 system which already 
included an H9 te rmina l. Difficulties 
ensued whe n I tried to list lower case 
text (such as this letter) on the H9, since 
it interprets ASCII code 140 tliru 177 
octal as 040 thru 077 oct al. A remedy 
for this situati on was published in Sep· 
tcmber 1978 BYTE , page 147 , by 
George J Frye, usi ng an inverted bi t 7 
in place of bit 6 from the ASCII bus to 
feed the H9 cha racter generator. Un· 
fortunately, the method described would 
cause an erroneous signal to be sent to 
the plot mode decoder, thus making that 
fun ction of the H9 useless. 

Happi ly the fi x suggested by Mr Frye 
need only be slightly modified in order 
to preserve th e PLOT fu nct ion an d allow 
lower case ASCII to be displayed as 
upper case: 

1. 	 Cut the foi I trace from pin 1 of 
IC206 to pin 22 of IC205. 

2. 	 jumper from pin 10 of IC 203 to 
pin 11 of IC219. 

3. 	 Jumpe r from pin 10 o f IC219 to 
pin 22 of IC205. 

have made thi s change to my H9 
and it works flawlessly. After I had 
completed it, however , I noticed that 
the inverted ASCII bit 7 signal was 
already avail ab le from IC203. Thus, the 
unused segment of the hexadecimal 
inverted (IC219 pins 10 and 11) need 
not be used, a nd only one jumper is 
needed: 

1. 	 Cut the foil trace from pin 1 of 
IC206 to pin 22 of IC 205 . 

2. 	 Jum pe r from pin 11 of IC 203 to 
pin 22 of IC205 . 

William W Moss 
1507 Riverview Ln 

Bradenton FL 33505 
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CLARIFYING THE LIMIT 

There are a number of items in "The 
Sky's the Limit" (November 1978 
BYTE, page 48) which require clarifi­
cation. 

On page 50 it is stated that "some 
repeaters have reverse call-in capability 
by which the nonamateur can dial the 
repeater." The first part of the sentence 
is true. The second part is incorrect. 
FCC regulations do not allow a non· 
licensed person to activate an amateur 
transmitter. It should be realized that 
the repeater is an amateur transmitter 
and is licensed. 

It should be further noted that it is 
not legal for an amateur to directly 
transmit messages to a nonlicensed per­
son ; most amateurs would be reticent to 
do so. Third party telephone communi· 
cation is a special exception. If one 
would monitor an amateur VHF re· 
pcater, he would find that the amateur 
in his car wishing to use "autopatch" 
first accesses the repeater (tl1e licensed 
station) which is under direct super­
vision of control operators, also li censed. 
Only then does the amateur place his 
desired nontoll telephone call using 
Touch Tone signaling. 

In response to phrases like "As 
radio amateurs recognize the capabilities 
of the microcomputer..." (page 50), I 
can only state that I know a number of 
radio amateurs who have been working 
with microcomputers before there were 
"home computers." I really don't feel 
that the radio amateur belongs in the 
class of the slow learner. However, I 
agree with the statement on page 61 that 
"the AMSAT OSCAR amateur radio 
communication satellites can provide 
the computer enthusiast with an oper· 
ationally simple worldwide personal 
computin g network"-but if and only 
if that enthusias t is also a licensed radio 
amateur. 

To Mr Kasscr I would like to add: 

1. 	 A review of FCC rules and regu· 
lations ma\' be appropriate. 

2. 	 If you are really in !crested in a 
multidiscipline approach (ham 
radio and com pu ters)-take the 
time to get a license and enjoy 
both worlds, as many of us do. 

G William Pfeiffer 
KOGVX 

2122 Novak Av N 
Stillwater MN 55082 

A reference is made on page 50 of 
the article to th e activotio11 of on ama­
teur VHF repeater by o nonomoteur 
computer user. This procedure is com­
monly known as "reverse outopatch." 
The Federal Communicatiom Com­
mission hos ruled that such activation 
may be done only in the following way: 
the 11onomateur dials a telephone num­
ber which rings o phone at the repeater 
con trol site. A human licensed amateur 
radio operator answers the coll, es tab­
lishes its purpose, and determines if 
transmission of the call is consistent 
with the regulations governing amateur 
radio operation. The repeater operator 

may then /Urn 011 the transmitter and 
allow transmission o f the nonamateur's 
message under supen,1s1on of the 
amateur. The repeater operator must 
also keep a record of the transmission to 
comply with the rules of third party 
traffic . ... RS, N4ANG 

HOUSE OPERATING SYSTEM 

I read the ed itorial in the October 
19 78 BYTE and noted with interest 
the distribution of interests in your 
survey. Naturally, I was chee red to see 
home au tom at ion ran king as number 
two in the list, si nce it is precisely 
what I am working on. 

The "House Operating System" is 
really a complete, general purpose 
power con trol sys tem that can be in­
sta lled in almost any reasonable environ· 
ment for any desired purpose. It can deal 
with both on an d off controls such as 
ordinary lights, and co ntrols that require 
some parametric input, such as a digi· 
tall y controlled FM tun er. 

Wh at most concerns me, however, 
is the human engi neering of the sys tem. 
It has full programming capabilities in 
most respects, interacts with the environ­
ment and user, and guides the user in its 
use. 

The basic input device in the Hou se 
Operating System is either a 16 button 
telephone-like keypad or a small alpha· 

numeric keypad (about the size of a 
calculator) connected to the central 
computer by a pair of twisted wires. 
Any number of these un its can be 
connected on a slngle pair. All input 
is echoed on video connected thru a 
master antenn a system, enabling all 
televisions in the house to be output 
terminals. Prompting messages, etc, are 
also logged on this video output. 

Commands in the House Operating 
System are mnemonic, and defined by 
the user. They are set up when the sys­
tem is installed, and can be changed, 
de leted, or added at any time. 

Many primitive commands come 
with the basic software: define a com· 
mand to turn a si ngle relay on or off, 
program a command string, define 
parameters, conditions, etc. 

The system is available only as a 
turnkey package, but we will sell the 
power control boards separately. Our 
optoisolator board (for input), tone 
receiver board (for 16 button keypad 
decoding), and relay driver boards 
(power control) are bus independent, 
communica ting th rough ser ial and 
parallel ports, and are thus usab le on 
any system. 

Frank Alviani 
GIMIX Inc 

133 7 W 37th Pl 
Chicago IL 60609• 
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soft as 

a rock 


> 

Wintek,s solid 6800 software. 

$800 .6800/6801 Cross Assembler 

PL/ W Cross Compiler $t400 
Cross Linker $400 
Simulator $8QO 
Floating Point Math Pkg. $500 

. When you choose Wintek, you're getting 
software as solid as a rock All software 
written in ANSI FORTRAN for 16 bit or 
larger computers. Al.so available on 

Bm1sa11r 
For information on solid software 
from Wintek, call or write: 

IJI w11·rn1r.I Wintek Corporation 

902 N. 9th St. 

Lafayette, IN 4 7904 

317/742-6802 


Some Random Games 


CK Adams 
12702 Shady Creek 
St Lou is M O 63141 

With the increasing number of inexpensive 
programmable calculators, game and enter· 
tainment programs are becoming popular. 

Here are two simple entertainment pro­
grams written for the Texas Instruments 
model 58 or 59 programmable calculators 
with the master library. After entering any 
of the programs, always single step through 
the program, checking the entries against 
the program listing to help prevent wrong 
entries. 

Listi ng 1 is the ESP program. The object 
of this game is to guess the number (O or 1) 
that the program will come up with . The 
operator enters either a 0 or a 1 into the 
calculator, then presses D. The calcu lator 
disp lays its number, independent of the in­
put. The number of correct guesses is stored 
in register 01 while the total number of 
guesses is stored in register 00. 

The random number generator program 
of the master I ibrary is used to calculate a 
random number between 0 and 1. The 
program then rounds the number to either 
a 0 or 1. The steps requ ired to generate th is 
random number using the library program 
are as follows : 

1. Call up program 15. 
2. Enter a seed number. 
3. Press A. 
4. Press E to initialize the program . 
5. Press SBR and D.MS to obtain answer . 

To obtain another random number, repeat 
step 5. These steps are accomplished by pro ­
gram steps 00, 01, 03 through 05, and 12 
through 15. 

The guess is entered by steps 08 through 
11 and is stored in register T. Steps 21 and 
22 keep track of the number of guesses. 
Steps 23 through 25 determine if the guess 
is correct, and steps 26 and 27 keep track of 
the number of correct guesses. 

To use the program: 

1. Enter the program from the program 
list ing . 
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TRS-IOTM 

When Microsoft put Level I.I BASIC on 
TRS-80, you got a glimpse of Its full 
potential. 

Now Microsoft Introduces: 

TRS-80 Fortran 
and TRS-80 will never be the sam.e! 

Plus 

TRS-80 FORTRAN Includes the fin.est 
Z-80 development software available·: 

z-ao Macro Assembler, versatile Te~t Editor:. 
and Linking Loader. 

Circle 228 on inquiry card. 

TO: Microsoft. 10800 N E Eighth. Suite 819. Bellevue. WA 98004 

0 Send me free TRS-80 FORTRAN overview. 

0 Send me TRS-80 FORTRAN and Z-80 development soft ­
ware for 5350.00. 

D Check enclosed D Master Charge D VISA 


Card Number____ _ Exp. Date ___ _ _ 


Cardholder·s Signature _ _ _ _ _ ___ _ ___ _ 


Name_ _ ___ _ _ ___ _ _____ _ _ 


Address _ _ _____ _ _________ 


City ________ _ State_____ Zip _ _ 


-




2. Press RST. 	 bers are separated by a decimal poinl. In 
3. Enter 	a seed number (between 0 and this program, as with the previous program , 

19907). a seed number is entered to initialize the 
4. 	 Press A. random number generator. Entering the 
5. 	 Enterguess(eitherOorl). same seed number will result in the same 
6. 	Press D (the number calculated will sequence of numbers for the rolls of the 

then be displayed). dice . But there are over 19,000 possible 
7. 	Repeat steps 5 and 6 for the next combinations for the seed, so it is virtually 

guess. impossible to memorize the sequence for 
8. 	Read registers 00 and 01 to determine more than a few seed numbers. Also, by 

the number of guesses and the number letting a player other than the operator 
of correct guesses. enter the seed number, the possibi lity of 

9. Start 	 at step 2 to reinitialize the cheating is elimi nated . 
program. Program steps 1 through 14 set the limits 

for the random number program to 0 .5 and 
List ing 2 is a dice game. Th is program 6.5. Steps 16 and 17 set up the loop for the 

allows the user to "ro ll two dice" and end roll of the dice. Steps 21 through 23 deter­
up with two random numbers (representing mine the value of the first die. Steps 24 
the dice) between 1 and 6. The two num- through 30 round this to a whole number 

Listing 7: ESP program for guessing which number will be played next. 

Location Keys Commentary 

00 ~ CTID CD Define A as seed . 

02 ~~ Clear memory. 

03 ~ CT@ OD c::c:> Initialize random number program . 

06 ~ CTID CD Define loop. 

08 CED ~ Oli) CI) Enter guess. 

11 (X~T) Move to T. 

12 G0I) Q§M) ODmB.J~ ( D.MS) Calculate random number between 0 and 1. 

16 CM) QJD c::::D CK) CillD CK) Round answer to either 0 or 1. 

21 ~ GD GO Increment number of guesses. 

23 OillD ~ ( X~T ) ~ If guess does not equal number, go to loop. 

26 ~ CQD OD Increment number of correct guesses. 

28 CQID c±:::::) Go to loop for next try. 
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and store the resu lts. Steps 31 through 38 2 . Press RST. 

determine the value of the second die and 3 . Ente r seed number (between 0 and 

round it to a whole number. Steps 39 through 19907). 

46 combine the two numbers by multiplying 4 . Press R/S (display will go out and then 

the value of the second die by 0.1 and add­ display 0). 

ing to th e first value . Steps 47 and 48 loop 5. Press D to roll the dice. The d isplay 

back to display the results and wait for th e w ill show the value of th e two d ice, 

next roll. separated by a per iod . 


To use the program: 6 . Press D to roll the dice aga in. 
7 . To reinit ialize the program, re turn to 

1. Load program from program list ing. step 2.• 

Listing 2: Dice program for rolling two dice. The two dice are displayed on either side of the 
decimal point. 

Location Keys Commentary 

00 CE) ~ Enter seed number. 

01 ~(RM) OD Initialize random number p rogram . 

03 CL) C=> CD Set lower limit at 0.5 . 

06 ~~OD 
08 CT=>CD ~CD Set upper limit at 6.5. 

12 ~~ 0Do=) CL) Zero display . 

16 ~ @D CQ Set up loop. 

18 ~ Stop program and display results . 

19 Gill (ill) CI) 
21 CR) a@ OD CD Calculate value of first die . 

24 ~ CTID CD GD~ GD Round value 10 a whole number. 

29 ~ CI) Store value of first die . 

31 ~ @M) ODCL:> Calculate value of second die. 

34 ~ QID CI) GD CillD GD Round value to a whole number. 

39 CillLJ CM) CIID o:::J ~ CL:) Mu ltiply value of second die by 0.1. 

44 ~ @D CI)~ Combine first and second dice values . 

47 @Q) c=D Loop back for next ro l l. 
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GOTOlocks and the Three Sorts 


Gwen Hadley 
520 E May, Apt 2 
Las Cruces NM 88001 

In a package program on the dump of a 
null allocation, there resided a very asyn­
chronous VERB who was commonly known, 
in reverse Polish notation, as GOTOlocks. 
GOTOlocks was a virtual card hopper, a 
veritable TALLY-goer, a member of the 
MOD function, for she was continually 
GOTOing. Her run time was so el liptic th at 
there was no algorithm for tracing her or 
her Turing machine. 

"I am queried of this dump routine," 
she asserted. "To GOTO is Greater Than to 

RETURN." And her counter was dimen­
sioned around that password. 

One day GOTOlocks multivibrated the 
topdown on her Turing machine, imple­
mented her ascending key, converted her 
scale factor for sequential access, made a 
scientific notation of her default value, set 
her level indicator at zero, and linked out 
into the recursive overflow area of the in­
stallation. " I will have a real time for my­
self," she stated. 

Soon, her Turing machine arrived at an 
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empty operating system which belonged to 
the Three Sorts. There was a Major Sort, 
an Intermediate Sort and a Minor Sort. The 
Three Sorts were just taking a structured 
walk-through the forest while their hash was 
being debugged. 

GOTOlocks inputted into the Three 
Sorts' priority system through their OR 
gate and advanced to their hash table. She 
sampled the Major Sort's hash. 

"There are too many bugs in it," she 
asserted. "An adder would take care of 
them." She correlated four bits of cyber­
culture into the floating point. "At least it 
can be upgraded by integrating a literal 
queuing solution," she commented. 

NEXT, GOTOlocks tested the Inter­
mediate Sort's hash. "This is too unde­
fined," she printed. "No wonder it isn't 
labeled. It could be a key punch with a little 
binary addition." She loaded some Garbage 
In to it. 

Then, GOTOlocks sampled the Minor 
Sort's hash. "What a smooth approxi­
mation!" she declared. And she simulated 
the entire batch . 

NEXT, GOTOlocks multivibrated into 
the Three Sorts' mass storage. Here, she 
found three peripheral devices- a big peri­
pheral device, a medium peripheral device 
and a tiny peripheral device. 

She tried the big peripheral device. "This 
is too ambiguous," she stated, " I am Not 
Equal to it. All I need is a sim ple basic 
cycle." 

She tested the medium peripheral device. 
"This is too digital," she commented, "and 
with its variable flip flopping I feel as if I am 
loaded. There is no use making myself 
llliac." 

She tried the tiny peripheral device·, and 
it was just right. Just as she began to operate 
it, however, it was truncated. 

Finally, GOTOlocks entered the Three 
Sorts' deck setup. She tried the huge source 
deck, but it was too dimensional. "What I 
need," she declared, "is something more 
finite." 

She tried the medium source deck, but 
it had an embedded parenthesis in it. "This 
could give one a BACAIC," she stated, and 
moved on to the tiny source deck. 

The tiny source deck was so very heuris­
tic that GOTOlocks was soon smoothing 
away. 

Suddenly, the Three Sorts returned from 
their walk-through. 

"Someone has been processing my hash," 
asserted the Major Sort. 

"Someone has been processing my hash," 
declared the Intermediate Sort. 

"Someone has been processing my hash ," 
iterated the Minor Sort, "and it is all simu­
lated ." 

They went into their mass storage. 
"Someone has operated my peripheral 

device," asserted the Major Sort. 
"Someone has operated my peripheral 

device, " declared the Intermediate Sort. 
"Someone has operated my peripheral 

device," iterated the Minor Sort, "and it 
has been truncated." 

Final ly, they linked into their deck 
setup. "Someone has been scaling in my 
source deck," asserted the Major Sort. 

"Someone has been scaling in my source 
deck," declared the Intermediate Sort. 

"Someone has been scaling in my source 
deck," iterated the Minor Sort, "and here 
she is!" 

With that, GOTOlocks became on line 
and listed through the source deck, and out 
through the mass storage, and through their 
priority system with the Sorts vibrating on 
her trai l. 

Sh e looped off in her Turing machine, 
taking direct access to her dump routine. 
"One would conclude that I am linked to 
the 5th column," she stated, making a 
scientific notation never to go into a recur­
sive overflow area again.• 

Art by Lynn Irwin 

717 Emery St 
Longmont CO 80501 

Here is a little contest, 
suggested by the level of 
punmanship exemplified 
by this short story. To 
enter, simply identify each 
buzzword buried in this 
story, write a short char­
acteristic explanation of 
its use and normal con­
text, and return it to us at 
BYTE magazine, 70 Main 
St, Peterborough NH 
03458, attn: GOTOlocks. 
But beware, some of the 
buzzwords we haven't 
even heard of. 
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Table 7 (opp osite): Com­
mands supported by the 
Micro Word Processor 
along with the options 
available. 

Theron Wierenga 
POB 2007 
Holland Ml 49423 

"Word processor" is a term personal 
computer people are heari ng more about 
lately. just what is a word processor? 
Essentia lly, it is a computer system con­
sisting of hardware and software that allows 
one to enter and SLorc tex t and have it 
printed back upon command. Add itional 
features Jet the user edit and manipulate 
the tex l in various ways. The copy printed 
back to the user may be as entered or it may 
be right ma rgin justified, mean ing that the 
lines of text arc adjusted so they line up 
on the ri ght side (the text of this arlic le is 
both right and left justified) . Various line 
widths are usua lly possible. Page numbers 
and headings may be automatica lly added 
to the text, and ind ices and tables of con­
tents may be generated us ing key words. 

If you type a 20 page report, you wil I 
probably make some errors. The report 
may have to be retyped seve ral times before 
the final copy is acceptable. With a word 
processing system, only the errors and 

A Micro Word Processor 

cha nges would have to be retyped in to the 
system - a great timesaver if the text is 
lengthy . 

The typ ical microcomputer hardware for 
such a system migh t co nsist of a mainframe 
computer, 32 K bytes of memory, dual 
floppy disks, and a printer with proportional 
spacing and upper and lowercase type . A 
video term inal is also a useful addition for 
ente ring and editing text. The cost of such 
a sys tem can run fro m $7000 to $12,000. 
Many busi nesses are findi ng such word 
processi ng systems to be va luable assets to 
their staffs, and well worth the investment. 
This is especial ly true if much of the hard­
ware is already avai lable and being used on 
such tasks as payroll and accounting. Bu t 
what about the person who woul d just like 
to produce a few fo rm letters or multiple 
copies of a computer club newsletter? And 
what abou t those of us who don't type 
well? Wouldn't it be nice to have a word 
processor that al lows us to co rrect the 

The RANK 68MX16 features: 
• 	 16384 bytes of fully static MOS memory in 4K 

byte arrays. 
• 	 TMS 4044 memory chips with 450ns maximum 

access time. 
• 	 Plug-In compatible with Motorola's EXORciser*, 

Micromoduies• and 0-2 Kit. 
• 	 Switch selectable write protect for each 4K array. 
• 	 Jumper selectable base memory address for 

each 4K array. 
• 	 Fully buffered bus interface. 
• 	 Single t5V supply. 
• 	 Available in SK version - same board with SK of 

memo').' chips - $345. 
• 	 Not a k1t-fully-assembled, burned-In and tested. 
• 	 Full six month parts and labor warranty. 
• 	 Shipment: Stock to 30 days. . 

RANK PERIPHERALS OF CANADA LTD. 
PO Box 7, Victoria Station, Montreal, P.Q . H3Z-2V8$495** (5 141 481 -5431 

'Ille 18KStatic RAM for your M8800 EXORciser* •Trademarks ot Motorola lne. ••Single quantity price In US lunda. 
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SUMMARY OF COMMANDS 

Command 	 Options Available 

C: clear file area. 
E: enter the editor. 	 2,3,5,6. 
I : input lines. 	 3,4,5,6. 
J: jump to top of monitor. 
L: list file as entered with line numbers. 	 1,3. 
M: return end of file address in memory . 
P: print file as entered or justified. 	 1,3,6. 

Options 

1. CTRL C: abort printout. 
2. CTRL I : 	 tab to next selected character. 
3. CTRL S: 	halt printout until a second CTR LS is se nt. 
4. CTRL X: erase current line, re issue> prompt. 
5. DEL 	 delete last character typed in, echos underl ine or back arrow. 
6. 	 \ a backslash decodes as a carriage return and line feed in the print 

justified routine. 

Listing 7: Typical session with the Micro Word Processor system. Comments 
regarding the listing are in italics. 

( / ltt Ir'/ Hl lr' /!• :n1•11 : ·ti.' •• .'I:, ! /, \ ,,,, I"• •1/ { J/ / /+• 

COHHAH O? <'•''' 1 Jt•}f•11Jlll'"'"·I 

) 10 Ue ho l•j these truths lo be self - P.videnl : lht1l ;111 Men ;ire c r ec1led equc1l, 
>12 that lhev ilre endo1.1ed by U1eir c: C1·ec1tor with cer t td n un . 111c1li e 1ri1tde 1 · 1 ·~hl s , 

·;-1 4 that '1nan·~ these Ctre life , ttnd the persui L at t1 c1p~·1 nes s . l h ,1 l l o t.o 
.) 16 ~ecure these ri9h ls , ·~overn"ent s i1re inslitl1led C1r'lon~ Men , de1· 1 v 111 ·~ tt.E' 1r 
"> 18 .iust powers fror< the t onsenl of tt1e 3overned. 
) 

10 Ue hold lheso truth s Lo be se l f-ev1de"t: th•l •I I ~en •re cre•ted equa l, 

12 that they •r e endowed by their Cr eator wit h cerL•in in •l ienab l e r1qht s , 

1~ that • •on g these are life, an d the persuit or happiness. Th•t lo 

16 secure these ri9hl s, ~overn"enls are 1nsl1tuled ~~on9 "e n, der1 v1n9 lh~lr 


18 JUSl powers fro• the consent of lhe 9overned . 


( !ht' uu•tl l1hc1 /1 1• m 1,i,1111t1111J11111• /.1 /lh ,\/tl 11Jt1.' Ullco "~AllD' £ 
/\ /f\t 'd tu t1h111 II. ILIHE HO.? 14 

CHAR. ? • 
lhat ••ong these ; r e 11re . liberty . and ttoe persuil or h;1pprness. Tt1a t to 
) 

COHHAHD? P 
COPIES!Ol-99)-01 ( / Ji1 lilt /I //J11} /1//1/(c 'cf ft. J1/,', ll\ lllli 1/ .; (}\}'!Ill llUl\Jllll/llJ 

lmi· 1\u/1/I.)JUST lfY? Y 
WIDTH IOl-80 )-:;0 

~e hold these t rut hs lo be self - • vident: lh•l 
~ 11 •en •re cre;,ted • quo ! , that they are endowrd 
hy their Creator wit h cert•in inalienable ri9h ls. 
t hat afton~ these ar e life, libert y, <ind the 
per su i t of h•ppine ss. Tho\ to securr these 
ri9hls, 9overn"ents ~re insl1ll1led R "on~ ~Pn, 
~•rivin g the ir just powers fro • the consent of the 
·~overned. 

COHHAHD? f· 
l:OPIES<Ol-991 -02 ( I ht f1h 1\ f' lllff1·./ ,N.Jt11 , , ,,,,.,. ,111 '" •p1 ; , 1 !ui. I n 11 • O/''''' 


.J USTIFY' Y rift 't '• 1'!1l'\/1.J. / 


WIDTHIOl-80>- BO 


Lit t1old U1e s • truths l o be se l f-tvident: U-.r1 l fi ll nE::'n ii1re creat.e d eqttrd, 
lhat the y are endo wed by the i r Creator wilh cert a in inalien~ble r19h ts, l h1 l 
u 11ian~ these are life, libe r t y , ii nd the persuit of hdppiness. Tt1ill to fi ecur e 
these rights, govern•ents are i nstituted • •o ng •e n, de rivi ng I.heir Just powers 
fro • the consent of lhe 9overned. 

Ue hold these tn1ths to be se l f-pvidenl : tr1;.l all M n •re r. rfi1 ted equal, 
t hat \he y are endowed by their Creator with certa i n in 1 liPn•~le ri9hls , th" t 
~ •o n~ these are life, liberty, and l he per sui l of happiness. Th~l to sPcure 
these righl5, 9ov~rn"ents are instituted a"on~ "en, deriv1n9 l~ e1r .iu~l poweri 
fro • the consent of lhe 9overned . 

( I 111/, Ht'11r1 ·1, d .) 

fHE frECLAl<ATION OF IN!JEF'EN[•ENCE \ \\ 

Circle 231 on inquiry card. 

S-100 USERS 
GIVE YOUR COMPUTER 

THE GIFT OF SIGHT! 

The Micro Works is proud to announce 
a Digisector® for the S-100 bus. The 
device that brought inexpensive video 
Image processing to the S-50 bus Is 
now available as an S-100 compatible 
video digitizer. Check these features: 

e High resolution - a 256 X 256 
picture element scan 

e Precision - 64 levels of grey scale 

e Speed - 2 seconds or less for full 
screen digitization (128 X 128) 

e Versat ili ty - scanning sequences 
user programmable 

e Economy - a professional tool 
priced for the hobbyist 

e Compat ibility - you can use any 
processor on the S·100 bus 

e IMAGE PROCESSED BY DS-80 • 

Applications include precision secur· 
ity systems, moving target indicators, 
computer portriature, fast to slow 
scan conversion for ham radio opera· 
tors, and salvation for a Droid in dire 
need of a wall socket. With clever soft­
ware, the Digisector can read paper 
tape, punched cards, strip charts, bar 
codes, and musical scores. 
The DS·80, like all Micro Works pro· 
ducts, comes fully assembled, tested 
and burned in, with fully commented 
portrait printing software. An inexpen· 
sive TV camera and the DS-80 are all 
you need to see eye-to-eye with your 
computer! Price $349.95. Please allow 
2 weeks for delivery. 

Mastercharge and BankAmericard 

P.O. Box 1110, Del Mar, CA 92014 
(714) 756·2687 
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Listing 7 continued: 	 widths can be specified when the text is 
printed back to the user. 

CORHAIO? f' { /he · 1i/1• l\fHUl/nl hmk U\ nrlt 'ltt l, 1,i1lrrmf !mi mmrhrn.I The Micro Word Processor recognizes 
COPIES IOl-991-01 seven different commands. They are: C 
.JUST JfY? N (clear), J (jump), I (input), E (edit), L (list). 

THE DEC LARA TION OF INOE PE HPEHCE \\\ M (m emory), and P (print). A summary of 
U• hold Lhese truths to be s•lf-•v1denl: lh~l •11 """ •re trr•Led eq•al, the commands and available options is give nLha t th•V are endo w• d by their Creator with cerl•in 1n•l1enab le right•, 


that a•on9 t he se are lif•, lib•rly, and lh• i••rsuil of h••·p1ness. n.,t. lo in table 1. 

s ecur• thes• ri9hLs, 9overn•ents are instituted • •ong """• deriv1n9 their 
 The clear command clears the file area 
,lu s t powers fro• th• consent of the govern•d. 

making room for new text to be entered. 
The jump command transfers program

COftHAiD? P 	 (I ht' tilt• i!> p11'11 h ·d / Jt11 I..· JIHlilir•1J, \\ ilh ,m SO 'f'rJr ~· /inc · 
control to the system monitor locatedCOP IES (0 I - t9J-01 \\ 'it ltl1. J 

.JUSTIFY? Y elsewhere in memory. The input command 
WIDTH(Ol-80)-80 al lows lines with line numbers to be entered 

THE ~ECLARITJON OF INDEPENDENCE 	 in to the fi le. Regardless of the order in 
which lines are entered, the program will 
place the lines in ascending line numberU• hold these Lruths to be self-ev i dent: lh <o l all "en <ire created eq11<d, 

t hat th•y ar• •ndow•d by lh•ir Creator with certain inalirn•bl• ri9t1 t s , lh ;il order. The edit routine is used to correct 
e~on9 these are lit•, liL•rtv, •nd th• persuil of happin•ss. Th•l Lo secure errors or make changes in individu al lines.
these rights, 9overMents are instituted a•on9 •en, deriY1n9 th ei r j ust •"'"ers 
fro• the consent or the gover ned. The line number and a key character are 

supplied and edit slews through a lin e until 
COftHAID? H ( /In m l·mot) ' l1111cJ1rn1 ,him·\ l lr t• 1.uit1'1.'"ol tlr~· t· i rdut Ou.: the character is found. Addi ti on al characters 
21 EO Ilic. !ht· u 11111> l1m111uo 11 ·111111\ t riilll t il lo 1111 'J'.\lt'lll can then be entered into the line or deletions 

lltf11/IJOr H'h1 · 1~ · II Oh'lllOJ\' dtl O/f' (}f /h t• (i/r · ,, 4/( 11)1', /li t• fl/(> 

COHKAHD? . I /J1 rlf lr1 •\t1ck• 111111J .:f)J;,) c•nd' /J1· \rtrfrt: tmr1/ made. List dumps out the entire fi le with ·~1l1h 1t11d rll 

! II 0 .) ·m line numbers as it was entered into the
2050 
21EF system. The memory function returns the 
2050 FF FF FF FF FF 34 08 20 address of the last character in the file. The 
205a 20 io 20 20 20 20 20 20 mistakes as we type? When finished, our print routine can 	either type back the file2060 20 20 20 20 20 20 54 48 
2068 45 20 44 4S 43 4C 41 52 computer cou Id type back the page to us as entered without the line numbers, or 
2070 41 54 49 4F 4E 10 4F 46 without any errors. 	 print it with the user specifying the
2078 20 49 4[ 44 45 50 15 4E 
2080 44 45 4E 43 4S SC 5C SC The desire for suc h a system led me to maximum allowable li ne width. The Micro 
2088 OD 50 10 20 20 20 20 20 develop my own word processor. It is Word Processor does no t right justify, but 
2090 57 65 20 68 6F 6C 64 20 
2098 74 68 6S 73 65 20 74 72 designed to run on a minimal system uti­ it does check to see if the next word will fit 
20AO 75 74 68 73 20 74 6F 20 lizing the 8080A type microprocessor. The within the allowable margins. If not, it 
? OA8 62 65 20 73 65 6t 66 20 computer will need only a single serial sends a carriage return and line feed to the 20BO 6S 76 69 64 65 6E 74 3A 
20B8 20 74 68 61 74 20 61 6C inpu t/output (10) port, some sort of hard­ terminal and then continues printing. A 
20CO 6C 20 6D 65 6E 20 61 72 copy printer, and about 4 K bytes of typica l session using the Micro Word Pro­
20C8 65 20 63 72 6S 61 74 65 
2000 64 20 65 71 75 61 6C 2C memory, although less cou ld be used. cessor is shown in listing 1. 
2008 OD 4A 12 74 68 61 74 20 The Micro Word Prnccssor is a mach inc The 1 K byte Micro Word Processor,
20 EO 74 68 65 79 20 61 72 65 language prog ram that occupies 1 K bytes of written for the 8080/Z-80 and capable of 20£8 20 65 6E 64 6f 77 65 64 
20FO 20 62 79 20 74 68 65 69 memory space. It was designed to fit into a being implemented in read only memory, 
20F8 n 20 43 72 65 61 74 6F 2708 type programm ab le read on ly memory. plu s further documentation, is available
2 100 72 20 77 69 74 68 20 63 
2 108 65 72 74 61 69 6[ 20 69 The text typed in is stored sequentially in for $4 postage paid from BYTE. Please use 
2110 6E 61 6C 69 65 6E 61 62 programmable memory. The prngram is line the coupon below and order BYTE docu­
21 I8 6C 65 20 72 69 67 68 74 oriented to make editing easier. Various line ment number 102.• 2120 73 2C OD 4E 14 74 68 61 
:1128 74 20 61 6D 6F 6[ 67 20 
21 30 74 68 65 l3 65 20 61 72 
21 38 65 20 6C 69 66 65 2C 20 
2 140 6C 69 62 65 72 74 79 2C 
2148 20 61 6E 64 20 74 68 65 
2150 20 70 65 72 73 75 69 74 
2158 20 6F 66 20 68 61 70 70 Please send __copies of BYTE Nybble #___ at $ ____ postpaid . 
2160 69 6E 65 73 73 2E 20 20 
2168 20 54 68 61 74 20 74 6F 

__ Check Enclosed 2170 OD 4C 16 73 65 63 75 72 Signature -------------- ­
2178 65 20 74 68 65 7J 65 20 

2180 72 69 67 68 74 73 2C 20 Bill my BAC # _________________ Exp Date----------­
2188 67 6F 76 65 72 6E 60 65 

2190 6E 74 13 20 61 72 65 20 
 Bill my MC # ------------ ----- Exp Date----------­2198 69 6E 73 74 69 74 75 71 
21 AO 65 64 20 61 6D 6F 6E 67 Name ______________________________________ 
21A8 20 60 65 6E 2C 20 64 65 
21 80 72 69 76 69 6E 67 20 74 

Street ______________________________________2188 68 65 69 72 OD 30 18 6A 
2 1CO 75 73 74 20 70 6F 77 65 
21C8 72 73 20 66 72 6F 6D 20 City ____________ ____ State------- Zip Code---------­
2100 74 68 65 20 63 6f 6E 73 
2108 65 6E 74 20 6F 66 20 74 
21 EO 68 65 20 67 6F 76 65 72 BYTE Nybbles Library. 70 Main St, Peterborough NH 03458 

21 £8 6E 65 64 2E OD FF 40 00 

1 You may photocopy this page if you wish to keep your BYTE intact. 
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Listing 7: A program for single stepping the 8080 processor. 

u-; i ~ o,• 
I :v.· D C-F IJ ., I U • rXECUT I C• ~ ~EA 
1 ri 1 ;.).C P I liS 1 
! F C£ n c P< 0 $ I 
l f tJ •XOfJ D> I 
1 f J -t E ~ VP4 c:; 
ll ~ f t'"~T C: :.: ACCR ESS AND STACr: SAV t LOCATI ONSingle Stepping 1 r :.1= 	 F~ A VE ns fLA ~ ~ AV t LoCAT ! ON 
1 i' l•9 A SA VF. D~ A !H :G !STER SAV t LOC AT I ON 
1 f I A CS AY!: Os c nt.G !STER S AV t LO CATI O ~ 
I f' v ! o SAH vs b H:G I STH SAVE LO CAT I ON 
I! Dr ES Ai t ~ s r k ~:il S TEn SA vr L ~ CAT ! ON 
1 F!JO DS AVL DS [J Rr G ISTER S HE LOC ATI ON 
11 : t: LS.Hi DS L REG ! STf.R SA VE LOC ATI ON 
1 r ri r r: !i ll. Vi OS H HG 1511:1' SAV ! LOC ATI ONthe 8080 Processor "1 f~A' SS! H ST ACK POJ lll T [. R SA VF. LOCAT ION 

il ' S LOC ATI ONI f J; 	 PS! H PA OGR AM COU'1 £R :i AV l: 
,"'1£~n: EtU f~ A Yf. 

0 !-G l P~i" 
J~. r? UI _;, p MH CK ~ 1OS t i' S£T llP S TA C~ POI NTER 
~ ill? :1 JH !ST H i: ~· t~=' 1e E•TR l TO :i H. CL [ STEP Charles Sharp cic •••••••o•••••••••••••• •••• ••• •••••••• ••••••••••••••••••••••••••••• •• ••• 

TA 3 L l' ~ l' S EL TC LOG ! UP Cl.RTAIN OPCCDES At: D JUMP LOCAT IONSPOB 3879 ••••••• ••iO•••• ···"'••• 4' •4• •••••••• •••••••••••••••••••••••••••••••••••••••• 
Carmel CA 93921 1 ... <'1.. ~O HL DI t: ~' FCHL l NSTii ll CT JON oTTE 

U:"l ... D• re?-: 	 ;r.11 
ice:· C.' :~F IN STR UCTION ElT f 
10~ A ll • B~ TH :' ~ 11 
lPH Dr c CAL L IN STR UCT!O N ETTE 

• ' 

in: :J 'W C~ LT T 47 1 1 
1l o'i c~ MET IN STRUCT IO N BTTE This is a description of a routine for th e J' 
l z1,~ ~t r rr 	 5!- 11 

? t 8080 processor to allow single stepping with 	 1p1? De BLT I NSUUCT ION HTL 
l~ I J o• r 11.i 7 DIV 

software (see listing 1 ). 101 ; 5 l'Tl>L h r.i: 'DF' 5~ 11 
H' 17 n• ::xcic 	 cfl v

Often it is useful to be able to step 1V l 9 n• HTY P ~41 l 
l~ H· DW i:!CT C cs 1r 

through a program one step at a time. To do 1~ l . o• .: !t.T l 4? 1 ' 
IC If £l Cl c c'10

this from a software standpoint, it is nec­ ~ · 1n1 OW l.X CT C c!10 
t 323 DW RS TTT €C ll essary to have a register save area. In this l'l; 5 CL T1L Di '!!>!;;~ 1!> !>93559 l !l~~~ D:l9 1 D!i9:l D!> £- l 0:,9 
l f ~ !:o CRTI L :. ~ ~ i DG~C f 9~ [ 09 4 f C9~ DD9 5 t C9t~ D 9~ DC9 way, the registers can be stored, and the pro­ .......................................................................... 


cessor registers are freed to allow external ••••• •••••••• •••••••••• ••••••• •••••• •• •••• e•••• ••••••••••• ••••••••••••••• 
ie c ~ 	 RfT A lS AYE ~z o ri r SAY< Binput/output (10) processing. 	 AH H SAVE1~fr. 	 ~ <I V..! I' TEMP A 

t r TO AC C li U LATOROne straightforward approach is to insert 1ecr 	 F.CT AT£ C! ~ 

l?f C .:n • ·s t• R-t 
a restart byte at each point, thus generating l ~ t. f C[T YAL U! or STACl POI •TER 

1nr <2 11f If S AVE VA L:; t Of STA Ct POI NTE R 
a branch to the register save routine and 1-07.... \ ? RES ET CY TO PnOPER VA LU E 

l f7.; ASAii: ~H9 1>" ct:T vuu1: or 1 
back into the monitor. However, this pre­ lf '7 7 SP LS ! H ~ 1 [i.1.J; 5H STACK ? O!S TH TC LSAVE 

I PA L 5 AIJ f fi-f 
C 

l <? C P5 r. r ~ S AVE PS 'o
and the user must keep in mind where the t;'? f, FI NI Si t'l ~ TCK. :ns 11 ;[S ET STACK POl• T£" 

l r•P IS P .. T C;' ?'t7 7 USER DH! NED DISPL AY ~OUTI N E 

cludes stepping through read only memory, 	 !V?F , rL SAVE ~ -

next restart is to be placed. A " ~ LOOP CO h TP. OL 
•••••• • •••••• •• •• w•••• • •• • • ••••••• ••••• •••• •• •• •••••• ••••••••••••••••••••An 	 alternate app roach is to have a pro­ S tr-.~I !. S TL~ LUOP C'!'Ct. £ 

grammable memory execution area where 	 ................&•••···········............................
···· · ·· ~ ······ 
2 ~ ~ ~ s.s -;rr t" VI A GET JU MP OPCCD E 
H" f.~ SH, •XOP~ :! ~ OZ. l f .i f ORi; , , ~AM u rcu n o• AREAthe program is transferred, byte by byte, ! Zif 1.X! h :; 1ev00 Ci'.T e ' .'.i 1~ H- l 
17 ~F S~L:• f.}' j? 1 2?D I If MAH ? .• D & J F. ~ hl H S HOP ' S and then executed under controlled condi­
l ~ :i:: Ul 2 If 5 1e GF.T h [ TUR" POIH I• H - ~ 

tions. The program needs to know the num ­ H"H SP I :i ".t:t. 0 f '1 <•2:l 4 l t S~ORE I ' RAM f xtCUT I ON AP.EA 
I i ~· ii l ~ ! l. ~ PSA\1 f 2 Af I If L'.IC!T IO N OPCODE TO ii[ ~ !MU LATCD 

ber of bytes (one, two or three) of the op l(' f.17 HOV ?t" CET B E OPCOD E BT1' E A 
lO b: :i TA tXu' J2D~ l r STOR E I T IN HM EX UCU T!ON AREA 

code being simulated. In the accompanying 1" !"•T CAL :. TC N'. err N U M~ f P. o; bT TJ:S OPCOD LC ~l., 1 0 TOR 
H" OF LHL::i ?SAV I ? H ll f ~iT P~ O;R ,t.. M COUN1 [ P JN ~-L .t.:AJN 

program (see listing 1 ), a tab le loo kup is l CAt C Pl 0 1 ; r:e 1 sr. r IF ONE B!Tf. I NSTR UC TI ON 
IC iii :! J Z N ~ h C I E ~ l 0 I F SO . UPDATE PSAVE

used to extract this information. l eA f ; Pl P? r rn S £T l fLA C - T~ O PTT£ l!oSTR UCTI ON 
1.'.H CI J r.,J: H ?~ FOI NT TO S ECO • D BIT EThe code in listing 1 does not have any l 'l A ~ r' OV A 'I i FE TCH THE S tC ON • BIT E 
l r1 A S TA U ~Fl ~l: 011' STOf. £ I N H M EXi.C UTl ON AREAprovision to disp lay the register save area. I r Ail J l "~! C AB~ I V Z SrT I f TltO !T H l• STR UC T! ON 
1\l !: 2 I· . ~ H <J POI NT TO THI RD BTTETherefore, this code must be used as part 
l ~H t'O'I A "IE FET CH TH E TH IR D h!Tt 
! e F< STA f1 0?2 J;:D? l t STOhE I N RAM EXE CUTI ON ARE Aof a more complete monitor system. 
1 0tl!.i S l" B I !OX H 	 1 NCR EHl'. NT TO PROPE R VA "UE 

The basic idea is to initialize EXOPl and l ~ ;r S HL ~ fS AI/ f. 22 Fl IF STOR E • £ 'o PR OCR AH COl'. NTER 
! lb LL A UOP J ADe I i Ci:T THE OPCODE UH AG.t.l N 

EXOP2 to NOPs. A jump to RSTA is put in;: u 1 H 2 1e1; 1 v SET B-L TO B! GIN I NG o r OO TB L 
l C i:f 11Y I b ece5 Sf. T COU NT Oi NUM BER o r ENTRltS

in EXOP3. The one, two or three bytes of l~C l CALL Tl\CP.K C D0? II SZE If IN TAB LE 
1V C4 l . • 'l l c ~ rH e. MU5 T NOT PE , GET P. IGH OCTAL PART

code is moved to EXOP EXOPl , and l J Cf Cf I C0 rr. ce S EE IF IT I S TRRF.E 
HC JZ SYS Of 	 CA l S l l J UMP TC SYST EM TY PE OPCODES I i SO EXOP2. The registers are 	 restored to thei r ..............................············································· 
; ORM !L _,:; l SHR H D STACK POIN TE R RES T001 1, :; 5£.)UEN C! • saved values and a jump is made to EXOP. ...............................C<•••········ ••.•••••••••••••••••••••••••••••• 

!Hf ;;x:l'C 	 RESTORE PS 'Then al l the registers are immediately saved 	 1 rec : 

I I 
l oFSTORi B- C 

! Mil !! H STOHE D·Eby the jump to RSTA. iCCE <A DF IF GET YAL U£ o r STACI POl •TER 
Hll )'9 RESTOh E STACK PO INT £~ TAL UE Then things become more interesting. lrt? ? ADf. lF US T~RE H- 1. 
1~ [}~ C:.'·DM r EHCU H T ~ t OP COD EWhat does one do about the jump, call, 


return and restart state ments? After ·all, ~ ETU• • •U ~ BEI C• ~ Y T£S FOP OPCOD E 

~ - HAS OPC I'.::[} !: O'°' iNTnY AP4 D HT£ COi,.; NT Oh EU 1 

they do have some usefu lness. Well, it is it•• •••• ••o••••••••••• •••••••••••••• • ••• •••• ••••••• ••• •••••••••••••••••••• 
i n;~ re.: u1 : L Tl- L 2 1:t 1r :n l .5'i P .& ht Of OP COt; t.T TA. PL£

obvious that we cannot actually let the l~ :r Cr! •a H • V ~n ! r LO• ? ART Oi OP COU NT TAEL [ 
l V :L : C l" .\t,(: fj '- A£H0 I ! SO •E EO TO t OO K UF TB£ COUNT

jump in struction go on to its original Joca- 1;:.:r I.XI ::i cei~ 1 ? l • ! I? •; rr :HC ONJ PA1'1 Of OHOU' T TA BLE 
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Listing 7, continued: 
tion. Furthermore, all these branch type 

te i.:.' ~Ul Cece SH I f <• D PART o r OP COUNT TA BL E 
l il t :. : uc If so UP TH COUNT instructions have about eight other varia­~?H I ~ 'EL D TO LOOK 

I HB " 'II ~H'l IJ p;QT, C0lt 1\ 'j MU ST ii[. 1 


r? H D • O MOR F. TO DO tions depending on flag conditions. So weIHA Rf T 

\ ?);' ni w CPI V< rE~• SE E If LESS TRAN OR i;qu AL TO J 
 must : 
• ~ r: :c EX : !~ () Ait 1r If SO EXT RACT THI: &lTE 

lH~ 1'1 n POJ.•T H T: ' £IT HTF 

l ~fl St1J ., ' :>OC 4 H:S'TR ACT <t FP.O t" ACCU l"U LAT OR 

lVi:' ~· ..,: '"'"' t:cs C:.' £J; 1V TPY A!;I AN 1. Save the original address. 

lr"' Ff D H ! Jii:A !- 7 >ET FLAr. I ;' A ~l:oTh ACTE D TO ZF.P O 

l .H7 RLC ' >"' ~ OUB LF. VH C[ IN A 2. Substitute our own address. 

10 t~ r.ov f 47 SAY& A IN 8 
1e • ~ • Ov 'Ii GE T ~YT[ or OPC OU NT INF ORM AT I ON 3. Restore the flags .A " 
H) A J7 l S7C 'l u r?J 1 rxnA CT DATA If 7 r u;:1 
::HD ~ L Ch' kLC ~? ft OTAT f ! CCl"f•'l' i. ATOR LEF! OHC[ 4. Decide whether we branched or not, 
I ~ I E lief. ~ ~ v •£ LE SS ro• 8' 117:; J ~ 7. !It.C t (' ('I; )'~ )(\ hO TAH S ~"E " CH B • OT ZEPO YET and take the appropriate action. 
11 i? r ; Tr" RLC ?? RCTU E VAL UE TO b!T r 

1 10' HC AS D TO BIT I 

1 lP•\ AN I Et 0~· n >K GUT H ST o r BlTE 

1 l t>f h FT C9 OPC ODE HTE COU NT I S NOW I N A 
 The appropriate action is: 

•••• ~•• ir11 o •••••••••••e•••••••• • ••••• •••••••••••• •• ••••• •••• •••••••• ••• •• • 
c:u: c:r. TA .ELF. FOil ~Yii. A:tD J llM? TO C0f!R[5}' C,:o-; DIN C ADl>RE SS....... ........................................... 1. Update PSAVE depending on
· · ············~·······" 


11('7 1 ~ Ct; .l !lofi r• l ". CftE,..E hT LCOP COU NTE R 

1 l~ i' : lC I 9' ~ :>!'.C REYE ST COU HTE!l~CR LOOP whether the branch occurred orl lt f- f. Z Cf I; B IS ZER O. BYTE NOT I N TA BL E 
1 l ~· A CMP PF SFL Ir HT£ IN TAoLE not. 
l Ir? ..!7. ! fi:: ;;: r Al •ll tr s o . THE• N):[ u ADD RE SS 
! H'i.: j •,1 :·J SXIP DATA 1lT [ 2. Update SSA VE depending on 
I le i ! • l 2~ Atl t S I. I P TH T~ O 

1111 I ti) ? ,. SUBS t .. un.t ADDR ESS f'TTt S whether a stack operation occurred 
1 11 1 J Y? !f'C J o~q II DC THF LOOP ACAIN 
11 14 TH < PO? UI R£S TOii E S':' l CK POI •TER or not. 
I l I ~ I • I F. 2, PO I NT TO LO• OnD tR ADDR ESS o!TE 
I J If J 'P HLJY, p c~ ?6 11 1: ET AD DR£SS AN D MAH JUMP......................................................................... 


SHH• TYPE OPCCD Eo--Rl i; o CP.!l t• OC TlL PUT I S J Note that the instruction PCHL (replace 
A J r e,p IS M/,n TC THE A? FhOPf. IATE ROaTl • E COS SI STEN T 
l lTE lH I ;'OI LO•IN !; OCTAL Ofe A'1AZATION o r TH F. OPCOD E the program counter with value in H and L) 

needs special treatment. A halt instruction HEHL HCT C • ?R:!P .E J CTC , CHTT , i:ICTC • f.I CH . RSTT ! 

should not be executed!
J l0 , JI I • 3X ~ • ~X 4 ~l f . 31? .... ..... ... .. .... ........ ..... .... .. ....... .. ........ .. ..... 
 This necessitates a lot of branching
p~ '- P ~? ' .t ~Z. JMP C•Z PUSH ' \ DI RSH 

H Frr JI CZ CALL AC! RS T I around depending on what we have to do. 

RNC ~uu: OUT ChC PllS B r• SUI RS T2 
RC POP R JC ! N cc SBI RSTJ The code may take some study to under­
Rf O PCH l JPO ITHL CPO PIJSH ~ Ah I RST4

1'F. POP ~ .tp [ HBC CPE HI RST~ stand. The entry point is at 1000 hexa­

•? POP ? JP DI CP PUSH p Ci I RSf6 

S PHL J• ! I CM CPI RST? decimal (all numbers are in hexadecimal).'" 
• 07 t ' Upon entry it is assumed that PSA VE is 

JM ?• P,[! I ~ A LL , AN D PC SL ~ AV£ h[[N EL IM ! NATt D 
FROM CON S I DE RAT I OH AT THIS POI •T set to the starting address. Space is provided......................................................................... 
 for a jump to a user-defined display routine 111 9 SlS OP Lil J; S!TB L 2 11 5 10 Ci:T STHT or STTBL ADDR I SS 


11 I C LCA EJ OP ~ADPIF !; ET OPCOD E 
 and to return to the user's monitor. The
I lli" ANI e? [ 60? l<ET LOV CRDIR OC TAL <ART ·-····:f.··················-················································ reentry point is at SSTEP. The ORG for the ............................................................................ programmable memory execution area 

t 1 Zl ! !.Jt':P 8? Ml' LTI PL! Bl TVO 
11 2£ ;; A ~ r 5 £1 UP FOR COrPU TlhC al lows about 30 bytes of an auxiliary storage 
11 ~ 3 D 20 leU THI OFF S ET 
1 12: D I!< COMPUTE TH o rr s n area after the register save area and before 
11 40 ?:L: H? ;; ~r. LOV ORD ER &D DR [ SS 
1 12? P. 2~ POI NT TO Bl!;H ORDER ADDRE SS the end of the 1 K byte block of memory. In 
l lL6 0 ~£ Rl~R ORD tR AD DRfS 
1 1 ~9 r. ; ' Ovt TO R-L practice, the setting of MSTCK controls the 
11 (. A [!, MAU: TBE J UMP register storage location . .......·································································· 
' I NS TR UC TI ON S IM UL AT I ON nOUTINES •......................................................................... 

1 l <t HP. LP.~:· LS AV E 2 ALElf !; £1 ORie JNAL VAL Ut OF B-L 

1 l <l ~: r.tr I S AV E 2n 1ir ~ ?DATE ?n OCRA /1 COl' NTER 

11:! 1 Jw p fISJ C~?:'1~ tl H I SBtD Author's Note : 

11.H !R i'f L~L D £1 0? 1 <& Dll f ;rr u; u·s JUM P-TO AD DRE SS 
11 :'7 !CH.: Eo FASS I H D- E 
11~< Lil E ." Yf S" 2 131: 11 Sl:CC ESS FUL J UM P ADDHS S 
l 111' J"P Bf. ~; C~Hll M MP LEH BRANCA OP ERATI ON The program in listing 7 has been written 
11 ~[ JYF SC L ~ : c "STC 2 2 AD6 Jr eET J UMP ADDRES S FRO~ MSTC2 
1141 SHL D FS&H 2HIH 5T0ii i TBE ADDR ESS for use on the 8080 microprocessor based 
llH .' MP r11u CJ?n l~ fl NI S PE D 
I 147 CHCT t 'i L) [ I OFI < • Dllf C[f u s u· s CALL ADDRESS Hewlett-Packard 2649A terminal. This is to 
ll 4A I CHC Et PASS l N 0- [ 
110 LX I R CALSC 2 17 ~11 Sl·CCE SSFUL CALL &DDHSS be used in conjunction with a disk storage 
1 l• E Bn SB SH D H C? I ?20 1 lF Rr PLAC[ J UMP ADDR ESS IN RAM system as the controller for 40 point of11 >1 ICHC !:B PASS USE R' S SAYE D AD DRESS IN R-L 

11 52 J~F HR S c~ ~Sl 1 k!:STOU rLAC S AND EUCOTE 
 sale cash registers of a large department store 
11 ~~ MET YP LU 3 ; <T;r 2 ! ~411 RETCR• SUC CESS FUL ADDHSS 

1 l ~S HR S POP PS V fl Rl:S TORE rue s 
 chain. That is my professional interest. 
11 ;(< Pl:S H PS • f o HSTORE STACI POI NTER TO MSTC l 
II 5A PU Sr. 8 Eo PUT USIR 'S H DRESS lT MSTCK - 2 This code was adapted from the original 
11!! Lil n r t NI 2170 1~ ~[T hET URN POINT 
1 l ~ E SllLr El .JP• no.ir !' OR UNSUC CESS fl lL CALL/UT (and well debugged) source code. It should 
1 l f l J",f EXOP C~t ~ Jr EH CU T! CN STl. P 
I IC. o !"T ; ~ L!!L[I 5S AVE 2 ADF IF cr.T D Rl ~ l•AL STACI POINTER VAL UE work fine. It is in a somewhat nonstandard 
l lo'7 HH l F9 RrSIT STA CI POll· TER TO THI S VALUE 
1 1' ~ POP r. El RE TURN ADDR ESS - OR IGINAL STA Cl Intel 8080 assembly code format. There are 
ll f 9 J M? HHS C3fCll UFD AT E FSAVE AN D SS AVE 
I l!'C H TT! LOA EX O~ J H P Ir ~ FT OPCOD E a few abbreviations and fixed format. Mostly 
I l ~ r AN! ~ s E6~A EITRA CT HI DD Lr. ORD!R OCTAL PART 
11 7 1 rov L tf WH ICR IS LO • ORDI R ADD RE SS I wanted to present some of the concepts 
11 72 "V I ;; • P 2€ n F I LL H VITB 0· s that are involved.I I ? ; Pl'S!I R I'' SAVE AT r STCK- < 

11'1 : c u .;r. LHL I> SS AVE 2 ALflF en ORl!; INAL ST ACK POI NT [P. VALUI 
 I have an IMSAI which I am configuring
1 1 7~ SPH F9 ii E5 ET ST ACK POl •H;. TO TH IS YA LU£ 

11?» LRLD PS AH 2 H l lF ~ ET RETUR N AODn ESS AFTER CALL 
 from the ground up, The whole monitor 
I l?C Fu SH P. E~ PU T O• O< I e l"IAL ST ACK 
11 71 LHD YSTC2 <A;)t lf a T OR ICrnH CALL ADDRESS with display, change, go, single stepping 
ll ~e SAV PS SRLt P5AH ?< I IF UPD ATE f SH f. TO CO hRECT ADDk!SS 
11 <3 ~XI 9 HPe 2 1rerv FIL L H- L 'iJTP. e ·s and breakpoint commands takes about l K 
1 l i' E DAD ;p ~ 9 CtT VALU E o r STACl POINTU 
I I E? sau SS&VE ?<C t Ir SAH - Hh VALUE o r STACl POINUR bytes of memory, • 
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Circle 32 on inquiry card . 

The Independent Newsletter 
of Heath Co. Computers 

The independence of il~u o is a crucial factor in 
its significance to users (and prospective users) 
of Heath Co. computers. Information on new prod­
ucts is presented to dus0 readers as it leaks out 
of Benton Harbor, not held back to suit the plans 
of the manufacturer. This has been true from its 
first issue, which directed attention to the 8080 
and LSI-11 months before any advertising appeared 
on the H8 and Hll . ous features candid accounts 
of owners ' experJences with their computers --this 
is far more valuable than an article based on the 

opinions of a single reviewer. It shares news of 
compatible hardware &software from other vendors 
as well as reviews of books that can help you get 
the most out of your computer system. 

Every issue of Buss travels by first class mail 
(outside North America it goes by air for only $2 
extra). Your 12-issue subscription can be on its 
way to you within a week . You have the choice of 
starting either with the latest issue or with all 
available back issues. Send $7.50 to Buss , 325-B 
Pennsylvania Ave. SE, Washington, DC 20003. 

Solution to Machine Language Puzzler (see page 52) 

The subrou ti ne calls itself, and an infini te 
loop is set up that is exactl y one instruc tion 
in length. Each time the CALL is executed , 
however, a return address of 0000 is pushed 
onto th e stack. As a resul t of the LXI SP, 
FFFD instruction, the stack area will begin 
immediately adjacent in address to the 
CALL (recall tha t PUSH causes stack data to 
enter one add ress below that of the current 
stack pointer) . Furthermore, the stack wil l 
grow away from th e address of the CAL L 
instruction . 

At fi rst, the LXI in struction code will be 
replaced by Os, which is the value for each 
byte of th e CALL 's return address. As time 
progresses, two bytes at a time arc clea red 
as 0000 return addresses are repeatedly 
pushed. 

Eventuall y, all memory lower in address 
than the CALL will be cl eared. Wh en the 
stack at tempts to grow below address 0000, 
it will wrap around to th e top of memory 
and begi n to affec t the CALL instruction 
code. Si nee th e last byte of each push en te rs 
an odd address, a byte pair constitu ting the 
0000 return add ress wi ll enter at hexa· 

dec imal addresses 0000 and FFF F, respec­
ti vely. Th is action changes the high byte 
of the CAL L address . 

The nex t CAL L will then be to address 
OOF D. Si nce Os have bee n written in all 
other memor~' . the processor will execute 
NOP instrnc tions un til adcfr·ess FFF D, when 
one fin al CAL L will be executed. This time, 
the last two remaining bytes o r nonzero 
code (the CAL L instruction code) arc over­
wri tten wi th zeros . Henceforth, starting at 
address FF FD , the processo r will cycle 
through memor·y in NOPs, fo rever·. In short, 
al I memory is cleared and the processor 
hangs up. 

Th e sa me opc r·;ition occurs as in pan (a), 
except when the NOP instructions are 
executed. We assume, as is typical of mos t 
mac hi nes, that un install ed memory returns 
hexadeci mal FF when add ressed. In thi s 
case, FFF D and FFFE arc not cleared, 
because FF, when execute d, causes a RST 7. 
Now 0·101 as a re turn add ress to RST 7 is 
pushed repeatedly, and eve ntually LXI 8 , 
01 01 is cxecu tccl fo rever in a loop betwee n 
hexadeci mal ad dresses 0000 and 01 02. • 

DAM YOUR COMPUTER 

AIM161 STARTER SET 

NOW YOU R CO~WUT£1< CAN LISTEN TO T ME DATA 16 AN A LOG I NPUTS 

A CQUISITION 
 AIM161KEAL WlJRL I ' 'l'OU GET 1 b 8 BIT AN.o\LO<'"; 8 BITS · 100 MI CROSEC 

INPUTS WITH OUR A IMiU 
1 · POWl POWE.Fl MODU LE 

M ODULES 

IN PUT CON NECTO R · 20 PINS 1 · ICON 
SOLDER EYELE TS 

OUTPUT CONN£ CTOA . 18 PINS MEASURE • RECORD • CONTROL 	 1 · OCON 
SOLDE R EYE U TS 

TEMPERATURE • ENERGY CONSERVATION EQUIPMENT '189.00 
DIRECTION • GREENHOUSES 

• 	 PRESSURE SPEED 
LIGHT LEVELS WEATHER STATIONS 
db NOISE POLLUTION 

• POLLUTION CONTROLS • pH 	 CONNECTICUT microCOMPUTER 
• 	 DARKROOMS o EARTHQUAKE TREMORS 

HUMIDITY • VELOCITY ' 50PDCONO ROAD - BROOKFI ELD, CONNECTICUT 06804 
LIG HT • ACCELERATION 

• 	 JOYSTICKS • GAMES 1'103/ 115·9659 

Ci rcle 77 on inquiry card. 	 fJ.nuuy 19 79 'Sl BYTE Public.uiom Inc 181 



Elements of Statistical Computation 


sr AR TSTART 

NO 

NO 

NO 

STOP 

Figure 2: Second method 
of calculating the mean 
of a set of data. The data 
is examined only once and 
it does not need to be 
stored. 

S TOP 

Figure 1: Calculation of the mean of a set of data. Using this method, the 
data values are used twice: once for input and the second lime for summation. 
The method is wasteful of both time and memo1y. 

Alan B Forsythe, PhD 
University of Califomia 

Health Services Computing Facility 
Los Angeles CA 90024 

The mean (average) is a freque ntly used 
stat istic lo summarize a set of data. IL is used 
lo report a typical va lue. For example, sup­
pose we surveyed five automobi le dealers 
and asked the price of the super luxury 
model car. The prices quoted for Lhe car are: 

Dealer Price 

I $48,499 
2 $48,503 
3 $48,500 
4 $48,498 
5 $48,500 

We could report the ave rage price as : 

(48499+48503+48500+48498+48500) 
5 

The samp le mean pr·ice is $48,500. 
The mean is defined as the sum of the 

va lues d ivided by Lh e number of values . 
This can be written using the symbol 1: (the 
Greek capital sigma) to stand for the result 
of summation. The average of N values is: 

mean = J_ LX
N 

The sigma ind icates a sum over all Lhe data 
po in ts. 

Let' s look at two algorithmic flowc harts 
for the calculation of the mean . The first, 
figure 1, reads all the data and stores it in 
array X. Nex t, it sums the values and per­
forms the division. The seco nd flowchart, 
figure 2, takes adva ntage of the fac t that we 
really do not need to keep th e values in 
memory to form the average. Each value is 
added to the total sum as it is enter·ed . The 
progra m loops through the data once rathe r 
than twice. The second method is more effi­
cient because it uses less memory, is faster, 
and uses fewer instructions. This di ffe rence 
in efficiency may not be cr·it ica l wh en only 
five val ues are being averaged, but when 
many observations are involved, th e impor­
tance increases. 
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10 REM FIRST PROGRAM TO CALCULATE THE MEAN 10 REM SECOND PROGRAM TO CALCULATE THE MEAN 
20 DIM X(5) 30 LET N = 5 
30 LET N=5 40 LETS = 0 
40 LET S=O 50 FOR 1=1 TO N 
50 FOR 1=1 TON 60 INPUT X 
60 INPUT X(I) 65 LETS= S+X 
70 NEXT I 70 NEXT I 
80 FOR 1=1 TO N 110 LETM = S/N
90 LET S=S+X (I) 120 PRINT"THEMEAN IS" ; M 
100 NEXT I 130 STOP 
110 LETM=S/N 
120 PRINT "THE MEAN IS" ; M *RUN 
130 STOP ?48499 

?48503 
*RUN ?48500 
?48499 ?48498 
?48503 Listing 7: BASIC program ?48500 
?48500 to perform the algorithm THE MEAN IS 48500 
?48498 given in figure 7. Note the ?48500 

THE MEAN IS 48500 storage of data in array X. 


There is another difference worth men­
tioning. A noticeable pause between th e 
entry of the last value and the printing of 
the average may result when the program in 
listing 1 is run, since the calculations are 
concentrated at this point in the program. 
Since the program in listing 2 does the sum­
ming after each data entry, the effect is a 
quick final response. Of these two methods, 
one is more efficient even though both 
would give the same answer. 

There is another statistical calculation in 
which we can easily obtain the wrong answer 
unless we are careful. The average of a set of 
values gives only part of the picture. You 
may have heard of the man who drowned in 
a river that had an average depth of two feet. 
He happened to be in a section that was 
12 feet deep . The moral is that we often 
want to know how much the values vary 
from the mean. This is commonly reported 
as the standard deviation. The usual symbol 
for the mean is X {read this as " X bar") and 
the standard deviation is abbreviated as the 
letter s. It is also convenient to have a name 
for s2. It is called the variance, and its defin­
iti on is: 

1 ­s2 = -L (X- X)2N-1 

where N is the total number of samples 
taken. It follows, then, that the standard 
deviation is : 

s = ~ N~l ~ {X-X)2 

The sigma (L) once again tells us that we 
are to perform a sum. This time we sum the 

deviations from the mean after we have 
squared them . That is, for each value we first 
subtract the mean. Next, we multiply the 
difference by itself to form its square. We 
add these squared differences for al l the 
values and then divide by N- ·1. The last step 
to obtain the standard deviation is to take 

2the square root of s . It is calculations like 
these that make statisticians appreciate 
computers. 

Before we move on to programs for the 
calculation of the standard deviation, let us 
work through these calcu lations for our 
example automobi le prices. Remember that 
the average price was $48,500. The price 
from the first dealer was $48,499. The first 
dealer deviates from the mean by (49 ,499­
48,500) or - ·1 dollar. The square of this 
deviation is 1. That is the first part of our 
sum. The squared deviation from the average 
for the second dealer is 9, and so on. The 
sum for all five dealers is 14. When we divide 
by 4 and then take the square root, we 
obtain a standard deviation of 1.87. The 
smaller this val ue, the closer the set of obser­
vations are to their mean. A large standard 
deviation tells us the data varied greatly 
from observation to observation . A standard 
deviation of zero says that all the observed 
values were equal to each other. 

If you were to go to a statistics book you 
would probably find another formula for 
this calculation which is sometimes called 
the computing formula. This method of cal­
cu lation uses the fact that L {X-X)2 is alge­
braically identical to LX2 - NX2 . This tells 
us that we can calculate the sum of the 
squares of the individual values without sub-

Listing 2: BASIC program 
to perform the algorithm 
given in figure 2. It is faster 
than the program in listing 
1, since it uses the data 
only once. It also uses less 
memory space since the 
data is not stored. 
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tracting the mean each time. We can multiply 
the square of the mean by N ;:md subtrac t. 

Mathematically these two fonnulas give 
the same answer. Numerically they are 
different. Why? They differ· because our 
computers do not store or ca lculate numbe1·s 
perfec tl y. I r each number is stored in our 
computer in four 8 bit bytes, or 32 bits, we 
have about 7 digit accuracy for any single 
step in our calculation . The second formul ;1 
lets the erTms accumul ate. This fact is not 
considered in the mathematical prnof. 

10 REM POOR PROGRAM FOR CALCULATING THE 
15 REM MEAN AND STANDARD DEVIATION 
20 LET N=5 
30 LET S=O 
40 LET S2 =0 
50 FOR 1=1 TO N 
60 INPUT X 
70 LET S=S+X 
80 LET s2=s2+x · x 
90 NEXT I 
100 LET M=S/ N 
110 PRINT " THE MEAN IS .. ; M 
120 LET D=WM ' M 
130 LET V =(S2- D) / (N-1) 
140 LET S=SORT(V) 
150 PRINT "THE STANDARD DEVIATION IS"; S 
160 STOP 

' RUN 
?48499 
?48503 
?48500 
?48498 
?48500 
THE MEAN IS 48500 
THE STANDARD DEVIATION ISO 

Listing 3: Incorrect program for calculating the mean and standard deviation 
of a set of data. This program correctly calculates the mean but arri11es at an 
incorrect value for the standard deviation. 

10 REM REASONABLE PROGRAM TO CALCULATE 
15 REM MEAN AND STAND.C1RD DEVIATION 
20 LET N=5 
30 LET S=O 
40 LET S2 =0 
50 FOR 1=1 TO N 
60 INPUT X 
65 LET D=X- S 
70 LET S=S+D/I 
80 LET S2=S2+D• (X - SI 
90 NEXT I 
110 PRINT "THE MEAN IS" · S 
130 LETV=S2/(N-1) . 
140 LET S=SORT(V) 
150 PRINT " THE STANDARD DEVIATION IS"; S 
160 STOP 
•RUN 
?48499 
?48503 
?48500 
?48498 
?48500 
THE MEAN IS 48500 
THE STANDARD DEVIATION IS 1.87083 

Listing 4: Accurate program for calculating the mean and standard de viation. 
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Why is th is second form given in books? 
First of all, some calculators work with 
more digits than many personal computers. 
Secondly, it is much easier and faster than 
usin g the formula for th e definition. The 
Hewlett-Packard HP-21 calculator shows 10 
decimal digits, as does the Texas 1 nstrumen ts 
SR-52 . They can afford the lu xury of round­
off error th at seriously hurls those with 32 
bits. Before we show how we can almost get 
the best of both worlds, let us look at the 
numerical results of using this calculating 
formula on computers in which each number 
is kep t in fo ur bytes. (The IBM 370 single 
precision and many microcomputer BAS ICs 
are just two common examp les.) 

The program in lis ting 3 correctly gives 
the mean as 48,500. The standard devi ation 
is computed to be 0. This is incorrect. All 
the prices are not equal to 48,500. Sevc1-;1 I 
books of BASIC programs include the calcu­
lation of the standard deviation. Those I 
checked out give the wrong answer for th is 
set of data. 

We know that we get accurate resu lts if 
we first calculate the mean and use the dif­
ferences from it in our calculation of the 
standard deviation. But we would like to 
avo id keeping all the data values in memory. 
Another altern ative is Lo enter the data 
twice, but this seems unreasonable. A com­
promise between the two calculating fo rms 
th at is not very sensitive to the accumulation 
of roundoff errors is avai lable. The principle 
is to calcu late a provisional mean as each 
value is entered, and to square the deviations 
from th is mean. 

The program in listing 4 reports the stan­
dard devia tion for this set of data correctly 
as 1.87. This program is not as obvious as it 
may look. Not ice that line 70 has a division 
by I and not N in the calculation of the 
mean. Line 80 also has a little trick . The 
product of D and X- S is not D*D, because 
S has been changed since D was last calw­
latcd. If yo u have trouble working through 
the algebra, put print statements after lines 
65, 70 and 80. 

While writing statistical programs for 
microcomputers, I have been reminded of 
several important fac ts I hope you will keep 
in mind. Good programming takes thou ght. 
We must ba lance several factors: speed, 
accuracy and memory requirements. Algebra 
is an essential tool, but we must rem cm ber 
that our machines have finite precision and 
adjust our program accordingly. A small 
machine can be quite potent, given adequate 
software. • 



Short Cassettes foT Personal Computers 

C-100 ~a.~~T 
list $1.00 10 lorS7.50 SO for 532.SO 

I MICROSElTE CO. \ 
777,Palomar Ave. · Sunnyvale. CA 94086 

Duplication Services 

Microsette also offers professional 
duplication services for Commo­
dore PET and Radio Shack TRS-80 
Level I and Level II cassettes. Our 
service provides mastering, quality 
control, all material including two-
piece box, affixing of your labels or 
s upplying our blank labels and s hip­
ping. Prices start at $1 .00 each in 
100 quantity. 

MICROSETIE CO. 
777 Palomar Ave. · Sunnyvale, CA 94086 

Circle 229 on inquiry card. 

zao 
ABBBMBLBB 
:PAO•AGB 

for North Star HORIZON using full 
set of ZILOG mnemonics. 
11) EDITOR - generates and edits 

source code with comm ents 
12) ASSEMBLER - generates opcode 

and finks subroutines 
13) LOADER - generate< and loads 

binary code 
Short or long programs can be processed 
by the file oriented package written in 
North Star BASIC (Release 4 ). File 
handling, string insertion and deletion 
and table searches are implemented in 
ZBO machine code for a fast operation. 

Diskette and manual with full pro· 
gram listing in BASIC and 280 
commented assembler: 

$3Se 
NEMCO DATA PROCESSING 

9 WALNUT STREET 
RUTHERFORD, NJ 07070 

Circle 269 on inqu iry card. 

THE COMPANY: Fastest growing 
commercia l systems manufacturer in 
U.S. 1978 sales in excess of 150 
million. 
DUTIES: Design, code & debug 8080 
assembly programs for inleractive 
graphics. texl editing. diagnostics, and 
other applications. 
REQUIREMENTS: One or more years 
assembly development exp. with any 
hardware. Degree a plus. 
COMPENSATION: 16.5K-28K. Excel­
lent benefits. 

GROWTH: Company has promoled 

over 50% of employees in last 4 years. 

CONTACT: Dave Adams, (617) 246­
2815. N.E. Recruiters. 6 Lakeside 

Olfice Park, Wakefield. MA 01880. 

All fees . re location and inlerviewing 
expenses assumed by company. 

rt TRS - 80 ) 
SPECIAL PROMOTION SALE 
SAVE 10%, 15% or more on ALL 

Computers, Peripherals, Software, 
and ALL .other fine Radio Shack® 
products. 

NO TAXES on out-of-state ship­
ments. 

FREE Surface delivery in U .S. 
WARRANTIES will be honored 

by your local Radio Shack"' store . 

Offered exclusively by 

Radio Shack 

Authorized Sales Center 


1117 Conway 

Mission , Texas 78572 


•
(512) 585-2765 

VISA' - ." 

Circle 304 on inquiry card . 
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OMSI PASCAL-1'" 
All PDP-11s $1500 

RSTS/E, RSX-11 , RT-11. and IAS 

1.1 1-A rs1 l'A'" ' 

(Q)U'~QJ@Jil 
~ , - m1nic()'Tlo111ur 2340 SW Canyon Road
;§©\fi~f'.fil[jY~ •nc Porlland.Oregon 97201 

TWX 910·464·4779 (503) 226.n60 

Circle 291 on inquiry card . 

-tek­
• 	 Sanyo monitor model 

VM4209 . .. .. .$109.95 

• 	 ASR 33 Teletypes 
Used - Good condi tions 

. . . . . .$395.95 

• 	 ADM-3A 
Terminal kit. ...$549.99 

All items shipped with war­
ranty and are postpaid. Please 
allow 4 -6 weeks for delivery. 
Florida residen ts add 43 sales tax . 

Send check or money order to : 

tek peripherals 
5110 S.W.106 Avenue 
Miami, FL33 165 

Circle 349 on inquiry card . 

NllCRO-VERTER 
A SPECIAL COLOR MODULATDFI t='OR APPU II USERS ! ! 


UHF Vetua11, Op1r.un .above ctu1nntl 14. El1m11u1n wonu ! 


1 1~~:~~:'11~~:::t~!c:~
1

:::::r~~~~::: ::c~r~t ;:;:;.':'· : 
O't'tf • m1n1mum al 4 c11:1nnt1$. lflttrl.acts iSHt!tlly •11h 

lht Apple II u well u mini ottler rn1crH. Camu ••fh I 

uducable .uul RF outpulstt1bu11p ler . T.. G·totttdcewl 
type deieou,101 Ubll"ltf, S1Z1 ; ~.Siem 18.Sun1 l l .$1:111. , 
Po••tr : +5V . Cumrnf appror. I ma. StU·pHertd 11111111 4 i 
peneell b:1ttrnu. Opeu1u11: life 1n uceu 01 1000 nouti ' 
111 nur st1t1r-l1 I! of ban-c"llU . (1"lltn1 nab1lu1. Prte1u 
lrtqu!ncy ulJUShntnr , N11 HHmbly 1eq1urtd uctpl for 
1nua11.rnon of ti:nte r 1u~1 tC1. MO DEI. MVX · SO(I. 

l't'AIUBl.E FROM YOUR LOCAL COMPUTER DElLER 
or d•rtcf from AT't' flt.SEAflCH, COST inchHhnc, 1h1ppinc 
.1nywl'lflt If' usa and C1udi1- u~. oo. 

" P IXE-Pl.EIEA " ' " IC tru uuo-to-AF rnodU lllH 
tneludu FM sou111d suti­ urrltr. color n1t1 e:m1er .1110 
upau1t fl-Y and 1!1-Y 1itp11u . Des1 c;n ee1 aro11111d ltlt 

L.tiHl!l89 ctuo . .a. llts l&ntri dttam win. full 4U:a tnteh. 
Mo dl'I PXP-4!i00. IC iT form . s:u .so pestpafll. 

" P1XE -VEATER " lllt or1 .c1n.11 computer "rldeo-10-RF 
inferfilct module . IC11 lorm: .$1 . ~0 Molltl PX"t'·2A 

~PHONE or li't'l\ITE TOOAY. Dill 4C2·98M11 1. - • • 

13-B ELrcuctw1, A--:r::~h Daton Chy , Ntt:I'. 
--1.~ i81JI 
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HAZELTINE


1400only !~' ·. ,,.,.. I 
$649.95 ! .. ~ --· 

• 	 Verbatim Mini Diskettes $3.70 
each (boxes of 10) 

• 	 Two-tier walnut form ica enclo­
sure for SA-400 Shugart. . . $39.9~ 

• 	 Typewriter Ribbons (many makes 
such as Diablo, Centronics, DEC 
and print wheels) 

• 	 North Star check balancing pro· 
gram...$50.00 

• 	 Centronics 779 tractor - $950 
• 	 Horizon II ass. $1000 - $1999.00 

TO RA SYSTEM 
Mail 29-02 23rd Avenue

Order Astoria NY 111 05Only . 
(212) 932-3533 

Circle 346 on inquiry card. 
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Figure 7: A logic probe 
test circuit. The probe has 
an audio output with two 
different tones, one for a 
high logic level, the other 
for a low logic level. Two 
LEDs monitor both single 
pulses and pulse trains. 
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An Audible Logic Test Probe 


Most logic probes requ ire the placement 
of a point on the lead to be checked and the 
survei llance of a fight emitting diode (LED) 
indicator. In a well-lit rnom, this is some­
times difficult to interpret and often re­
quires three hands. The probe offered here 
has an audio output that is off when the 
probe is floating, emits a low tone for a 
low state, and a tone one octave high er for 
a high state. Pulse trains and single pulses 
are monitored with a pair of LEDs, and the 
probe can be anything from a rough length 
of wi re to a lead clip; none of the values 
are critical. 

Construct ion 

For use as a simple state checker, the 
construction is completely noncritical. 
Howev~r, if the circuit is to be used to 
measu re high frequency circuits, it shou ld 
be built using good technique, with plenty 
of bypass capacitors on a good qual ity 

board. Note that there are audio frequencies 
to be bypassed as well as high frequency 
information (a couple of capacitors in the 
microfarad range across the power supply 
wou ld be wise} . Practically any NPN transis­
tors will do in the circuit of figure 1. 

Theory 

The timer, IC2, is wired to produce a 
pleasing tone frequency for the high state. 
This is divided by two by I Cl b for the 
octave-lower low output. With no voltage on 
the probe, the 330 n resistor on the emitter 
of the transistor holds pin 8 of IC3c high, 
despite the audio on the other input. 
Similarly, pin 2 of IC3a floats in a high state. 
The signal is inverted by IC3a and holds the 
output of IC3b high . With both inputs high, 
IC3d is low and, whi le a small DC current 
flows through the speaker, no sound is pro­
duced. A high level on the probe has no 
effec t on IC3a and IC3b, but al lows the 

James L Woodward 
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transistor to conduct, thus forc in g pi n 9 of 
IC3c high and all owing the audio frequency 
thrnu gh in inver ted Form (the inversion is 
irrelevant in this application) . Since the 
other input of IC3d is high, the audio goes 
straight through to the speaker. A low on 
tJ1e input probe produces the complemen­
tary effect; being inverted by IC3a, it all ows 
IC3b to output the low frequency from the 
divider, which goes through IC3d and the 
speaker. 

Having half of a 74 74 flip flop avai lable, I 
decided to add a simpl e pu lse catch er and 
pulse tr·ain mon itor. ICla is also wired as a 
divide by two, with both outputs going to 
LEDs. A single pulse wil l change the states 
of the two LEDs (as wil l a loose touch on 
the prnbe, so better use a clip fo r· this), whil e 
a train will light them both. Technically, the 
duty cycle of the pu lse trilin affects the 
relative br ightn ess of the two lamps and the 
combination of the two audio freque ncies, 
but I doubt that this is useful in a real case. 
Howeve r, the audio frequency shift is a 
rapid indication of the presence of a non­
steady state . The logic of the divide by two 
pulse catcher may be ex tended by cascading 
seve ral counters to divide the frequency of a 
fast pulse train down to the point where it 
coul d be mounted by eye, stopwatch, or 
frequency counter. • 

You've Got to Have 
SOL® 


NOW!!! Computer Enterprises is 
an Authorized Processor 
Technology Dealer! 

SOL·20 
PT·SOL-20: 	 SOL-20 T" rminn l Com· 

puler wi th SOLOS .ind 
Casseue BASIC . ' 1895.00 

PT-SOL· I-A: 	 SOL System l ·A Includes il ll 
ol above pills 16K RAM . 
PT-872 Video Monitor . 
RQ-4 I :iA Casse11e recorder 

'2495 .00 
PT-SOL·3·A: SOL System lll ·A inclLJdcs 

SOL-20. MK RAM . 
BOOTLOAD. Helios II 
model 2 Dual Disks wilh ex· 
tended Oisk BASIC. 
PT·872 Video Monitor 

. '6495.00 

ProcessorTechnology 

TM 

P _O Box 71 
Fayetleville , N.Y . 13066 

(315) 637-6208 

j 
.._~ 1 ..:.. r.1 -rs 

I I II it: · • , .• ..., 1 : :;;: @ 
• c ~ r..1 r ,:: r 1 1_ er::: • 

• , •• '''-''' r r t1 { C:l•.lr1g 
1 I • · ~ , ,,,'.h.~ 11 ... /Ill I 

The world's o,-ily 

single-chip LSI Universal 

Printer Controller is here! 


The very low-c<iat 40 ·pln CY-480 controls ANY standard 5 x 7 dot matrix 
printer w llh print epeeda up to 200 cps! 'the CY-480 Universal Printer 
Controller lrom <'.:ybemetlc Micro Systems is lhe Hrst-and ont\1- 40-pln LSI 
device.which will control and Interface any standard 5" x 7" cot matnx printer 
(including those lrom Victor. LRC, Practlcel Automation and Amperex) having a 
print speed up .to 200 cps. It operates from a single + 5V power supply and wm 
Interlace a pnnter w~h any mlcrocompuler or minicomputer syslem through 
standard 8-blt ports·. The CY-480 accepts either serial (RS232C) or parallel ASCII 
inpul lrom the host syslem's data chann el. 

The·CY-480 replaces bulky, expenslve dedicated controllers; The small. 
single LSI package offers a 5 x 7 dot matrix character generator, full upper and 
lower case ASCII 96-charaeler-lonl, and a 48-character (exparxlable ) 
internal line burler storage. Standard ere a tO, 12 or 16 characlers/lnch variable 
cliaracter density command, 2·coloi ·selectabla print command. lorward/backward 
printing command, and horizontal and vertical lndependenlly expanded print 
command. The CY-480 provi~s graphics capability and Includes a " lllp-prlnt" 
operati~ mode for 180' viewin9. -Ready lines proY1de full asynchronous 
commumcalions wllh harxlshaking. 

PET WORD PROCESSOR 


This program permits composing and printing letters, 
flyers, advertisemen ts, manuscripts, etc., using the 
COMMODORE PET and a printer. 
Script directives include line length, left margin, cen­
tering , and skip. Ed it commands a llow the user to 
insei-t lines, de lete li nes, move lines and paragraphs, 
change strings, save onto cassette, load from cassette, 
move up, move down. print and type. 
The CmC Word Processor Program addresses an RS ­
232 printer through a CmC printer adapter. 
The CmC Word Processor program is avai lable for 
$29.50. Add $1.00 for postage and handling per order. 

Order d irect or contact your local computer store. 

VISA' I 
CONNECTICUT microCOMPUTER New low price! $35 a single .unit! 

150 POCONO ROAD 
CYBERNETIC MICRO SYSTEMS BROOKFIELD, CONNECTICUT 06804 

2378-B Walsh Ave.• Santa Clara, Calif. 95050 Iii (203) 775-9659 
Phone (408) 249-9255 

L---------------------~ 
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MAXIMIZE 

YOUR MICRO! 

8080/Z80 System Software 
Purchasing a microcomputer system, even at 

today's low prices, is a significant investment. 

And to utilize that investment to its lull extent 

requ ires a solid base in system software. Don't 

just accept what comes with your hardware . .. 

there's a better alternative! 


OPUS/ONE: Business-oriented, block-struc· 

lured high-level language. Includes such 

capabilities as extended arithmetic precision 

(up to 55 digits) , multi-character variable 

names, and easy to use string operations. 

Includes a built-in DOS with random access 

files. 

OPUS/ONE ... . ..... .. ........... $99.00 


OPUS/ TWO: Extends the capabilities of 

OPUS/ONE with such features as error trap­

ping, machine code and OPUS subroutine 

calls, overlays, and more disc file commands. 

OPUS/ TWO .... .... .. .......... $195.00 


FORTE: An OPUS run-only system monitor, 

perfect for end-user installations. Runs all 

OPUS Language programs. 

FORTE .. .... . ............ . ... . . . $60.00 


S . O .S.: (Single-user Operating System) A lull­
function DOS which includes OPUS/THREE, 
a text editor (TEXTED), an assembler 
(ASSEMBL) , and a package of useful system 
utility programs. 
S.O.S. ... .. ....... . ... .... .. .. . . $385.00 


TEMPOS: The ultimate microcomputer 
system software package. A multi-user/multi· 
tasking POS which will handle up to 7 
interrupt-driven terminals simultaneously, in a 
true time-sharing environment. Includes 
OPUS/THREE, TEXTED, ASSEMBL, and 
many utility programs. 
TEMPOS ..... ... . .. . . ........ .. $785.00 

All packages are upward-compatible. That is, 
programs and data developed under 
OPUS/ONE may be run at any higher level, up 
to and including TEMPOS. 

Standard device drivers are available for many 
common peripherals; all packages include 
System Generation capability, allowing the 
user to interactiuely add drivers for any 1/0 
device, including disc drives . 

Like to know more? Circle the inquiry number 
below or contact your dealer for your free 
copy of our system software brochure! For 
complete information, order your user's 
manual now, and we'll apply the price toward 
purchase of the software. Please add $1.50 per 
manual (set) for shipping/handling within the 
U.S. (Master Charge and VISA accepted). 
OPUS User's Manual ........... _._ $12.50 
S .O .S . Set (inc. OPUS Manual) ..... $20.00 
TEMPOS Set (incl . OPUS Manual) .. $20.00 

Dealer & O.E.M. inquiries invited. 

ADMINISTRATIVE 

DDSYSTEMS 

DDCJINC. 
DD 

1642 S. Parker Road, Suite 300 

Denver, Colorado 80231 


(303) 755-9694 
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In order to gain optimum 
cm1eroge of y our orgonizotion 's 
computer conferences, seminars, 
workshops, courses, etc, notice 
should reach our office o I least 
three 111 onths i11 advance of the 
date of the event. Entries should 
be sent to: Event Queue, BYTE 
Publications Inc, 70 Main St, 
Peterborough NH 03458. Each 
month we publish the curren t 
contents of the queue for the 
month of the co 11er dote and the 
two following calendar months. 
Thus o given e11ent may appear 
as many as three times in this 
sec tion if it is sent to us far 
enough In ad11ance. 

January 8 & 9, The First International 
Symposium on Mini and Microcomputers 
in Control , Islandia Hyatl House, San 
Diego CA. The symposium is spon sore d 
by The Interna ti ona l Society For Mini 
and Microcompu tcrs ( ISMM) and IEEE 
Control Systems Society. Over 50 
papers arc to be presented in cluding 
tu to rials and surveys. Con tact Com · 
pu ters in Control Symposium, P013 
248 1, Anaheim CA 92804, (714) 
774-6144. 

January 8 -1 2, Structured Program· 
mi 11g and Software Engineering, George 
Washington Univcrs i ty, Wash ington DC. 
This course is designed for exper ien ced 
program arc hitects, designers and man· 
agers. It will provide up LO date technical 
know ledge of logica l expression, analysis 
and inven lion for performing and man­
ag ing software architecture, design and 
procluc1ion. Presentations wi ll cove r 
principles and app li cat ions in structured 
program ming and software engineering. 
Design workshops with ;rn alysis and 
review sessions wi ll provide actua l prac· 
Lice in prob lem so lvi ng. Con tact George 
Washing ton Un ive rsity, Continu in g 
Enginee ring Ecluc ;ition, Washi ngton DC 
20052. 

January 11 -13, Software Engineering for 
Mini/Microcompu tcr Systems Seminar, 
Airport Marina Ho1cl, Los Angeles CA. 
Po lytech nic Institute of New York and 
the Ins titute for Advanced Pro fessiona l 
Studies arc presenting a 3 day seminar 
for l1 a rdware designers and programmers. 
This semi nar wil l cover computer system 
design concepts within the con text of 
the operation and applic ation of the 
LSl-11. Contact Prof Donald D French, 
lnstiLUtc For Advanced Professional 
Studies, 1 Gateway Ctr, Newton MA 
02158, (617) 964·1412. 

January 12-14, PerBizComp '79, Wash­
ington Hi lton Hotel, Washing ton DC. 
Business and personal microcomputer 
show. Contact Fclsburg Associates Inc, 
12203 Raritan Ln, POB 735, Bowie 
MD 20715, (301) 262·0305. 

January 15-17, Bit-Slice Microcomputer 
and Digital System Design Seminar, 
Airport Mari na Hotel, Los Angeles CA. 
Polytec hnic Institute of New York and 
the Ins ti tu te for Advanced Professional 
Studies are presenting this 3 day scm inar 
for digital systems engineers. This semi­
nar will cover review of computer 
architecture and organization, design 
princip les for bit-s li ce digita l systems, 
introduction to microprogramming, de­
tailed study of the 2900 bit-s li ce family 
and comparison with similar hardware, 
survey of fi rm ware aids and support 
Lao is for system deve lopment, an intro· 
ductio11 to emulation tec hniques, and 
trends in bit-slice digital system design. 
Contact Prof Donald D French, Institute 
fo r Advanced Professional Studies, 1 
Gateway Ctr, Newton MA 02158, (617) 
964-1412 . 

January 15-17, Minicomputers and Dis­
tributed Processing, San Francisco. This 
3 day sem ina r wil l examine th e uses, 
economics, programming an d implemen · 
tal ion of minicomputers. Contact Philip 
M Kowlcn, director, Center for Continu­
ing Education, The University of Chicago, 
1307 E 60th St, Chicago IL 60637. 

January 16-18, The Seven th International 
Symposium on Mini and Microcomputers, 
Disneyland Hotel, Anaheim CA. The 
symposium is sponsored by The Inter­
national Society for Mini and Microcom­
puters. The symposium will cover all 
aspec ts of mini and microcomputers 
and their applications. Over 60 papers 
arc to be presented. Contact MIMl '79 
Anaheim, POB 2481, Anaheim CA 
92804, (714) 774-6144 . 

January 17-19, Distributed Minicom­
puter Networks, Ramada Inn , Arlington 
VA. This seminar wil l address the min i­
computer fro m th e viewpoint of the dis· 
tributed network user. The structu re and 
management of a large data base and 
software problems with the tradeoffs of 
languages ulilized, hardware types, input 
and output options, acvicc con trailers, 
system failure and recovery, samp le 
app lication case studies and the econom­
ics of minicomputer applications will 
be covered in depth. Contact The Insti­
tute for Profession al Education, Suite 
601, 1901 N Fort Myer Dr, Arlington 
VA 22209, (703) 527-8700. 

January 24-27, International Micro­
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com pu tcrs/M lni computers Microp roces­
sors '79/Japan , Harumi Exhibi t ion 
Ce nt er, Tokyo . Contac t ISCM, 222 W 
Adams S t, Chicago IL 6 0606, (312) 
263-4866. 

Janua ry 29-31 , 27 th Annual Physics 
Show , New Yo rk Hilton Hotel, New 
York. This show is to be held in conjun c­
tion wi th the combined annual meet in g 
of 1l1e American Phys ica l Society and 
the American Assoc ia t ion of Physics 
Teache rs. Contac t Ed Gree ley, Ame rican 
Institute of Phys ics, 335 E 45th S t, New 
York NY 10017. 

lanu ary 30-February 1 , Communication 
Networks Conference and Exposition, 
Sherawn Park Hote l, Wash in gton DC. 
Designed to b ring together commu nica­
tion ne two rk users, consul tan ts, ven dors 
an d regul atory offic ials so that issues can 
be disc usse d and analyzed. It is part icu­
larly aimed at executives and managers 
who pu rchase com mu nicat ion prod ucts 
and services. Contact The Confere nce 
Company, 60 Austin S t, Newton MA 
0 2160. 

February 1-3 , Microprocessor Program­
ming Workshop With a Take-H om e Mic ro­
processo r, Jefferson Pl aza Buil ding, 
Arling ton VA . Sponsored by the IEEE , 
th is 3 clay workshop is intended for the 
practic ing engin eer, enginee ring manager 
and programmer. The course ob jec t ive 
is to provide sta te of the art informat ion 
in order to acq u ire an u nders tand ing of 
the place of micro processors as rep lace­
men ts for wired logic and as co n trol lers, 
to provide the capabili ty of unders tan d in g 
the design of systems in vol vi ng micro­
processors, and the abili ty to program 
th e Mo torola M6800 microprocessor in 
machine language. All studen ls wi ll have 
their own microprocessors and labora­
tory eq u ipment. Contact IEEE Service 
Ct r, 2145 Hoes Lane, Piscataway N J 
08854 . 

February 13 -15 , The National Office 
Ex hibition and Conference, Harbour 
Castle Hii ton Convent ion Center, 
Toron to On tar io. This 3 day ex hi bition 
w ill prov ide a showplace for approxi­
mate ly 100 exhibi tors in the areas of 
word processi ng, office com puters, of­
fice equipme nt and fu rniture . Contac t 
Conodian Office Magazine, 2 Bl oor S t 
W, Sui te 2504, T o ron to O n tario, 
CANADA M4 W 3 E2 , (416) 967-620 0. 

Febru ary 14-16 , The IEEE Inte rn ational 
Solid -S ta te Circu its Conference, Phll a· 
dclp hia PA. Forum for the presen ta t ion 
of ne w adva ncements in all aspec ts of 
so lid-state circuits. Con tact Lewis 
Winner, 30 '1 Al me ri a Av, PO B 343788 , 
Cora l Gables FL 33134. 

March 19-20, Microcomputers : Opera t in g 
Pri nci ples, Hardware and Software Sem­
inar, Holiday Inn, Palo Alto CA. Poly­
technic Ins ti tute of New York and the 
In stitute for Advanced Professional 
St udies are presenti ng this two day sem · 
lna r for enginee rs , p rogra m mers, and 

tech n ical managers invol ved with se lec­
tion o f microprocessors and design of 
microprocesso r based sys tems. T he sem­
inar wi ll cover th e u nderlyi ng concepts 
go ver n ing m icrop rocessor operation, 
a rchitecture , an d systems design. Mic ro · 
co m pute r e lem en ts and thei r interre la­
ti o nsh ips will be d isc ussed, e m ph asi zin g 
fea tures impor tant in determi n in g 
whe th e r a parti cul ar microcom pute r will 
be sui ta bl e for a give n tas k. Con tact Prof 
Donald D F re nch, Ins ti tute for Ad­
vanced Profess ion al Stud ies, 1 Ga teway 
Ctr, Newton MA 02158, (6 17 ) 964- 1412. 

March 19-21 , Modern Integrated Circuits, 
George Washi ngton Universi ty, Washi ng­
Lon DC. This course is structured to 
mee t th e needs of engineers, sc ientists 
and techn ica l manage rs who des ire a 
better unders tand ing of the latest tech­
nolog ical advances in the area o f inte­
grated circuits. As such it exam ines al l 
aspec ts of integra ted circu it tec hnology, 
starti ng from fun damen tal p rinciples of 
cons t ru c t ion and ope ra t ion, to the mos t 
recent dev ices, the ir charac ter ist ics and 
spccifica ti om. A s ign ificant part of the 
co u rse deals w ith the application of 
integra ted c ircuits in li ne;ir and digita l 
sys tems. Specific top ics to be covered 
inc lude de tai led des ign examp les o.f 
ci rcuits using operat ional amplifiers and 
ac t ive fi lters, as we ll as com pu te r arith ­
metic u nits, regis ters and memo ries . 
Contac t Geo rge Washi ngton Univers ity, 
Con ti n ui ng Enginee ring Educa t ion Pro­
gram, Wash ington DC 20052. 

March 21 -23, Mi crocompute r Hard­
ware and System Design S eminar , 
Holiday Inn, Palo Alto CA. Pol y technic 
Institute of New York and the Institute 
for Advanced Profession ;1I S tu dies are 
presen t ing this th ree day sem inar for 
engineers, programmers Jnd tec hn ica l 
managers wi th a worki ng know ledge of 
dig ita l hard ware desig n and fa mil iar ity 
with the underlyi ng concepts governi ng 
rnicro 1>rocessor o pe ration , arch itecture 
an d systems des ign. This sem in ar wi ll 
cover th e operat ion, arch itectu re, in ­
st ruction set and des ign tech niques for 
8 bit m icro p rocessors. T he spectrum of 
app lications from data process ing to 
con trol will be ill us trated wi th fully 
developed case studies. Con tact Prof 
Donald D Fre nch, Ins t itute for Ad ­
va nced Professio nal Stud ies, 1 Gateway 
Ctr, Newton MA 02158, (617) 964­
14 12. 

March 22-24 , Futu re Fai r, Memorial 
Colise um, Port land O R. Tl1is no rthwest 
regional expos ition wi ll fea ture bo th 
p rofess ional and pe rsonal data processin g 
products an d serv ices. Contact WES/ 
COM , POB 4 047, Portland O R 972 08 . 

March 2 5-28 , Ex po '79, Los Ange les 
Marriott, Los Ange les CA. Expo '79 
is held in conjunc t ion with th e 16 th 
Numerica l Con tro l Soc ie ty Ann u al 
Meeting and Technica l Con fere nce. Con· 
tact Nu merical Con trol Socie ty, 1800 
Pickwick Av , Glenview IL 60025, (3 12) 
724-77 00.• 

Put this SOROC IQ 120 at the 
end of your system for fast and 
silent input/output. 

$795°0* 

Put this T.I. 810 printer at the 
end of your system for fast and 
reliable hard-copy output. 

,,, . 

Put this TELETYPE 43 at the 
end of your system for reliable 
low-cost input/output. 

$g9900* 

•plus 2% handling. 
Shipped freight collect . 
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Photo 7: The IBM 704 
data processing system. 
Along the left wall of 
the room is the magnetic 
core storage. The opera­
tor's console Is in front of 
the central processing unit. 
Along the back wall ls the 
power supply, printer, 
card reader and card 
punch. The magnetic tape 
units are lined up along 
the right side of the room. 

History of Computers 

The IBM 704 

Keith S Reid-Green 
Software Systems Development 
Educational Testing Service 
Princeton NJ 08540 

The IBM 704, announced in 1956 , was 
al most the last vacuum tube computer. It 
was rendered obso lete by the 709 in 1959, 
which beca me the 7090 in less than a year. 
The addition of the zero suffix lo the model 
number· denoted the replacement of vacuum 
tubes by transistors and the start of the 
second computer generat ion. The 704 was 
very definitely a first generation machine 
in the tradition of the giant brains (see 
photo 1) of the 1940s and 19 50s. The 
central processing unit occupied a huge 
L-shaped cabinet of about 120 cubic feet. 
There was not enough room in the cabinet 
for the 32 K 36 bit words of core storage 
that occupied its own box - another 100 
cubic feet at least. Today the computing 
power contained in those two steel, glass 
and dark gray enamel cabinets can be 
equaled by a desktop machine; in fact 

the latter would easil y outstrip the 704's 
12 µs instruction cycle. Nevertheless, the 
704 was the ultimate computer of its time. 

IBM software support for the 704 was 
almost nonexistent. Of course, in the days 
before operating systems and multiprogram­
mab le computers, there wasn't much need 
for sup port. The assembler and a few general 
purpose subroutines could be acquired 
through SHARE (Society to Help Avoid 
Redundant Effort). On the other hand, 
support for the hardware was much in 
ev idence. A customer engineer spent 
eight hours a day on the premises, includ­
ing an hour long daily preventive mainte­
nance session before the normal first shift 
began. The session included bringing up 
power· , which took 15 minutes, and running 
diagnostics with voltages 20 percent above 
and below normal in an effort to find weak 
vacuum tubes. The effort was usually 
successful . 

Before the advent of FORTRAN in 1958, 
written material for 704 programmers could 
be found in a single manual, IBM R.eference 
Manual, 704 Data Processing System. Its 
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100 pages contained a description of the 
instruction set, operating instructions, an 
explanation of the virtues of assembler 
language coding, programming examples, 
ex planat ions of the binary number system 
and binary arithmetic, and octal to decimal 
conversion tables. 

The 704's input and output (10) units 
consisted of a card reader, card punch, line 
printer, ten magnetic tape units, two mag­
netic drum units (each composed of four 
2 K word drums) and a cathode ray tube. 
Off line, or peripheral, equipment consisted 
of three machines to process magnetic tape: 
card-to-tape, tape-to-card and tape-to-printer 
transfer devices. Important central processor 
features included floating point hardware 
and three index registers. 

IBM designed the on line card reader 
for binary cards; cards containing machine 
language programs in binary object format. 
Since the 704 word length was 36 bits, 
cards were read row-wise into storage. 
Columns 1 thru 36 of the 9 row were 
read first, followed by columns 37 thru 72 
of the 9 row, 1 thru 36 of the 8 row, etc. 
Columns 73 thru 80 could not be read; 
this restriction governs the present day 
format of the FORTRAN statement. Binary 
coded decimal punched cards, the kind that 
came out of keypunch machines, could be 
read by the off li ne card to tape trans fer 
machine, but naturally it was frequently 
necessary to read such cards on line. A 
rather complex subroutine was required 
to convert these cards to internal 6 bit 
binary coded decimal, since they were 
punched column-wise and read row-wise. 

The ten magnetic tape units were referred 
to in programming by unit numbers 0 thru 
9. Unit numbers were dialed by the operator 
on each tape unit, hence it was possible to 
write two or three copies of a tape file 
simultaneously. Of course, the possibility 
of accidentally trying to read two files at 
once also existed , invariably resulting in 
a yellow read check light, a halted com­
puter, and an embarrassed operator. 

Tape was moved at 75 inches {190.5 cm) 
per second, transferring 200 bytes per 
inch (2.5 cm) in 7 track format. Byte 
and track parities were generated and 
checked automatically, although the words 
byte and parity were not yet used. Parity 
checking was called redundancy checking, 
and a byte was a character. 

Probably the most remarkable piece of 
equipment on the 704 was the cathode ray 
tube. This early attempt to provide com­
puter graphics capability was only partly 
successful. A 1024 by 1024 raster was 
addressable, but each point had to be 

All photos reproduced by permission of IBM Corporation. 

Photo 2: The off line printer was coupled to a 727 tape unit by a 757 printer 
control unit. This and other peripherals permitted use of magnetic tape as 
the 704 's primaty medium of input and output. 

Photo 3: The 717 on line card reader read 24 36-bit numbers in row binary 
format from columns 7 thru 72. Columns 73 thru 80 could not be read. 
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Photo 4: The 727 tape drive, 
modern tape units. Note the 
of buttons. 

over 20 years old, is similar in appearance to 
address selector dial between the two rows 

individually ad dressed. There was no line 
generator and no character generator. The 
machine's 12 µs cycle made it impossible 
to run a complex display without con­
siderable flicker. One of the big demon­
strations of the time was a tic-tac-toe pro­
gram. Though only a few lin es were re­
quired to display the game, the display 
flickered noticeably . 

Th e primary intent of the cathode ray 
tube was for· plotting, not interactive graph ­
ics. On a dedicated machine renting for 
$600 per hour, who could have afforded 
interactive graphics? The video display 
system was composed of two units: the 
visible 21 inch (53.3 cm) screen and a 7 inch 
(17.8 cm) screen in a lightproof box . A 
shutterless camera recorded th e picture on 
35 mm film. Consequently, the 704 was one 
of the very few general purpose comp uters 
to include a "change film frame" instruction 
in its repertoire. 

The central processing unit, or calculator 
<JS it is repeatedly called in the manual, 
centered around two registers: the accu­
mula tor and the multiplier-quotient (MQ) 

register. The accumulator performed addi­
tion , subtraction and logical operations. 
The MQ register served not only in mul­
tiplication and divis ion but also as the 
register through which input and output 
transfers were made. Strangely, the accu­
mulator· was 38 bi ts long. It was composed 
of a sign and 35 numeric bits for arith­
metic operations, a P bit used as the high 
or·der bit instead of the sign in overflow, 
sh ifting and logical operations, (ie: Boolean 
and byte manipulations), and a Q bit to the 
left of the P bit. The sole function of the 
Q bit seems to have been to generate ob­
scure cod ing errors. 

The 32,768 word maximum core stoi-age 
required a 15 bit add r·ess portion in stmage 
refe1·ence instructions. Three index registers, 
known to th e 704 's designers as registers 
A, B and C, were invar·iably r·eferred to as 
indices 1, 2 and 4 by prngrammers, since the 
registers corresponded to those bits in the 
instruction's tag field. Indexing was sub­
tractive, done by 2's complement ar·ithmetic, 
and was ano ther minor sour·ce of an noyance 
to programme rs. Beca use of the subtractive 
indexing scheme, it was the usual practice 
to index through a table starting with the 
last word and moving toward the beginning. 

Many other featur·es of the 704 were a 
challenge to handl e, but nevertheless the 
machine and its programmer·s contributed 
to more than just computer folklore. Several 
FORTRAN attribu tes that were developed 
on the 704 persist to the present day, for 
better or worse. The FORMAT statement, 
fm example, was lifted bodily from an 
input subroutine originally meant to read 
punched cards and to convert specified 
fields to integer binary, floating point 
or binary coded decimal. The three branch 
IF statement, now mercifully replaced by 
a more comprehensible IF-THEN type, 
was designed around the 704's compare 
accumulator With storage instruction. This 
instruction processed the following instruc­
tion, or skipped one or two instructions 
depending on the accumulator being less 
than, equal to, or greater than the specified 
storage location. 

Most of the numerical me thods asso­
ciated tr·aditionally with Newton's iteration 
or infini te series expansions were developed 
and in many cases refi ned on the 704. Thus, 
the software subroutines that are presently 
used in personal computers, intelligent 
tNminals and microprocessors owe their 
start to 704 programmers and applied 
mathematicians. The next time you take 
a square root or draw a circle on your video 
tube, 1·emember the 704 - and be glad 
it's not around any more.• 
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S·100 Bus Extender Board Kit The Mullen TB·2 Extender Board kit 
retains the price of its predecessor and 
offers several new features. The built-in 
logic probe reads out into a 7 segment 
display, and includes a pulse catcher plus 
light emitting diode whose brightness 
corresponds to the duty cycle of a pulse 
stream. A general purpose kluge board 
section, with holes on 0.1 inch (0.25 cm) 
grid, aids development of circuits used in 
debugging or testing; an on boari:I 5 V 
at 1 A regulator powers this section as 
well as the logic probe . 

The TB·2 incorporates features of 
the previous model, such as links in the 
power supply lines for current measure­
ment, fusing and independent supply 
switching; an edge connector label that 
identifies power, ground and S·l 00 bus 
signal pins; full width board size to allow 
use of card guides; and gold plated edge 
connector teeth that stand up to· re­
peated insertion. 

The Mullen Extender Board kit lists 
for $35. Contact Mullen Computer Pro­
ducts, POB 6214, Hayward CA 94545.• 

Circle 541 on inQuiry card. 

High Level Programming Language 

SAM76 is an interactive high level 
computer language that Introduces con­
cepts for both the home computer and 
timesharing system users. It was de­
signed to be simple enough for the nov­
ice to learn while meeting all the require­
ments of the most sophisticated users. 

ASCII character is the only data 
type, allowing data to be anything from 
complicated commands to syntax char­
acters. SAM76 mathematical capability 
includes arbitrary precision arithmetic. 
Over 150 defined built-in functions give 
the advanced user the ability to do such 
things as handle arbitrary size lists and 
treat them as data. 

Object code is available on paper tape 
or TDL cassette format in several config­
urations for the Z-80 or 8080. A Poly· 
Morphic version on cassette tape and a 
CP/M disk version are available. All ver­
sions are coded for Apple and Zapple 
conventions with patch information on 
Input and output (10) vectors available. 
The SAM76 200 page language manual is 
available for $12. The object code is $6 
(CP/M is $10 for disk) and $2 for the 10 
information. For further information 
contact SAM76, POB 257, Pennington 
NJ 08534.• 

Circle 542 on inQuiry card. 

Printer Mechanism for the Personal Computer Experimenter 

This printer mechanism is for the 
personal computer user who is interested 
in constructing a bidirectional dot ma­
t.r;x impact printer: Print speed Is 120 
characters per second with a line capa· 
city of 80 characters. It uses standard 
8.5 inch (21.25 cm) single or multiple 
copy paper. The paper Is advanced by 
motor and pressure roller with a slew 

rate of 400 lines per minute. The mech· 
anism uses ribbon cartridge with an in· 
dependent motor. The unit has opto­
lsolators for beginning of line, end of 
line and character positioning sensing. 
The price is $399 including electronic 
interface. Write to MarComm Inc, POB 
535, Ramona CA 92065.• 

Circle 543 on inquiry card. 
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New Book on Home Computer 
Applications 

PUBLICATIONS 

Bugbook VII Teaches Microcomputer-Analog Converter Interfacing 

The Bugbook VII, Microcomputer­
Analog Converter Software and Hard­
ware Interfacing augments the Bugbook 
series with an in-depth treatment of how 
8080 family microcomputers are inter­
faced to real world analog devices for 
measurement, control and display appli­
cations. The 284 page soft-cover book 
combines practical examples of hardware 

and software analog converter inter­
facing techniques with a series of ex­
periments In waveform generation, data 
acquisition and video display control. 

Bugbook VII begins with digital to 
analog converter interfacing, and pro­
ceeds to software control of ramp, 
successive approximation, and dual slope 
analog to digital converters. Data acqui­
sition approaches using software inter­
rupts and real time clocks are compared. 
Sample and hold amplifiers and analog 
multiplexers used in many practical 
data acquisition systems are treated in 
a full chapter. Consideration is also 
given to the factors in selecting ·and 
interfacing packaged analog to digital 
and digital to analog data acquisition 
modules. 

The book is priced at $8 .50 and is 
available from E& L Inst ruments inc, 
61 First St, Derby CT 06418.• 

C1rcht 611 on inquiry card. 

Texas Instruments Offers Free Linear and Interface Circuits Guide 

A new linear and Interface Cir­
cuits Moster Selection Gulde (CL-329) 
is available free from Texas Instruments 
Inc. This 128 page product selection 

Newman Computer Exchange Catalog 
Available 

This 72 page minicomputer and 
microcomputer catalog is available from 
Newman Computer Exchange,. 1250 
N Main St, Ann Arbor Ml 48104. The 
catalog lists a wide selection of new and 
used minicomputer and microcomputer 
products. 

The minicomputer section lists pri· 
marily Digital Equipment and Data 
General items, while the microcomputer 
products Include a variety of personal 
computers along with books, accessories, 
and hundreds of other items of interest 
to the computer enthusiast.• 

Citc l~ 614 on inquiry card. 
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guide and catalog ls designed to pro­
vide a reference to Texas Instruments' 
linear and interface circuits. 

This publication covers BI FET and 
bipolar operational amplifiers, voltage 
regulators , voltage comparators , line cir­
cuits, peripheral, MOS, memory and dis· 
play drivers, sense amplifiers and special 
functions. Special function monolithic 
integrated circuits such as analog 
switches, analog to digital converters for 
processors, precision timers, and Hall 
effect switches are described with sche· 
matlcs, packaging Information and key 
features. Basic descriptions and features 
are presented In short form to help users 
to select the proper integrated circuit. 

The CL-329 Master Selection Guide 
contains a complete cross-reference 
guide which includes package and tern· 
perature designations. Write to Texas 
Instruments Inc, Inquiry Answering 
Service, POB 5012, M/S 308 (Attn : CL· 
329), Dallas TX 75222. • 

Circle 613 on inquiry card. 

The Mind App/lance: Home Com­
puter Applications by T G Lewis is wrlt· 
ten for the serious personal computer 
user who wants to utilize the computer 
as a household appliance. This book 
contains dozens of BASIC language pro­
grams which will enable your computer 
to balance a checkbook, automatically 
dial the telephone, handle household 
budgets, and plan menus. These and 
many other ideas, such as writing poetry, 
drawing figures, and scoring music, are 
fully illustrated by actual programs 
that can be put to use. The book is 
written in an entertaining style that 
leads the reader into relatively com­
plex programming situations with a 
minimum of effort. This 144 page book 
is priced at $6.95 and is published by 
Hayden Book Company Inc, Rochelle 
Park NI 07662.• 

Circle 612 on inqui ry card. 

Attention Reilders, and 
Vendors••• 

Where Do New Product Items 
Come From? · · · 

The Information printed In the 
new product$ pages "of BYTE Is 
ohwlned (rom "new product." or 
"press release" copy sent by th'e 
pror(ioters of new products.- If In 
our /udgm.ent the. neat 'new .wlilz-· 
bang glzmo or save the world 
software package is of lhtenst 
to the personal computing experl· 
menters and homebrewers who 
read BYTE, we print the lnfor· 
matlon In some form. we· openly 
solicit such Information from 
mahufactprers and supp//ers to 
·this m.arketp/ac~. The lnformqtlon 
IS pdn.ted more or less as a first In 
first . out' gueue, subject to ·oc'­
·coslonal pr{orlty·m6.dlflc~tlohs. · 



THE BEST FOR BOTH WORLDS 
Factory prime electronic equipment tor both the 
discerning hobbyist and the professional 

TheNew 
HobbyWorld 
ca1a1og 
Your source for factory prime. professional 
quality equipment. Computers. add-on boards. 
IC's, sockets. resistors. supplies. tools. test 
equipment. books, and more. Shop your buy list 
at Hobby World. You'll'find what you want. and at 
a solid savings. 

This month'sspeclals. ---------------- ­

t6K MEMORY ADD-ON FOR TRS-80, APPLE, 
6 EXIDY SORCERER 
With RAMs. Jumpers. and Instructions. Hobby World 
price only $98. (Specify when ordering) 

THE NEW ELENCO 3Y2 DIGIT SOLID STATE 
MULTIMOER 
Tops In performanceI Measures resistance to .01 ohms 

voltage to100 µ.V. current to 1µ.A. Our price only $75 

assembled & tested. $60 kit. 


t6K STATIC RAM KIT, MODEL XVI. 

IEEE S-tOO compatible. requires only +5 Volts. 

450 ns. fully buffered. Bank switching capability, 

Phantom Line. wait state. addressable in 4K 

blocks. New from CALIFORNIA COMPUTER 

SYSTEMS! Our Price only $26$ kit. $27 Bare Board. 


C-tO DATA CASSmES 

Perfect for TRS-80 and all recorders operating under 

KC or Tarbell standards. With positive tape path 

control. Price only $2 each 110 for $t7 .50. 


PROM PROGRAMMER 
New from OAE! Pocket size. Read. program, verify. 

duplicate. Plugs Into any read only PROM socket. 

With features like Zero insertion force socket. cermet 

trimmers. and 5 ' of connecting ribbon cable. Hobby 

World price only $275. 

Type # 1087 programs 2708's and TMS2716's 

Type# 1088 programs Intel 2708's. 


PORTABLE PAPER TAPE READER 
No moving parts. interfaces with all micropro­
cessors via an 8 bit parallel port. Complete with 
precision optical sensor array, high speed data 
buffers. all required handshake logic. 4 status 
LED's, flat ribbon Interface cable and complete 
instructions. Hobby World price only $74.00 kit, 
$87.50 assembled and tested. 

TRS·80 SOFTWARE 
Order by Catalog Number. 
CAT NO. 

1093 
1040 
1041 
1043 
1045 
1036 
1037 
1038 
1047 
1048 
1049 
1050 

1051 

TITLE LEVEL PRICE 
Sargon: Chess Program 2 $t9.95 
Galactic Blockade Runner Y2 9.95 
Star Trek Ill 2 f4.95 
Small Business Bookkeeping Y2 t4.95 
Bingo Y2 5.95 
SCI-Fl Game Sampler Y2 5.95 
The Magic Isle Y2 5.95 
Inventory (Modular) Y2 t9.95 
Othello Y2 5.95 
Machine Language Monitor 2 23.95 
Micro Text Editor 2 5.95 
100 Programs. Home, Business. 

and Games 2 49.50 
Dally Biorhythm Program Y2 5.95 

----·---------------------------~------------------------------------------------------------
Hobby World 
19355 Business Center Drive "6 
Northridge. CA 91324 
SEND ME A CATALOG I 

Nome 

Address 

City Store 

Order by moil . Jus1 wr ite. Or order by phone.Toll free ou1slde 
Collfornlo. 

TELEPHONE ORDERS 
Inside Calll: 213 886-9200 
Outside Calif: 800 423-5387 

Circle 170 on inquiry card . 

SEND ME THE FOLLOWING SPECIALSI 

Item Quon11ty Price 

Postoge/Hondllng S1 .50 

Satisfaction 100% ~uaranteed 

Collfornlo Residents odd 6% Soles Tax 
Charge My MC " 

VISA 
Signature______________ 

Explrotlon_____________ _ 
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- -DISK DRIVES 
B5 1 · 5Y." $ 295.00 
by M ic ro Per ipherals, Inc. 
Operates in ei ther single den· 
si ty (125K B, unformatted) or 
d0l1ble densi ty (250K 8, un for· 
mat ted) modes, up to 40 

..,, .1··· ... l .. . f:, ... . _.«_ , ­ t • !.__ 

.~I - I • I:• 
j I , • • : 

• 15 m9111h1rtz b1ndwldth. 
• Eittemal and internal trigger . 
e Time BaH ·0.1 mlcrosecond110 

0 .6 Sec/div · 21 Htting1. 
• Battery or line operation. 
• Automatic and line l'(nc modea. 
• Power conaumption leH than 16W 
• Varticle Gain • 0 .01 to 60 volta/ 

div-12 aettinga. 
• Weight ia only 3 pounds. 
MS·l!i $ 318 

MS -216 Dual Trace Version $ 435 
wm1 llilKll""iP"'°"" Oltr• trH & Cll• •r11J1 .Utt.I r 

10 lo 1, 10 meg probe 
L.Hll'l t r c:1rry1no cue 

C:tC M • • otl,P·1 '-•t1C f'•• "'" "l,,t I ,.,1. 

s :n 
$45. 

'l44 • G 

ll llh •1~0-•I lo... (, 1.r1ot4' I ,•I•".. 1...1.. • 1'~ •l"-41' " ' IU ti• I•""! 
, ..,.,.,.~..,. , 'lf • • •O • •..,n, . M1011 ..... ... lh l.i • M •• 11 ..i.., I" n• 

~.~~E~.8: :.:.r:::~:~:~~'.it·r~~~.;:~~i.~ :..~;·!~ 
1 

~·::. 
1 

:: •~~~.· :: 
't.C fll • • I U ..J Ltt l• .. , .... ..,,.., I .., i, t••·•ll 
3-LEVEL GOLD 
WIRE WRAP SOCKETS 
14 Pl N 39t each 
16 PIN 43t each 

100 for $30.00 
"Versa Floppy" 
K it . Soc ke ts are end and side stack· 
Assm. & T ested able, closed en tr y, 

IQHD• t 

Computer Products 
METERS 

+ 9.10'-I SYSTEMS 
.e ---~ "KANSAS CITY STANDARD" ~- .-. TAPE INTERFACEC·°"· ' 

Parl no. 11 1.tr ..,,.....-· .. 
Board $7.60 with parts $27.50 

access t ime of on ly 5 m s. 
tracks, w i th a track -t o-track 

Rechargeable batteries and charger 
Measures DC VolU, AC Volta , Ohms and RS·232ITTL INTERFACE 
Curren1 Part no. 232SA801 R $495.00 AutomaUc polarlty, decimal and overload Converls TTL to RS -232by Shugart. Single-sided 8" lndlca11on and RS-232 •o rTLHo zero ldJuatmenl 1nd no full·acale ohm1f loppy disk d rive. 
ld)uat Board_£.n~$4 .5~w~ par t~7 .00 
Ba11e ry-01Mr•t!ld - Nie.cl ballerlea; alao AC 

8" DISK DRIVE $395.00 line oper•Uon. RS·232/TTY INTERFACE 
by GSl / Siemans. Direct Largo LED dlaplay for ...y rNdlng wllhoul Part no. 600Interpolation 
equivale n t of Shugart 801R. &In: U "H 1 2.7''W • 4" 0 Converts RS-232 10 20rnAPana & ltbor guarenl...O 1 ,..., 


Tlll•IMdoptl<>n • •.••.•.••.....• .• . ••. .... . t 1.IO 
 currenl loop. and 20mA current 
LNlh« eaN •. - ••• . , .••. . , , . ... - . . . . . . "$ 20.00OM 2700.S $750.00 loop to RS-232

Includes SA8 0 1A, 10"x 10"x LM3A 3dlg 1% DC . ..... $134 .00 Board only $4 .50. wilh parls $7.00LM3.5A 3l-2 dig .6% DC . . $ 158.50 

da ta cab le, fan , AC l ine fil ter. 

16" cabinet, power supply , 

LM40A 4 dig .1 % DC. .... $ 209.00 UART & BAUD RATELM4A 4 dig .03% DC . . . . $ 250.00 
GENERATOR 

.. VERBATIMT.M. Parl no. 101S- 100 MOTHER BOARDS Converis serral 10 paral lelFLOPPY DISKS 
and par allel 10 seroal 

5%" MINIDISKETTES 
JADE 6-SLOT 

Board only $12 00 ; with part s $35 00Kit 	 $41.95Soft sec to r, 10-sector , or wilh conneclm add $4 00A ss.embled & T ested $56.9516 sector Bare Board $24.95$4.40 each LIQUID CRYSTAL DIGITAL
box of 10 $40.00 9-SLOT " LITTLE MOTHER" CLOCK-CALENDAR 

8" FLOPPY DISKS K i t $85.00 

Soft sector $4.75 ea. 
 Assembled & Tested $99.00 


box of 10 $42.50 
 Bare Board $35,00 

13-SLOT "QUIET MOTHER" 
FLOPPY OISK INTERFACE 

K i t 	 $95.00JAD E FLO PPY DISK (Ta rbell 
board) A ssm. & Tested $110.00 

K it $ 175.00 
 Bare Board $40.00 

Assm. & T ested $250.00 


22-SLOT "STREAKER" 
S.D. Computer Prod uc ts Assm. & T ested $149.00 1 For Aulo. Hom., Orllce 

• S mall in t lH t2x2V. • '°' )1--------------~ 
• Pusl't butlon fo r HConOt r•l•aM t or d•••­
• 	Cloe~• mo41111 llllJ• fl • r • • 1'" 9i ll'l • r l W do\ltlf.. 

li09cl uipe or VELCAO. u1ctui0eo 
GOLO PLATED 

• 2 MOOELS AV4 1LABLES-100 EDGE CONNECTORS 
LCD· IOI, oor,.l'J5- rnoo.i ru"t on W4f<011.W ned 
ball•1•• • fo1ti.1·•• 1 ll'l.,., t YH • 
LC0·101. I Ul'lt. on 12 Voll ayateim and II bee..iiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiii hOhltid 

• LCO tOI Ot ~CO· , CUSoldertail $3.25 each ,oi,.1 (fl0oe t S34.95 .. 
JO for $ 30.00 $2.DOWire Wrap $4.50 each 
I o for $40.00 

TARBELL CASSETTE 
J.A.::K>:EJ INTERFACEVIDEO INTERFACEl! L:l!::t'l!.l.i: t:::LLt"·~l1 ll:U.I/ ' '' S· l 00 Co mpatib le Serial S·l 00 cassette interfaceWIRE WRAPPING t OOLS lor 0.025 Inch 1.84 mml SOUARE POSTS 


Sol lr ·M-W.• p wlrlflt II ... , lo ""' Midi I• wp •o ~ ... 11 • •• IUltt lll U !o Ofdlll l l}I 11111 111\111"111 •~ biK4'UH •"*•I• ~ .... rl'IH l u•lno °' 
 Interface wi th Sockets Included . with speeds from 187 to11' 111~ 1,.q...,M . llll·H·•• • ll' •-'• ll4'n • ~' ' '" ' '° • Cl lMll w'lllc llo •111• wl,.. lrl • ul• tlon ""H• 11'11 li>ol It wt•~ •I" on O.G H llldl Kit $ 117.95 
r.. ..,..1• .,.,. po.111. C:O-Kl..111 tt• l\1111 .. ..u~• •• wt lti ~Uoft• I 1'Tl ll'Pl"'9 l oo!• . •••I• • hO• Silt H·W•111P'N COftlllloci'-n• 

l •C..cl MIL 5pM ll'Q...._ IMI lot INlll Oll , 1.. low 1n l.t l 1!11C • Piii lllUI OOJ olll!U) l rwl 111 illl tftlht . All lool l 1nf 11111 I I• litlll rt n.t-
 Assm. & Tested $159.95 540 bytes per second. 
10 ptflt• II ..... 10,.000 1•1 bll •UP. bitt OO I 1111 r1 ptK 1lllMI II lf'Q... t<d. Bare Board wi th 
,.,., ""'-• f oof1 U.1"11 holrur.,ii f\1n. ,.'JfOll Co.&1M W1u. JADE Kit $99.95manual $35.00 
Poly1.11.-1u.n1 ntl~ (01114 «>PPM -· It '"'" Ill it11PlllO IMIU 

IOOh ti'•1 11" 1Jld11m1LC•ol1l'>111n1i.ol1l4'CIJ'l 11 1t111 111 ll•p.111ml1.1 
 Assembled $135.00 
l•O 1111111 .Wtflt 01'1 .I 01». ll'IC~l f.f IN"tSQUllit P04l OCCUC>)Wlll 

OIMr ;JI WIC l'> l ~lmlft)QIPG• 1911911'1 Sotd111•n11l•"'Ol1tQ..... lldon 
 TU-~
•Kl1n1111IM po '11. Du'l ti _.6.Cloe@ Ol\ IOIN Of illeQlll.M po1a.Jol 
111.11 bl .oAOtrld """'D .1 r~·t !309-C••OO'I w NCll lftltl t " " Convert your T .V. set Into a ..r.&.JDJEJ PARALLEL/SERIAL
1nw1111on •• 1Q10t1 l!o-• occ""t Video Moni tor INTERFACEKit $8.95"IO M1iw.1!Wr;1ppw1;fool 114,to S·IO O compati ble, 2 serial..-.o Hot.a Bltlf<ll' PG'• "IO P180 O f..OG 
flll041 1 J, Cpo....,..•1:htrl1Gl'IOI P190 MO.OCt 1/ 0 ports, 1 paralle l 1/ 0 . 
All PlllOSl"n Tool• '""'""" f • O 100 ll • POOi• o r pOIJUlll~.,,. 


~::::n~~~~l: t..0 • '" I 1111) IOttno.1'111 ._,,,11 a no tllll._. fOOI. CC>lftp11l• 

Kit JG· P/ S $ 124.95

Z80A SPECIAL Ass. & Tested 
'WHlll E JG-P/SA $ 179.954MH z Zi log CPU Chip ~ Pl:llrwl.,,,•n•ftylO'ln•1ul• l..-JCOPPflrll1j• GR•or• Con...""'•oa 11 t PO(l1$ U 

Wl•J l. p•g ,)QoAEl:ll I Lll w i •JC 111 • g J CLE. AJI Bare Board 
Wl t-311!p•g l AlD U .U W2a.JDIP •O lflLU( with manua l $30.00Zilog * $ 14.95 * 

IY~;tl ~"~1~~~~.~rds liI
pl119bOdrD ust w1trt S 100 Da'. CumGen Purpose 0 .1 P H1·Dens1ly OuaHn·l 1ne
11lcte • ~ Ill l'lc-il l !1 111~ & h,)ln ""' • a: ~ J 

Boards wllh Bu s Pal\ern \0 t I 111 Plughoard lor Wore Wrap 
lor Solder or wue Wrap. P panern p1ugooards lor wllh Power & Gr<l Bus 
Epoxy Glass 1/ t6" 44 8801 ·1 1c ·s Epoxy Glass 1/ 16" Epo•v Glass 11 16" 44 

pin C('ln <e>naced 1563690-12 poncon . spaced 156 	 Sarue: Js asoov ~- 1: L11:1r I>'·''" 1en no""c' 44 pon con spaced ) 56 

CIUSh l 1'1e.d1 ~·n ~ 


CARD EXTENDER 3677 9.6" x 4.5" 	 3662 6.5" x 4.~" 3682 9.6°1 x 4.5" 
C:u<' E.•1t• riaa r I'l l.$ 100 ccntac:; T&·50 pet $10.90 J.4 5.9 1 0·2~ $7.65 $10.97 


8800V I 'P 'Vi
!\ Id~ on 1~!1 Ctl'\l(t l $ · Allatfl ~cl CCll'U'll}CIO I lft .1~s - 15%"-

COrtlpMttJlf' wlltl $ · 11;10 Bus Sy'- 1 01'1~ US.00. 3677·2 6.5" x 4.5" 3662·2 9.6" x 4.5" 3682-2 6.5" x 4.5" 


3690 6..S'" 2214 pin, 1:51! cir•. hl•nd•rs 512.00 1_14!·_ ~
_1!!1!~4., ,,$9.74 	 ~ $11.45 $9.81 
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TIE 
llM­1 

$179 

Low Jlf1ce mclu<Jes 
KIM -1 MOOUle momJl)I 
Pl'ograms s10. ect in 
2048 ROM Bytes USCJ 
Manual wall site Sche 
matte Ha1dware Ma111.:a1 
P1091 amming Manual 
P1091amme1s Acre1 e11cc 
Ca•d Kevooa10 01s1J1av 

lfl-a $245 
6502 - based si ngle board 
comouter with keyboard/display,
Kl M -1 hardware compatible,
compl ete documentation. 

-------------­
KIMSI 

INTERFACE/MOTHERBOARD 
Makes S-100 cards plug-i n 
compatible with KIM! 

Kit $125.00 
Assembled & 
Tested 

$165.00 

J.A.:K>E &<>BOA. 
with full documentation 
Kit $100.00 
Assm. & Tested $149.95 
Bare Board $30.00 

J~:m::>:E ze.o 
with prov isions for 0N80AR D 
2708 and POWER ON JUMP 

- ~ 
Kit 
Assm. & Tested 

i!:l!:!.! 
Kit 

$135.00 
$185.00 

Assm. & Tested 
Bare Board 

$149.95 
$199.95 

$35.00 

* 
STATIC RAM* 

SPECIALS 
2114's,low power (1024x4) 

1· 15 16-99 100 + 
450ns 8.00 6 .95 5-50 
250ns 9.00 8.00 6.50 
fMS4o44/MM525DbV: power 

450ns 8.00 7.50 6 .50 
250ns 9.95 8. 75 8 .00 
42ooA14Kx'('20on;f" ­ -

9.95 8.50 8 .00 

1-_s_BETSI 
INTERFACE/MOTHERBOARD 

Makes S· 100 cards plug-in 
compatible w ith PET! 

Kit $119.00 
Assembled & 
Tested 

$159.00 

800/421-5809 Continental U.S.PLACE ORDERS TOLL FREE: 800/262-1710 inside California 

YRS. 80 .ppla II 
MICROPROCE~SORS 
FS 10 gs
z90 12MH 11 2().00 
280A /4MHi l 25.00 
CDP1802CO 17.95 
AM290 1 20.00 
6502 11.95 
6800 16.95 
6802 25.00 
8008-1 12.95 
8035 20.00 
8035-8 21.00 
8080A 10.00 
S085 23.00 
TMS9900TL 49.95 

8080A SUPPORT DEVICES 
8217 2.90 
821 4 4 .658216 
82i.J '2MHLI gg 
8 2:1d ·J 1·1MH J I 9 95 
822G 
82<8 
8238 6.40 
82A3 8.00 
825 1 7.50 
8253 20.00 
8255 8.50 
8257 20.00 
S:? !i~ 20.00 
8215 75.00 
8279 18.50 

6800 PRODUCT 
GS IOP 4.0U 
6820P ti .60 
6821 p 6.60 
6828P 11.25 
6834P 16.95 
6844L 29.95 
6845L 29.95 
68"6LI 35.00 
6846Pl 30.00 
6850P B.65 
6852P 11.00
6860P 9 25 
GSG?P 12.00 
6871P 28.75 
68 7 5P 8 .75 
6880P ' 50 
KIM SUPPORT DEVICES 
6 102 8.00 
6502 l 1.95 
65W 10 .00 
6522 9.25 
6530-002 15.95 
6530-003 15.95 
6530-004 15.95 
6530-005 15.95 
6532 17.95 

USRT 
52350 10.95 

UARTS 
AY5-l0l3A 5 ?5 
ll YS IOJ·l A 8.25 
TA 16028 5.25 
TMS601 I 5.95 
IM6402 9.00 
IM640J 9.00 

BAUD RATE GENERATORS 

r\•1C: l11111 10.00 
11M11 C•v<;.1.11 4 .95 

CHARACTER GENERATORS 
25 1J UPPl'r j 12L5t 6.75 
2513 L o w1•t I· 12 L 51 6 .75 
25 13 Upplt1 15'<'0111 9.75 
2513 Lowe• l5 ... 01n 10.95 
MCM657 I Up Scan 10.95 
MCMG5 .l1A Down Sc,,11 10.95 

FLOPPY DISC CONTROLLER 
1 711~01 
l 791 

KEYBOARD CHIPS 
AY5<?316 
4V 5 3600 
MM5740 

PROMS 
1"102A 
:nos 
271615• 12/ T/ 
27 16{ 5v l INTL 
275815vl 

DYNAMIC RAMS 
41 6 0 141161,5011).I 
2104/40% 
21078·4 
TMS402714096 IJOOnsl 
MM5270 
MM5280 

STATIC RAMS 
21 L02 J450m/ 
it L02 C150nsl 
2101 1 
21l1 1 
2112-1 

39 .95 
69.95 

13.75 
IJ . 75 
18.00 

8.00 
9.95 

25.0U 
60 .00 
23.40 

12.50 
• .oo 
3.95 
4.00 
4.50 
3 60 

1-24 25-99 
1 50 1.20 
1 75 1 50 
2.95 2.60 
3.25 3.00 
2.95 2 65 

EXPANDOR'S BLACK BOX PRINTER 

Th is 64-character ASCII impact 
printer with 80-column capabil i ty 
is portable and uses standard 
814" paper and regular typewri ter 
r ibbon. Base, cover and parallel 
interface are included. Assembled 
and complete w i th manual and 
documentation . 

only $430.00 
(90 day manufacturer's warranty) 

TRS-80 Interface Cable for Black Box Printer 
with mating connectors. $48.00 
(must be used with expansion module, +8v/1 amp power 
supply required) 

Pc;.,8r"supply fur T'RS.:-aotB~kB.;;-Prinw - - $49.00­
~~g 1------------------------------1 

ZIP 

- .. --· ; ..B 

" 

.J9.-'L I »:E: 
Computer Products 

4901 W. ROSECRANS AVENUE 
Department "B" THE PIGGY 15 COMING! 

HAWTHORNE, CALIF . 90250 

~ 
,ii 

Cash, checks, money orders, and credit cards accepted. 
Add fre ight charge of $2.50 for orders under 10 lbs and 
$1.00 serv ice charge for orders under $10.00 . Add 6% 
sa les tax on all parts delivered in Californ ia. D iscounts 
available at OEM quanti ties. 

WRITE FOR OUR FREE CATALOG 


All prices subject to change without notice. 


DIP®II Socket 
nu~'"''" 1~ ,,. of 1.:10 mKnfon 111.:''"'C" J11"'l 111· h1 w 
i' J~l .1 ,i:l" ,,o,lo.<I 11 11' UIP lit '' f'l!th;1,; 1\ ~ ..111 1_.J 
lo r h1 •lh h.inJ ll" \I .md burn •tn J('qu1r~·111C"11 1 .. 

The 71P Di r It '-.k'ktt lu~ b~·<n dl"'\1s:nl"J for 
lh ~· 1111110~1 ) IUl1"h ...·1I) Ill 11\ nti,·.," hiUll (' .11 :,i,,,· 1t11l1 

C'1•11pkJ w11 h ,, 1ho11,: hll11I ') .t .;m ol tJlnl1' .mJ 
t...· \l"I' ro .iu1dC' tl1C' J,•\ 1, ,• k.nl.. mlo tht: ,·nrua.; I\ 
"''u ll ll Jn ~ \Go.'kd . into .. :lu.h. l hC' Jr\1\,. ..· ~11 
hh' r.111 )' h,· Jropr,·11 \\ 11h 111,· 1l1 r ,,1 a l()1: k111 ' kh·t 
lh\· ...)\.'.k( I ' ' f(:aJy lo upr r.a h· .., i1h c.-\·eplion:.lly "°'''' \' k .. :11.. .ii .. on111 1 Fllr rl 1t' h:n-r .itt:nn ..mJ !ht: 
t!C'\I•.' \ ' m ,1y l'tt• C'lC lf.l\. lt'tJ w1lh UIU rrC'\"llt\" t'tt'lnl! 
"' ' "' ll t'1I on lhC' l,;id~ by thr "o-: ki:1 .:-onl.1.:-ls. 

PRICES: 
16 pin Zip Dip II $5.50 
24 pin Zip Dip II $7.50 
40 pin Zip Dip II $10.25 

MEMORY EXPANSION KITS 
4116's 

8 for $85.00 
(16Kxl, 200ns) 

includes dip plugs and 
instructions 

*TRS-80 Kit * 
(16Kxl , 300nsl 

includes connectors and 

in structions 


$90.00 


took! 

DYNAMIC RAM BOARDS 


EXPANDABLE TO 64K 

32K VERSION • KITS 

Uses 4115 (8Kx1, 250ns) 

Dynamic RAM's, can be 

expanded in BK increments up 

to 32K: 


BK $199.00 

16K $255.00 

24K $310.00 

32K $369.00 


64K VERSION • KITS 


Uses 4116 (16Kx1, 25onsl 

Dynamic RAM's, can be 

expanded in 16K increments 

up ro 64K. 

16K $292.00 

32K $432-00 

48K $578.00 


4_K______s~1_2_1.;....o_o_ _. 

EPROM BOARD KITS 
EPM-1 (uses up to 4 K 
of 1702) $59.95 

JGB / 16 (uses 2 708 or 

27 16) $69.95 


MEM-2 
16K Static RAM Board 

S-100, fully buffered, 
with PHANTOM and bank 
addressing capabil ities, 
can be addressed at 4K 
boundaries. 

250ns Kit $285.00 

450ns Kit $250.00 


250ns A&T $350.00 

450ns A&T $325.00 


STATIC RAM BOARDS 

JADE SK 


Kits : 450ns $125.95 

250ns $149.75 


Assembled & Tested : 

450ns $139.75 

250ns $169.75 


Bare Board : $25.00 

16K~Uses2114'slfowp'OWerT' 

Assembled & Tested : 


RAM 16 (250ns) $375.00 

RAM 16B(450ns) $325.00 


Tsi<withmemorvmanagement 

Assembled & Tested : 


RAM 65 (250ns) $390.00 

-~M..fil>!LJ450r& $35.Q..QL 

32K Static · 

A ssembled & Tested : 


250ns $795.00 
450ns $725.00 
250ns K it $575.00 
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Video Boards Interface Video Monitor 
to Intel Single Board Computer Bus

PERIPHERALS 

New Cloe~ Board Features Battery Backup and Crystal Control 

The MSBC family of video interface 
boards are designed to Interface a video 
monitor to the Intel single board com· 
puter bus. The two cards in the family 
may be used either singly or in combina· 
tion to provide a variety of alphanumeric 
and graphic display capabilities. Graphic 
resolution ranging from 256 by 256 to 
512 by 512 points may be obtained 
from the MSBC-512, white a 24 line 
by 80 character display is produced by 
the MSBC-2480. Multiple cards provide 
limitless possibilities for color or grey 
scale Imaging. A se t of software packages 
are available to facill ta te use of the 

clock is crystal controlled for accuracy The price of the 100,000 day clock single board computer system. For 
and an on board, 9 V rechargeable is $219 assembled and tested, and $179 further information about the MSBC 
battery keeps the clock running during in kit form . Write to Mountain Hardware family, contact Matrox Electronic 
computer down times. Inc, 5523A Scotts Valley Dr, Scotts Systems, POB 56 , Ahuntsic Station, 

It Is set by entering binary coded Valley CA 95066.• Montreal, Quebec CANADA H3L 3N5.• 
decimal digits at each ti me port. The Circle 577 on inqu1rv card . 	 Ctrcle 578 on inquiry ca,d. 

This board keeps time in I 00 µs in· 
crements for periods as long as 100,000 
days. An interrupt feature has been 
provided which can be program med for 
any change In a clock digit to help make 
efficient use of computer time. The 

clock stops the moment the first 
digit is entered and starts again on the 
first "read" command. A "write pro· 
tect" switch prevents the clock from 
being accidenta ll y stopped or changed. 
The clock can be used with most BAS ICs. 

COMMERCIAL GRADE EQUIPMENT· HOBBYIST PRICES!! 


•• 

I SELECTRIC 1/0 TERMINALS (by GTE/Information Systems). Both ASC 11 

& IBM code versions with m icrocomputer interface software & hardware IRS· 
232 connector .) Cassette drive models permit up to 2400 baud data transfer 
rate as well as off-line data storage, sue as memory wpewrlter, & use as data 
entry device for office personnel familiar with Selectric Typewriters but not 
computers. Wide-carriage, Interchangeable .type spheres; optionai built-in 
modem. All units cleaned, adjusted & warranted . 

Model 5541 . . . . . . . . . . . . $695.00 
Model 5550 (corres, code, bu ilt·ln cassette drivel . $1195.00 
Model 5560 IASC II code, bu ilt -i n cassette drive) . $1295.00 

I IBM SELECTRIC 725 TYPEWRITER . 1/0 w/solenoids switches & magnet 
driver PCB !from GTE/IS terminal) plus instructions for 8080 printer/driver 
interface. 

a) Typewriter mechanism complete, cleaned & adjusted $375.00 
bl Case from terminal & power supply 1+24V, ±12V, +5V@ 5M 75.00 
cl a & b plus complete interface to mCPU 8-bit parallel port 

and 8080 language printer-driver/ASCII translation program $600.00 
I 	 IBM SELECTRIC ACCESSORIES: 

a) Pin-feed Platens (13 1/8" pin·to·pin) for 15" carriage typewriters (new) $50 
bl APL Type Spheres !EBCD No. 98B, Corres. ~ode No. 987), new $20 
cl f/O Conversion Kit for 13" or 15" Office Selectric I or fl: $200.00 

I DIGITAL CASSETTE DRIVE !from GTE/IS Terminal) : 1800 baud, 6"/sec; 
AC motor : fwd/rewnd circuitry plus tape head, no read/write electronics $25. 

I 	 FORMS TRACTORS, Moore Variable width "Form A·Liner"for print terminals : 
a) Model 565P for 15" Carriage IBM Selectrics (new) : $50.00 
bl Model K81 for OUME or DIAB LO Hytype I or II printers !new) : $90.00 

I 	 DAISY-WHE EL 1/0 TERMINALS by Gen Com Systems 130 day warranty) 
Model 300: Full ASCII keyboard, 30 cps, Hy type I printer, RS·232 $1600 
Model 3000: Same as above w/OUME Printer, 45 cps-$2100. 55 cps-$2200 

I 	MODEMS: Bell 103 & 202 styles by VADIC Corp. 
Bell 103: 0·300 baud, full-duplex, asynchronous serial data transfer ; includes 
auto answer circuitry ; 3,000 mile range. 
VADIC PCB (Send , Receive, Control) w/interface instructions $89.95 
VADIC PCB w/power supply, case, LED's, EIA connectors $149.95 
Bell 202: 0·1200 baud, half-duplex, w/reverse channel rransmission. 
VADIC PCB w/Reverse channel. manual DAA style $149.95 
VADIC PCB w/power supply . case, LED's, EIA connectors $219.95 

I INTERDATA B·BIT MINICOMPUTER (Model One), includes full front panel, 
4K core memory (16K addressable), built-in telewpe port, 4 OMA channels, 
software. Optional serial 1/0 card, tape drive controller & software for Ampex 
TMX; FORTRAN w/floating point math. $300.00 

I AMPEX MODEL TMX TAPE DRIVES: Ideal for microcomputeris! who 
wants backup mass storage or access to IBM-type systems via standardized 
2400 series W' mag tape. Specs: 9· track, NRZ1 standard, 800 BPI, 12"/sec., 
1200 ft . reels (11 megabyte capacity.) Drive is Iike new & comes with 8-bit 
CPU controller diagram !requires only 11 I/C's) & MCPU interface instructions. 
Prices: Drive & Documentation • • . . . • . $750.00 

Controller & cable for MCPU, assembled & tested . . . $200.00 
Hi~peed search option: controller moves dr ive at 72"/sec . $ 50.00 
Software listing to read std IBM tapes, translate to ASC 11 . $ 50.00 

I 	POWER SUPPLIES for Disk Drive.mCPU, tested under load shown: 
-No. 519 (w/fan & AC cord): +5V reg., ±12V reg., +24V, @SA (10 lb.) $39.95 
-LAMBDA No. LMEE5 w/OV protect : +5V re11 @25A (35 lb,) $59.95 

.-~~~~~~~~~....l-~~~,----.-......~*~........--....__--~~~~~~~~~~~--
Call or write for details. quantity prices, catalog. 15day PACIFIC OFFICE SYSTEMS, INC. Full documentation included PLUS interlace instruction 
return privi lega PLUS 90 day no charge replacement of where indicated. All equipment is shipped insured FO 
defective parts . All orders shipped from s1oc k, No back 2GOO El Camino Real , Suite 502 Palo Alto with in 14 days after check clears or CO 
order s, no substitutions. MIC & VISA accepted. Palo Alto, Calif . 943o6 order is received. Prices may change without notice.

(415) 321 -3866 
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SIL ICON SO LAA CELLS HOODS • · · · · • .$1.0tl 
2:4"" d'•m•1er 4V 111t r.oa ma$4.00 

FND 359 C.C. ·'" S,50 LED AEADOUTS 
FCS 8024 .:: dllJIC D L-704 C.A•.:J" $ . JG 
C .C. :e·· d 11.pl11ov SS.US OL. 741 C .A ..6"" Sl. :'." 5 
FNO 5Q:J c.c.. s·· s .as FNO 80J c.c .a·· $1 gs 
FNO !BOC.A . .6.. $ 85 FNO 13 10 C.A .e·· $1 .9 5 
0L·704-. l " C.C . $ .BS 

REGU LATORS 
. . S 1.20 340K -12.15 

S .50 or 24V. , , •. S .9S 
S .60 J~OT · S. 6, a. 12 

15.113 01 :Z 4VS §~ 
78 MG . .. . .51.35 I 
J9 MG . . . .SJ .35 I 

NO. 30 WIRE WAAP W IRE SING L E 
STRANO 100' St. •O 

A 1..CO M IN IATURE TOGG L E :!iWITC~iES 
MT A 106 SPDT S .9! 
Ml A :2'(16 DPDT . , S 1,10 
MTA :ZOG P·OPOT CE.NTEFI OFF 
M SC 2 06 P·CF'Df CIE N TE ROFF 
L.eveFt SW ITCH ' ' •• 

DIP SOCKETS 
II PIN 

Ill PIN 
I-"~!--"= IG PIN .22 40 PIN .60 

19 PIN 

PAV IA 

USED FOR CHARACTER MAY BE USED IN IN MAGNETIC ENVIRONMENTVISIBLE 
RECOGNITION FOR A VACUUM, BECAUSE THERE IS NOOR 
COMPUTERS WITH UNDER WATER, HIGH VOLTAGE ORINFRA RED 

EXTERNAL CIRCUITS HIGH ALTITUDE MAGNETIC DEFLECTION 

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 	 FEATURES 
• 	 IN THE FUTURE • Sensitive to infra red 


WE WILL SUPPLY A as well as visible l ight 

COMPUTER VIDEO INTERFACE CARD 
 • 	 May be used for IA surveillance 

• 	 All clock voltages operate at 6V with an IA light source 

regulring no adjustments • Excellent for standard 


• 	 Higher video output signal survei llance work, because 

of light weight and small size
• 	We supply the power board, so only 

a 5V 1 Amp power source is needed • All components mounted on 

parallel 33/4" x 6V2" single
• 	 The circu itry has been simpl if ied for 
sided boardseas ier assembly 

• Total weight under 1 lb.• Two level TTL output is suppl ied for 

interfacing 


$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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PERIPHERALS 

Video Display Terminal Features Memory Lock 

The Micro Bee 2 is an 8085A proces· 
sor controlled buffered video display 
te rminal. Among the Micro Bee 2 fea· 
tu res is the abil ity to invoke the memory 
lock that allows the operator or host 
computer to lock a position of the dis­
play while entering or receiving data in 
the unlocked portion of the display 
memory. The invisible memory address 
pointer can be used to read to and write 
from the display memory, independent 

of visible screen functions. Standard vis· 
ual attributes Include normal, reverse, 
blink, underline, and half intensity video 
levels. Logical attributes Include pro­
tected data fields and numeric only 
fi elds, as well as modified data field 
transmission. 

The display format is based on 24 
lines of data with 96 characters In each 
line. 80 of the character positions 
are disp,layable, which leaves 16 non­
displayable character cells available for 
field attributes. The line drawing 
graphics capability allows for the crea· 
tion of forms on the display using the 
vertical and horizontal line features. 

The expanded characteristics of the 
Micro Bee 2 include a bidirectional buf· 
fered serial aux iliary port , XY addres· 
sing, read cursor address , read terminal 
status, time of day clock , and 128 ASCII 
characters with descenders on lower case 
characters. 

The Micro Bee 2 sells for $1695 and 
is available from Beehive International , 
4910 Amelia Earhart Dr, POB 25668, 
Salt Lake City UT 84125.• 

Circ le 615 on inQu•'V card . 

Used Computer Equipment Available 

Computer TEXTiie announces the 
availability of its line of reconditioned 
hard copy hardware. The company fea­
tures the DTC 300A terminal which uses 
the Diablo Hytype I daisy wheel printing 
mechanism and the Gen Com 3000 term· 
lnal which uses Qume Q30 series daisy 
wheel printing mechanism. Both of these 
terminals run at 30 characters per sec· 
ond, are ASCII encoded and come stand· 
ard with an RS-232 interface. The 
Diablo terminal has an 82 key keyboard 
with 11 key numeric pad. The Qume 
terminal has an 86 key keyboard with a 
15 key numeric pad. Both terminals have 
full graphics capability. The Qume term­
inal also features Super Plot which 
allows plottl ng at 5 to 50 times the 
speed obtainable with the Diablo. 

Options include 45 and 55 characters 
per second mechanisms for some Qumcs, 
pin feed platens and tractor form feed­
ers. Both terminals come with a limited 
30 day warranty . 

The Dlablo is priced at $1995 and 
the Qume ls $2150: Computer TEXT· 
ile is located at 10960 Wilshire Blvd, 
Suite 1504, Los Angeles CA 90024.• 

Circle 617 on inquirv c.ard . 

Alphanumeric Display and Keyboard 
Controller 

Synchronous Interface Module from International Data Systems 

The 88-SAI provides a synchronous 
or asynchronous interface for any S-100 
bus processor. The 88-SAI is intended 
for use in special communications re­
quirements such as synchronous com­
munications be tween S-100 computers 
and large scale computers, high speed 
modems , data encryption dev ices , or 
othe r S-1 00 computers. 

16 Port Serial Board from Ohio Scientific 

The module allows data transfer 
rate, word size, parity and a number of 
stop bits to ~e selected under software 
control . Also under software control are 
synchronous and asynchronous mode 
selection and functions associated with 
synchronous communications, such as 
the number o f sync characters. 

It is full y compatible with RS-232C 
interfaces. Additional prov1s1ons are 
made for interface to nonstandard de· 
vices requiring that various signals or 
handshake lines be Inverted. 

The 88-SAI is available in kit form 
for $199 , or assembled, tested and with 
a limited warranty for $299. Contact 
International Data Systems Inc, 400 N 
Washington St, Suite 200, Falls Church 
VA 22046.• 

Circle 616 on inqu1rv card. 

A new 16 port serial JO board has 
been announced by Ohio Scientific, 
1333 S Chillicoth e Rd, Aurora OH 
44 202 . T he board can be used on any 
Ohio Sc ienti fi c computer system . It is 
available fully assembled as the Model 
CA 10-X, where X specifies th e number 
of serial ports on the board, from 2 to 
16. The board featu res RS-2 32 and high 
speed synchronous inte rfaces that can be 
mi xed in any combination. The com­
munications transfer rate o f each serial 
port is jumper selec table from a crystal 
control clock circuit able to support 
operations from 75 to 19,200 bps 
asynchronous, or 250 to 500 K bps in a 

The MT X-B 1 is a general purpose 
programmable alphanumeric display and 
keyboard interface device for use with 
an 8 bit processor. The display portion 
provides all timing and refresh signals to 
drive up to 32 characters in standard 7, 
14 or 16 segment formats. The keyboard 
portion provides all scanning signals, and 
debounces and decodes any keyboard 
with up to 64 keys . The single integrated 
circuit controller interfaces directly to 
the microprocessor via the data bus. 
Many intelligent commands for display 
and keyboard manipulation are incor· 
porated. 

The integrated circuit requires a 
single +5 V (±10%) 60 mA power sup· 
ply. All display and keyboard input/ 
output (10) pins are TTL compatible. 
The MT X-B 1 can be interfaced to any 
TTL, CMOS , or NMOS processor 
through an 10 port or bus. The inte· 
grated circuit is available in a 40 pin 
dual-in-line package (DIP) for $49. For 
more information write Matrox Elec­
tronic Systems, POB 56, Ahuntsic Sta, 
Montreal Quebec H3L 3N5 CANADA . • 

Circle 618 on inquiry card. 

synchronous mode. All 16 ports can 
be jumpered to be paged at the same 
address via Ohio Scienti fi c 's memory 
management hardware. Each port is 
based on a fully programmabl e ACIA 
capable of running both in asynch ­
ronous or fully synchronous mode. 
The CA 10-X 16 port seria l interfac e 
board is available for $200 for the firs t 
two ports plus $50 addit ional for each 
ex tra port up to 16.• 

Circle 619 on inQuiry card. 
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SOCKETS ~~~~~~~ 
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. ,.., .. l ll SAllOIOllOl(.IDIC.'lfl'OM1ll H~ONld 

111e tlti1of BOARD 
.042 dia holes on 

0.1 spacing for IC's 

Phenolic 
PART NO. 

64P44XXXP 
169P44XXXP 

SIZE 
4.5x6.5" 
4.5x17" 

.. 

PRICE 
1·9 1().19 

$1 .56 $1 .40 
$3.69 $3.32 

PANAVISE TILTS, TURNS, AND ~ '~nr-
AOTATIE.S TO ANY POSITION. ' • ••• no 
IT HOLDS YOUA WORK 
EXACTLY WHERE YOU WANT IT. 

8aoov 
Universal M1crocompu1et 1processo1 
plugtJoarCI , use w11n S· 100 Dus Com 
01e1e wrth heat sank & hardware ~ 3" .. 

. 10 " • 1116 " 
1-4 

S19.95 
5.9 

$17 .95 

8801-1 

10·2• 
$15.96 

PRICE : $11 .95 
VACUUM BASE 

$12.95 ~ 

3682 9.6" 14.5" 
$10.97 

3682·2 6.5" 14.5" 
$9.81 

Hl· Oen sity Dual-In-line 
Plugboard lor Wire Wrap 
with P<Jwer & Grd. Bus 
Epoxy Glass 1/16" 44 
pin con . spaeed .156 

3677·2 6.5" 14.5" 

$9.74 
Gen . Purpose 0 .1. P. 
Boards wllh Bus Pallern 
lor Solder or Wire Wrap . 
Epoxy Glass 1/16" 44 
pin con . spaced .156... 

Perfectly balanced fluorescent lighting 
with precision magnifier lens. Tough 
thermoplastic shade. Easy lens r• 
moval. New wire clip deelgn permlle 
easy lnslallallon and removal of 
lluoreseenl tube. Comes with plasUc 
ahleld to protect tube from oolllno and 
damage. 
ColCHa: Gray. Black, and Ctlocolat• Brown. 
Comes with one 22 w•ll T·9 ClrcUne l!U(N'es· 
cenl lube. 3 dlopt!K lent. 

: .· • ............~.U~l~IL01° 
0 

.._ 

= 12:'-ls a 
. ·­;: '""!'."~';!ura~11 • 

or 31'4500 

MA1003 
CAR CLOCK 

Brighi Green Fluorescenl Display Crys· 
1a1 Time Base Assembled . just add 
swllches and 12 voe. 

3690·12 
CARD EXTENDER 

Card Ex lender has, 100 con · 
tacts 50 per side on .125 
centers ·Attached connec­
tor-1s compatible with 
S·100 Bus Systems . $25.83 
3690 6.5" 22144 pin .156 
ctrs. Extenders . S13.17 

14 - G3 100 for 
$30.00 

16-G3 100 for 
$30.00 

~ SPECIAL 
~14CS2 100 tor '14" 
-_ - : -" 1scs2 100 tor '16"
0::::::0 14 pff'll CS2 10 '°' '2" 

~ . .. . ' ~ ~: 11 pln CS2 • fOf 1 2"'• 
Th•s• low cosr DIP .soc.fuus will t ee.pt 
both sl81'1dard wldlh plugl!I arKI chlp!ll. 
Fot vM with ch.Ip•, 11'1• toe:k•I• Olllf • IOW 
pto11t1 htlQl'lf or oni.,. .12!1'" a.bo't• tht board. 
These tocitel• are tnd 1t1ekabl•. 

~ '/ PRIORn-Y ONE ELECTRONICS© ' 24 PIN DIP PLUGS 

A;.,.~.1 ~?.~~~'~2,:~'.?;,,~I ~~; ;>,er.:,~~";?,:?.;..S~,,:~~~~'"' .... wtTH covrnWRAP POST ~ 
for .042 dla. holes 

(all bOards on lhls page) 
T.WC pkg . 100 . . S 2.34 

TWM ~~ ..... S14.35 I: 
A·13 hand lnstalllng 

tool .. . ... . S 2.IM 

7 mum order St0.00 Orders less than $75.00 include 10% s~ i pping and handling; excess relunded . Just on case ,, · ~ 
please include your phone no. Good lhru FEB. '79 ~;I 



..... 
Wire-wrapping, stripping, unwrapping tool for 
AWG 30 on.025 (0,63mm} Square Post. 

WSU-30 
WSU..30M 

P.C. BOARD 

Th• • a C.S • 1/16 Inch bo• l'd Is m • d• ol l lH• co• t.ct EPOXY L.amln•t• 

r:,d.'ii';.::·,::':i:.::·~. 1c!:.:n!::.'.::'9to~'::cte.:~ :.!~.r:1 ~:;; 
•PKl"I- fdt• contectl •r• non -CS"'kfitM for muimum fl ui~lll J' , 

TM bo•rd ~•M"I S • mst rb Of .CMO In. diemeter "°'" on . JOO lt\ch 
cwiten. lhe component 1k1• cont•int 76 two·~• p.ctt •hat c..an ac.com• 
model• a n)' DllJ Sil• ltom 6"40 pins. H • • II H d 1sct•I• componentt. 

!:1!,~!c.d:r~,,~011~~:;:~0~.~.~~~.~cf:'~:;n.!: !!: ,t:, 
Mld• ri"C Of' wh • -ra ppiftl . 

Two lftlMl"nd•"' bu•,,._,...,, •r• pt'O'W ldied ftH volt••• a nd l""'l'MI Ofl 
both 1idn ot the board. In addition. tM compon911t •kl• t.Ofltaint l• 
lndivl4u.•I bunn "'""'"' ow11 lull l• n•U' of t he botnf fOf com~et• wir· 
1,... fln lbHltJ' . Thne l>vttn enabt. ac~• f'Vfft 9ds• contadt to d istant 
compoftefttt. ThH• bunn uin also HN• to au1m.m th• volt•I• or 
1round bvt.tn. • NI m a)' be cut to l•ncth for cii• rt lcwl., appUc.ailoft1. 

FHt • Re/fable • Economic•/ 

PRECUT ~ WIRE ~ 
: ~~~~e~~·.·~~.~~r~~~ng by hand 
• Cheaper than usi ng bulk wire 
PRECUT WIRE llULK WIRE 
ll30 Kynar slrlppe<I 1" on each end. Lenglhs are 
overall. Colors: Red. Blue. Green. Yellow. 

100 500 100 500 
211, In. .78 2.olO 6'4 In. 1.15 4.05 
3 In. .82 2.60 7 In. 1.20 4.25 
3'/, in. .86 2.60 7V1 In. 1.25 us 
4 In. .90 3.00 8 In. 1.29 4.85 
4t/a In, .94 3.21 8V. In. 1.32 4.85 
5 In. .98 3.42 9 In. 1.36 5.05 
5''1 In. 1.02 3.6ti 9Y1 In. 1.olO 5.25 
6 In. 1.06 3.85 10. In. 1.45 5.51 

WIRE KITS 
11 M.ts 
(2.2 •nt.) 

250 3"' 100 4V,'" 
250 3''1" 100 5" 
100 4" 100 6" 

12111.15 
1.t •/H.)

250 2V... 250 5" 
500 3" 100 5't.'' 
500 3 !1''" 250 6" 
500 4" 100 6V." 
250 4y,•• 100 7" 

1-250 fl . Roll 

,,~--~- •\ 

QUANTITY -ONE PAIR (2 pcs.) 

TR -I consists of 2 guides precision molded with 
unique spring finger action that dampens shock and 
vibrat ion, yet permits smooth Insertion or extrac· 
lion. Guides accommodate any card th ickness 
trom .040·. I()() inches. 

Card Guides TR·l 

QUANTITY ­ ONE SET 14 pcs.) 

TRS-2 kit includes 2 TR ·I guides plus 2 mounting 
brackets. Support brackels feature unique stabilizing 
post thal permits secure mounting wilh onl)o I screw. 

Quides & Brackets I TRS·2 lM 

WIRE DISPENSER 
• Wi th 50 ft. Roll of AWG 30 

KYNAR' wire -wrapping wire . 
• Cuts the wire to length. 
• Strips I " of insulation . 

MOS LSI INSERTE RJ ' 
Tool is crome plated ABS for 
excellent static dissipation. ~ . 
Tool has ground lug for 
connection to grounding strap. 

MOS - 40 $7.95 

4-Pole TS· 4 $1.39 
8-Pole TS. 8 $1.119 

12·Pole TS·l2 $2.59 

The TS 11r1p1 p'ov1de po111ive screw •ct1v•l•d cl•mP · 
in1 action. accommodatew1 r1 s lrH 14 ·30 AWG(l , l ·O, 
25mm). Pins are solder plated copper. .CM 2 inch t 1mmJ 
d i•meter. on 200 1ncn (5mml centers. 

•01:.e!l,'.l.able wo.30.e TERMINALS 
1-==-=.:.....--1,....._;~~:......+.;;;r~ ~~: · --.......;--_,, • .025 (0,63mm) Square Post 

V ~ll ow Wue WQ..3().Y I 

EFILL ROLL OF WIRE 
ire for wire-wrapping AWG -30 

R 
w 
(0 .25mm) KYNAR' wire, 50 ft . roll , ® If Y3" ~ IC Socket Terminal WWT·3= .. - .. · -1-----+---t----I 

Double Sided WWT·4 
_... Terminal 

e 
ilver plated. solid conductor. 
asy stripping. 

~O · AWG Blue Wue 501t Roll R 3080050 
30·AWG Yello,.. Wue 501t Roll R·30Y­0050 
10 AWG Whole Wue. 5011 Roll R30W·OO!'>O 

30-AWG Red Wire. 5011 Holl R 30R·0050 

TRI-COLOR WI RE DISPENSER 
WD -30- TRI 
R - 30 - TRI 3 color refill 

-
il.W ..... 
;1.­

t• 

$5.95 
$3.95 

• With 50 ft . ea . of RED, WHITE, BLUE w ire 
• Cuts the wire to length 
• Strips ·, .. of insulation 
• Refillable 

llR"G HllN PI NI Rf\(A I ( For . 025~ 

(0 ,63mm) sq. post 
"MODIFIED" wra p, 

1 1': positive indexing. :-S-v.
' IJ"Ot.l. /:'. ant i-overwrapping device. <P;:

'-'Q,A /:I~~ ForAWG30 BW·630 $34.95" 
~~ ~4;- ForAWG26-28 BW·2628 $39.95"< ~ Bil'"' AWG 30 BT-30 $3.95 use "C" SIZC 
v-~ ~~~~ 

~cs. Bitler AWG 26-28 BT·2628 $7.95 oHOTINCLuocoi 

ONE ELECTRONICS© ( TOOL 
~" I =1DIP/IC EXTRACTOR 

16723B Roscoe Blvd . Sepulveda. CA 91343 .. The EX·l utraetor is ideally suiled for hobbyist or 
. I\ lab engineer Featuring one piece spring steel con· 

Terms VISA. MC. BAC . check . Money Order. C 0 0 . U.S Funds Only C:A re51don1s add 6% sales la>. Mano· struction. It will extracl all LSI. MSI and SSI devices 
mum order $10 00 Orders less lhan $7~ 00 onclude 10% sh1pp1n9 and haodhn9 excess relunded Just 1n case of from 8 to 24 pins. 

. please include your pnone no Qood thru FEB. '79 



New Vector S·100, LSl·11, SBL-80 Products . vPCtot AdJuatable p1ck1glng1y•tem for S ·100 bUI'NJ mlaocomputlf'I. compat lbf•
{J'.I .Clh Alt•" 8800 and IMSA.I 

..,. -­ ~Smai;. ~,:';0109 • VECTOR·PAK ASSEMBLED 
"'AN• ou•"' hH run po- on• :'::,"'~;a::.~:;'h';':'; MICROCOMPUTER CASES 

lndmch1tl Unned i cuare p1<1s 
,.unouno mosl holos. ~~•• tor 
mounllng components by ' 'I.Jell 
sol<1011no . Top o r board poCI lree 
ror m()unUng rro connoc1or1. 

,... S-9 10-2• 

-­ Cl (K]!ground planH bad1 to b1ct1 . 1C1ew1 of fasteners.
,I I

6olf(IS 1cc:ommod1tn -l. • . .tio , • Flnllhtel In dartcI -_g·· ~P' bluit l~tured vtnyt.I - ,
,.. s.1 10-2• ;,!n•:~r~:To!~h 

•• - -~-- tJ ,21 .95 19.M 11.56 :'~~~~.... 

ed rear and front 
panel•. 
• Fully ldJu1teble In­

1tU5 17,95 15.96 

. . 

P•d Pef 2 hates_ Two-hole pads 
1Uow Itek $01derlng of soc.kel, 
plus second hole lor componen' 
leeds. 

1a lorm and 1lze eompatlbto with 
INTEl SBlSO Se,1., end NA· 
TIONAL BLC 80 Serles 
m tcrocomputer boards. Power 
and Ground bu1e1 on bolh aides . 

!;~::!,, .:a.~;~1:rS 
Of c ard 1p1clng 
within -'te llmlla· 
Ilona. Ho cutllng or 

:"rt..v"-·•.. r..·r#':.,..rr 
1 
-,.··;·rfl' · J 

MOM 

... 
21 .05 

... 
19.76 

Plain no elehed chcullry Hcepl 
eonlacla. ProdueH mHlmum 
fle11lblll1-,. 

1-4 
14. ~ 

... 
13.41 

ICl-24 
11.98 

4'01 
DEC LSI-IT. POP8, POPn. Healt'I 
H·tt . P P1ll1m Epox!r 01111. 
Plug Board 8.0"d . 187'", OY1l 3& 
pin DEC/HEATH CcnntclOl'I . 

,.. •• 10-Jt 
15.95 14.36 12.78 

.., 
"1.!0 

10-2• 
3".00 

S.mt ., '608. e11cep1 plain less 
power IJUHl­... 

:W.00 
5-1 10-2, 

:10.60 27.20 

~rt~or".tecJ':;T0m 
~~",;..:,°, ' coolor $163.00 

DESCAll'TIO" 

=~~:;'.~:,..n:~:,r,::~::,~~=
gulda and reoeptecln or moth11 board. 
card• top IOadld, •r,•nruno front 10 back. 
=11~1:,!~.C-.J! and etiQaJ• p111e .,~w.._. 25 ua.. 

CONTINENTAL mc1Au~s CORPOl!AX>N Logic Probes and Digital Pulsers 

=~= ~LOGIC PIOIES 
CSC kiclc probff '" tM ulllrn.at. tool lor brHdbo.rd 4-lp and &.etll•f· 

;oh~:, ~:::n;d,,:~I~ ~':.b~ :f..!:~•_!o°.,V:~~;;i:.c:.~~f:t~'fj,C:~~:::~
TTLIDTL or CMOSJHTL. T°"d1 probe Lo tot aodt>. Trac. 1osic lt-wtlt and 

r:!:::ll=::1~~-:: ~'1;:.1 ~w£::~.:~~~::..~~':-r:::~:::-rs:: 
p... dv...I lot! dtLKtor L&Os LeU il q uickly. correctly. HI fLo«k " l "'l; LOtLock 
--0 '"1. Al lO l ~rpon\411 bli11k.1111 pu.t.. detector. t.c.. HI ud LO LEO. bUn.li on 
or oil, tnc•ln1 "I• or "0- 1Utn •l aqw.n •H• ·~~adel up to 1.5 MHL 
Piul.. LEO bUnU 011 tor Yt ldOJlod du.ria1 pu.IM tranalUOCL. Chokto of llilif'ff 
modfll1 to meel h1dl•ldw.I r.quirtm•11U; bu.dpt, proJen Utd •P"d of IOfS\t dl'o 
u ib . 

MODEL Lf'·I 
Hud­lll•ld kit'lc probt pro•Mt•• iluUnl rudJn1 of loric l••tlt for TfL. DTL. 
HTL or CM.OS. 1.,.t l•.......1IOOIXIOohm1. MW.•• O........W. P.a..1SO 
111. ......... r.,.t 8lpal cr........,.i: 10 MH.i. ...... Delee.... tLEDI: Hl1h 
•Pffd luJn or 1i111I• neaL ,..._ .......,: PulN or t.vtl trnidtlon dtlttt.H 
and 1lattd. 
CSC' MMellP'·l....,_P,. - Net£uh ... "4.95 

LOGIC MONITOR I 
Tr•u11lp.11l.t lhrou1h all l)'pet of d l1lul d mdtJ.. U11U d ips o,..eruy DIP IC up 
to 11! prn Eath of It.a I& nu1un.s c0nnttb to 1 1it1ate-bil ltvel de'4>d4f ltt.l 

·dri•1:1 • hlJ!:h ·ln.t.eulty, ftUmbeN'd Lm re:1dogt activated wNn UMt •pplltd 
voluicei Hr'f.dt • find 2 V thrubold. Loflc "' l " turn1 LEOoe: fork "O.. llttpt 
LEO oll. It. powitr-sMk lnJ 1•t• network 'lulo1Mlial1y loatea 1uppl1 lndl and 
fted1 lh#m to th« LM ·1'1 iot•rnal d rtt.1itry. S• •e1 miiu1ttt. eHn houn 111 
dnJrn. 1r°"b tuhootJn1. dtb1.111l1t& of equlptneal. Yelt.ap nr..MW.12 V t: 

:;,Vt~:':rc!~~~.·=.~.,.;'~~~~v;~ :-0-T.S~:s4v._ ~·.•t':.~ 
l .715N d , when optn. W•ia•l: 3 ou. 

C8C MM1I UM '41r M•Uer-Com pltt.. 
....... 159.95 

Provk1111 rtHlt't vt-n1 lllity 111d prttisfoft In testJn1 all Lypt1 of dl1it.a.I \tlRUllt. 
Th fully iM1lat.ed po•tr •t1pply and .wlee:Ublc 1rl1g.r lhttthold kit JOU m.1Uh 
the $JTrdM e:hanclerl1ties of lhe '°Kk family u1der lHt. ptrmltUftlf Mor• t c­
C\olf"tle mo1urement., Tht CIOftneoc&.orldit play uni t clip• o•~r lftf DIP IC up to 
II pln1- Tiit powu auppl7 module co11taln1 U.. pnri1ioa r.feAnce powtr 1up­
pl1 nd ID«ir family Nitti.or 1Witch. Optralion 11 1[mplt. Se:l thli tkrnhold 
1witch lo IM proptr I01i\t family . Connerl bark dip lead Lo d rcull srour.d. ror 
CMOS \tif'(:1.1 ilry, llwt r'l'd d ip 11 ronn«lf'd Lo dttult potlUn or Ytt. Tlwt dip 
modu1fl ii th.a t:lippHI OYf_I' the IC •nd ·~ LED dltplly IHLanU7 r lvH tM 
losit 1t.aa.t1of1U piu . 1Ack Tiiitt1..W.i CMOS. 10'11. of dtult Ytt; HTL... 7.5 
Vi TTI•• UY: DTL. 1.6 V: RTL l-2 V. . ........ YlllWt 1.,., F,..,..ac1: )(:! 
KH&. , oo.. duty qclor. St..: THt Clip, . - l. I r w• • I.TS- d . whee op1u1; 
Po•rr Modul•, r w , 1 5.lr d. 11: T II . mu. T9'&1W•W• .t: 20 ou. P..u a.. 
~t 117 VAC. 50J50 HL 10 W; at.oavall.able for220 VAC. 50,SO Ht el 1li1ht­
l1 h.i1Mr prlu. 
C&C M...I LM ·t Leste M..twr - Compltlt. 

ACE • All· for feat, 1old1rtea1, 
Circuit plug.In c!rcull bulldlng 

.. .. . 1129.95 

Model 
2311 

Evaluator .1nc1 jeatfng rl 

~=~~~~j~-==:~::1:0~~~1~~...l!5ifrii5-o~ 
.::. .:. .::.. • ~ ~ fJ = 

111 111•·,1 1 J •il lh)ff1•! .... 
,•::, ,,:::::: : ; ~:;~I•) If tr.: 
tn• 1) j U '1I I :r .....ltll7 M..• 
UloCI 11 11 • '•1 t i) :r t-llJ• Mfl .... 
JllJ 11 110 1 11 •••'" .... 
»&I •1u,1 l6 t1l•l1'•••1• Jt.• SALE 

MODEi. Lr.I 
EronOftly nnloa af Modrl LP·I. S.fcir ,._,. 1 "'oltmei..r. MIH'll 1rcvralt> \Mo 1 
MOJH!· lapn ..........: 300.000 ohim1. NlMH• 0.i..t:t..M. P•...: 300 ftl­
Ma.at.- ., llllpd lf-.....•MJlt U Mlh.. PlllM O.twe.er ILEDI: Hl1h 
•,..cl lnh1 or 1i111le •"•nl. N111 N•"7: None. 
C8C ...... t.1'·11..... - - Nil Each 124.95 
MODEL Ll'-3 
Hl1h •Pttd kis'lc probe. C•plu.rea pllltu Ill •hon u 10 ftl . 1.,.t I•,....._.: 
!500.000 ohm1. MW... O.&.tddli. PidN: ID 11•. Mu••• l.,•C 8 ...... ir,.. 
11p1MJJ1 SO MHt. hlM 0.lff'8r ILEDl1 IU1b •P"d trtio or 1lft1l1 evuL 
P .... M...,1 PulM or level lrtnJilion detttted ud tlOTtd. 

C8C M••• Ll'-3 i..p r'* - NOi Eoch . . . . '69.95 

Digital IC Testers and 
COUNTER 

MAX·IOO f'OaTAaLE Fll£QU£NCY COUNTER 
MAX ·IOO lt & porttblt, hl1h pred1lon fttquucy totUller th&l Rla ~"" ILU· 
lb.rd• In perform.110« ud vain. h 1• romp&t\. portable c..t . ll civta 1ou l'Oll• 

~=~~~di::."!it~~~!,1.~:::ct·:~~ !°!p~!~'·,;:.h.~!f! ~~~;~ 
dtrived from • cry•t.alofelfllr01'*1:1 Umt baH with 3 ppm U'CUl'ICJ. Hl1tl­
ett11iUvlt7 rHdl1111 from 1lrna.Lt H law H 30 mV , with dJode ovnlotd prolec· 

!~=l~.a~tZ::Jt!':::'-..!~:3tc!~~~l!~~~~\t~~d~:~~"dt~;!~n~::l~~~~~ 
th• tftlirt! dlt:pla7 Ot1ltn It 1 kJI L 

81'£CIFICATION8 
,,....._, Raq•t 20 Ht to 100 MH1 pHan\Hd: 110 MH1 tJPlc•I. Cite T..• : 
I MC. RtM11tleli1 I HL At:t• rt117 1 t 1 cout •· Umt bne error. 1.,.c I•· 
,.U..: 1mt1otim1hunted by MpF. CMpliq; AC . 81.. WaH 81..ILMly100 
ni\' RMS 1t 60 MHL l1k-rul Ta.. llM Fn4...ac71 3..&7ts.45 MHs cr11UI 
OMllLllor. 
&~lf1 s 31 ppm al rs• C. T••ptnlllN llta1M1Ur1 Belter than 0..2 ppm •c.
o-fiO• c. Mu. ~ to p pm , ..r. 1Hepla1t Elthl o.r LED dlrlt•. .....,..z.,.. 
.....tq?O.Clmal po/ftl IPP4•,.. belweenl!lh •llld lth dllfl t when l"pul utt+da 
I Mth. Offtfteow1WUh •l1i11l1 O'l'er tt,999.9" HL ll'lotl 1IJt1lnu11it (left hll'ld• 
d l,t t nutt.s. a.l!ow lns rtadh111 ift HC'CIH of 100 M.HL o ..,.., U.....J ·~ 
.... I a.c. pte U.t. .... l•ll•'1 l•Uctt.1Whtn b.Utry 1uppl7 faUa below 
IU VDC. a.lldls1t1Ruh111 JfL ,....,. ~tllr-.4 1 ln l1n1l, l "AA' ceU.: uter· 
nal. 110 or 220 VAC \tUr1H 11ll111lnaJcw, 1111\0 d flT•IUI H1hil.u ail.lpter orT.2-10 

~~ ~~w-"'~~uf!~ ,i;:11c.1l ~.!~~~:.~· 8Wt: u r ll. • 5.ar • . a 

csc ...... MAX·••,,....,., c......­ 11.. F.ach . . . . . . .. nu.ts 
MAX ·IOO ACCESSORIES 

DICilTAL PULSER 
n.~ uhlm.au in •Pffd and eu. of opentHJn. Simply (Oftfte-tl clip luds lO 
JJ09.lli•• •rwl MtlliYf power. tltta lfXIC'h DP·l '1 probt- Lo 1 rirc;ul \ 11od•: 
111tom1lk pola.ri l7 MO•OI' d•c.ttll dttult'a hirh « lo• condillon. O.prn• th. 

f:ih~.:!~:'~"':1 nlc:~:I:.' ,:~u~r,1~~r.!~~~~ ~~: 11:~t~OTtci~Js~: 
olhfl r popular dttulu. Tet.l wllh 111111• p11IM o r 100 pubes per 1tt0MI •la built. 
la du.al l'Ollll"OI pu1Mt11ttoo: button MIKU 1in1le • ltol or coctlcu°'u tnodH. 
LED lndkator 11101111.0n operaU1111 mode• by lla1hln1 OM• for 1i111Hi p111tf' or 
cont.iftUH•l7 ror • pul.M tra l11. Colllplclt'ly 1u.lomallr. penrihlUi l1bi't14ll• pu.LM 
prvr1tor fOT aoy r1ml.ly of dllflt.a.I drculll. O•lp•l: Tri -it.a~. PWrlt1: Pulw­
M!Ml61111to-polully. 81• ... S.Vu1100 mA. PlllM TraJ•: 100 PP'­ LED I•· 
llkal.tn fluhe1for 1l1t1l• pu.l1e: 11.&y1 Ill fOf" pulse lr1l1t. 
CSC ....,,OP-I Dlcll.aJ hlMr- Net Eac:h ... 

~ DIP JUMPERS II 
.. FLAT RIBBON CABLE (5. 

ASSEMBLIES WITH DIP CONNECTORS ~ 
• Av•ll•bl• with 14, 11, 24 •nd 40 conUrcU. 
• M•te with 1t1nd1rd IC 1ock1u. 
• Fully HHmbled ind tened. 
• ln1egrel molded-on nreln relief. 
• Lln•by-llne probHblllty. 

MAnfllAU 
DIEllCTRIC: Ul~oln•filtdpot..,..l9r. 
CONTACTS: NotHort~ COiie* e1or 170. 
C.AIU: AlcatMOOt'lductofl.,•#29AWG 
auanded 7131 un-coettd CGPC* wl1h Wtyl lnlt.ltt­
tiOn. Al c.tb't ti grOOYtd IOll liftd boMtn for..., ....­.. 

A P DIP Jumpers ere Iha low-cos1, hlah­
quality aolutlon for jumptring wilhln a PC 

...... tOM:LA-Moblluharpr •llroln•""·Nil Each . .. . . ..... .... I 3.95 board; Interconnecting be._, PC bolrdl,
:::::~:;:~ m::..r.: :1~:::::::::~:: ~:~ .. ::.:::::.:::Ut beckplann end motherboardt; Interlacing In· 
.......11eo-tPC-l11putc:e.blew1thc:Up1..•-..N.1 £uh . .. . .... . ... 5 .95 put/Output signtlt; end more. ,....11...LLC -Lo•-loo• .....,, ... . . ...... ... 14.95 AN 11semblin un ..inbow cable. Stan· 
N..i.11.....wA- Mlol-•hlp anlune . . . . • .. . . • .. 3.95 derd lengthl are 6, 12, 18,24 and 36 Inc'-. 
M•l100-CC -Ca"1e&M , , ... , , ... , , . ,,, . , .. , ... 9.9$ 

DOUBLE-ENDED .ti..._._•.,.•._,_ 
DIP JUMPEAB LJ D 

No. h~ LU'·'h 191i•·"' L9nstft
Contaeu 24·· ........ 

14 
124Ull!....A S2410f.12·R l2410S.1•R DllOl-24-ft 

12.•1 12.&t 12.112 ll.02 
124105-SA No. l•;.t.'" 13.oQ Con!KU 

" 
1241 19-l ·ft 1241 1S.12·ft 12t11•t•R 124111-2..... 

12."6 12.11 13_,, '"' 
1241 11-JS.1' 

14 
t241QJ-)IS-R 

ll.IO U.3J 
9241 21-1-A 1241ZS.12-ft 12'1ZS.11-ft 11'111-24-ft 

M. IS M..50 14.15 t s.20 
12412"-Jl.A ,, '24112·•"'..... •tit 

9241315-e-A *24\35-12-11111 924131-11-ft 124t)l.24·ft 
N.93 11.52 ... , I ...70 

IMl:Jl.31-R 
24 

924122­J&-A.... 14.00 

-PRIORITY ONE ELECTRONICS © 

~~·1 ~~~~~R~sc_;:,,~~~; ,~~u~:,~,'.?.;.,S.~%9•~~~~,, ·~ 
.0 

124132­• A...,. 

7 ~um otoei $10 00 OrO•rs less 1nan $75 .00 1ncluO• IO'l'. •hipping ano hanallng . excess refunded . Jusl in case ~\ 
please 1ncruoe vou• pMne no Gocicl thru FEB. '79 



Table Top Mainframe 

New Kit Makes a "Flippy Disk" Out of 
a Floppy Disk 

Called the Flippy Disk Kit, this kit 
contains all the necessary tools to locate 
and accurately punch extra holes in a 5Vi 
inch disk so that the spare side o f the 
disk can be used . Instructions explain 

· 	the fu nction of each hole and opening in 
the jacket and the method of marking 
and punching the holes and testing the 
newly available side. The kit is designed 

to be used with North Star, Horizon, 
PolyMorphic, Vector Graphic, Vista or 
any other 5Y.. inch hard sectored disk 
drive. The kit contains instructions, 
double sided "flippy plate," a pencil for 
making highly visible marks on the black 
diskette jacket, and a ground and pol ­
ished hand punch for making the holes. 
The kit is priced at $9 .95 plus $1 for 
shipping and is available from Square 1, 
614 18th Av, Menlo Park CA 94025. • 

Circle 525 on inquiry card . 

Data Base Management System for 
Small Business Applications 

Ohio Scientific has introduced a pro­
gramming breakthrough for small busi­
ness microcomputer applications. This 

' programming innovation is called OS­
DMS , Ohio Scientlfic 's data base 
management system. This system brings 
the use of microcomputers down to the 
level of nonprogrammers. It allows 
untrained computer users to store and 
recall information from any one of 
Ohio Scientific's full line of floppy and 
hard disk microcomputer systems. Each 
program in the 05 -DMS library is aimed 
at a spec ific small business application, 
such as real estate, automotive sales, 

mailing lists, inventory, accounts re­
ceivable and accounts payable, inventory 
and invoice, ledger, personnel files, 
retail sales, medical flies, etc . Because 
the microcomputer uses terms familiar 
to each specific application, the user 
doesn 't have to learn programming 
languages. 05-DMS data base man age­
ment system allows knowledgeable 
computer operators to fully utilize the 
computer's resources and to perform 
tasks routinely which usually require 
programming on nondata base systems. 
Each program is priced at $300. For 
further information, write to Ohio 
Scientific Inc, 1333 S Ch illicothe Rd, 
Aurora OH 44202. • 

Circle 526 on inQuirv card. 

The TT·10 Table Top Mainframe 
consists of an industrial quality card 
cage; the MB-10, an S-100 bus mother 
board with bus termination and ground 
plane to reduce noise ; a full set of ten 
connectors and guides; a power supply 
which mounts inside the card cage and 
furnishes 15 A at 8 V, 1.5 A at +16 V 
and 1.5 A at -16 V; a clear satin finished 
front and bottom plate with a reset 
switch and power indicator light emit· 
ting diode; and a whisper fan and cover. 

The TT·lO·K kit is $325, the TT­
10-A assembled is $395 . Con tac l Elec ­
tronic Control Technology, 763 Ramsey 
Av, Hillside N) 07205.• 

Ci rel!' 62 7 on in~ulry c;ud. 

*Tl Sockets! All low profile solder teil 8 pin - 40 pin.
1 cent per pin. 

The "Pro" fully encoded ASCII KEYBOARD by Cherry. Auto RE· 
PEAT feature, 5 special function keys. JOOmA/5V. (Shown as 
mounted in 'The Case', Below) $119.00, 3199.00, 10+189.00 

USED SYLVANIA The Dumb Terminal for Smart People 
12" MONITORS 80X24 with full 128 char. ASCII UC+LC 
Working: $69.95 font with all control characters displayed. 
Cold Chassis, 25 lbs.300-19,200 baud RS232. 2nd font addressable 
With New P39 (GR) from keyboard in you-program-it 2708 for 
or New P4 (WH) APL, Graphics sets, etc. Plug in monitor 
Tube -$99 00 1/0 connector, 110VAC and you are ready. 

' 	 1NCLUDES: 'The Case', Cherry Kbd. A used 
monitor, ESAT 200A, all options except 
vector addressable cursor and modem. 
Bulletproof design and construction. 
Normally $675.00 What you always 
wented your ADM3 to be: 
SYSTEM"A" $649.00 10($599.00 

"The Case" Beautiful and sturdy 
anodized aluminum case in deep black designed to contain the 
ESAT 200A, and with a bezel cut out for the Cherry 'Pro' keyboard. 

•Hard and Soft Sectoring 
•Single a11d Dual Density 
•Double side co11figura1io11 
as a retrofir at a11y time. 
•110/220 V, 50/60Hz 
*Pin for pi11 compotab/e with 
Shugart 800,801,850,851 

THE FANTASTIC! (50 pi11 edge co1111ec1or) 
• PRICE BREAKTHROUGH! 

MEMOREX FIVE-FIFTY $425 EACH 
Double Sided Retro[it$300 

LATEST REVISION : ESAT 2008 (BILINGUAL) 
Stand Alone S ingle Board Communicating Terminal 
80X24 Standard Format $329.00Split Speed 110 to 19,200 Baud 
Two Fonts, 128 Char. ea. in 2708 EPROM 
Full Feature Cursor, Page Xmit., Scrolling 
5V@3A, B"X 14" Board. Requires only a 
keyboard and almost any monitor for the 
best terminal for the money anywhere! 
Supplied with U&LC ASCtl In one 
font, you may easily program the 
other one. 

0 New Items! TRS-80 APPLE Ad on Set-eight and a spare 4116 
Type Rams plus instructions $99.00. •Hane Laser Tubes .05-2 .0 
mW - metal $49.00 Glass $39.00. "CALL for unbelievable prices 
GSl/slemens a" floppy drives starting at $399.00. •our new 
catalog Is now outl Ask for your free copy. 

(installed as shown above) Choose deep brown, light yellow, or crim- ~---------,--------------------1 
son to accent or color code your Installation. The only choice for Shipgjng and Handling: Strlace: $0.40/lb. Air: $0;75/lb., 1.00 minimum 
hard-use institutional and educational applications. $69.00 r.al. Tax: 6.5% Insurance: $0.50 per $100.00 
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CAlifoRNiA DiGiTAl 

Post Office Box 3097 B • Torrance, California 90503 

Hazeltine 1400 
cost effective 

CRT TERMINAL 

I 1JS.h~~~1.. 
1'hl.' l-la t.t'l tin i.: 1-100 Vldio Displ :i.y Tt.·rmlnal li:t clt:atgrv:d to 
optln1h.e intcr;;:ictivc r~a!-tinu.:: opera1ions . "file lnl l'rf.,u:'° i6 ~- Shugart Associates 
c;1p alJh .. r,f dthf: r- l oc.U o r r emote comwction th r fJUl.!h rm E IA 
llS2:J:? -C int crfocc at baud r a1 ~S t hul arc swilch scleelablc 
up to l..1 600 bauJ. SASOO·R Floppy Disk Drive 

SeateIi 
• "' .. "' 0 

• 

DISKETTES 

Binch SoltoBM> 
8inch32sector 
Mini Soft sec. 
Mini 10 sector 
Mini 16 sector 

MEMORY 
DYNAMIC 1-7 8-:12 32+ 
·111 :1 Ul\x l l L 95 11. 50 
4 110 lGKxl 13. 95 13.00 12. 25 

I ' ' 'fil e II k TBS8 0) 
·110·1 O.i'.x l + 

• As \ 'OU flW\' lh: ~wa ri.: , puhl ishc r s 
r1 ~qulr1.· al.lvt.·rt1se r s to subm it their 
ad 1: op\' GO 10 90 1.favs prio r t o " press" · •" 
d.'llc. Thut muc h h• a d tt nie ln n vol nt ll~ rnnrkcl 111 :.ict'. 
SlH.: '1 ll!'> rrn :mo r y C' ll"Ct11t s . ma.k<:s 11 cxt r c nwly diffu:u l l 
10 p r UJt.•r•1 (Ut Ur(• t.,OSI On fl OJ. vailali(lity. 
To ~ 1 btain i lli.• bl! S l pl'i c in~ on ITICl110 1'Y WC h3 Vt.• n 1U d (.' 
vnlun w cu n 11111lnH"·n\ fl to our suppl iLJrS , whi d1 1n turn 
:1 ffvrds u ~ 1hc vppo 1·H.mi t.\' to SL•ll lhcsc ci r t·ult s ;1t 1h1~ 
ltl •) fi:f l"'Onlfll'ti t 1vL• pri ces . P l ci'.lsc contact u s 1r you 
I( \'OU h;1\•{• U Jl•1ll::t.n d ror VOIUnit• S\U\ 1' Of l ite Ul"l Jl\Cll1 -

' 0 1·:• produclR. 

STATIC 1-3 1 32 - 99 100- f>C - U99 IK • 

2 1 LO:! ·\ 5 0nS. I. 49 I. 10 l. 0 5 • 9!"1 • OU 
2 1L02 2!i OnS. I. 69 I. 49 I. 4fi 
2 1 14 I K'IC ·1 ·i5 0 6. 95 6. 50 6 . is 6 .00 5 . 75 
2 1 l ·I IKx·I 30 0 8. 95 8. 5 0 8. 00 
40~4 ·IK'i: 1 450 8. ~· 5 8. 5 0 a. oo 
40·H .11;.1 :? fiO 9. s:. 9 . 50 9. 00 
.;0 ­ 1:. IKx4 ·15 0 II. 95 8 . 50 8 . 00 
·1 0 - 1 ~ 1Kx4 25 0 9 . SS 9 . 50 0 . 00 
f1:!~ 7 low pow. 7. 9;; 7 . !\O 7 . O!i G. 7 !1 ,,;_ -15 

SPECIAL CIRCUITS 

2·L 95 
9 . 95 

i2. ;,o 

·IU. 95 

A\' 5 -101 3.'\ U!\HT 4. U5 
Floppy Ilise Cu1111·oll 1..: 1·s 

\VD 177 1 sinJ,:l u I>. :.J O. ~5 
WU 17B 1 Double IJ G!'L 00 
Wll 17 9 1 ll/D:<7·10 

E PROMS 1-1 5 16 - 6 :l 6 4• 
1702 .~ 2K 4 .95 ·1.50 ·1. 00 
2706 BK H. OS U. f,Q ti . 00 
:n I G 16K 19. 0!1 
2532 32K 

CURE·PENDAR r=I 
llutnl lnstru•ut Corp. L:;J.I

KEVBOARO 
ASCII ENCODED 

6vdc,140mA J1.l9 
7 vdc, 1.4 A. 5.SO 
9vdc200mA. LIS 

10 ·~c.lOOmA. 1.9:@ 

wlu .,.., low protite 
pl H . 2550 aa.1550 

17• 16 15 
•• 37• 36 35 18 17 16 
.. 31 37 3' 19 18 17 

2' H 93 as 36 35 34 
•O 1'9 155 139 63 60 58 

sou. KYNAR=m
'.98 



Circle 230 on inquiry card. 

fOlllllllLY CYHllCOll/IOLIO aTATl llUSIC. 

Cl-1 8010 PrOCHIOr Board. 2K of PROM 256 BYTE 
RAM power on/rHI Vector Jump P1r11111 port with 
1111119. ICIL..............1125.95 PCID... ............. $28.9!1 
MB-IA Basic 8KX8 ram uses 2102 type rams, S-100 
buss. Kit 450 NSEC ......$123.95. PCB0 ...... $24 .95 
MB·7 16KX8, Static RAM uses uP410 Protection, 
tully buflered KIT ................ $299.95 
MB·BA 2708 EROM Boerd. S·100. 8K8X or 16KX8 
kit without PROMS $75.00 .......... ....... . PCBO $28.95 
MB·ll 4KX8 RAM/PROM Board uses 2112 RAMS or 
82S129 PROM kit wilhout RAMS or PROMS $72.00 
10·2 5·100 8 bl! parallel 110 port. ~ ot boards is lor 
kludging. Kil .......... $46.00 PCBD ......... $26.95 
10-4 Two serial II 0 ports with lull handshaking 
20160 me current loop: Two parallel 110 ports. 

Kii ....... .. ....... $130.00 PCBD ............... $26.95 
VB-18 64 x 16 video board. upper lower case Greek, 
composite and parallel video with soltware, S·100. 
Klt ... .... ...... ...$125.00 PCBD ... .. .......... $26.95 
Al!alr Compatible Mother Board, 11 x11 'h x Va" . 
Board only ...... $39.95. With 15 connectors ...... $94 .95 
Exlended Board tull size. Board only ............ $ 9.49 
With connector ....................... .. .. ... ... .................. $13.45 

SP·1 Synthesizer Board S·100 
PCBD ... ............ '42.95 KIT ........ ...... ..$135.95 

82S23 ............ ...... .... $1.50 
825123 ..... ............... 1.50 
825126 ... .. ..... ...... .... 1.95 
82S129 ... ..... ......... .. : 1.95 
82S130 ... .. ... ..... ....... 3.95 
82S131 ......... .......... 3.95 
MM16330 1.50 
IM5600 .... ............... 1.50 
IM5603 .................... 1.95 
IM5604 .... ............. .. . 3.95 
IM5610 ..... .... ....... .. .. 1.50 
IM5623 .. .................. 1.95 
IM5624 .................... 3.95 

PRIME SUPPORT 
8080A .................... $ 9.95 
6212 ...... ................ 3.25 
8214 ...................... 6.50 
6224 ...... .......... ...... 3.49 
L2114 (450 NSEC) 7.25 
L2114 (250 NSECl 7.99 
2102AL·2 .............. 1.70 
21 L02 (450) 1.25 
27060 (National) .. 8.95 
4116 (Apple Ram) 14.99 

/Wml'/;nc. WAMECO INC. 

FDC-1 FLOPPY CONTROLLER BOARD will drive 
shugert,pertek, ramie 5" & a·· drives up to 8 drives. 
on board PROM with power boot up, will opermle 
with CPM (not Included). 
DEC. & JAN. ONLY SPECIAL PCBD ................ $23.95 

FPB·1 Front Panel. (Flnnally) IMSAI 1lze hex dls­
play1. Byte or lnalructlon single atep. PCBD special, 
DEC. & JAN . .. .............. .. ............ ........ .. ......... .......$39.95 

MEM·1 6KX6 fully bullered, S-100. uses 2102 type 
rams PCBO .. ............... .. ... .............................. $24.95 
QM -12 MOTHER BOARD . 13 slot. terminated. S-100 
board only .................................................... $34 .95 
CPU·1 8080A Processor board S-100 with B level 
veclor Interrupt PCBD .... . ... _ ........ ................ ..$25.95 
RTC·1 Realtime clock board. Two independent ln­
lerrupts. Software programmable. PCBD ....... $25.95 
EPM-1 1702A 4K Eprom card PCBD ... .............$25.95 
EPM·2 270812716 16K/ 32K 
EPROM CARD PCBD ........ .. ....... ... .................$24.95 
QM-9 MOTHER BOARD . Short Version or QM-12. 
9 Slots PCBD .................................. .. .. ... .... .... ..$30.95 
MEM-2 16K x B Fully Buffered 
2114 Boa rd PCBD . .. ... ....... ...................... $25.95 
16K RAM BOARD by HWE fully bullered. bank se­
lect slandard to IEE buss gold fingers. solder mask, 
plated thru holes. silk screened ........... PCBD $25.95 
KLUDGE BOARD by HWE for S-100 glass epoxy 
over 2600 plated through holes. 4 regulators with 
CAPS all S-100 luncl ions labeled . gold l ingers. 
PCBD . .. .... . ................................$29 .95 

1ST OF THE YEAR SALE 
ON PREPAID ORDERS 

(charge cards not Included on this orter) 

BK x 8 RAM. Fully butlered, assembled with sockets, 
tested ·or burned In. Part may be house numbered. 
450 NSEC. Limited quantity. . .. ......................... $99.99 
41C x 8 EPROM . Fully butlered with Intel 1702A. 
Kit ... ...... ........ ............. ...... ...... ......... ......... ....... .......$74.86 

MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBDS 
MEM·2 with MIKOS #7 16K ram 
with L2114 450 NSEC ...................... ..... ... ...... .. $249.95 
MEM·2 with MIKOS #13 16K ram 
with L2114 250 NSEC .. .................................... $269.95 
MEM·1 wilh MIKOS #1 450 NSEC BK 
RAM .. ............................. .................................. ...$123.95 
CPU-1 with MIKOS #2 80!10A CPU .. ............ 89.95 
MEM·1 with MIKOS 13,250 NSEC SK 
RAM ..................... .. .... .... ... .............................. 144.95 
QM-12 with MIKOS 14 13 slot mother 
board .... ... .... ...................................... .... .... .. .... 89.95 
RTC-1 with MIKOS #5 real time clock .. ... ... 60 .95 
VB-18 with MIKOS #6 video board less 
molex connectors .......... .. ........ .... ... ..... ....... ..... 99.95 
EMP-1 wilh MIKOS #10 4K 1702 less 
EPROMS ..................... ................................ .... .. 49.95 
EPM-2 with MIKOS #11 16·32K EPROMS 
less EPROMS ...... .. ................................... .. ....... 49.95 
QM-9 with MIKOS 112 9 slot mother 
board .............. ............. ... ... .............................. 67.95 
MIKOS PARTS ASSORTMENTS ARE ALL FACTORY PRIME 
PARTS. KITS INCLUDE ALL PARTS LISTED AS REQUIRED 
FOR THE COMPLETE KIT LESS PARTS LISTED. ALL SOCKETS 
INCLUOEO. 

419 Portoflno Drive 
san Carlos, California 94070 

Please send for IC. X1s1or 
and Computer parts list. 

VISA Ot MASTEACHARGE. Send account number. inl1tb1nll 
numbor, expiration dale 1nd sign yout oHier. Approx . poslage 
wdl be added. Check or money order win be sent po11 p1id In 
US II you arn nol 1 regular cullomu. please UH chuae. 
cash1e r·s chock or poat1I monoy order. Olherwlu there wUI 
be o lwo·wciek delay lor checks to clH<. C1Hf. reald1n11 •dd 
6'% tax. Monoy back 30 day oua11nlee. We c1nno1 aecepl re ­
turned IC'a that have boon 1old111d lo. Prlc11 aubJ1ct lo 
change wl1 hou1 nollce. 110 '"lnh9'uft'I onllr. It.SO ""'lcti charte 
on ord•tW 1111 than 110.00. 

ATTENTION TRS-80 & APPLE USERS 


A PRINTER FOR YOUR COMPUTER 

TERMS: VISA, MASTERCHARGE, 
Cashier Check or Money Order. 
C.0.D. with 10% down. 

Shipping Via Air or Truck collect. 


3 S SALES 
P.O. BOX 45944 

TULSA, OK 74145 

918/622-1058 


$g9500 
MODEL 38-80 for TRS-80 
Ready to plug into your 
expansion interface. 

MODEL 38-PP 
for computers with 8 bit serial 
port. 

MODEL 38-SS 
for computers with RS-232 
port. 

$1095°0 for 
MODEL3S-AA 
Includes RS-232 card for Apple I I 
Specify model number on order. 

• 	 Ready to plug into your 
computer 

• 	 Very high quality print 

• 	 Completely refurbished 
IBM 731 l/O 
Selectric terminal 
in a new table 

• 	 Upper & lower case 
removable type ball 

• 	 Special l/O interface 

• 	 Heavy duty re· mfg. I BM 
power supply 
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BUY FROM THE BIGGEST 

•• ­tlii' 
·- - - PET_. 

Hams! Add a 
PET to your rig. 
Co"'p u ltr.l• row1 tUl•on w11'1 
Moc•o t•o fl• et M-6~ ..,.am fn~rt1c• 
llllO •l'ICl1.1thfG 1ol!wo1rci You s1mp1~ 
plu9 lhir uri.t 11•10 your PET 1"1li

"°"' '' reaar ro d•sol1y ''' " ' ""' .li"O •K ..w• etl"-f CW Cl RTl'f al 
rafn 1,,1p IC 100 WPU 

ASSEMBLED KITS 

$99.95 
SECOND CASSETTE 

FOR PET-$99.95 
T..u j)enl)f'lerel t1om Comtnoaa 1c=ro~I~~·:-!~'1!~':11:~ 
CODY 111.... 41C 

SELECTRIC·BASED 

$895 

b•011tocllon.11 r 0 
P r0<1ss.ng 1pp1tc111on1 

LOW·COST PRINTER 
FOR PET 

TERMINAL FOR PET 

This 11 1 compltltly relu1t11th10 
WePl•vcr 1"tcil1act0our TC· 7110 1P1t! Te..I~ KSR ·lJ ' ' '"""•' IHdr lo 
PEI UH..,.1ll'lll'lelll EE ·"1&8 bv1Ha attacn to '°"'' PEl 1 1t'lt1,lac1 lo 
1>r1nl1r o r""''" 11'1• V'IA Use1 Pon !or UHat• Prtftl•I 

ld•a l lor Wo1d 

Urgently needed: 
• Perlpherals 
• Manufacturers surplus 
• Closed stores stock 

KIM-1 
Tr., O'•IOJ'"l l Pu1 1 ~ C' • Ol,.Onbohr ~•"01" 
001 •0 comp.,r•• 

s179 
$209 

UPAND YOUA KIM SYSTEM 

.C IM6l 
•OM to S· IOO Bo••d 

UH 

C 0 ""4' t 1G-• tf'I '" 
ICll1U 
[•IH'l.t.•O"OO••O 

MICllllO TECH. POWl" SUPPLY 
AUl'mtlr.d ll4.ts 

KIM ENCLOSURE 

s~i..t t~ 

S~YO 

MONITOR 

$795 THE PET 
CONNECTION 

ll'll.•'1•c• 
Slftgte Port 
Ou1J Pan 
CAtiin11 

NetworQ Modem tar Pn' Wllh ~'•up~. UM I 
A.nachK 1tt OM $320 00 C~IQt $119.QO 

C.bl,..1 ' :::LS.00 BH?OI - PET conlrolle<S 
'beep' 124.IS 

tor Reader/Punch READER/PUNCH NEW ASCII INTERFACES 

16 Ln • 64 Cht, d!ac>1ey 1H p11nlabl• 
cf'lar•C1•rs. .ortwer• UART (ASCH 
Of Baudol). 3 Hrlt1 lnt•rl•c.. & 
cusetta LO. trw• (Ol'ftpotile "'IMG. 
TTl cornpat•t>&• . ...,)' PD'W•' con· 
neWon 

TC-71 SELECTRIC TERMINALS 
!.~·~'i1/'P1!re9c1:~rr:~ 
ChldH dt1\ t)() Cf'lll ltM 

:,~:::~·=.~=:~~:-'~ .,.__ , 
u1aloglotdt1.11t1 
.t.SCn 
Atl1.1rtl\11h9CI .... k~~ 
Wori. ;"'g -.... ~ A1-l1 '"' 

sr.t.£ ASC:!:~~~"'!.:~~'~C · 7.!,,_ $169 
AcowU< C.011M14'11\1 • 11!'1 ISCll TC·11 $159 

• ColOI' gnpl'rlu ot1 your TV 
• Multc .tnd .ound 1ynlhe 1i:n ' 
• lul! t·~n catH ne te P• dthr• 
• Large il·lli•y lllrbo••d 
• f\No lo, allc ..• tn<l1.1d•d 
• u Free c• • ..t1•• ..o'11'1 S1" 
• Edu•IASIC CatHt11 lr\tlud.O 
• IO&O MlctOPrOUllOf 
• IK RAM. 21( ROM 
It '(OU CUl"I cleclcll b•l•••n a 
1ophi1llul•d •kf•o game at1d .1 
l'lom1 compvter thin IM l nl 11• 
ee l Mod•I One l1 lo, you. Hooll.11 
10 70111 CoJOf TY and you·· · OOI 
l>Oll'lt You c 1 111 P'•Y 011• of th• 
g•m • I •l'llcl'I a1 e lnc.lud1d Ir. • 
o r '(OU Un kHd ldu•la.AS IC end 
• 1!11 your o wn gamaa,tou cer. 
' ' "' p.-091•m1 ~ dala u1Jn9 
11'1• buill·in CHHll• 1•pe G.llH. 
11•11 of all rou v•t over Slt• 
•Of'l l'I ol It•• CllHtl•• lnr::lud· 
ln9· 

NCE/CompuMart 

1250 North Main Street . Department BY19 
P 0 Box 8610 Ann Arbor . Michigan 48107 

PET with 8J( uu1 
memory 1715.00 

S2•0.00 
1190 00 
S 3!1.00 

Second C1t$!;e1te duve SH.95 
AS-232 P11nter AcJ11>1•r -
•ssemblld t>oaro SH.SO 

(Jl:PANDA~£T • ECCflOIJl•C.11 Uili( 
~•l.P9ftllO"lorlhlPCTI"'" 
tfvOft t ~IM 00.rd'I "3UIO 
1111thou'I dlr.,ighter bolrd 1.115.00 

8 LEVEL PAPER 

TAPEIREADER 
 Ooucn & C.w1es 
PUNCH 	 P.ar111t11 a n o 

AS?l2' 5.e 11al I UO 

Bo.arc C•til• ' Po"" 11 Sup1>1r 
P•1 • llt'I ...to 
S.n.. M11S 

Board C•D..t. PO'fll't• Sv091y l l'IC-• 
P,.,1 t't4 HTS 
Sofu11 11111 

Hazeltine 
1400 

Now a 5th Generation 
in Terminals: 

Introductory Sale Price ­
Immediate Delivery 

• 24 x 80 display 
• RS-232C interface 
• 110 to 9600 Baud 
• 12" CRT Monitor 
• Remote screen control 
• Uses 8048 microprocesso r 
• State-of-the-art design 

A full capabili ty terminal completely 
assembled with a 90 day warranty 
for less than you 'd pay for a kit. 

NOW! 
IE dv •llASlC - Wiii• p10'IJl'em 1 _. 
Cotw:u,rr11ktn - Tt\e m•mory g•rn• 
D0Qllgh1 - A1rlal b•Ulu 
Add·£ "' Up - A m•th a•m• 
lktrhytl'lm - "ol ro111 o..,.n 
Blec: llJM:ll - · We9• r t1id•obi.c11• 
Cornput1·A.Color - E••r graohlu 
Mang111.,, - Tll• •O•d a•m• 
ICnoclidiown - A die• 1• m• 
MU• - Cornpul•r ma tit 
A•gol111 -flll1C l)'Oltlll'll,, 
Sho• dOw l"I - GUl"lllQhl 
fflilt14U.er - Cut Ott JOI.II oppot111n1 

1111,..i. - s .. . p1oorarn1 ""'• 
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SYSTEMS 

Computer System from Dynabyte Offers New Disk Drive Controller Technology 

_______ 
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The DB8/2 computer system from 
Dynabyte Inc, 1005 Elwell Ct, Palo 
Alto CA 94303, offers up to 1.2 M 
bytes of mass storage on two 5 inch 
drives. It uses 77 track Micropol is disk 
drives and with Dynabyte's controller 
offers double or quad density in single 
or double sided configurations. To 
Implement the drives, a dual density 
floppy disk controller was developed, 
It is capable of handling a variety of 
5 inch and 8 inch drives in dual density 
on either one or two sides. To perm it 

expansion of the system as the need 
increases, the controller is capable of 
handling up to 16 drives. The dynamic 
data compensation yields a double 
density error rate com parabl'e to single 
density rates. 

The DB8/2 includes a 4 MHz Z-80 
processor module that also contains 
two RS232 serial input and output (10) 
ports, one parallel 10 port, an erasable 
read only memory programmer, two 
TMS2716 sockets, vectored Interrupts 
and a real time clock. The unit has 
32 K bytes of programmable memory 
and the disk controller In a 12 slot 
backplane fully populated with military 
_specification connectors. It uses a regu­
lated power supply designed to comply 
with UL approved standards. Initial 
language and software packages from 
Dynabyte include BASIC, FORTRAN, 
COBOL, word processing, general ledger 
and accounts receivable.• 

Circleo 590 on Inquiry card . 

Dual Floppy, Z-80 Based Microcomputer from Vector Graphic 

This new microcomputer, featuring 
two Micropolis qu ad density floppy 
disks and a Z-80 processor, has been 
introduced by Vector Graphic Inc, 790 
Hampshi re Rd, Westlake Village CA 
91361. The Vec tor MZ features include 
the Z-80 processor with 158 BASIC 
machine language instructions and a 
minimum instruction cycle of 2 µs; an 
18 slot motherboard which pfovides 
flexibility and expansion capabilities 
for up to 64 K byte of directly acces­
sible memory using a parallel 8 bit 
word and 16 bit address; and up to 
256 separate input and output devices 
can be addressed. 

The disk drives are mounted directly 
to the front panel of the Vector MZ, 
providing instant access and case of 
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operation. Storage capacity for each of 
these Sy.\ inch floppy disk drives is 
315 K bytes formatted. 

The Vector MZ Is fully compatible 
with all existing Vector input and 
output (10) and memory boards. Com ­
pletely assembled and tested, the basic 
system includes: 18 slot motherboard, 
Z-80 processor with 4 MHz clock, 
two quad density Micropolis floppy 
disk drives, disk controller board, bit 
streamer 10 board with one serial and 
two parallel ports, 32 K byte of static 
programmable memory, 12 K byte 
combination read only and program­
mable memory board with extended 
monitor, and Vector BASIC. The Vector 
MZ is priced at $3750.• 

Circle 591 a" inquify card. 

NMS Extends Its Pascal Machine 
Capabilities 

A new peripherals option card for 
the NMS 8085A processor based micro· 
computer system is now available from 
Northwest Microcomputer Systems, 
121 E Eleventh St, Eugene OR 97401. 
This new card, called the NMS 85/EX, 
gives users flexibility by allowing a 
number of options. 

An arithmetic processing unit (APU) 
provides 32 bit fixed and floating 
point arithmetic, and floating point 
trigonometric operations, and gives the 
user the abil!ty to do a 32 bit floating 
point divide in a minimum of 50 ms. 
It contains floating-to·fixed and fixed­
to-floating conversions. All accesses to 
this unit are through conventional 
programmed lnpu t and output ports. 
The 3 MHz version is priced at $422 and 
the 2 MHz version is $272. 

An interrupt controller featuring the 
Intel 8259 resolves priority among eight 
different Interrupt levels according to 
software algorithms provided by the 
user. An Interrupt selection area allows 
the user to configure a custom Interrupt 
structure. The priority modes can be 
reconfigured dynamically at any time 
du ring the main program operation, 
allowing the user to define a complete 
interrupt structure based on the total 
system environment. The controller Is 
priced at $90, 

Interval timer capability is provided 
through the use of Intel ' s 8253 program· 
mable interval timer. Each timer includes 
three 16 bit binary coded decimal or 
binary counters which are user program­
mable. The output of the first two 
counters can be used as interrupt request 
lines, to implement a real time clock. 
The output of the third timer may be 
used for the serial port, allowing soft· 
ware control of the desired data trans­
mission rate. A second timer chip's three 
clocks may be used for extended (48 bit) 
timing functions through daisy chains or 
may be taken to the card's edge for 
Interval timing or event counting. Each 
timer is available for $50. 

The parallel input and output inter­
face using the Intel 8255A program­
mable peripheral interface device pro­
vides 24 signal lines for transfer and 
control of data to or from the peripheral 
devices. The parallel interface is available 
for $90. 

A serial input and output interface, 
using Intel 's 8251 USART device, 
provides for complete RS-232 serial data 
communications, including IBM Bi·Sync, 
when coupled with the 8255A parallel 
Interface option and the 8253 interval 
timer. The unit will operate with every 
current serial data transmission protocol. 
The transmission rate, synchronous or 
asynchronous mode, character length , 
number of stop bits and choice o f pari Ly 
are all program selectable. The serial 
interface is priced at $70 p.Jus the 
parallel and timer options required.• 

Ci,cle 592 on inquiry card. 
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Discounts on 

Xitan, Cromemco, SD Systems, 
Vector, TEI, North Star, Apple, 
Hytype II , Qume, Axiom, Tl, 
Centronics, Integral Data Systems, 
Sorce, Lear Siegler, lntertec, 
Micromation, PerSci, Micropolis, 
SSM, Computalker, Heuristics, 
Mountain Hardware, Summagraphics, 
MiniTerm, CompuColor, Exidy. 

lllllllllOllllDllllllllllllllllllllllllllllllllllllllllllllll 

rlll[Jr'l ll rllflr'IT 
Microcomputers, Peripherals 

and Software 

1015 NAVARRO SAN ANTONIO. TEXAS 78205 

512/222·1427 

Circle 221, on inquiry card. 

RECYCLE(D) 

COMPUTERS 


·············-····-·..···················-·· 

BUY -ii SELL 1':; SWAP 

Hardware & Software 
NEW PRODUCT ANNOUNCEMENTS 

n· u::. r~• 

Mailed 1st Class e~ery 3 Weeks 

I yr. ( 18 issues) "/:/ $ 3. 75 .....................-........................... 
ON LINE --·~ · 

24696 Bania Cru• Hwy.• Los Gatos, CA 96030 
toe VII •u 10 ~.,....."' ' ""Y~ c;. .. II u ...~~~· !O '°"" •o .,.•• 

Circle 289 on inquiry card. 

TRS-80 

MEMORY EXPANSION 

to16K $79 
Each Kit 

Includes easy to follow 

instructions 


Jumpers and 8-16K Rams 

2 Sets (32K) $165 

3 Sets (48K) $249 


6 Months Guarantee 

-Visa - Master Charge ­
Calif. Add 6% Sales Tax 


MicroComputerWorld 

Box 242 


San Dimas, CA 91773 


Circle 217 on inquiry card. 

NOBODY LIKES A 
ROTTEN APPLE! 


So protect your APPLE II from 

dust. callee spills . and idle 

lingers with a custom fitted. heavy 

duty. beige vinyl Oust Cover . 


ONLY $695 • 

1·111 . residents add 5% tax) 


Send Check or Money Order to: 

Henwood Enterprises. Inc . 


1833 E. Crabtree Or . 

Arlington Heights. Ill. 60004 


OR CALL TOLL FREE 
800-323-7360 

and use your MasterCharge or 
VISA Credit Card 

Circle 158 on inquiry card -. 

TURN YOUR ELECTRIC TYPEWRITER 

INTO A LOW COST, HIGH QUALITY 


HARD COPY PRINTER. 


The all new 1/0 Pak rrom Rochester 
Data, Inc. Interfaces the keyboard of 
any commercially available electric 
typewriter with any computer. The 
result: low cost, high quality hard copy. 

Write today ror more infonnation. 
Distributor Inquiries Invited. 

USER LIST S395 .00 
Quantity and distributor. 

discounts available. 

ROCHESTER DATA, INC. 
3100 MONROE AVENUE 
ROCHESTER, NY 14 618 

Circle 310 on inquiry card. 

~ § 	DATA TERMINAL 
PRINTER~ 
We Buy·Sell·Ttade all brands &~ models of Data Processing ~ Equipment.;;:::: 

:::::.... 

:::::-
-
-
-
-
-
::: USB-33010/30 CPS Impact 
::::: Printing Tractor Feed 132 Print Positions 
_,_ 10-KeyPad 

:::::; Nearly a mllllon dollars In Inventory 
::=:; Call for price quotes 

~ 214/357-5725 
~ 	~U.S. BROKERS INC. 
~ 2131 W.lnut Hiii Lane 
,_, sun. 347-3411 
~· Dall••· ,..,.. 75229 

Circle 381 on inquiry card. 

ECONOMICAL 
X - Y PLOTTER UNIT 
Now Available 

• Includes Power Supply/Interface 
•Completely Assembled 

($1,049 -	 $1,249) 
• Low Cost but Reliable 

•Drawing Areas: 
11 x 17" or 17 x 22" 
• Resolution .01 

• Im proved Interface 
TREMENDOUS SAVINGS when purchased in 
KIT FORM! 

AEOUEST YOUR FR EE BROCHUR E 

OR 


OWNER'S MANUAL S5 

[ OUTSIO€ US / CAN AO A "OD l 00 POSTAGE ) 

8'!1luanl1Hlo [;1bur•1turJ1. lnr. 
P.O . 	Bo x 646 Pittsburg, Ks 66762 

316 -231-4440 

Circle 367 on Inquiry card . 

SBDD OWNERS 
At lest a real world lully oddro..obl• 55·50 
control interface. Control robots. ai:itillancf!s. 
organ5, solar devices. etc. AgpJicatit>ns limit.et! 

~~:~ebT~~~~~~in~1f1Dseb!~ i~~ ~~~~ ~e~:d 
board 1Jlu9s d1rect1v onto mother beard end re. 
spends t o any acrdress defined ~ user. 8 fast 
rela.ys latch data wt'l1le B ®to-Isolators allow 
handshaking c..,acity. Kit $98.00 

A1Hmbl•d and hst•d 1125.00 

EXTENDER BDARDS 

Extend both tJi e 30 and 50 pin buses in SWTP 

6800. Doth for $19.911. 

Vao & Mtrlller" CNl'1!111' • Aru . ~ 11 0!J ~ SiJ, in, fo.1 

WRITE FOR DETAILS 

TRANSmDN ENIBIPRISES INC. 
8C•r Aouc•. Boa 241, Buckey• , AZ 85326 

Circle 362 on inquiry card. 

TEXT WRITER II 
WORD PROCESSING AT A 

REASONABLE PRICE 
• PRINT Fll.l'SCRlATEll BY \ 'OUR UJ I Tl~G 

PROGRAM 
• GE E RATE FO RM I r-nT RS FRO~! ,\ 

MAii.i NC I IST 
• 	PERSO ALIZE I.ETTERS ll'ITH 

AUTOMATIC AME I NSERTION 
• 	l.IUll.D CONTR1\ CTS. SPE('IFIC,\TIONS. OR 

OTHER DOCU~ll : NTS FIW~I ,\ 
l'ARAGRAl'H l.lllRARY 

•LEFT AND RIWH JUSTIFIC,\ TION. TA i l~. 
CENTE RING. l'A RAGRAl'H Fii l.IN(i . ETC. 

• 	AUTOM 1\ T I<: 1'1\<.iE 1\ NI) C HAPTl :R 
NUMBER IN(; 

• WOR~S WITH ANY Tl: RMINALAND 
PRINTER 

VE RSIONSAVAll.AllLE FO R: 
VECTOR MZ wi1h LI EEDIT 


MICROPOl.IS J.O or 4.U wilh LI NEED IT 

CPI M 1.4 wi1h ED 


NORTH STAR wirh ALSS 


'65 .00 For Diskette and Manual · 

'10.00 For Manual Alone 


(Calif. residents add 60Jo sa les tax) 


ORGANIC SOFTWARE 
1492 Wind .. nr WU\' • ll\'t"rmon·. CA 9-ISSO 

(41 SI 455-4034 

Circle 284 on inquiry card . 
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.......Common "-"'°'°'IAnocll! irN05I°' 

Common Modl ·tlO 
Commol'I AnOOl -rtd 
Common Cltfll)(lt rlCI 
' 17-ot Dloll ·RttDP 
'4•7$ol. OlgHHOf' 
Dw'tttat!OldWICleff :. 11 
4t1 SOf DIQlt·HWditam.ll 

KT......... ........ 
JOO _,.., 
JOO 

"" "' ·"" "' "" "' "' 
.357 "' 3'7 

·"" 
lOO "" 
"' .... "' 
600 ..."" 

... '"'" 
·"' "' ·..."' .,... 

1.49·"' 
1.>S 
1.49 
1.49 

'"!49 
3' 

-...~· 
" ·"' ·"' 

VO "'' 
1.IQ 

tUS 
1500 
"" 
nio 

AY ·S·9200 ~~iar-0! 14.115 
AY-5 -9500 4,115 
AY·5-2376 i(fyboant-rtqysl 14 .95 
H00 16S K.,...nt Enatd1t 16 kty1 7.95 
74C922 Keybol nt Encodtr 16 bys 9.95 

ICM CHIPS 
ICM7045 CMOS PredSloo T"11ef 24. 95 
ICM7205 CMOS llD SIOpwllCll/Tu"" 19.95 
ICM7207 Osolli1 orControOl!r 7.50 
ICM7208 Smn Decade COunl<r IB .95 
ICMl209 Clod! Gtnomor 6.115 

NMOS READ ONLY MEMORIES 
MCM6S71 118 X9 X7 ASCllSltltted wil/1 Greek 13.50 
MCM6S74 118 X9 x7 MOUi svnmoi & Plaures 13.50 
MCM6S75 111 X9 X7 "'°""""""lie C..lrol 13.50 

Cfta1'1dtt G111t111or 

MISCEWNEOUS 
ILD74CN Ooad LOW Noise lli-111 Op An111 2.49 
ll494CH Swi ldll119 ~Illar 4.49 

l';~ ~=p=lltot 1 ! : ~ 
9Slt!IO ltHl)Otd OMtlo 10111 Prucater 11.95 
4N33 PhOlO · Oi~_11 Opto·lsolaor 3.95 

g::2z:& ~..~~~ocr=·:..... 1 i~ 
Tll.3\l6 .21- red "'"'" display w/&ll eq. logk tltlll 10.50 
MM5.'n0 IV Co mm SJnc. G•nlor 14.115 
MMSlJO 4,., Digit OPM Lagl e81ocl< 5.95 
LOll0/11 1 31\ Dlgil AID Ca nvon.r Sol 25.001,., 

UTRON IXISO·LIT 1 SN 764n 
PllolO Trmls10r (iplO· lscllto• SO UND GENERATO R 

(Same as MCT 2 or 4N 25) Gtnefites COmole11 Sounds
2/99¢ I.aw """'' -Pr og""1"11i>lo3. ch 

TY GAMECHIP AND CRYSTAL 
AY-3-8500-1 and 2.01 MltZ Clysllt (Ch~ & Clyllll 
lnclUdeS "'" disp , l;amc11111! 1111d 1H, rec. 

XR205 13.40 EXAR XR22'2CP I.SO 
XR210 4.40 
XR215 4.40 
Xltl20 1. 55 
XR -1555 1.50 
XR555 .39 

.119 

.99 
x 1.25 
XR I 1.311 
XR14UOI 3.65 
XR14U 1.311 
XRl4811 1.311 

Xfl2264 
Xfl2556 

JE2206XA 14.95 XR2517 
JE22(JU8 19.115 XR3403 
XRl lOO 3..20 Xl\4138 
XR220I 4.40 XR4 151 
XR2207 3.65 XR41 94 
XR220ll 5.20 XR4202 
XRZ209 1.75 XR4212 
XR2211 5.15 XR4558 
XR2212 4.35 XMIJll 
XR22 40 3.45 XR4741 

4,15 
3.20 
2.1111 
1.2.\ 
1.25 
2.65 
1.45 
!.EO 
2.05 
.75 

l .15 
.47 

DIODES .... VDL Tt w 
1H74S "' '""" INISI "' '""" 1NISl " -IN7Sl 5-2 •IJl)o 
IN1S4 .. ­1N157 9.0 '""" IHTst ,,, """'1N'l59 u '""",..., 15 •DOm 
IH5Zl2 ,. 5DOm 

'""" '" 5DOm 
1 N~35 ... SOOm 

'""" '" SOOm 
IN:$.212 ,, SOOm 
INS24S " -IN~~ " '""' 1...,. ,,. Im 
1...... ,.. "'' 1N4001 SOPfVt AMP 

"" • D<Tt w 
tN •IJOl IC(JP IV I AMP 

'"'" l'f.'033 2'00PiV 1 AMP 
411.00 '"""' 400 PfV I AMP 
411 00 IN'OOS IM'.IOPIV 1 AMP 
411 OG 1"4008 300 PfV I AMP 
..1 11 00 014007 UIOOPIV1 AMP 
1/1 00 ,.,... ,. 20tlm 
4/ 1 00 1~141 " 1.. 
41 1 00 IN~IS.C. 35 '°"' 4/1 .00 tN43Q5 IS iy,, 
Ul.00 INHl' ... ,.,. INCIJS " ..,. IN-47.le .. lw 

" IN4738 ., ,. 
2' IH-012 ,, l w,. 1N'144 IS ..,. 1NH83 5DPr\rlSAMJI 

6HOCI IHllll IOOPWlSAMP 
611 .IXI tNll~ 15CI PIYJSAMI 
S/1 .IXI INllM 2IXIAVl5AMP 

12./1 .00 INllll 40CIP1Vl!AMP 

""" 1211.00 
121100 
)lJlo::J 
10!\ 00 
10/IOQ 
10Jl .00 
61100 

IS/100 
1111.oa 
15Jl .00 

2' 
If,. 
2' 
21 
2',..,,. 

170 

'"' "" 
RCA LINEAR 

111.00 
411 00

1·2• 25-<9 411 00
l llin lP .Jll .11 l/100

14 plnLP .20 111.00 .n .21 . , . 00"°"' LP "' 
11 r:*l lP .2' •110020 pn LP ·" .32 4fl 00·" 4rl00
U pili-. Sl 1.21 .IS 411 00
Ui s*I SJ .11 tn .oo
11 s*'I ST .'5 .32 "' 5H 00 
24 i*'tST ... '5 tit 00 

411,00 
411 00 
411 00 
Si l 00 
sn DO 
:51100 
SllOl 
~1 . 00 
ltlOO 

10 OMM t} Ot+-'J l !i OHM ti Ot1M 11 ~M 


ASST. 1 Su '17 0HI.& ))OtUll l~()!;M JI~ ~OJ\1.1 $1.75 

f.fl0t11.t 111 0ftM IOOOtt"' li'l)ntifJ !~OHM 


ASST. 2 511. 180 OM\! lXI 0H1J li'O OHM J)O OHM J~ Clr!'M 1.75 

' i0 llWU !i6IJ O"U l>80 OH\I VO n1i!J 

ASST. 3 Sn I.~ I~ I .~ ~~ 1.75 001ml 
J. l t. V~ I :11. ~ .~ 

0041rnlASST. 4 ,,, 1.75 "" Olmf'"' "' '"' 
1/3$•ASST. 5 ... "' ,'" .... ,,"'.. llOl'CI 1.75 . IWV,,.. "" )Ji 'llfJSV 

ASST. 6 Su liOlit e/IJO< 1.75 ll/l$V 
.4?/35V 
.6'13$V 

ASST. 7 s u . <' . ;~ ;:: ~:: ~·~: ::: 50 PCS 1.75 1.0/.ISV 


ASST. 8R Includes ResistorAssortments1·7(350 PCS.) $9.95 ea• 

$5.00 Minimum Ordor - U.S. Funds Only Spec Sheets - 251 
Caliloml1 Rtsiden1S - Add 6%Sales Tu 197t CllllDG Anll1bi.--Btnd 41 ' &11mp 

PHONE 
ORDERSJameco WELCOME 

ELECTRONICS (41 5) 592·8097 
, _J44\tlA ll_l .1-n11'\lll '" ol l ­

MAIL ORDER F.Ll::CTRONICS - IVORLDIVllJF. 
1'1..5&2 ... 74LS liS ,.. 1''-"<I ... 1021 HOWARD AV ENU E. SAN CARLOS. CA 94070

7tLS13Z l<L.S>fll 
Ut.5136 .·"... 7'LS67' ,_,,... Advertised Prices Good Thru Janu 
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Jameco e • ·-·--...~.~-·- Kits 
Regulated Power Supply 

• Uses LM 309K 
• Heal sink provided 
• P.C. tloard conslruction 

~ 	 • Provides a solid 1 amp <i:• 
_.,. 5V 

• Includes co mponents. 

hardware and Instructions 


• Slzes:3·112"x 5"x2"high 


JE200 $14.95 

Function Generator Kit 

JE2206B $19.95 

6-Digit 
Clock 

Kit 
, Brighi .300 ht. common cathode display 
• Uses MM 5314 clock chip 
• Swllches for hours. mlnules and hold functions 
• Hou rs easily viewable to 20 feet 
• Simulated walnul case 
• 115 VAC operation 
• 12 or 24 hou r operalion 
• Includes all componenls, case andwall transformer 
• Size: 6·314" x 3·118" x 1-314" 

JE701 $19.95 

Jumbo 

6-Diglt 

Clock 


Kit 

• Four .630"hi. and two.300" ht. common anode displays 
, Uses MM5314 clock chip 
• Switches for hours. minutes and hold functions 
• Hours easily viewable lo 30 feet 
• Simulated walnut case 
• 115 VAC oparatlon 
• 12 or 24 hour operation 
• lndudes all componenls, case ana wall transformer 
• Size: 6-314" x 3·1/8" x 1·314" 

JE747 $29.95 

Digital Stopwatch Kit 

" " "......... 
. -·· 

, Bright .357" hi. red display 
, Sequential !lashing colon 
• 12 or 24 hour operatio n 
, Extruded alu minum case (black} 
, Pressure switches for hours. minutes and hold modes 
, Includes all components, case and wall lransformer 
• Size: 3·114" x1·314" x 1·114" 

JE730 $14.95 

MICROPROCESSOR COMPONENTS 
---~USUflll'OllDEYICU--­

"""' Cl'U $0115 
am l •BillnputiOutpUS 3-25 
821.t Prlorriryll!ltmif)tCOtctol ... 
llli 8l-Qlrwa106lll 8us 01Htt UJ
m• CIOcllGeftti·all)liOn..e:r 3115 
Im eus Ott.itf J,49 
em $J#etl!Conu01tt19usCk1Yer S.115 
1238 -~ us 
1251 Prog. t.ot11m. 110 (USAATI '" .,... Prot, IMtMITimet 1.US 
8255 PrOQ . Ptnoft. 1'1> (PPll 9115 
0251 Prog. DMAConlrtil 1995 
112>9 Pro0. lnlimlpt Co;dr61 IBS 
---MOO.... llM'Dlll Dmc:l'is-- ­- MPU S1 US 
Mcoao>a' M.'P\JwilhClod:lnlSR.lm 2'!1S 
MCU I~ 12au SUfK Rim S.!IS 
MC00>1 Pcfl(ll'l . lftltt. AGIOl (MC:til2Gl 1,0 

M'"°" Priority U'lltmip{ Col'llnlltt 11.95 
Meol30ll 1024Q IM ROM (MCUAJJ·ll:J IU:S 
M~ -"""'Co<M>·- '·""""S2 S1nduonoin StNI 0.ttJ Mao,t. us 
M'"'60 0-«>0bpl~lllriOOEM IU:S 
MC6W 2400 oC>t Modi~ll:Of ....- Ouid l·Stut hs. TM$. (MC8T~} 1,25 
- - lllC-ltOOCH,._..IUUAllfOUI­
ll0(780Ct CPU SI US 
UIO.•.aeo..11 cPU lUS 
COPllO'l CPU 1US- MPU HUIS..,, S·BllMPU w/ttoc;l,f\.Uil, 1,'0 lncs 11115 

"""" Cl'U ''" JMS9'00JI. 16·&il MPU WJ'Nte.lft. lftlll\p~

' ...... ..&995 
111nNJ11mM- Owl258'1o,N«oc '·"' MMS(l!H G.i• 50&t~ "'M"'°'H OUlll&&tSUfk -"' MM.1<1611 Du<ll 100811 SUtic ·"'MMS111t ~6'18i!Acc.tmutl!CI' "' MM5016H 500611 Bii OynlnVc ••-· 1<12'°'1Nmlc: ,_.. 

"" H.. 32 94S&ltit: • .115 
2522 O\IJl1l28a~ 2.115 
2!>2• Sl2SIJUC ... 
2525 102•DyNnx ?.ts 
2521 Dual 256811 su-x 2.115 
2528 Dual lSO SIMIC .... 
25211 °""''° 8'I SI* 

.... 
"" 0111d8081tS1111e '-",..., 102~ Stille ,..,,., r.,. 0115 
Uts670 "'"' Rtola:tr r111 {TnStM t '·" IWITI 
A·V·S-1013 JO<llAUD ,.. 

POWERACE 101 ·General purpose model to• 
proto!yplng all !ypes ol circuit. 
# 9231111 $ 84.95 
:\I:!:~~~:l~~.~~ledigit proto!yplng lab 

# 923102 $114.95 

ro~~o'l:~~l~g 03ooi~1r~i~~~1dr~~gr,c~~~ply 
# 923103 $124.95 

fiJl 

3~·D1tll Portlblt DMM 
e o.tl'O.OPto~lfd 

• J" l'llgl!UOO.S~~ 
• !Witt)' 01 AC oot!'l-Ol'I 
• AlllD lt11)11'1Q 
• tflfl IV' 0 I nnm rt\OUIOfl 
. Ottlanoe:rt~ 
• IO"'f9 11'.J>lll •~llCll 
• DC Ai«111ttt 1•. 1ypicM 
Ral\gH: DC Vollaoe . 0·1000\I 
AC YQlb9e O· ll»OV 
,,~ RffOOt!M S0-'400 til 

OC1AC C11fl'l:tll. O·IOOrM 
R~O· IOl!lf'Qoflm 

!Wt G.a · 1 4 A 12 
Accnsorln: 

- - -•CROPAOCESSO RMANUAl.S--­
M·ZM UW01..,,...11al S.7 . ~ 
M-COP1801 Uar~at '·"'M-2650 Uscr~n!J.11 5.00 ...... 
251311 1<10) C~ncttr Oentator(U$)plf ase> U .9!1 
2513(l0l1) ChatadOI' Qprl!Of(lower ase) 0.115 
2516 01.1nd~r Gmmiur 10.iS 
MM"31W 20411: ·111 Rnid Onlw MtmG!Y us ...... 
1101 '""'' s..... 51.4g 
1101 10!•'(1 O'°""" .!JI 
2101(11011 256'4 SW< 3.115 
2102 10:Z-IX1 SUti< 1.7~ 
ll l l)l 10lfX 1 SW>c l.!IS 
2"111111) 2S6X4 S"1le '·"2112 ,.... SUttc MOS f .95 
2114 102fX4 SUik 4SOM O.!IS 
2114l 1024Xol 8'.Uc•5DnS low OQwel 10 . ~ 
211' ·3 10lfX4 $Utic:JOOn1 10.95 
211fl-3 10Wtf Slltk 30Clm~~r 11.tS 
5101 256X• Stalk: 7.0S 
5.2801?107 4096l1 °""""' 4.95 

"" 16Xf s1111c us 
7'$200 2S6XI Slllle l m.:.m us 
93421 '""'' Slilic '-115 
UP041' " Oy"'mie ltiOln 4.9$ 

(Mlt-'027) 
UP0416 "" D,Nmlc 16 pin 14.9!! 

(Mlt.C U6) 
111s,co.u . " SUbc ,.us 

-ISPll 
TMS<045 11120:4 Sb!ic IUiS 
2117 1 6. J&.1~1 ()yNmic: 350rt1 9.9S 

(l\ouMlllll'kcdl......,., 21CX1 """""' <111 .0CI 

J'ftOM'S 
11 0:2 A ,.., FAM06 $$.115 
1MS2516 .... EPROhlltrtftl 711 JJ f9.9S 
(2116) 'Arouuts slnole .. w poftl ...111°"1 
lMS2S32 .... (FAOM 8U·~ 

'"'" •• EPROM 10.95 
21161 1 Hi lt" lPAOM 2U5 

•·Rtq!fUH 3 WOlllOH,-SV, • SV , • 12\' 

""' 2018 Ft.MOS 1<195 
6101 · 117611) 1024 1m 1.1.. el(IOQJ 3 .. 
6330·11160:2l 2S& ()pcf!ClipoL11 .... 
8'S2l ,,.. OpmCol«:tor 3.115 
IZSl15 ,.,. - 19.'iS 
t2S12l "'' TtlsUtt .... 
7<1t86 "' m-~ ... 
1'158 ,,. mopeneor1ec2or ,_.. 
7AS217 ,.,, Stitic HS 

=$=...,• .,., •"c•••••....,..,_ 
• 20 HHOO MHl A1n~ 

100 MHz 
S·Diglt 
Counter 

• 6"' l£0lk""'1y • Fout poHrtouce1, 1 1:~:w=:td Dmcbnl :~~~~! · !1~or.z::.':: 
• Pottalllt - CO!T'lllldtfy ll;Ntr tdi.pl., M'ld t:a'ttNI 

w1t-conbll'ltd 7,2·1CV «JW!I' supptr 

~134.95 

Model 2800 
SH.95 AC Adapter IC·21 $1.80 

Rtellt1111blt 

ACCESSORIES FOR MAX 100: 
-11 ~1llml111or 
1JSt power trorn ur ~.,.. ...., 1DO - Cl.A u .n 

Ind~ ope: r11JftONn!141 
lllOSP<1 11f\.\e 

11111rtt1 111'·21 20.0D 
Clnylnt Clst LC·21 U O 

Clol..../Ellaolaat.. 
\IM llOVAC MIMI 100 - CAI st.IS 

The Incredible 

Tiit 111...,..11•1 1a rs t60.lblt Cir HQl!lnfl~ dill ro 1110 lrom &'4t:l t1pe 9'fttlolj 
(libc;l[~ ~S1Drllll!lrMll!rdtfindflls.tblolD'Q)ITl~itlttlifiMOyW'l111 
anothef mo&!m 100 ttilni~ lot 1r'!prion~ ..f'l o:inmtig' · ana C(WT'llT1unialiart5. In 
lddfllo11.tt lsfrftolcritlcil af11Atmetrttaf\!31s ~ wt111non-t1 rf!Chlnn , rudilyna:bDll 
emu. 
Oita T~au'llUIO• llrll* •• • • ,Fr-r([11rncy ·5hll1 ~. ~-dvplc1 Cl'lilf~ul)kil: 

5*Ctal:*I. 
•111nr111110ltlft111 . . . ••• ... . .3008.Ju0. 
D•ll Fotrftjf ••• ••• •• • • . • •• • • .A1ynct1~1Slriari{ntintoma~lrtQlmtl 

~e.ieheh.l~t). 
RKtln Cl1111MI '11~..m .. .2025 Hz tor sp;i~; 2225 lb kl• .m.ut. 
Tr1Mmll QlaMtt f f1ilPJtildn , .s.it~ Mlembll- law (llOONIJ .. 101~ SIJi'll . 

127([ rnart.H1g11 • Cl2Sst11Ct . 2725mu~. 
fllaM IH1ttl'rtty . •.•.. .. . . •- A& Obm JCtOU$llQl)f co14itd , 
Tr1ll!llh lml •••••••.•.... . - 15 flb:n nnmlrw .a,aj im1~ ln>m ~6 dtwn 

ta - 1Ctam 
R.lltfl ,,.,!IC? Ta!tfMtl . ••Frrq1o1cncy rott rc nct tlltl)lll11 liell l~ ad1utt 10 

1DoW l111011tf11ionfliftween 18CCltt.I ltld2«X1~­
Dllllll 01ll l1tllrhC1 ••• . . ••• .Ei.-. RS ·2l2C Of 20 rnA.QlntnllooD jf(g'qf fl. 

O~rso\llitd IM ~n -~). 
l'werRt~lrtm 1lll1 . . • . • ...••120Y~. ~le~'lm . Ht Watts. 
"'rlluL . .. ... .... . ... . .. . . ..lll compontlt ls rnoun1 on 1 tmglr .!r " by sr 

p11ntt0dl'Cllllllt>oarcr. Mcornf)Orll'rll1rctuek0. 
RIGurrH I VOM . AilOb OKill.JlGI f ftQL/et'IC'I' CW'rllir oll\O/or ~\l) &~gn 

TRS-80 16K Conversion Kit 
Expand your 4K TRS-80 System to 16K. Kit 
comes complete with: 
• 8 each UPD4 16 (1 6K Dynamic Rams) 
• Documentation for conversion 

TRS-16K $115.DD 
Speclaf Offer · Order both your TRS·16Kand the 
Sup"A' MOD II Inte rlace kit together (retail value 
$144 .95) for only $139.95 

UHF Chan nel 33 TV lnlerface Unll Kit 

Port No. 
oe25p .4.p 
0825P·4-S 
OB25S·4 ·S 

OJ14 ·1 
OJ16·1 
DJ24·1 
DJ14-1-14 
OJ16·1 · 16 
0J24-1 · 16 

Wlile Band B/W or CoJor Sistem 
• Ccnverts TV to Videc Dlsoi.v rn r 

home computers. CCTV camera, 
Apple II, worl<s with CromeC<> Oaz· 
zler, SOl·20, IRS ·BO. Challenger. 
etc. 

• MOO II is pretuned 10 Channel 33 
(UHF). 

• in cl udes coaxial cable and an1en na 
translormer. 

$29.95 Kit 

DB 25 Series Cables 
Cable length Connec1011 Price 

4 Ft. 2·0P25P SlS.95 ea . 
4 Fl 1-0P25P/l ·25S S16.95 ea 
4 It 2·0P25S Sfl.95 ea. 

Dip Jumpers 
111 . 1-14 Pin 
111 . HG Pin 
I h. 1-24 Pin 
I II. 2-14 Pi n 
111. 2·16 Pin 
111. 2·24 Pin 

S1.59 " · 
1.79 .. . 
2.79 ea . 
2.79ea. 
3.19oa. 
4.95 ea . 

CONNECTORS 
25 Pln·D Subml nl ature 

~~=5.=Mini-.Max 6 Digit 50MHz FrequencyCounler 

. : ~~I==·~lh,.~V:~c:~.:: 50 MHz 
Ful~ 1utoNtJc·r1nve1.polanry, Slape, trtooet, lnpUI ltvet swllchlf'O nol required ..,,rf. ~ - - • 

• LucH1ro blanklnQ-:-AU_zeros to the le1t of tne fim non·zero dlgll are b&Mlked. Kilo Hertz 
Ind ~· He11Z dOclrnat points automallcal~ llghl up wto.n Iha unll b lllmed on. 

: 8':'~ :n~::1==~.. 
: =~~·;:~n•. MINI-MAX $89.95 

Accessories For Mini-Max 
Part No. Descrlpllon Price 
MM·M Antenna s 3.95 
MM·CS CiflYinv case ~ 5.95 
MM-IPC 3.95 
MM·AC2 9.95~"foe ~=,.~lh cip lt;aQS 

MM·AC3 'nfJVallapter 9.95 

Si.DD Minimum Onfor- U.S. Fund1 Only SpK ShtolS - 25t 
Celiloml• RHidtnts - Add B% SelH TIX 1171 Clt•loa Anll1bi.-.stnd •1 ~ lllmp 

ELECTRONICS 

PHONE 

ORDERS 


WELCOME 

(415) 592-8097 

MA IL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE. SAN CARLOS, CA 94070 
Advertised Prices Good Thro January 

0825P(as pictured! PLUG S2.95 
OB25S SOCKET 3.50 
D851226·1 Cable Cover lor 0825 Por S I 75 

Hexadecimal 
Unencoded 

Keypad 
19·key pad includes 1-10 keys• 
ABCDEF i nd 2optional keys and a 
shift key. $10.95/each 
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High Speed 4 Bit Slice 2900 Bipolar 
Microprocessors

of INTEREST to DESIGNERS 

The 4858 video sample and hold 
amp li fier features an acquisition time of 

Video Sample and Hold Amplifier Features Fast Acqu isition Time 

130 ns Lo 0.01 % and permits conversion 
rates of up to 5 MHz for 12 bit analog 
to digital conve rsion. The un it acqui res 
signals Lo 8 bit, or 0.2%, acc urac ies in 
75 ns. 

The 4858 ls user programmab le for 
either transistor-transistor logic or 
emitter coupled logic compatability . 
Applications include fasl Fourier trans· 
forms, radar pu lse analysis , and deglilch· 
ing. 

The unit is housed in a 4 by 2 by 0.6 
incl1 (10.1 6 by 5.08 by 1.52 cm) metal 
case, providin g electrostatic shielding. . 
The 4858 is priced at $440 in unit 
quantities. For further information con· 
tact Teledyne Philbrick, Allied Dr at 
Rt 128, Dedham MA 02026 .• 

Circle 528 on inQuiry card. 

IBM Compatible Double Density Disk Formatter and Controller 

An IBM compatib le double density 
floppy disk formatter and con troller 
integrated circuit, called the FD 1791, is 
now avai lable from Western Digital Corp , 
3128 Red Hill Av, Newport Beach CA 
92663. IL is designed to meet the re· 
quirements of the most wid ely used 
density mode (FM) and System 34 
double density mode (M FM) applica· 
Lions. 

The FD 1791 interfaces a processor 
to a floppy disk drive. The device pro­
vides the data accessing controls and the 
bidi rectional transfer of information be· 
tween the processor memory and the 
magnetically stored data on the disk. 
The disk data is stored in a data entry 
format compatible with either single 
or double density modes. 

212 la.nua:ry 1979 5 BYTE Public.atium Inc 

The FD 1791 is able to read, write 
and format a do_uble density disk by 
means of its address mark detection, FM 
and MFM encod e and decode logic, 
window extension, and wri Le prccom­
pensation . Anot her feature allows aper· 
at ion in two modes: one for nopp y 
disk and anotl1 cr for minifloppy. The 
first uses a clock input of 2 MH z and 
provides stepping rates of 3, 6, 10 and 
20 ms . The clo ck input for the second is 
set al 1 MH7. and the stepping rates 
change to 6 12, 20 and 40 ms. The 
clock Inputs arc not altered when 
changing between single and do uble 
density. 

The FD 1791 is priced a t $43.2 0 
for quantities of 100.• 

Circle 529 on inQuiry card . 

Using a new advanced bipolar LSI 
process, National Semiconductor Corp, 
2900 Semiconductor Dr, Santa Clara 
CA 9505 1, has developed a family of 
higher speed 2900 type 4 bit slice 
microprocessor components. According 
to the company, they are 30 to 50 per· 
cent faster than similar designs now on 
the market. Designated the IDM2900 
family, the new d'evices, 16 in all, use 
a process that combines low power 
Schottky peripheral electronics with 
proprietary high speed Tri-State emitter 
coupled logic electronics for inte rface. 
National calls this new process "SCL." 
For complete information on the 
IDM2900 family contact the company. • 

Circle 530 on Inquiry card. 

Two New Schottky 
Programmable Read Only Memories 

Two new 4096 bi t Schottky program· 
mable read only memories, the 74S476 
a nd the . 7454 77, have been added to 
Te x<1s Instrume nts ' bipolar memory 
product line. Typical access time is 35 ns. 
These programmable read only memories 
are offered in plastic (N suffix) and 
ceramic (J suffix) dual-in-line packages. 

The devices can serve as direct re­
placements for any currently offered 18 
pin 4 K byte memories. The prices in 
lots of I00 range from $9.30 lo $18.60, 
depending on the package. 

Inquiries should be forwarded to 
Texas Instruments Inc , Inqu iry Answer· 
ing Service, POB 5012, Dallas TX 75222. • 

Circle 531 on inQuiry catd. 
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Circle 30 on inquiry card. 

r AlN E'NT'ERJ'' D TS' J:;'C' T All Prime Quality - New Parts Only--------- • ---------,________________iiiliiiii__..........liiiiiiiii.....________.,.
BEC'Kl..ti .l' I\J.• £~ Satisfaction Guaranteed 
EDGE CARD CONNECTORS: GOLO PLATED. SUBMINIATURE CONNECTORS: COB 25 SERIES. RS 232.I 

BODY · Non bri11le. solvent resistant, h igh temp, G.E. Valox . The finest you can buy . 
 08 25P Mele Plug S2.50 ea. 5 pcs . $2.20 •• 1 
CONTACTS: Bifurca1ed Phos./Bronze : Gold/Nickel.

I 
DB 25S Female Sockel 3 .60 ea. 5 pcs. 3.40 oa: 
DB 51212·1 Grey Hood 1.20 ea. 5 pcs. 1.10 ea . 

AL TA IR S·100: Con1./C1rs.. 125" Row Spacing, .140" DB 51226·1A Black Hood 1.30 ea . 5 pcs. 1.20 ea . 
50/100 Dip Sold. $3 .95 ea. 5 pcs. $3 .75 ea . 

1
D 20418-2 Hardware Se1 0 .75 ea. 5 pcs . 0.70 •a .I 

50/100 Sold. Eve . " 6 .95 ea . " 5 pcs . 6 .50 ea . SAVE: BUY A SET: 11 DB25P, 1 DB25S, Any Hood.) 

1 Set : $6 .35 ea. 5 seu: $6.15 ea . 


IMSAI S·100: Conl./C1rs..125 Row Spacing. .250 
 NOTE : For Hardware, ID20418-21 Add S.65/Set. 

1
50/100 Dip Sold . $4 .20 ea . 5 pcs. $3 .95 ea . 

501100W/Wrap3 3 .75ea. 5pcs . 3 .50 ea . 
 WHISPER FANS I 
IMSAI CARD GUIDES : 0 .19 ea. 5 pcs. 0 .16 ea . Excellent for Cf,lmputer cabin~J co oling. Thi s is 1he m ost quiet fan you w ill f i nd . Onlv 

measures 4 3/4 square by 1~ deep. U. L. LiSled . I 
CROMEMCO S-100: Conl./Cm. .125" Row Spacing, .250 

I 
$21 .00 ea . 5 PCS . $1 9 .00 ea. 


501100 Dip Sold. $6 .50 ea . 5 pcs . $6 .00 ea. 

IOr shori W/Wrapl 
 I. c. SOCKETS. GOLD. I. c. so~ 

WIRE WRAP 3 TURN. Dip Solder. Tin. I 
1


14 pin S0 .36 ea . 14 pin S0 .15 ea. 

.100" Con11c1 Ctrs...l:~:::~::::~TORS AVAILABLE 16pin 0 .38ea. 16pin 0.17ea. 

22)44 Dip Sold. $2 .30 ea. 5 PCS. $2 .10 ea . 


1
2708 EPROMS PRIME 8080 PRIME 


40180 Sold. Eve. 4 .80 ea. 5 pcs. 4 .50 ea . 

25150 Sold. Eve . 2.95 ea . 5 pcs . 2.75 ea . 

S14.00 ea. S9.oo ea. 

43/86 Dip Sold . 4 .90 ea . 5 pcs . 4 .70 ea . 
 I 
43/86 Sold. Eve . 4 .90 ea . 5 pcs . 4 .70 ea. 

1.156" Con1act Cm., .140" Row Seac lns. 

6/- Sgle. Row IPETI $1 .00 ea. 5 pcs. S0 .90 ea. 
 WRITE FOR LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE I22/44 Sold . Eve . IKIMI 1.90ea. 5pcs . 1.80 ea. 

1

WELCOME.
22/44 Dip Sold . IKIMI 1.90 ea. 5pcs . 1.80 ea . 


43 /86 Dip Sold . 4 .90 ea. 5 pcs . 4 .70 ... 
WE ARE CONNECTOR (EDGE CARDI SPECIALISTS. IF YOU DO NOT SEE 
WHAT YOU NEED IN THIS ADVERTISEMENT. PLEASE WRITE us. WE WILL I.156" Con11ct Ctrs., .200" Row Spacina. 

1

REPLY.


15130 W/Wrap 3 Si.OS ea. 5pcs. S0 .95 ea . 

22/44 W/Wrap 3 2.30 ea. 5 pcs . 2.10 ea . 
 TERMS: M inimum Ord~r SI0.00: Add $1 .25 for handling and shipping. All orden;
36172 Sold . Eve . 3.45 ea. 5 PCS. 3 .30 ea . over $25.00 in USA and Canada: WE PAY THE SHIPPING. I 

1

36/72 W/Wrap 3 3 .85 ea . 5 PCS. 3.70 ea . 
 NOTE: CA residenn please add 6% sales tax.
43186 W/Wrap 3 5.50 ea. 5pcs. 5.00 ea . NO C.O.D. SHIPMENTS OR ORDERS ACCEPTED. 

I 
POLARIZING KEYS FOR ALL OF THE ABOVE : 
Speci fy : IN Con1ac1 or BETWEEN Con1ac1: MAIL oRDERs T

0 'Beckian Enterprises I 
1 10 49 pcs. S0.10 ea . 50 pcs./Up S0 .08 ea . 

I 
~ P.O. Box 3089 I

12/ 24 Pon .156" Con1./c1....200" Row Spacing. 

TIN PL ATED CONTACTS. 


IDEAL FOR PET INTERFACE & PARALLEL USER PORT . 
 Simi Valley, CA 93063 ..I·-----2-5_$____ 
ATWOOD ENTERPRISES 


KITS I 
I DID YOU 

$ 79.95 4K RAM Available assembled and tested $89.95. I KNOW •• • 
-------------------------------! BIG SALE 
$ !_29.95_ 4K_PROM_~pol~5~~a_:r~~~48/~4~---J 1 each board: 

$149.95 SK EPROM I Digital 1/0 
Eprom programming 

Needs only 4K space 2716 . 

------------~-----------------, 

$ 59•9 5 DIGITAL I/0 8 parallel ports plus 16 interrupts. I BK Eprom Board (without 2716'sl 

------------------------------~ REGULAR PRICE
!__99.95- ANALOG_ _!_ N _ _:2_:~~bi~100micro~c~~J $139.85 
$ 49.95 PROM PROGRAMMING Can8~~~~~~~ . 1 JANUARY ONLY 
------------- - ----------:--------, $100.00 

8slotw1thconnectors I$ 30• 00 MOTHER BOARD and card guides. Extra zero insertion force sockets $5.00 
------------------------------~--------------

MAKE CHECK OR MONEY ORDER PAYABLE TO:MOTHER BOARD FREE 

Kathryn Atwood EnterprisesWITH PURCHASE OF 
P.O. Box 5203, Orange, CA 926674 RAM BOARD KITS 

Discounts available at OEM quantities. For orders less than $25 total, add $1 .25 
for shipping. California residents add 6% sales tax. Estimated shipping time 2 
days ARO with money order. For checks allow 7 days for check to clear. 
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Wire Wrapping Kit for Prototype and Hobby Applications 

Model W K·SB is a new wire wrapping 
kit that contains a complete range of 
tools and parts for prototype and hobby 
applications. The kit includes: Model 
BW-630 battery wire wrapping tool com· 
plete with bit and sleeve; Model WSU-30, 
a hand wire wrapping, unwrapping and 
stripping tool; a universal printed circuit 
board; an edge connector with wire 
wrapping terminals; a set of printed cir· 
cuit card guides and brackets; a mini· 
shear with safety clip; 14, 16, 24 and 40 
pin dual-in-line package (DIP) sockets; 
an assortment of wire wrapping termi· 
nals; a DIP inserter and extractor; and a 
3 color wire dispenser complete with 50 
feet each of red, white and blue Kynar 
insulated silver plated solid AWG 30 cop· 
per wire. 

The Model WK-SB wire wrapping kit 
comes in a durable plastic case and Is 
priced at $74.95. For further Infor· 
mation contact OK Machine and Tool 
Corp, 3455 Conner St, Bronx NY 
10475.• 

Circle 648 on inquiry card. 

Dual Programmable Data Rate Generator from Motorola 

This K1135A dual data rate gener· 
ator is a self-contained quartz crystal In 
hybrid form. The chip and crystal are 

packaged In an 18 pin dual·ln·llne pack· 
age 0.2 inches high. 

The K 1135A simultaneously gen· 
crates a transmit and receive frequency 
at 16 times the transmission rate. 16 
standard transmission rates can be 
generated by manual control or by a 
4 bit address programmed In software. 

Other features include a miniature 
size, 1.015 by 0.515 by 0.200 Inches 
(2.578 by 1.308 by .508 cm), ±.01 % 
stability, and a separate clock frequency 
output (5.0688 MHz). For further 
information, contact Motorola Com· 
ponent Products, 2553 N Edington, 
Franklin Park IL 60131 .• 

Circle 649 on inquiry card. 

New Metric Heat Shrinkable Tubing 

The ST221 ·M series of shrinkable 
all-purpose, irradiated polyolefin ex· 
truded tubing Is suited for most elec· 
trical and electronic metric applications. 
The tubing is thermally stable and pro· 
vides a tight mechanical bond. 

Tubing sizes range from 1.191 mm 
(0.04 7 inches) through 25.4 mm ( 1 
inch) and are available in standard 
lengths of 1.219 meters (4 7.99 Inches) 
in various standard packages of 6.096 
meters (20 feet) and 30.48 meters 
(100 feet). 

The metric tubing features a shrink 
ratio "of 2:1 with only 5 percent longi· 
tudinal shrinkage. 

Stock colors are black, white, red, 
yellow, blue and clear. Detailed informa· 

The Slimline Tl-50 Fits In Your Pocket 

The Slimline Tl·50 ls a scientific 
pocket calculator with statistics, from 
Texas Instruments. The Tl-50 offers 
60 algebra calculator functions, includ· 
Ing logarithms, trigonometry and statis· 
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tics. It also includes two full arithmetic 
memories with a new constant memory 
feature which allows the calculator to 
retain data entered in the memories 
whether the unit is on or off. The con· 
slant memory enables retention of con· 
tinuously used constants , values and 
statistics, reducing the time needed to 
perform repetitive entries and operations. 
The un it also features Tl's algebraic 
operating system (AOS), which includes 
15 levels of parentheses and up to four 
pending operations. The automatic pow­
er down (APO) automatically shuts the 
calculator off after 15 minutes of 
non use. 

Other features include a large liquid 
crystal display (LCD) 8 digit readout, 
and scientific notation (5 digit mantissa, 
2 digit exponent display format) with 
mantissa expansion capability. A special 
battery indicator provides a convenient 
check on battery condition. 

The Tl-50 is priced at $35. For fur· 
ther information contact Texas lnstru· 
ments Inc, Consumer Relations, POB 53 
(Attn: Tl-50). Lubbock TX 79408.• 

Circle 650 on inquiry ctrd. 

tion and complete specifications are 
available from the Cole·Flex Corp, 
91 Cabot St, W Babylon NY 11704. • 

Circle 651 on Inquiry card. 

Diskette Filing System 

The Super Diskette Filing System is 
an easel type vinyl covered binder with 
20 specially designed 8\li by 11 inch vi· 
nyl 3 ring binder inserts. Each insert 
holds two disks and provides space for 
noting contents in an abbreviated form 
beside the disk and a larger pouch over 
the bottom of the disk for more exLen· 
sive notes. 

Diskettes need only be labeled with 
a small numbered label to associate them 
with their pouch. A separate pouch is 
provided for self-stick labels and write 
protect tabs. 

Included with the package is a punch, 
template and complete instructions for 
modifying single side disks so that both 
surfaces can be used. 

The retail price for this system is 
$69.95. Contact Aaron Associates, POB 
1720A, Garden Grove CA 92640.• 

Circle 652 on inquiry card. 



APPLE II SERIAL 1/0 
INTERFACE* 

Pan no. 2 
Baud rate is continuously adjustable 
lrom 0 to 30,000 •Plugs into any periph­
eral connector • Low current drain. RS· 
232 input and output• On board switch 
selectable 5 10 8 data bits. 1 or 2 stop 
bils. and parity or no parity either odd or 
even • Jumper selectable address • 
SOFTWARE • Input and Output routine 
from monitor or BASIC to teletype or other serial printer. 
• Program lor using an Apple II for a video or an intelli­
gent terminal. Also can output in correspondence code 
lo Interlace with some seleclrics Board only ­ $15.00: 
with pans - $42.00: assembled and tested ­ $62.00. 

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 • TTL ' 
Input and output-serial • 
Connect 8 ohm speaker 
and crystal mic. directly to board • Uses XR FSK 
demodulator • Requires +5 volts • Board $7.60; 
with parts $27.50 

DC POWER SUPPLY* 
:~o~~d ~~~;lies a regulated +5 volts • • 
at 3 amps .. +12, -12, and -5 volts at 
1 amp. • Power required is8 volts AC • 
at 3 amps., and 24 volts AC C.T. at 1.5 ·­
amps. • Board only $12.50; with 
parts excluding transformers $42.50 

TAPE INTERFACE * 
Part no. 111 
• Play and record Kansas 
City Standard tapes • 
Converts a low cost tape 
recorder to a digital re­
corder •Works up to 1200 
baud • Digital in and out 
are TTL-serial •Output of 
board connects to mic. in 
of recorder • Earphone of 
recorder connects to input on board • No coils • 
Requires +5 volts. low power drain • Board $7.60; 
with parts $27.50 

Part no. 106 
• Stand alone TVT 
• 32 char/line. 16 
lines. modifications 
lor 64 char/l ine In­
cluded • Parallel 
ASCII (TIL) input • 
Video oU1pul • 1 K 
on board memory• 
Output for compu· 
ler controlled cur­
ser • Auto scroll • 
Non-deslrucllve curser • Curser inputs: up. down. left. 
righl, home. EOL. EOS • Scroll up, down • Requires +5 
volts at 1.5 amps. and -12 volls at 30 mA • All 7400, TTL 
chips • Char. gen. 2513 • Upper case only• Board only 
$39.00: wilh parts $145.00 

TIDMA* 

Part no. 112 
•Tape Interface Direct Memory Access• Record 
and play programs without bootstrap loader (no 
prom) has FSK encoder/decoder for direct con­
nections to low cost recorder at 1200 baud rate, 
and direct connections for Inputs and outputs to a 
digital recorder at any baud rate. • S-100 bus com· 
patible • Board only $35.00; with parts $110.00 

UART & BAUD RATE 
GENERATOR* 
Part no. 101 
• Converts serial lo parallel 
and parallel lo serial • Low 
cost on board baud rate 
generator • Baud rales: 110, 
150, 300, 600 . 1200, and 
2400 • Low power drain +5 
volts and -12 volts required 
• TTL compatible • All characters contain a slarl bit. 5 lo 
8 data bits, 1 or 2 stop bils, and either odd or even parity. 
• All connections go lo a 44 pin gold plated edge connec­
lor • Board only $12.00 : wllh pans $35.00 with connector 
add $3.00 

ELECTRONIC SYSTEMS Dept. B, 

SK STATIC 
RAM 
Part no. 300 
• SK Altair 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 
$22.50; with parts $160.00 

RF MODULATOR* 

Part no. 107 
• Converts video to AM modu· 
lated RF. Channels 2 or 3. So 
powerful 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 

RS232ffiY* 
INTERFACE 

Part no. 600 
• Converts RS-232 to 20mA 
current loop, and 20mA current 
loop to RS-232 • Two separate 
circuits• Requires +12 and -12 
volts • Board only $4 .50, with 
parts $7.00 

RS232ffiL* 
INTERFACE 

Part no. 232 
• Converts TTL to RS-232, 
and converts RS-232 to 
TTL •Two separate circuits 
•Requires ·12 and+12 volts 
• All connections go to a 10 pin gold plated edge 
connector • Board only $4.50; with parts $7.00 
with connector add $2.00 

P.Q Box 21638, San Jose, C'A. USA 95151 

Mention part number and description. For parts kils add "A" lo part number. In USA. shipping paid for orders accompanied by check, money order. or 
Master Charge, BankAmerlcard. or VISA number. expiration date and signature. Shipping charges added lo C.O.D. orders. California residents add 6.5% 
for tax. Outside USA add 10% for air mail postage. no C.O.D.'s. Checks and money orders must be payable In US dollars. Pans kits include sockets for all 
I Cs. components. and circuit board. Documentation is included wllh all products All items are in stock. and will be shipped the day order is received via 
first class mail. Prices are in US dollars. No open accounts. To ellmlnale tariff in Canada boxes are marked "Computer Pans:· Dealer inquiries invited. 
24 Hour Order Line: ( 408) 226-4064 • Circuits designed by John Bell 
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----------------------
Please send me additional information. 

Institution------------- ­

Street ---------------

CltY. ---------------­

State _________Zip. _ ___ _ 

University Microfilms 
International 
300 North Zeeb Road 
Dept. P.R. 
Ann Arbor, Ml 48106 
U.S.A. 

18 Bedford Row 
Dept. P.R. 
London, WC1 R 4EJ 
England 
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,,._oi+ The EW-2001 
<, 

A "Smart" VIDEO BOARD 
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 J.C. $199.95• 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 

2K Static Memory • Parallel keyboard port 
• On board 4K screen memory 

(optional)* relocatable to main 
computer memory 

• Cursor controls: up, down, left, 
right, home, carriage return (with Sockets) . . . . . . $45.00 

• Composite video 4K Static Memory 
*Min. 2K required for operation of this board. (with Sockets) . . . . . . $90.00 

• Text editing capabilities (soft­
ware optional) 

DISPLAY FEATURES: Complete unit , assembled 
and tested with 

• Scrolling: up and down through 
• 128 displayable ASCII charact­

ers (upper and lower case alpha­
numeric, controls) 

4K Memory . . . . . . . $335.00 
video memory 

• Blinking characters 
• Reversed video 

• 64 or 32 characters per line 
Uumper selectable) 

Basic software on ROM . $20.00 
Text editor on ROM . : . . $75.00 

• Provision for on board ROM 

• CRT and video controls fully 
programmable (European TV) 

• 32 or 16 lines 
Uumper selectable) 

DEALER 

• Screen capacity 2048 or 512 INQUffiIES WELCOMED 
• Character generation: 

7 x 11 dot matrix 

Tl PROGRAMMER $53.9 
Hexadecimal. Octal. Decimal. 
Enter a number in base 8, 10, or 16. Tl Programmer can 

uickly .convert to either of the other bases. Rapidly ha 
rithmetic in all three bases giving you more time for im 

ant programming or troubleshooting tasks. 
Ideal for use with any size computer. Tl Programmer u 
integer "two's complement" arithmetic in hexadecimal 
octal bases. 

$44.95 
DATA CHROM 

---Large, easy-to-read 8-digit liquid crystal display. 
Clock mode displays time, day, date, and AM/PM. 
Stopwatch mode displays hours, minutes, seconds and tenths 
of seconds up to 9-59·59.9. 
Economical-you'll get typically 12 months normal operation 
on a single set of batteries. 
Attractive-comes in brown vinyl wallet folder with insert 
pockets for business cards. Makes a neat addition to your 
personal or business accessories. 
24-hour alarm. 
Stopwatch records and displays lap and total elapsed times. 
Up to one-tenth of a second accuracy. 

SHIPPING: $3.50 

---­ California residents add 6% sales tax---­

ELEC'JRO Nf CS WAREHOUSE Inc. 
1603 AVIATION BLVD. o.pi. 

REDONDO BEACH, CA. 90278 ~ 
TEL. (213) 376-8005 ~ 

WRITE FOR FREE CATALOG 

ASCII KEYBOARD KIT $74.00 

Additional Improvements: Double Size Retum Key 
Control Characters Molderd on Key Caps 

• Power: +SY 275mA 

• Upper and Lower Case 

• Full ASCII Set 

• 7 or 8 Bits Parallel Data 

• Optional Serial Output 

• Sclecta ble Posi tve or 
Negative Strobe, and 
Strobe Pulse Width 

• 2 Key Roll-Over 

• 3 User DEfincable Keys 

• P.C. Board Size : 
17-3/16" x 5" 

OPTIONS: 

• Metal Enclosure Painted 
Blue and White 

• 18 Pin Edge Con. 

• l.C. Sockets 

• Serial Output Provision 
(Shift Register) 

S27.50 

s 2.00 

s 4.00 

s 2.00 

• Upper Case Lock Switch for 
Capital Letters and Nos. S 2.00 

Assembled (on Socke ts) 
and Tested $90.00 

APPLE II I /0 BOARD KIT 
Plugs Into Slot of Apple II Mother Board 

18 Bit Parallel Output Port 
(Expandable to 3 Ports) 

I Input Port 
15mA Output Current Sink 
or Source · 

Can be used for peripheral 
equipment such as printers, 
floppy discs, cassettes, 
paper tapes, etc. 

I free software listing for 
SWTP PR40 or IBM selcctric 

PRICE: 
I Input and I Output 
Port for S49.00 

1 Input and 3 Outpu t 
Ports for S64.00 

Dealer Inquiries Invited 



SOFTWARE 

COMPAS Reduces Prices on 6500 
Processor Cross Assemblers 

COMPAS has reduced the prices on 
all its cross assemblers for the 6500 pro· 
cessor family. The 6500 is built by MOS 
Technology, SYNERTEK and Rockwell. 
All cross assemblers are now priced at 
$600 which includes test programs and 
one year free support. Two versions of 
the cross assemblers are offered. 

The MINmic 1165 cross assembler 
is available for any PDP-11 using the 
RT-11 operating system and was former­
ly priced at $900. The MINmic cross 
assembler is written in MACRO 11 for 
maximum speed and requires 5 K 
words memory. Normal distribution is 
on floppy disk or RKOS disk. This 
assembler may be used in conjunction 
with the CSL/65 cross compiler which 
also runs on any similar PDP-11. 

For further information contact 
COMPAS, Computer Applications Corp, 
413 Kellogg, Ames IA 50010.• 

Citcle 584 on inquiry card. 

Run Program at 0000 
with Your Poly 88 

Having trouble running software be· 
ginning at hexadecimal 0000 on your 
PolyMorphic Poly 88 computer, due to 
the on board system monitor? A new 
Super-Monitor is now available which 
perm its the use of low off board pro· 
grammable memory for program storage. 
The Super-Monitor plugs into the two 
remaining read only memory sockets 
on the Poly processor card and leaves 
the original monitor intact. The monitor 
features : dump, move, verify, erasable 
read only memory (E ROM), program· 
mer, fill, In, out, cassette save, cassette 
load, search, serial port driver, GOTO, 
memory modify and return to Poly 
monitor. It is available as a set of two 
2708 erasable read only memories with 
complete documentation for $59 plus 
shipping from Computer Hobbies Un­
limited, 9215 Midlothian Tpk, 
Richmond VA 23235.• 

Circle 585 on inquiry card. 

Apple Users Get Access to Dow Jones Information Service 

Apple Computer Inc has announced 
a new service to provide owners of its 
computers with stock portfolio infor· 
mation and other financial services. 

Using a telephone linkup, users of 
Apple 11 computers will be able to dial 
Dow Jones' Stock Quote Reporter 
Service for 15 minute delayed stock and 
bond quotations. This information along 
with software provided by Apple will 
enable the user to determine current 
portfolio value, shprt and long term 
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gains, and · r~te of return , among other 
things. At a later date, Apple II users will 
also be able to call up current news on 
companies in their user's portfolio. 

The cost of the stock quote service 
includes a 1 time fee of $25 plus a usage 
charge of $3 for the first three minutes 
plus $.50 a minute thereafter for each 
usage session. 

Contact Apple Computer Inc, 10260 
Bandley Dr, Cupertino CA 95014.• 

Circle 588 on inq1.urv card. 

Cromemco Trace System Simulator 

Trace is a system simulator program 
designed to facilitate assembly language 
program development on Cromemco 
computer systems. Trace emulates the 
behavior of a Z·80 processor as it follows 
the logic of the user program. 

Virtually all aspects of system aper· 
ation can be simulated, including priori· 
tized interrupts and input/output (10) 
commands. Trace options include ­
control of register display and choice of 
display frequency. A historical record of 
program execution is maintained in a 
100 instruction circular queue. 

Features which locate errors quickly 
include: warnings if the user writes to 
unexpected areas, simulation of 10 
commands on the console, undefined 
calls to COOS routines, improper return 
from subroutine calls, and execution 
of branch instructions or decimal adjust 
if the relevant flags are in an undefined 
state. 

The advanced features of Trace 
enable it to be used in place of logic 
analyzers or in-circuit emulators in 
program development. 

ft is available on minifloppy (Model 
TSS-S) or floppy (Model TSS-L) IBM 
format disks for $95. For additional 
information contact Cromemco Inc, 
280 Bernardo Av, Mountain View CA 
94040.• ~ 

Citcl~ 586 on inquiry card. 

Software Packaged in North Star format 

MicroAge has introduced new appli­
cations software on minifloppy disk that 
is packaged in North Star format. Each 
of the programs is ready to run in any 
S-100 8080 or Z-80 computer system. 
They include: financial programs, math­
ematical analysis programs, statistical 
programs and miscellaneous programs, 
volume 1 and 2 games, backorder pro­
gram, mailing list, and North Star disk 
operating system for the Centronics 
printer. Priced at $35 each, they are 
available from MicroAge Mail Order. 
803 N Scottsdale Rd, Tempe Ai 
85281.. 

Circle 587 on inquiry cud . 

Simulation Package for Minicomputers 

Mini-Dynamo is a simulation package 
designed for the PDP-11, NOVA, 
Eclipse, Varian and other minicom ­
puters. Mini-Dynamo offers standard 
Dynamo equation formats, easily speci­
fied tabular and graphical output (with 
automatic or user specified scaling), 
automatic sorting of equations for 
correct computational order, ability 
to rerun the model without recom· 
piling, and a variety of options to 
tailor output to users' needs (Dynamo 
is a continuous simulation language 
for large computers). 

The one time license fee is $2500, 
or $1000 for educational institutions. 
Mini-Dynamo can be licensed from 
Pugh-Roberts Associates Inc, 5 Lee St, 
Cambridge MA 02139.• 

Circle 589 on inquiry card. 



ITHACA AUDIO 

THE OEM MARKETPLACE 


IAExpands

S-lOOLine 

Video 

Display 

Board 
Featuring a full 128 upper/lower case ASCII 
character set stored In a 1K buffer memory.
Easy to read 16 line x 64 character format can 
be displayed on an inexpensive video monitor 
or a modrfied TV set. Includes am software 
driver. Add our powerful K 2 FOOS to create a 
versatile operator console. 

$25.00 

Disk 
Controller 
Board 
Controls up to 4 single or double sided drives. 
Data protect features include automatic 
disable of write-gate during power-down for 
data integrity. Supported liy a reliable 
software package, K 2 FOOS and complete
diagnostic documentation. 

$35.00 

K2 
Operating
System 
Power full disk software in the DEC tradition. 
Includes Text Editor (TED), Fiie Pack~e (PIP),
Debltllaer (HOTI, Assembler (ASMBU:J
HEXBIN, 1COPY, System Generator (SYSGEN).
Command syntax follows Digitals OS-8 AT /11
format. Firs in a fami!Y of high level software. 
Soon to be released, FORTRAN & Pascal 
Compilers. 

$75.00 

Field-proven 
reliable engineering 
Over 10,000 boards worldwide prove Ithaca 
Audio provides the quality and reliability you
demand. 

lth1c1 Audio Boards are fully s-100 
compatible, featuring gold edge connectors 
and_plated-through floles. All boards (except
the Protoboard) flave fully buffered data and 
address lines, DIP switch addressing, solder 
mask and parts legend. 

Z-80 CPU Bnrd Most 11owerful 8 bit central 
processor available. Featuring _power-on­
1ump, _pr_o_vision for on-board 2708. Accepts 
most 8080 software. $35.00 
BK Stltlc RAM Board High speed static memory 
at the lowest cost per bit. Includes memory
protect/unprotect and selectable wait stales. 

$25.00 
2708/2716 EPROM Bo1rd Indispensable for stor­
ing dedicated programs and often used soft­
ware. Accepts up to 16K of 2708's or 32K of 
2716's. $25.00 
Pro1D~1rd Univers~I w)re-wrap board for de­
veloping custom circuitry. Accepts any size 
DIP socket. $25.00 

RAM! 
32K fo·r $359. 
Ithaca Audio is now stocking the Mostek 4115 
add-on RAM for S.D.'s Expandoram. Buy their 
basic board, 32K of RAM from us and SAVE. 

S.D. SALES Expandoram board 
Ithaca Audio 32 4115's @$5.00 ea. 

32K Only 

" 1978 ITHACA AUDIO 

Mass Storag~ at 
Incomparable 
Prices. 

IthacaAudio 

Floppy Disk 


• 	Up to 250K bytes. single sided 
• 	Up to 500K bytes, double sided 
• 	Data protect 
• 	Powerful software opt'rating 

system includes 8 utility 
programs, text editor. 

Add the capacity of full size disk to your S-100 
microcomputer. Controller, Disk Drive, and 
Software available separately. 

Memorex single sided 
550 Flexible DJsk Drive 
Memorex double sided 
552 Flexlble Disk Drive 
Disk Controller 801rd 
K2 FOOS Available on a· 

$458. 

S83D. 
S35. 

floppy disk w. manual S75. 

Quality Components 
ZILOG Z-80 $19.00 
ZILOG Z-80A 23.00 
INTEL 2708 11.00 
FAIRCHILD 2102 LHPC 1.60 
FAIRCHILD 2102 LIPC 11.35 

IMSAI 8080 Kit with 22 Slot M.B. 

1560.00 
plus $10.00 shipping. 

HOW TO ORDER 

I!!!!!!!!!~!! 
For technical assistance call or write to ·ITH AJCA · 


$199 ~ 
-1§2. AUDIO 
1359 	P.O. Box 91 

Ithaca. New York 14850 
Phone: 607/273-3271 
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SOFTWARE 

Graphics Software for 6800 Computers CP/M Available 
with a GT-61 Graphics Display for Users of 

Micropolis Disk System 

Micropolis disk users can now JOln 

the software bus. Without any hardware 
changes CP/M can be run with all the 
features available to users of the system 
on standard floppy disks. CP/M on 
Micropolis (version 1.4) is available for 
$145. The following is also available 
for the CP/M user with Micropolis hard­
ware: Microsoft FORTRAN-80, $400; 
Microsoft disk extended BASIC, $3 0Q ; 
CBASIC compiler/interpreter BASIC, 
$95; MAC macroassembler , $100 ; SID 
symbolic instruction debugger, $85; 
and BASIC-E compiler/interpreter 

Graph # 1 and Graph # 2 are utility 
packages enabling use of the SwTPC 
GT-61 graphics display with a 6800 
computer. Graph # 1 is for use with a 
machine language, while Graph #2 is for 
use through SwTPC 8 K BASIC, ve rsion 
2. When using Graph 1t 2 the user can 
program the GT-61 display directly from 
a BASIC program without any machine 
language programming. 

Both versions can display, as well as 
erase, points, lines and the complete 
upper case ASCII character set. There is 
additional capability for user defined 
characters. Applications for these 
packages include display of statistical 
data complete with legends, and games. 

Each package is priced at $5.50 for 
paper tape or $6 .50 for Kansas City 
standard cassette . The package includes 
a 22 page instruction manual with 
sample programs and a full source listing 
of Graph . To .order, contact Applied 
Microcomputer Systems, POB 68, Silver 
Lake NH 03875.• 

Circle 643 on inquiry card . 

BASIC , $30. For more information 
about the above products write to 
Lifeboat Associates, 164 W 83rd St, 
New York NY 10024.• 

Clfcle 644 on 1nqu1ry card. 

Business Software Package 

A business softwa re package has 
been announced by Aaron Associates, 
POB 1720A, Garden Grove CA 92640. 
The package includes a genera l ledger, 
accounts receivable, accounts payable 
and payroll package, inventory and 
manufacturing package, and a mailing 
list package. 

Required equipmen t for this package 
includes a line printer (Okida1a 22 
preferred). terminal (Soroc IQ I 20 
preferred). dual North Siar disk drive 
system with North Star BASIC and 32 K 
bytes of memory. 

The package comes with ten named 
files, over 70 programs, a user's manual 
and workbook, and 200 pages of pro­
gram listings. The price is $177. • 

Circle 645 on inquiry card. 

BASIC Business Software for 6800 
Computers 

Three new software programs for 
6800 systems usin g BASIC arc now avail­
able from the Stephen Moe Company, 
POB 595, Springfield OR 97477. The 
software is designed to run on the 
SwTPC processor with Smoke Sign al, 
SwTPC or PerCom disks or cassettes. 

The inve nto'ry software provides a 
capacity of up to 1000 80-character 
items per disk. Contents are item search, 
daily activity report, minimum quantity 
search, list by i tern, list by c lass., list 
by vendor, access a different file, update 
a file, and create a new file. 

The payroll software· tabulates pay· 
roll records , prints paychecks, lists 
empl oyee records, summarizes employer 
tax records, creates new files, opens a 
different file and assembles end of year 
or quarter records. 

The billing program prints mailing 
labels, bills, overdue and aging noti ces, 
as well as providing reports for customer 
accou nts receivable, sales and las t 
purchase. It also has file handling 
capabili ties. 

All programs run in 16 K bytes. They 
are available on disk or cassette for $200 
each. • 

Circle 646 on inquiry card. 

Free PET Computer Services 

Two free PET services are available 
through the Microcomputer Resource 
Center Inc, 5150 Anton Dr, Room 212, 
Madison WI 53719 . They include the 
PET Cassette Exchange, a program 
library whereby free exchange programs 
are available for the PET computer on 
cassette with no service charge. The 
Ultimate PET Resource 1-landbook is a 
continually updated listing of all hard­
ware and software sources for the PET. 
For a free copy of this handbook send 
a self-addressed stamped envelope.• 

Circle 64 7 on inQuirv card . 

THERMAL 
PRINTER 

$49.95 
I IANDLING CHARGE 

INCLUDED 

Scotch 

"" " .. n 

DISKETTES 

1-40·0 .. \1J! t \" IOf . Ollt \llJ~ . ! l>tm U t .00 
1-'0J:o s · lfl a 1tS,~ t 1H .t • ohdt, IO IOf J llJ 00 
1-40·1' a *'"" Nuo1. 11"C" ''"h · , If) fo r \.& \ 00 
l -4 C,1'2 ·J! S" H~•d Srcuu , 1.. .,\1d1: , ! Olm h 1ti 00 
l -4 1-0 1 ·· \ Oi i !.c. lut , lll'lub lir d r'l \11 ' 10 1m ' S J oo 
l -4 J ·J1 " •• lf~ lll \fLIVf . UO.,tlk Ot'l\ •IV 10 11•• Hb OO 
H ot ..0 S'.l " ',i n l t'ihl Df , o l'lt \>J c IOtv1 ' " 'OU 
U • · I O ~ \: ~ l O llol r , unnodr 10 1111 '"J OU 
J.. .4 · 111 5 ~~ · · l fl ltolf'.O'ln1dr 10101 1.U .OCI 

ORDERING IMFORMATION 

• Orders under $50 and COD'S add S2. 
• We accept Visa or Master Charge. 
• California Residents add 6% sales tax. 

DEALER INQUIRES INVITED 

Terminal Systems 
la 

Dealing I 

Z£®M ~Z£ 

tis 

• 12 characters/line 
• 5 x 7 dot matrix 
• Alphanumeric capability 
• Weighs 6 ounces 
• Uses 2 1/.i inch thermal paper 

Send check. money ordQr, or M l'ISh?r C ti i:'rgc or 
VISA number and expiration di'l !C!' 10 ­

BOOTSTRAP ENTERPRISES 
100 N. Central Expressway 
Richardson, Texas 75080 

(214) 238-9262 

FOR THE BEST DEAL c ll ,a. .• 
n T ttMINAl HYSU:MS :l:Nc 

(2131769-8772 17 14 1738-4...... 

1415)537 - 7723 18001423·2449 

Rely on US 
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Stopwatch Kit $26.95 
Full six digll battery operated . 2-5 volls. 
3.2768 MHz cryslal accuracy. Times lo 59 
min.• 59 sec .. 99 11100 sec. Times std ., spi l 
and Taylor. 7205 chip. all componenls minus 
case. Full instructions. 

D Connectors RS232 
25 Pin Submin lalures 
DB25P 2.95 
DB25S 3.95 
Cover 1.50 
RS232 Complete Set 6.50 

S·100 Computer Boards 
SK Static RAM Ki t 

1SK Stalic RAM Kil 
24K Stalic RAM Kil 
32K Dynamic RAM Kit 
64K Dynamic RAM Ki l 

OE9P t .50 
OE9S t .95 
OAISP 2. IO 
0At 5S 3.10 

$127 .00 
265.00 
423.00 
449.00 

8K/1 6K Eprom Kil !less PROMS) 
945.00 
$89.00 

Video lnlertace Kil 
Motherboard $39. 

$139.00 
Extender Board SB .99 

QUEST Cosmac Super Elf Computer $106. 95 
Compare fea1ures before you declde 10 buy any 
olher compuler. There is no olher compuler on 
lhe ma rkel 1oday lhal has all lhe desirable bene· 
Ills ollhe Super Elllor so little money The Super 
Ell is a small single board computer lhat does 
many big things . It is an excellent computer lor 
!raining and lor learning programming with lls 
machine language and yel II Is easily expanded 
with addlllonal memory, Tiny Basic, ASCII 
Keyboards , •Idea character generation, ale. 
The Super Ell Includes a ROM monitor lor pro· 
gra mloading. editing and execul ion with SINGLE 
STEP lor program debugging which is not in· 
duded In olhers at the same price . With SINGLE 
STEP you can see the microprocessor chip 
operating wilh lhe unique Quesl address and 
dala bus displays belore, during and alter 
executing lns1ructions. Also . CPU mode and In· 
structlon cycle a1e shown on several LED lndlca· 
tor lamps. 
An RCA 1861 video graphics chip allows you to 
connect loyour own TV wilh an inexpensivevideo 
modulator to do graphics and games. There is a 
speaier system included for writing your own 
music or using many music programs already 
written . The speaker amplifier may also be used 
to d<ive relays for control purposes. 
A 24 key HEX keyboard includes 16 HEX keys 
plus load, reset , run, Input , memory protect. 

memory selecl, monitor select and single step. 
Large. on board displays provide oulpul and op· 
tional high and low address. There is a 44 pin 
s1andard connector lor PC cards and a 50 pin 
connector lor theQuest Super Expansion Board . 
Power supply and sockets for all 1c·s are In· 
eluded In the price plus adelalled90 pageinslruc· 
tion manual. 
Many schools and universilles are using the 
Super Elf as a course of study. OEM "s use 1t fo r 
training and research and development 
Remember. olher computers only otter Super Ell 
realures al addil ional cost or not at all. Compare 
belore you buy. Super Ell Kit $106 .95 . High 
address opllon SB .95. Low address option 
$9.95. custom Hardwood Cabinet with drilled 
and labelled lronl panel $24.95. NICad Battery 
Backup Kii $4.95. All kits and options also come 
completely assembled and tested 

Questdata. a 12 page monlhly soltware publica­
tion for 1802 computer users is availableby sub· 
scriplion for 512 .00 per year. 

Tiny Basic for ANY 1802 System 
Cassette $10.00. On ROM Monllor $38.00. 

Super Ell owners , 30%ott . Objecl code II sling or 

paper tape wllh manual $5.50. 

Original ELF Kit Board $14.95. 


Super Expansion Board with Cassette Interface $89.95 
This is lruly an astounding value! This board has 
been designed to allow you 10 decide how you 
wanl II oplloned . The Super Expansion Board 
comes wllh 4K ol low power RAM lully address· 
able anywhere in 64K wllh built·in memory pro · 
tecl and a cassette Interface. Provisions have 
been made lor all other options on the same 
board and it Ills neally into lhehardwood cabinel 
alongside lhe Super Ell. The board indudes slols 
lor up to 6K ol EPROM 12708. 2756. 27 16 or Tl 
2716) and is lully socketed ($1 2.00 value). 
EPROM can be used for lhe monitor and Tiny 
Basic or other purposes. • 
A IK Super ROM Monitor $19.95 is aYailable as 
an on board option In 2708 EPROM which has 
been preprogrammed wilh a program loader/ 
edilor aM error checkJng mulli lile cassette 
read/write sottware . (relocatible cassette lite) 
ano1her excluslvelrom Quest. II Includes register 
save and readoul. video graphics driver wilh 
blinking cursor and block move capability. The 
Super Monilor Is written with subroulines allow· 
ing users 10 lake advantage of monitor !unctions 

Auto Clock Kil $15.95 
DC clock wllh 4·.50" displays. Uses National 
MA·1012 module with alarm option. Includes 
light dimmer. cryslal timebase PC boards. Fully 
re<Julated . comp. instruCIS. AddS3 .95 tor beau· 
tilul dark gray case . Besl value anywhere. 

RCA Cosmac VIP Kit 229.00 
Video computer wiln games and graphics. 

Not a Cheap Clock Kit S14.95 
lnch.<les every1hlng except case. 2-PC boards. 
6· .50" LEO Displays. 5314 clock Chip. trans­
former. all CAJ mponents and lull instrucs. Green 
and orangedisplays also avail. Same kll w/.80" 
dlspl•ys. Red only . $21 .95 

60 Hz Crystal Time Base Kit $4.40 
Comrens dlg~al clocks lrom AC line lrequency 10 
crystal time base. Outslanding accuracy. Kit in· 
eludes: PC board . IC. crystal . resistors . ca· 
pacitors and lrimmer. 

simply by calling them up. lmprovemenls and 
revisions are easily done wllh 1hemonilor. II you 
have the Super Expansion Board and Super 
Monllor lhe monllor is up andrunning at the push 
of a button. 
Olher on board op~ons include Parallel lnpul 
and Output Por1s with lull handshake. They 
allow easy connection ofanASCII keyboard 10the 
Input port . RS 232 and 20 ma Current Loop lor 
1eletype or other device are on board and ii you 
need more memory 1here are two S·100 slols lor 
static RAM or video boards . AGodbout BK RAM 
board is available lor5127.95. Parallel 1/0 Por1s 
$9 .B5, RS 232 $4.50, TTY 20 ma l/F $1 .95 , 
S-100 $4.50. A 50 pin connector set with ribbon 
cable is available al S12.50 lor easy conneclion 
belween the Super Ell and the Super Expansion 
Board. 
ThePower Supply lor lhe Super ExpanS1on Board 
is a5 amp Supply With + 8V = 18V + t2v - 5v. 
Regulalfjj vollages are :: Sv & + 12v S29.95. 
- 12 volt oplional. Deluxe version includes the 
case at 539.95. 

Dlgilal Temperature Meter Kil 
Indoor and outdoor. Swilches back and lonh. 
Beauliful. 50" LEO readouls. Nothing like it 
available . Needs no additional parts lor com­
plete . lull operation. Will measure - 100' lo 
+ 200°F, ten lhs ol a degree. air or llQuid. 
Verv accurate. $39.95 
Beautiful woodgrain case w/bezer $11. 75 

NiCad Battery Fixer/Charger Kit 
Opens shorted cells lhal won·1hold a charge 
and then charges lhem up. all in one kit w/fuil 
parts and Instructions. S7.25 

PROM Eraser 
Ultraviolet. assembled $34.50 

Clock Calendar Kit $23.95 
CT7015 direct drive chip displays d•te and 
time on .6" LEDS with AM·PM lndicalor . 
Alarm/dozeteotureincludes buzzer. Complete 
wiln all pans. power supply and instruclions. 
less case 

Same day shipment. Firsl line 
parls only . Factory tested . 
Guaranteed money back. Qual· 
ily 1c·s and other components 
at factory prices. 
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Sinclair 3Vz Digit Multimeter 
Ban .tACaper. 1mV and .1NAresolution. Resls· 
lance to 20 meg. I%accuracy. SmaH, portable . 
completetyassem. incase. 1yr.guarantee. Best 
value ever! $59.95 

Video Modulator Kit $8.95 
Convert your TV set into ahigh qualily monilor 
withoul attecling normal usage. Complete kit 
with fu ll Instructions. 

2.5 MHz Frequency Counler Kit 
Complele kit less case S37.50 
30 MHz Frequency Counter Kil 
Complete kil less case $47 .75 
Prescaler kit 10 350 MHz $19.95 

1978 IC Update Master Manual 
1978 IC Update Master Manual $19.511 . Com· 
plete ICdata selec1or. 2175 pg Master refer­
ence guide Over 42.000 cross relerences . 
Free update service lhrough 1978. Domestic 
poslage $3.50. Foreign $5 .00. 1979 IC Update 
avai lable lale Jan S30 00 

TERMS : $5 .00 min . order U.S. funds . Calif res idents add 6% tax . FREE: Send lor your copy ol our NEW 1978 
BankAmericard and Masler Charge accepled . QUEST CATALOG . Include 28~ stamp. 
Shipping charges will be added on charge cards. 
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FOR SALE : TVC video board from Digi tal Group, 
$76. Heath I 0·12 scope, $46. Super CT-1024 with 
monit or, $299. SwTPC PR-40 printer. $195 . 
4 K memory boards for 6800, $69. 8 K Seals 
memory for 6800, $169 . Smoke Signal disc for 
6800, $639 . All prices firm. Wlll consider trades. 
Stuart Brown, 1116B Easton Av, Somerset NJ 
08873 , (2011 249-7972 . 

FOR SALE : Boris Chess Computer, complete with 
board, pieces and instruction manual. Decision 
time for moves from 5 seconds to 99 hours. 
Plays Black/Wh ite. Standard algebraic chess note· 
tion will d isplay current position of pieces on 
requeu; with 2 minutes decision t ime, beats 
micro-1 .5 in 17 t o 30 moves. Cost $300 new, 
will sell for $200. Rick Racine, 445 S 72nd Kansas 
City KS66111 . 

FOR SALE : Meca dual cassette and controller, 
digital systems dual 8 inch and controller, 2 each. 
16 K TDL memory boards. Make offer. 17141 
770·7789 . 

FOR SALE : New 32 K Dynam ic Digi tal Group 
memory, factory assembled. Discovered that my 
new software requires static. $675 U pey postage). 
Frank Fitch, 2347 A Market Street, San Francisco 
CA 9411 4, (416) 543-6345 work or (4151 861· 
4881 home. 

TRS.SO OWNERS: I am in terested in surveying 
TRS.SO users. Write Prof Bill Parks, Chase·203 , 
State University College, 1300 Elmwood Av, 
Buffalo rJY 14222. 

FOR SALE : Microprocessor computer program 
course and trainer computer, All built and In per· 
fee t condition, $275 shi pping Included . N Swan, 
4839 8eaune Rd, Ludington Ml 49431 . 

FOR SALE: Altair 8800, wi th 16 slot mother 
board plus 16 edge connectors, cooling fan modifi· 
cation, 2SIO-$erlal 10 with both ports, 88-PIO 
parallel 10 board, 1 K static memory with 512 
bytes of memory, 12 K static memory, 4 K pro· 
grammable memory software board with 8080 
a5sembler, text editor. system monitor, and all 
documentation . All assembled and tested $1000, 
you pay shipping. Don Cheeseman , 8231 Creek· 
line Dr, San Antonio TX 78251, (5121 681-4938 . 

FOR SALE: OIGl -LOG Telecomputer II porteble 
terminal with 5 inch monitor and carrying case . 
ASCII code, built-In acoustic coupler. Suitable for 
timesharing computer applications. Will ship UPS , 
$1200. Gene Witherup, RD 114, Bloomsburg PA 
17815, (7171 784-5366. 

FOR SALE : (In Canada) IMSAI 8080 with 22 
sl ou. $1000. 32 K of TDL 250 ns memory , $1100. 
ADM3 display, only $1000. Teletype model 
40 3001 per minute printer, $2800. ICOM dual 
disk full size floppy, $2400. Prefer to sell system 
complete with interface cards, cables, F DOS3 
operating system, Assembler, BASIC (DEBBI) , 
and editor, $8500 . Ron Cox, 2208 Victoria 
Av, Windsor Ontario, CANADA, NSX 1R1 
(619) 969·9692. 

VF.kl llNCf...l.'iS/f'/F./J PUl.ICI' 
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WANTED: Manual for lnttan1 Input Assembler· 
Version 1 lfor 9900 Super Starter System by 
Technicol . Will pay at leas t original cost. William 
T Wilson , 203 Oxford St , Portland ME 04111. 

FOR SALE : Aemex high ..poed punched paper 
tape reader end 1pooler model RR-101 D/R. 
Requires a parallel Interface. A1king $50 and you 
pay shipping. Charl81 B Wall, Rt #3, Clarksville 
TN 37040, 1616) 652-2199 . 

FOR SALE OR TRADE : Technico Super Starter 
System , assembled and working. Uses TMS 9900 
16 bit processor. Has 32 10 lines, serial port, 
2 K progremmoblo memory, programmable read 
only memory mon itor/assembler, erasable read 
only memory programmer, etc. Includes power 
supply , $460. Also RE MEX high..peed papertape 
reader, $126. Trade for plotter or color monitor. 
J im McCord. 330 Voreda Leyenda, Goleta CA 
93017, (805) 968-6681 . 

FOR SALE': Szerllp " programma ble memory 
seuer," erasable read only memory programmer 
for S-100 bus computers. Programs 1'702A, 2708 
erasable read only memories - c-an also program 
271 6s. Assembled version, suppl ied with all cab· 
ling, documentation and software. Never used. 
Current list price $375, first offer over $200 
accepted. Also, 16 IN TE L 1702A erasable read 
only memories, $3 each, lot of 16 only . Edwin J 
Kroeker , 46 Woodcliff Rd, Newton MA 02161, 
(6171 527·6369. 

FOR SALE : For LSl -11 , Heuth H-11 owners. 
4 K memory core - use as small d is k, keep loader 
or BASIC resident in memory. Also 16 K dual 
width Intel memory. $425 each. $700 for both . 
Ed Judge (413) 684 -7169 anytime . 

FOR SALE: Cromemco Z2·D Microcomputer, 
21 slots, blue table cabinet, 4B K programmable 
memory, one minlfloppy, Dynaby' te naked ter­
minal, all 4 MHz compatible, with all cables in 
running cond ition with 12 Inch monitor. U/C 
ASCII bps, 16 K BASIC, COOS, editor, etc, and 
games in BASIC. Vincent Pinto, Gate Hill Rd, 
Stony Point NY 10980, (914) 947-2740. 

FOR SALE : Cromomco A·D Converter, $180. 
Factory built, Ilka new. A Bob, 148 W77, New 
York NY 10024 . 

FOR SALE : Complute Xltan system. Includes 
Z·processor; SMB 1; 32 K al programmable memo· 
rv !two Z-16s) ; TDL video display board; TDL 
12 K BASIC In reud only memory and on cassette 
tape (relocatoblel; 16 K read only memory board ; 
interface 1 board which provld"' 1/0 (standard 
EIA 25 pin connectors) for AS-232 and 20MA. All 
documentation and tapes necessary to operate 
system. Also Digital Group keyboard . Asking 
$2400. Terry Young, 4 Aiken St , Derry NH 03038. 

FOR SALE : New Slo-Syn Model M091 ·FD·318 
200 stops per revolution stepping motors . Operate 
on 6.9 voe. In original carton• with lltereture and 
switching order. Intended for servo mechanisms 
but can be used tor other things. $20. D C Suits, 
2619 Essex Rd, Ann Arbor Ml 48104. 

FOR SALE : TOL Xlten 1y11em: Z-80 Z-procassor 
board, Z16 16 K memory, and SMB Interface 
board; 8 K Godbout memory ; all standard TQL 
software (including 12 K Super BASIC) on cas· 
seue. Runs perfectly. Orlglnel cost over $1900, 
first cert ified check tor $1300 takes It. Al10 
MERLIN S-100 graphic• boerd with 1 K read only 
memory monitor end 320 X 200 resolution , $300. 
Bert Katzung, 66 Knoll Rd , San Rafael CA 94901, 
14151466-5812. 

FOR SALE: PEATEC !COM FOOS-II dual d rive/ 
single density floppy disk dr ive with Intel Inter· 
fece cord. Almou new- paid $3,300- wlll take 

best offer received one month after offer appears . 
Gary Minar, P08 1177, Santa Cruz CA 95061 , 
(408) 429-1331 . 

WANTED: January 1976 BYTE. Will buy or 
trade. Have October. Novamber, December 1976 
for trade or $1 each. Glenn Whitham, 9 TrlnitY Pl, 
Weyland MA01778. 

FOR SALE : Heathkit HS and H9, two cassette 
recorders, fully assembled with 8 K of memory . 
Included In package are Heath BASIC, assembler, 
editor, and debug manuals. Selling for $1175, 
almost $200 less thet original unassambled kit 
price. Contact Jon Nareff, 366 Great Swamp Ad, 
Glastonbury CT (203) 633-2060. 

FOR SALE: Challenger 2 processor with 8 K 
polled keyboard and 540 video board, $660. 
Bruce Hlger, 19 Woodland Dr, Sands Pt NY 11060, 
(516) 883·9643. 

FOR SALE: For Selectric 10 731 series, 24/48 V 
po-r supply , data and power supply cables and 
plugs. plus full documentation and software on 
interface to S-100 b<Js . First $50 takes It . Daniel 
Eisenberg, 1507 Sharon Rd, Tellehassee FL 32303, 
1904) 385-4148. 

FOR SALE: Complete system. Alta ir BBOOb with 
48 K progremmeble memory, SOAOC video ter · 
minal , two North Star d isks, Oieblo AO pr inter . All 
assembled end operating. Will sell all or p1r1 . Many 
extres. Send SSAE for details and pr ices . G Br iggs, 
6195 Doer Path, Manesses VA 22110. 

FOR SALE : LIN , Tl59, PC100A printer. 40 new 
program cards~ master library read onlv memorv. 
stetic rt•d only memory, 1t1tic packette, manuals . 
Reason for sale : data analysis !Qr research project 
finished. First money order for $320 gets all. A 
Brandwein, 745 Fifth Av. New York NY 10022, 
(2121 P15-6081. 

FOR SALE : Rockwell XPO·l development system 
for PPS-4/1 microprocessors with optional H · 

semblen, po-r supply and 1 K programmable 
memory . Never used. $450. G Hvman. 22 Cross 
Hil l Av, Yonkers NY 10703, (914) 476-2129. 

FOR SALE : Two National Multiplu 3M3·A digita l 
cassette recorders and 2S10R interface/monitor 
board. Storage capacity per 3M data cartridge of 
up to 2 M bytes. Search capabil ity up to 50 k. 
Will sell for best price over $350. B Wagman. POB 
57091, Washington DC 20037. 

FOR SALE: Heath H11 computer (LS l-11 based) 
with 16 KB programmable memory, serial ID 
board, parallel 10 board, H10 paper tape reader/ 
punch, EIS/FIS ex tended instruction chip, docu· 
mentation, software. 100 percent assembled and 
tested. $1800 or best offer. Dave Morrill, 1260 
NW 17 Av # 4 , Rochester MN 55901, (5071 282· 
0758 evenings. 

FOR SALE : Complete set of BYTE mallOZinu, 
volume 1, # 1 through volume 3, # 8 IAugust 
1978). Excellent condition . Make offer. M A 
Richards, 14 70 Hampton Glen Ct, Decatur GA 
30033. 

SCHOOL COMPUTER NEEDS HELP: In nted of 
driver sof1Wtlre, Instructions or documentation for 
interfeclng a Monroe cesseue recorder with • 
Monroe BOBO for progfam storage. Also Infor­
mation on m1rk sense card hookup. I'm new to 
computing and need It for a school computer. 
Robert Geier, 4876 Countryside, Lvndllurst OH 
44124 . 

FOR SALE : Heath H-9 video Term inal. Up and 
running, all documentat ion . $425 and I pay 
shipping. Andy Thornburg, RR2, Thompson· 
ville IL 62890, (618) 627-2166. 

FOR SALE r DEC PDP-Sm, mint, with teletype in· 
terface, with 4 K core memory, $1100. With 8 K 
core memory $1800. 8 K MOS board $475, Most 
peripherals and •Ohware available, repairs and cus­
tom Interfacing, systems consulting, trades. 
PORTACOM, briefcase, impact, ASCII terminels 
complete with modem5. Reconditioned wirh man· 
uals $595. New cost is $1500. New boxed ASR33, 
$1100. Used , $595. K2DCY, POB 632. W Cald · -11. NJ 07006. (201) 226-9185 evenings. 
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To get further Information on the products advertised in BYTE, fill out the reader service cord with your name and address. Then circle 
the appropriate numbers for the advertisers you select from the list. Addo 15 cent stomp to the cord, then drop It in the moil. Not only do 
you gain information, but our advertisers ore encouraged to use the marketplace provided by 8 YTE. This helps us bring you o bigger 8 YTE. 

Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No. 

2 Admininra1ive Svstems 188 120 Electronic Control Technology 14B 279 Na1ional Multiplex 119 323 Semionics 168 
4 Adv.a need Access Group 162 125 Electtonic Systems 215 26B National Software Marketing Inc 141 319 Michael Shraver Software 129 
3 AJA Solrnmre 153 130 Electronics Warehouse 217 NCC '79 167 320 Shugort 5 
6 Amccon (O ~v Litton Sys) 135 132 EMM/CMP 169 269 Nemco IBS 326 SoflS;de 155 
9 App•rot 137 13B ESCON 166 2BO Ne1ronlcs Resenrch 161 321 Sohware BO 79 
7 AP Products 53 140 Forethought Producu 138 2B1 New England Electronics 75, 123 336 SSM 49, 51 
B Atlas Eleclronics 160 ISO Godbout Electronics 83 New England Recruiter 185 340 SoHd Sme Sales 199 

22 ATV Roseorch 1B5 153 Graham Dorian Enterprises Cl 11 2B3 Newman Computer Exchange 207 343 Soroc Technology 17 
25 Atwood Ente1prises 213 156 H & K Components 143 2B5 North Ster Computer 7. 27 350 Southvvesr Technical Products Corp Cll 
30 Beckion Enterprises 213 157 Hamll1on Log;c Systems 163 290 Ohio Scientific lnstrumetits 8 , 9 , 19, CIV 352 Stirling Bekdorf 103 
35 BITS Inc 9B, 99, 107, 147 15B Henwood Enterpr ises 209 293 Oliver Advanced Engineer ing 155 351 Struc tured Systems Group 65 
36 Bootstrap Enterprises 220 170 Hobby Wor ld 195 2B9 On L;no 209 353 S1ruc1ured Svstems Group 109 
32 BuiS/Chorles Floto 1Bl 172 HUH Electronics 14B 291 Oregon Software 1B5 356 Summagraphics 43 

BYTE Books, 45, 46 , 47, 4B 179 lrttegrand 145 2B4 Organic Sohwore 209 354 Sunny ln1erna1ional 109 
BYTE Subscr ibers 157 1B4 ln ternatlonal Data Sciences 142 292 Osborne & Associates 121 367 Sylvanhills Lab 209 
BYTE WATS Line 155 190 Ithaca Aud;o 219 Owens Assoc iates 82 355 Svnchro Sound 93 

3B C & K Components 34 Ithaca Audio 69 294 Pacific Digital 137 358 Tana Corp 44 
39 Callforn l ~ Di9ital 205 195 Jade Company 196. 197 296 Paci f ic Office SySlems 19B 360 Tarbell Electron ics 59 
45 Central D.a1a 115 197 JF ProduclS 149 297 PAIA Elec1ron;cs 140 370 Technical Systems Consultants 77 
47 Ccniurv Elec tronics 220 200 Jameco Electronics 210. 211 2BB PC Elec1ronics 157 349 Tek Peripherals 185 
53 Compuu1lker 143 Larks Electronics & Da1a 163 301 Per Com DalD 22 . 23 377 Terminal Systems 220 
70 Computer Ente,prisrs 149. 187 Lifeboat As.socia1es 159 302 Personal Software 95 379 3 S Sales Inc 73, 206 

Computer Factory 35 211 Ma~chester Equipment 97 303 Pet Shack Software House 163 34B Tiny C 6 
74 Ccmputer ln1erface Technology 163 213 The Ma1h Box 163 307 Pickles & Trout 139 346 Tora Systems Lid 185 
72 Compu1er Lob of NJ 155 216 Measurement Systems & Controls 85 30B Poi ter 's Programs 163 347 TouchSlone Associates 145 
76 Computer Mon of NH 163 220 Meca 134 306 Priority I 201, 202, 203 37B Trans Oata 153 

Computer Plus 109 217 M;cro Compu1er Wor ld 209 305 Processor Technology 10. 11 362 Transition Enierprises 209 
71 Compuuonlcs 153 225 Micro Diversions 63 309 PRS41 374 TransNet Corp 150 
73 The Computer S1op 163 222 Micro Mail 1 B9 311 Quest Elecrronic1 221 3B2 Univers.itv Microfilms 216 
77 CT Micro Computer 70, 181, 1B7 221 Micro Mort 209 Radio Shack 67 3B1 US Brokers Inc 209 
B3 Con1ract Services Associa1es 157 223 Micromat ion Inc 21 304 Rad;o Shack Au1horized Sales Ctr 185 3B3 US Robot;cs 14 2 
80 Crom emco 1, 2 201 Micro Mike '.s 151 313 Rank Peripherals 176 3B4 Vamp 71 
8 7 Cybernetic Mic'o Systems 187 224 Micro Pro ln1erna1ional 25 322 RCA 33 386 Verbatim Corp 52 
91 D.ala Discount Center 136 227 Micro Puzzles 185 314 Real Time Intelligence 97 393 Vista Computer 117 
Bl Data lacs Svs-1em Inc 153 229 Microsene Co 185 317 George Risk Industr ies Inc 151 Whales88 
93 OataSearch 157 22B Microsoft 37, 171 31B RN B Enterpd ses 105 394 Win1ek 170 
B9 Digital PGthwoys- 144 226 Micro Source 55 310 Rochmer Oata Inc 209 395 Worldwide Electronics 163 
95 0 ;9;1al Research !CAI 125 202 Microtronics 113 32B Ro1henberg Information System 164 400 Xi1ex 172 

100 o;g;1al Resoarch !TXI 223 231 Micro Works 177 316 S· lOO 136 401 X i tex 173 
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The first three articles in the October 

Article No. ARTICLE 

Ritter-Boney: A Microprocessor for the Revolution: The 6809 
2 Ciarcia: Build a Computer Controlled Security System for Your Home 
3 Sherertz: An Exposure to MUMPS 
4 Doyle: A Computerized Mailing List 
5 Niemiec: Life Algorithms 
6 Halsema: The Digicast System 
7 Roberts: Polyphony Made Easy 
8 Douglas: Grandmaster Walter Browne versus Chess 4.6 
9 Maurer: An Introduction to BNF · 

10 Frey-Atkin: Creating a Chess Player, Part 4 
11 Meinzer: IPS, An Unorthodox High Level Language 
12 Hadley: GOTOlocks and the Three Sorts 
13 Forsythe: Elements of Statistical Computation 
14 Woodward: An Audible Logic Test Probe 
15 Reid-Green: History of Computers: The IBM 704 
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100 
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110 
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BOMB were all chess related. The first prize 
of $100 goes to Dan and Kathe Spracklen 
for their article "First Steps in Computer 
Chess Programming," page 86. The $50 
second prize goes to Peter W Frey and Larry 
R Atkin for "Creating a Chess Player: An 
Essay on Human and Computer Chess Skill," 
page 182. Placing third was "A Computer 
Chess Tutorial," page 168, by Norman D 
Whaland, and "A Tiny Pascal Compiler, 
Part 2," page 34, by Kin-Man Chung and 
Herbert Yuen finished fourth. 

Readers who wish to cast votes for their 
favorite articles in this month's BYTE may 
use the BOMB card provided on the opposite 
page.• 
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Our programs will let you realize the full potential of your hardware. 

We developed these programs because we needed them 

in our businesses , and , try as we might, could not purchase 
them . They ' re on-line now, working for us and others around 
the country . 

As users ourselves we know the problems from your 
perspective - not just as a manufacturer of software. The 
bugs are out and they 're ready now to go to work helping make 
your life easier , keeping you in better control of your business. 

Our first four program packages are: • Apartment 
Management • Cash Register • Inventory • Payroll 
He1e's a typica l program 

To give you an idea of the thoroughness of these pro­
grams, here's a summary of what the inventory package does 
for you . Gives a detailed listing of items in inventory and 
itemizes all goods sold from inventory, including which sales 
person sold what , when it sold and for how much . .. recaps on 
one sheet this same inventory activity information ... investi­
ga.tes a~d ch~nges any information in inventory. on request .. . 
prints hst of items to be re-ordered . .. provides profit analysis 
comparing sales personnel and/or various products . And it 
can be inter-connected with our cash register package as well , 
for total program management. 

Ea~h of _our initial prqgrams is conceived , proven and 
offered with this same exacting thoroughness and attention to 
detail . 
We stay with you after the sale G 

W ' · th· f th I h I d rt 

• Periodic newsletters which include users ' ideas and 
information exchange, plus tips to owners on further increas­
ing benefits of the package through updated operational flexi­
bility . 

• Availability of software technicians to provide im­
mediate answers to questions , via phone or mail. 

• Customer rewrites and adaptations available on re­
quest, at added cost. 
CBASIC-2 free 

It takes the world 's most powerful commercial basic to 
run our programs and we deliver it to you free. 

Each of our program packages contains a disk with 
CBASIC-2 Compiler, CBASIC-2 Run Command and your 
Graham-Dorian software programs in INT and BAS file fo rm. 
You also receive User's Manuals and Hard Copy Source List­
ing . At a price which pays for itself! 

CBASIC-2 was developed and written by Software Sys-
terns , the people who wrote CBASIC, and includes many 
powerful enhancements ~ All systems are compatible with any 
Z-80 or 8080 CP/MaBl system. They are deliverable in standard 
eight-inch disk - either double or single density - or mini-
floppy disk . 
. Give us a ~all or fill out the ~e~der Service Card in ~ h i s 
issue. We promise a response within 24 hours of receipt. 

That 's the kind of information service we expect, 
~ and know you do too . 

·CBASIC·2 may be purchased separatelye re tn IS Or e Ong au an OUr SUppO from Graham-Dorian So//ware Systems tor $89.95. 

program is dedicated to that objective . Registered 
Graham-Dorian Software Systemsprogram owners receive: DE A Division of Graham-Dorian Enterprises 

Master Charg e and Visa cards accepted 211 N . Broadway I Wichita, Ks. 67202 I (316) 265-8633 
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Considering a Microco111puter? 

Be Sure to Check Out the Product Offerings of the World's Largest 
Full Line Microcomputer Company. 
All Ohio Scientif ic machines come with microcomputing's fastest full 
feature BASIC-in-ROM or on-Disk for instant use. 

Min imum BaseChallenger I Series Conflguralion Price 

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

Superboard II - World's first complete system on a boa rd 4K RAM $ 279 
including keyboard, video display, audio 
cassette, BASIC-in-ROM and up to BK RAM 

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

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

Challenger llP Serie 
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 machi ne 4K RAM $ 799 

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

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

business system 

Challenger II Serial Interface S ries 
Same great features as Challenger llP Series for those who 
have serial terminals: sma ll 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. 

Challenger Ill The Ultimate in Small Computers 
The unique three processor system for demanding business, 
education, research and industria l 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, rea l expansion ability, software and 
price, and you will see why we have become the world's largest fu ll line 
microcomputer company. 

I 1·m interested in OSI Computers. Send me Information on: 

I D Personal Computers D Small Business Computers 

ID Educational Systems D Industria l Development Systems 

I D I'm enclosing $1.00 for your 64-page small computer buyer's guide.

I Ohio residents add 4'% tax . 

I Name IF 

: Address 1333 S. Chillicothe Road 
1City Aurora, Ohio 44202 

(216) 562-3101I State ZiP--~~ 
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