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done to encourage those readers who are interested .in 
your topic, but who may need some extra clarification . 
This leads me to the first of what I immodestly refer to as 
Morgim 's Laws of Writing (not to be confused with 
DeMorgan's Law): 

Morgan's Law #1: No Writer Ever Got Shot Down for 
Writing Too Clearly . 

How do you write clearly? A good first step is to buy a 
copy of The Elements of Style by Strunk and White. 
There is more wisdom contained in this slim volume than 
in many a three-pound guide to English Usage. 

Next, find some good technical writing and study it. 
I've included a bibliography of good technical books at 
the end of this editorial. We can learn a lesson from 
painters and musicians who take it for granted that good 
paintings and pieces of music by other artists should be 
carefully studied . Donald Knuth's three-part series of 
books, The Art of Computer Programming, contains 
some of the best writing you're likely to find in our field 
- and he's funny, to boot! 

Another excellent writing tip comes from Peter Jacobi, 
a professor of journalism at the Medill School of Jour­
nalism: 

Read your writing out loud. 
How does it sound? Is it awkward, circumlocutory, 

pedantic? If so, rewrite it. There's something about 
reading a piece out loud that lays bare its weaknesses. 
You can be clear without turning off the majority of your 
audience. See the accompanying text boxes for some Do's 
and Don't's of clear writing. 

Morgan's Law #2: The Beginning Is Half the Thing. 

Actually, this is an old Roman saying I borrowed. The 
main point of it is that the first few paragraphs of an arti­
cle are crucial to the rest of the text. The chances are 
you 'll win or lose your readers at the beginning . Still, it's 
the one part of an article that fledgling writers gloss over 
in their eagerness to write the main body of the text. One 
very good writer I know told me he spends up to half of 
his article-writing time creating the first few paragraphs! 

Morgan's Law #3: Avoid the Penguin Syndrome. 

A famous story made the rounds a few years ago in­
volving a publisher of children's books . A copy of one of 
the company's books about penguins appeared in the 
publisher's mailbox along with a letter from an eight­
year-old girl that read, "Dear Sirs: I am returning your 
book, because it told me more about penguins than I 
wanted to know. " 

The moral? Tell your readers what they need to know, 
and no more. If you're zealous about a given topic, tell 
the reader how to get more information by including a 
comprehensive list of references. Don't waste space. 

Morgan's Law # 4: Writing ls Nonlinear. 

Article ideas don't come in an orderly sequence. Be 
prepared to jot down your ideas as they come, as writer 
John McPhee does. McPhee is blessed with a short-term 
memory that permits near-total reca ll. Even so, he writes 
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PASCAL/Z™- Q.E.D. �
Ithaca lntersystems PASCAL/Z is the most powerful CPIM™ 
compatible Z-80™ Pascal compiler ever ... and here's why: 

PASCALIZ generates true Z-80 native code - ROMable 
and re-enlrant. - 5·10X faster than P-code interpreters; 
permits separate compilation; supporls Direct File Access 
and variable length STRINGs; utilizes fast one-pass recursive 
descent organization; the macro-assembler generates 
relocatable object modules; and much, much more. 

Complete package includes compiler, macro-assembler, 
linker/loader and source for the full library on one disk; with 
free copy of Jensen/Wirth book and complete documenta· 
tion. Only $395.00. 

IT'S DEMONSTRABLE! 
Don't just lake our word for it. Ask for a demonstration ol 
these features and more today at Computerland and other 
full-service computer stores. 

Ithaca lntersyslems Inc., 1650 Han<haw Road 
P.O. Bo• 91 , Ithaca, N.Y. 14850. Phone (607) 257-0190 

Cornpuler lil nd '" J re81Htred t ra.dem ;uk of Computei la nd Corpot.11ion 
CP/M and Z·OO ;uc trt1demt1rks of Oigittil Resea rch Corp .:i nd Zllog. Inc respec l1velv 
PASCAlJZ and lmerSvs1ems ate trademarks of Jt h<1ca lnterwstem5 Inc 
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his ideas on index cards every day and pins them to a 
bulletin board where he can mix and ma tch them. The ac­
tual writing of a piece might not occur until some time 
later. E B White recommends that writers use scissors and 
glue to cut and paste their efforts during the first -draft 
stage. Some of the more advanced w rd -processing pro­
grams can help to do this. Another great writing aid is to 
use a data-base-handling program that allows you to 
cross-index ideas and file them away . 

Morgan's Law #5: (othero;ise known as the Tiffee-Foot 
Rule): Don 't Write Anything Unless You Have a Dic­
tionary and a Thesaurus Within Three Feet o f You. 

I know I'm being a little strict here , but it's important. 
Unless the dictionary is within easy reach, you probably 
won 't bother to use it, and you may make a spelling er­
ror. Going without a thesaurus is a fur ther way of handi ­
capping yourself. Both these books are vital to every 
wri ter, and I needn' t tell you that the average level of 
spelling accuracy these days is low. The American 
Heritage Dictionary is a good all-round choice because of 
its excellent usage notes. 

There's nothing much I can say about improving gram­
mar and syntax other than to suggest the reference books 
at the end of the editorial. The Careful Writer and Mrs. 
This tlebottom 's Hobgoblins by Theodore Bernstein both 
help to dispel many of the bugaboos that have haunted 
our language ever since the well-meaning Victorians got 
their hands on it. Bernstein correctly points out that it 's 
a ll right to occasionally spli t an infinitive, or to use a 
preposition to end a sentence with. William Sloane's Th e 
Craft of Writing, although primarily aimed at the fict ion 
writer, contains a valuable chapter on nonfic tion. It's a 
beautifully written book. 

Morgan's Law #6: Don't Be Afraid to Be Interesting . 

This may be the most important law of all. Involve 
your reader by being specific. Generalities make for du ll 
read ing. Use humor if you can carry if off. Otherwise, 
don ' t! Add some personal observations and opinions. 
The reader will take them in stride . 

All of this leads to the general c nclusion that you 
should write about what you know well. Will iam Sloane 
says, 'There are no uninteresting subjects, only unin­
teresting writers." 

In closing, 1 can think of no better quote than the 
following one from the same book (al though Sloane is 
talking here about nonfiction books, the sentiment ap­
plies equally well to techn ical articles): 

If a book has a beginning, it also has an end. Nonfic­
tion develops by increment, builds on its own 
material, and ends when its material has been com­
pletely exploited. If the book fulfills its contract with 
the reader, the end will complete the book by fulfilling 
the promises it made at the start. And if the people 
who read that book feel continuously that they are ad­
ded to and believe, at the end, that there is more to 
them than there was before, the work of nonfiction has 
succeeded. The same can be said of fiction . In both 
cases, the contract between the writer and the reader 
has been kept. 
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Clear Writing: Some Do's 
DO: (1) Tell y our audience what you 're going to talk 
about, (2) Talk about it, and (3) Tell them what you 
talked about. This old saw from your creative-writing 
class in high school is as valid as ever. Not observing it 
is a common failing of muc11 technical writing today. 
DO: include a theme sentence near the beginning of 
your writing that concisely sums up what you want to 
say in the piece. 
DO: Tell your story in miniature in the captions to 
figures , photos, tables , listings, and other illustrations. 
Your readers may not have time to read all of your ar­
ticle: give them a quick summary and they'll thank 
you for it. Scientific American magazine does this sort 
of thing very well. 
DO: Spe/1 out acronyms and abbreviations when they 
first appear in text. How many times have you been 
stopped cold by an unfamiliar abbreviation in the mid­
dle of an interesting article? 
DO: Use verbs. Avoid adjectives and adverbs. A verb 
in an article title can add a lot of spice. (See Electronics 
magazine for good examples of verbs in titles.) Adjec­
tives and adverbs, to paraphrase Robert Benchley, are 
the spinach of technical prose. Everybody says they're 
vital, but few of us would miss them if the majority of 
them suddenly disappeared tomorrow. John M cPhee 
(perhaps the best nonfiction writer in the country) has 
written several books on technical subjects (such as 
The Curve of Binding Energy) that illustrate these 
principles better than a hundred paragraphs from me. 
DO: Break up your text into digestible chunks with 
subheadings. 
DO: Remember the questions you had when you were 
first learning a subject. 

Clear Writing: Some Don'ts 
DON'T: Use the passive voice as your primary voice. 
Many of us were taugf1t to use the passive voice when 
writing tee/mica/ reports and the like. But the passive 
voice lends an air of coldness and formality to writing 
- the sort o f thing you 'd expect in technical transac­
tions , but not in an article that 's designed to be read. 
For example , "I ran the program" is more personal 
than "T l1e program was run ." Sometimes you need the 
passive voice for variety, but in general, own up: Say 
I. me, my, we, us or you. 
DON'T: Make your reader search for information in 
an article. If you have a list of items in text, perhaps 
they could be set off in a table. If you have a glossary 
in your article, tell the reader at the beginning. 
DON'T: Use big words when small words will do. A 
good example is utilize, a word that can almost always 
be replaced wit/1 use. Another popular word that 
should be avoided is implement. Don 't implement 
when you can install, design, code, control, enable, 
connect, build , or operate; your readers will have a 
better idea of w hat you are doing. 
DON'T: Use a clever title for an article if it fails to 
convey the article's content. Imagine that your title is 
all that the reader has to go on in deciding whether or 
not to read your work. 

Text box con tinued 011 page 12 
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The new HEI Model 1'21-4 card 
reader handles marked and 
punched cards interchangably, 
including many colors of pen or 
pencil. Absolutely no operator 
adjustment required. Includes a 
number of switch-selectable features for 
application tailoring without extra cost. 
� � Reads strobe marks right or left, or self-clocking on both 

80 column punch and mark-sense cards. 
� � RS-232 ASCII output (with Holleri1h to ASCII conversion 

if necessary), or parallel TTL output. 
� �Six in-per-sec. card feedthru, or auto return to the front 

after read. 
A built-in self test feature checks all 13 channels with a 
diagnostic card. The Model 121-4 operates on 50/60 CPS. 
Specify voltage as either 11 O or 230 VAC. 
The Model 121-4 is the most flexible and capable hand-fed 
card reader on the market at any price, and the price is right. 
You’ll find it to be ideal for a variety of inventory control and 
data collection tasks. Call or write for more information on 
the latest optoelectronic solution from HEI. 

The Optoelectronlc Speclall1t1 

HEiine. �
Jonathan Industrial Center• ChHka, MN 55311•112/441-3510 
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'(LAMBDA) LAMBDA) (UST 
’QUOTE LAMBDA)}))) 

However, neither of these two solu­
tions would be written that way in a 
modern USP (eg: MacLISP or Lisp­
MachineLISP, instead using the back­
quote facility they would be written: 

((lambda (x) '(.x ',x)) '(lambda (x) 
'(,x',x ))) 

and: 

(DEFUN PRINTMEO 
((LAMBDA (X) ’C@X’, X))) 
’(DEFUN PRINTME ()((LAMBDA 
(X) ’(,@X’, X))))) 

The real way it would be written in 
MacllSP is (DEFUN PRI TME () 
(GRlNDEF PRINTME)). This whole ex­
ercise reaUy isn' t very interesting in LISP 
because this sort of thing is done 
routinely . Routines are constantly being 
consed up by other routines, and macros 
which write their own macros are be­
coming a standard tool. LISP doesn't 
discriminate against something just 
because it is code. 

Daniel Weise 
NE43-838 
MIT Laboratory for Computer Science 
545 Technology Sq 
Cambridge MA 02139 

Leedex I Sup’R’ Terminal �
Incompatibility �

Any BYTE reader who owns an Apple 
II system and is considering expanding 
to 80 columns may be interested in my 
experience with the Leedex monitor and 
the Sup'R' Terminal RF (radio-frequen­
cy) modulator board. While the Leedex 
mon.itor is an excellent value and per­
forms well with the standard 40-column 
Apple II , I found it impossible to get a 
clear display while using it in conjunc­
tion with the Sup'R' Terminal board. 
Repeated efforts at adjusting both the 
board and the monitor failed to produce 
a legible display. The only solution pro­
ved to be using another monitor, namely 
a Hitachi. 

Sunll Subbakrlshna 
Shakti Systems 
Wilmette IL 60091 

Bar-Code Reader as Light Pen? 

Before reading Carl Helmers's editorial 
"Bar Codes, Revisited .. . " (April 1980 
BYTE, page 6) on the Hewlett-Packard 
HEDS-3000 bar-code data-i!ntry wand, I 
considered the possibility of buying a 
light pen for my Apple II. Afterwards, I 
couldn't see buying two pieces of equip­
ment when one might do both jobs. 
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We see it as a good �
way to get things done. �

Apple has built a great computer. We at CCS have 
built a great line of peripherals and components to expand 
the Apple. To do almost anything you want to get done 
with a computer. 

ff you want to do business with an Apple, weve got 
tools to connect the Apple to standard business printers and 
tenninals. Or to moderns, for communications over tele­
phone lines, with other computers, even with other Apples. 

If you want to apply your Apple to engineering, scien· 
tific, or graphic projects, weVe got tools for high-powered, 

high-speed math functions, and fast, high resolution graph­
ics. And tools to connect the Apple to lab test equipment 
like function generators or plotters. 

And we have tools to connect the Apple to the outside 
world, including ND converters and interval timers with 
external interface. 

We make components for the S-100 bus, the PET, and 
the TRS-80, too. We built our products to deliver hard­
nosed value to the OEM,and to the inventor who knows the 
best, at prices that are unbeaten. 

To find out how much computer your Apple II can be, 
see things our way. Because for serious users with serious 
uses for the Apple, weve got the tools. • 

California Computer Systems 
250 Caribbean Sunnyvale. CA 94086 (408J 734-5811 



Your vehicle ror com �
The Challenger BP OF. �
The general purpose microcomputer 
was first introduced as a computer 
for hobbyists and experimenters . 
However. as the industry has grown, 
microcomputers have become 
specialized for personal use or for 
small business use. There is virtually 
no computer for the serious experi · 
menterwith one important exception. 
the Ohio Scientific Challenger 8P. 

The CSP is unique in that it incor· 
porates the features of state-of-the· 
art personal computers, with the 
memory and disk storage capacity 
of business computers, along with 
the " mainframe" bus architecture 
and open ended expansion capability 
of industrial control computers . 

Personal Computer 
Features 
The C8P DF's specs 
beat all personal 
computers hands 
down. It executes 
instructions two 
to three times 
faster. and 
displays more 
alphabetic 
characters 
on its screen 
than other 

models. It has upper and lower case 
and graphics in 16 colors . The C8P 's 
standard 110 capabilities are fa r 
more extensive than any other com­
puter, with joystick and keypad inter­
faces , sound outpu t, an 8-bit DIA 
converter. 16 parallel 1/0 lines, 
modem and printer interfaces , AC 
remote control and security monitor 
interfaces and a universal acces­
sory port that accepts a prom blaster, 
12-bi t analog 1/0 module. solderless 
prototyping board and more . 

Ohio Scientific offers a large library 
of personal applications programs, 
including exciting action games 
such as Invaders and Star Trek, 
sports simulations, games of logic 

and educational games, personal 
applications such as biorhythms, 
calorie counter, home programs 
such as checking and savings 
account balancers and a home 
budgeter just to name a few. A new 
Plot BASIC makes elaborate anima­
tions easy, and music composi tion 
program allows you to play complex 
multi-part music through the com­
puters DAC. 

At the systems level the machine 
comes standard with OS-650, an ad· 
vanced disk operating system with 
Microsoft BASIC and an interac tive 
Assembler Editor. Optional software 
includes UCSD PASCAL and 
FORTRAN and an Information 
Management System (OS-MOMS). 
Dozens of independent softwa re 
suppl iers now also offer personal 
programs for the C8P. 



puter explorations. �
Business Computer Features 
The C8P OF utilizes dual 8" floppy 
disk drives which store up to eight 
times as much information as per­
sonal computer mini-floppies, and 
an available double-sided option 
expands capacity to 1.2 megabytes 
of on-line storage. The C8P OF is 
compatible with Ohio Sc ienti fic 's 
business computer software. in· 
eluding OS-65U an advanced oper­
ating system. and an In formation 
Management System (OS-O MS) with 
supplementary inventory, accoun t­
ing, A/R·A/P, payro ll, purchasing, 
estimation, educational grading and 
financial modeling packages. The 
system also supports word process­
ing (WP-3) and a fully integ rated 
small business accounting system 
(OS·AMCAP V1 .6). The C8P DF's 
standard modem and printer ports 
accept high-speed matrix printers 
and word-processing printers directly. 

Home Control and 
Industrial Control 
The C8P OF has the most advanced 
home monitoring and control capa· 
bilities ever offered in a computer 
system . It incorporates a real time 
clock and a unique FOREGROUND/ 
BACKGROU ND operating system 

which allows the compu te r to 
function with norma l BASIC pro­

grams. at the same time it is 
monitoring externa l devices. 
The C8P DF comes standard 
with an AC remote contro l 

interface , which 

allows it to control a wide range of 
AC appliances and lights remotely, 
without wiring , and an interface for 
home security systems which moni­
tors fire, intrusion, car theft, water 
levels and freeze r temperature. all 
without messy wiring. In addit ion, 
the C8P OF can accept Ohio Sc ien­
ti fi c 's Votrax voice 1/0 board and/or 
Ohio Scientific 's new universa l 
te lephone interface (UTI). The te le­
phone interface connects the com­
puter to any telephone line. The 
computer system is able to answer 
calls, initiate calls and communicate 
via touch-tone signals, voice output 
or 300 baud modem signals. It can 
accept and decode touch-tone 
signals, 300 baud modem signa ls 
and record incoming voice 
messages. These features collec­
tively give the C8P OF capabilities to 
monitor and control home functions 
with almost human-lfke capabilit ies. 

For process control applications, a 
battery back up calendar clock with 
automatic computer res tart capabili · 
ties is avai lable. Ohio Scienti fic 's 
unique accessory ports allow the 
connection of a nearly unlimited 
number of 48 li ne pa ra llel 1/0 cards 
and 12-bit high speed instrumenta­
tion quality analog 1/0 modules to 
the compu ter by inexpens ive 16-pin 
ribbon cables. 

Exploring New Frontiers 
Ohio Scienti fic 's vocalizer software 
processes normal BASIC print state­
ments with convent iona l spe lli ngs 
and speaks them clearly in real -time 

on computers equipped with the UTI 
(CA-158 or CA-14A). This voice out­
put capabili ty, combined with the 
CSP's remote control, remote sens­
ing, te lephone interface capabilit ies 
and reasonable cost open up new 
frontiers fo r computer applications. 

Documentation 
The C8P DF is not a beginner 's com­
puter and doesn't come with begin· 
ner's documenta tion. However, Ohio 
Scienti fic does offer detailed 
documentation on the computer 
which is meaningful for experts, 
including a Howard Sams produced 
hardwa re service manual that in­
cludes detailed block diagrams. 
schematics, parts placement dia­
grams and parts lists. Ohio Scient ific 
is now also offering fully 
documented Source Code in 
machine readable form for OS-650 , 
the Cha llenger 8P's operat ing 
system allowing experimenters and 
industrial users to customize the 
system to their specific applications. 

What's Next? 
Ohio Scientif ic is working on a 
speech recognizer to complement 
the UTI system, with a several hun­
dred word vocabulary. The company 
is also developing an 8 megabyte 
low-cost, add-on hard disk for use in 
conjunction with natural language 
parsing to fu rthe r advance the state­
of·the-art in small computers. The 
modular bus architec tu re of the CSP 
assures system owners of being 
able to make use of these new 
developments as they become 
available just as the owner of a 1976 
vintage Challenger can directly plug 
in voice output, the UTI and other 
current state-of-the-art OS I 
products. 

The CSP OF with dual 8" floppies, 
BASIC and two operating systems 
costs about $3000, only slightly 
more than you would pay for a dual 
mini-floppy equipped personal com­
puter with only a frac tion of the 
capabilit ies of the C8P. 

For more information and the 
name of the dealer nearest you, 
call 1-800-321·6850 toll free. 

F �
1333 SOUTH CH ILLI COTHE ROAD 
AURORA, OH 44202 • (21 6) 831 -5600 
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The game hinges on the players' 
judicious use of incomplete informa­
tion . 

The basic factors that go into making a game like this 
interesting are threefold : 

1. � More than one human player is involved in the game. 
Rather than having the user compete against the 
machine, the machine is utilized to permit two or 
more people to compete with each other in ways that 
would be impossible without the aid of the machine. 

2. � Success in the game hinges on the players' judicious 
use of incomplete information. Although the game 
may, in fact, be entirely deterministic in the sense 
that each legal move a player proposes gets put into 
effect without the intervention of any randomizing 
influence, the fact that each player has only a limited 
notion as to what his opponents are up to lends a 
definite element of suspense and calculated risk ­
taking to the game. 

3. � The game is played in real time: one's options are 
constrained not so much by the rules of the game as 
by one's own fleetness of hand and mind (or lack 
thereof) . 

Many conventional board games, and virtually all con­
ventional card games, embody factors 1 and 2. Many 
video pinball parlor games, such as Atari's Pong and 

Tank, embody factors 1 and 3, while most of the rest of 
the available microcomputer game software embodies 
either none of these factors (computer chess, backgam­
mon, etc), factor 2 alone (Star Trek, Adventure, etc), or, 
in exceptional cases, factors 2 and 3 together (real-time 
Star Trek, etc). 

It is interesting to note that, of all the major league 
sports, the one that embodies all three of these facto rs 
most fully is football - this may be the reason why the 
sport is so overwhelmingly popular. 

Bringing all three of these factors together in a single 
computer game virtuaily requires that more than a single 
console be used. Since, to most of us , a requirement for 
multiple consoles is equivalent to a requirement for 
multiple machines, the issue that will be addressed here 
is : what is needed in the way of hardware and software to 
support the implementation of multimachine games? 

Two-Machine Games 
In the case of two-machine games, the answer turns out 

to be surprisingly simple and inexpensive. Most 
microcomputers come already supplied with a general­
purpose, 8-bit, parallel l/O (input/output) port poking 
out the back someplace. For those that do not, an add-on 
port of this type can generally be purchased at nominal 
expense. As in the PET, the port should ideally have the 
property that, even though configured for output, it will 
still return a correct reading of the states of the pins in­
volved when a "read" operation is performed on it. 

Also, as with the PET, the port should represent the 
high state upon output by means of a passive pull-up 
resistor. Ports not satisfying these conditions may still be 

Building Blocks for 
Microcomputer Systems, 
Dedicated Controllers 
and Test Equipment. 

R2l/O 
S-100 ROM , 

RAM & 1/0 
BOARD 

ECT's R21/0 is an S-100 Bus 110 Board with 3 Serial 
1/0 Ports (UART's). 1 Parallel 1/0 Port. 4 Status Ports, 
2K of ROM with the 8080 Apple Monitor Program and 
2K of Static RAM. 

$295.00 

RM-10 
S-100 
RACK MOUNT 
CARD CAGE 

ECT's RM-10 is a rack mount 1O slot Card Cage wi th 
Power Supply, consisting of an ECT-100 rack mount 
Card Cage (19"W x 12.25"H x 8"0), the MB-10 Mother 
Board (with ground plane and termination) all 1O 
connectors and guides and the PS-1 SA Power Supply 
(15A @ av. 1.SA @ ± 16V). $295.00 

ELT'ELECTR0N1c coN1RoL ncHNoLiGv·;;:1) 686-8080 
763 Ramsey Ave., Hillside, NJ 07205 
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That’s the MEASUREMENT systems & con›
trols DMB Series of S-100 bus memory 
modules, fully compatible with ALPHA 
MICRO, CROMEMCO, DYNABYTE, NORTH 
STAR, MP/M, and most other S-100 systems. 

Definitely a winner, the OMS Series is avail›
able with Bank Select (OMB6400) or without 
( DM6400) and utilizes industrial quality con›
struction, provides outstanding reliability, 
and Is backed by dedicated customer service 
and a one year guarantee. 

The DMB6400 uses 1/0 port addressing for 
the bank select feature. A switch provides the 
ability to select any one of the 256 1/0 ports 
tor addressing the memory banks. The mem›
ory is configured as four totally Independent 
16K software selectable banks, with each 
bank addressable on any 16K boundary. 

mm:’IGroup l 
A Dlvlslon of MEASUREMENT systems &. controls 

Incorporated 

Outstanding features such as those listed 
below make the DMB series the UNBEATABLE 
S-100 Memory: 

� � Four independent 16K software select• 
able banks. 

� � Each bank is independently addressable 
on any 16K boundary. 

� �Switch selectable bank sizes - from 
16K to 64K in 16K increments. 

� � Eight banks (512K) per 1/0 port for each 
of the 256 ports. 

� �Z-80 4MHz operation with no wait �
states using transparent refresh. �

� �On-board diagnostic LED’s. 
� � Low power - 8 watts maximum. 
� � Reliable, tested and burned-In memory. 
� � IEEE S-100 compatible timing. 
� �One year guarantee. 
� � Attractive Dealer & OEM Prices. 

See your nearest computer dealer, or contact 
us for the complete story on the UNBEAT›
ABLE S-100 Memory. 

867 North Main St. I Orange, Callf. 92668 I (714) 6334460 
TWX/TELEX: 678 401 TAB IRIN 
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If your dealer doesn't carry Series D Multimeter,.; 
yet, rail this number. We'll be happy to tell you 
who does. 1 ·800·426·9182 











"What You Don't Know �
Won't Hurt You". Couldn't Be �

Further From The Truth �
When It Comes To Running Your �

Own Business. �

How far from the truth is the 
adage that says " What you 
don't know won 't hurt you." 

Systems II is designed to 
give you the advantage . Its up­
dated methods and program­
ming procedures wi l l take you 
out of the "pencil pushing" age 
and into " today 's tec hnology". 
The Reasons For Systems II 

The number one reason 
is dependability. 

At Applewest Inc. we have 
put the system through its 
paces. However no matter how 
much " in-house " testing is 
done the true test comes from 
the end user - like yourself. 
We listened to our customers 
and we learned. 
Here Is What We Found Out 

The small businessman 
wants big performance from 
his micro system, not micro 
performance. He wants com­
plete documentation that is 
easy to use. He wants com­
p lete flexibility to grow into a 

more adva nced system. He 
wants the availabi lity of addi ­
tional programs so he won't be 
boxed in. Last, but not least, he 
wants support for any pro­
b lems he may have. 
Here Is How We Responded 

To expand the performance 
of the already super Apple II, 
the KSAM (keyed seque ntial ac­
cess method) was developed 
for fast access to any record 
on file , giving performance that 
even larger systems find hard 
to beat. 

Our documentat ion is the 
most comp lete of any on the · • 
market. Our Operat ions Manual 
explains in depth the use of 
each module in the system, but 
we didn't stop there. 

A Lesson Manual / User's 
Guide was developed 
taking the user through 
the system in a format­
ted, learning process. 

SYSTEMS II is avail · 
able on five and one quarter 

diskettes, standard eight inch 
disk or a ten megabyte hard 
disk. Programs are continuous­
ly being developed to expand 
the usability of our system. 

See your local dealer today. 
If he doesn 't have SYSTEM II 
have him give us a call. 
Systems II · Apple II · And You 
Moving Your Business Forward 
Faster . 
2455 $.W _4th Ave. Sui te 2 Ontano. Oregon 97914 
(503)889·877 7 

Apple 11 ls a •rademark ot Apple Computers 

Software Inc. 



with the transfer. 
The only modifications necessary for this scheme (to 

handle ports lacking the previously discussed properties) 
would be: to have code at the beginning of the RECEIVE 
routine which configured the DRCV line for output and 
the remaining lines for input; to have code at the begin­
ning of the SEND routine that configured the DRCV line 
for input and the remaining lines for output; and to have 
code at the ends of both routines for reconfiguring all 
lines as input. The port initialization routine would also 
have to be changed to initially configure all lines for input 

Listing 2: F1mctionally tire same as listing 1. this program is 
tailored for tfre PET computer and lias several utility routines 
i111µ/en1errted in macliine code. 

100 REM*** PROGRA M TO TEST INTER­
1 113 F.: E M :t : :t: :+: MACHINE COMMUNICATIONS 
120 HEM* ** USING MACHINE LA NGUAGE 
1 ?O REM*** AND OTHER EFFICIENT 
140 �~ �: �E �H�= �+ �= �+�=�+�=� PROGRAMM ING TE CHNI QUES 
15(1 PEM*** 
200 GOSU810000:SYS909 
210 IFPEEKC 5 9471)AND16THEN240 
220 GET5$:5;0: I FLEN(5$))0THENS=ASCC5$) 
2 :2:0 IJ:;;;USR( S): IFS$=" fi �"�T�H�E�r�~�9�9�9� 

240 R$=CHR$CUSRC-1)): PRINTR$; 
250 IFR${) "e•THEN220 
999 Et·iD 
10000 REM*** THI S ROUTINE SETS UP THE 
10010 RE 1*** FOLLOWING FACILITIES 
1f1020 REM:t::+::+: IN MA:HINE LANGUAGE: 
1 �~�:�:�:�i�i�:�,�:�:�1�3�0� f':E ·1*** 
1 (H340 F.:[l'l;f;:t: :+: SYS909 •. • I NITS PORT 
1 �~�3�G �5�f�J� RE 1=t=:t::t: �

1fH3E.0 REM*** U=USRC+N ) . . . SEND S N �

1 �~�~�H�3 �7�0� REM*** �
�~�~�u�3�:�3�0� REM*** U=USR C-1 ) •.. RECEIVES U 

�1� �0 �0�'�3�~�?�.� REM:+>:+::+: 

10100 FORl=826T0917:READX:POKEI,X:NEXT 
10110 POKE1,58:POKE2,3 
10120 IFPEEK C50003)=0THENRETURN 
�1�[�f�1�.�1�~�~�1� F'O•(E827 I 154: POKE830 ....-97 : POK E834 .. ·3:3 
10 140 POKE869, 109:POKE882,98:POKE903,9B 
10150 RE TURH 
11000 DA TA �3 �2�~ �1�6�7�.�2�0�J�,�1�6�6 �,�1 �7�9 �, �2�0�8 �. �3�2� 

l . 0 10 DATA 16J, 180, 72. 9 , 240,41,191 ,141 
11020 DA TA 79, 232,104,74,74,74,74,9 
11030 DA TA 208,44 , 79 , 232,48 , 251,141 , 7 9 
11040 DA TA 232,44,79,232,16 , 251,48,44 

1050 DATA 32 , 103,3,76,120,210,44,79 
.1060 DATA 232,112, 251 . 173,79,232, 41 15 
110 70 DATA �1 �3�3 �, �1�8�0�,�1�6�9 �, �1�2 �7�, �1�4�1� �, �7 �9 �. �~ �3�2� 

1080 DA TA 169,32,44,79,232 , 208,251,1 73 
11090 DATA 79 , 232 , 10,10,10,10 , 5 ,1 80, 168 
11100 DA TA 234,234,169,0,162 , 255 , 142 , 79 
111 13 DA A 232 ,142 , 67 ,232, 96 
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so that the ASYM bit could be sensed properly. 
Although code resembling that shown in listing 1 

works, it executes excruciatingly slowly under most cur­
rent implementations of BASIC. Anyone considering 
writing a real-time game using these routines would be 
well advised to rewrite, at a minimum, the SEND and 
RECEIVE routines in machine language. Listing 2 shows a 
program, tailored for the PET, which is functionally 
identical to the one in listing 1: the difference is that in 
listing 2 all three utility routines have been implemented 
in machine code. 

The subroutine at 10000 now sets up the machine code 
in the PET's "tape-2 buffer" -the SYS to 909 in line 200 is 
what actually initializes the port. The USR function is in­
voked with a negative argument (as in line 240) to cause 
the machine to execute the RECEIVE software ... the 
value returned by USR is that of the byte received. 

When the argument to the USR function is non­
negative (as in line 230), its value is turned over to the 
SEND software for transferrence to the other 
machine ... under these conditions the value returned 
by USR is garbage. The ASYM bit must still be checked 
from BASIC to determine whether to send first or receive 
first. (See line 210.) 

Putting It All Together 
Just having the capability to transfer bytes back and 

forth between two machines does ·not guarantee success 
in writing multimachine games. We now need a general 
strategy for controlling the flow of information between 
the various machines in such a way that the moves made 
by each player are processed in a consistent manner by all 
machines involved. Among other things, the strategy 
used must ensure that all of the machines involved agree 
as to the order in which the various players' moves are to 
be processed. Only one such strategy, the key-oriented 
strategy, will be discussed here. Although many other ap­
proaches to the problem do exist, this one is particularly 
"clean" and therefore easily debugged; it is also 
reasonably efficient in both space and time. 

The information transfers addressed by any general 
strategy of this kind fall into two groups: those that occur 
at initialization time and those that occur during the ac­
tual play of the game. The key-oriented strategy calls for 
all information pertinent to the initial state of the game, 
including information that may be kept secret from one 
or more players, to be made known to all machines at ini­
tialization time. 

Then, during play, a continuous conversation is set up 
among the machines in which the only information 
changing hands consists of individual keystrokes 
generated by the players at their keyboards. If a player 
generates no keystroke to be sent on a given pass, a zero 
byte is sent out to the other machine(s) to indicate this 
fact. Every machine maintains the full status of every 
player but only displays the information its own player is 
supposed to see. 

Listing 3 shows a program, Real-Time Two-Machine 
Hangman, designed to illustrate the use of the key­
oriented strategy. To keep it short, such things as instruc­
tions, gruesome representations of gallows, and so on 
have been left out. The ooject of the game is not, as it is in 
normal Hangman, to guess your opponent's word within 
a set number of letter-guesses while he sits around telling 
you where your correct guesses fit in . Instead, both you 
and your opponent choose words that the other tries to 
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Suddeply, S-100 microcomputer systems can easily handle 100 million 
bytes. Because Morrow Designs™now offers the first 26 megabyte hard disk 
memory for S-100 systems- the DISCUS M26™Hard Disk System. 

It has 26 megabytes of useable memory (29 megabytes 
unformatted).And ifs expandable to 104 megabytes. 

The DISCUS M26™system is delivered complete-
a 26 megabyte hard disk drive, controller, cables and operating system- for 
just $4995.Up to three additional drives can be added, $4495 apiece. 

The DISCUS M26™system features the Shugart SA4008 
Winchester-type sealed media hard disk drive, in ahandsome metalcabinet 
with fan and power supply. 

The single-board S-100 controller incorporates intelli­
gence to supervise all data transfers, communicating with the CPU via 1
three 1/0 ports (command, status, and data).The controller has the abilify to 
generate interrupts at the completion of each command to increase system 
throughput.There is a 512 byte sector buffer on-board.And each sector can be 
individually write-protected for data base security. 

The operating system furnished with DISCUS M26™ 
systems is the widely accepted CP/M* 2.0. 

See the biggest,most cost-efficient memory ever intro­
duced for S-100 systems, now at your local computer shop. If unavailable 
loca/fy, write Morrow DesignsJM 5221 Central Avenue, Richmond, CA 94804. 
Or call (415) 524-2101, weekdays 10-5 Pacific Time. 

·cP/M Is otrademark of DigItal Res.eorcn. 

I L 

26 MEGABYTES �
$4995. �

• ,I �

QMORROWDESIGNS™ 

Thinker Toys™ �



guess- whoever guesses the other's word first wins. 
The program as shown is, of course, only capable of 

running on a pair of PETs. However, with suitable alter­
ation of the SEND/RECEIVE software, it should be possi­
ble to run it on any pair of common microcomputers 

listing 3: Real-time Two-Machine Hangman in which you at­
tempt to guess your opponent's chosen word first. 

10 RE M** * REAL- TIME 2- MACHINE HANGMAN 
20 REM*** �
30 �R �E �M �=�+�= �~�t�= �=�f�.� WS . . . THE TARGET WORDS �
�4 �~�:�3� REM*** FS ... LETTERS FOUND SO FAR �
50 REM:t. =+=* T$ ... LETTERS TRIED 50 FAR �
60 REM*** �
90 DI M W$( 2 ) , F$C2 ) , T$C2 ) �
100 GOS UB 10000 : SYS 909 �
11 0 PRINT "WHAT IS YOUR WORD•; �
120 IMPUT IJ$( 1 ) 
130 I F PEEKC59471 ) AND 16 THEN 190 �
140 LS=USRC- 1 ) : U=USRCLEN CW$( 1 )) ) �
150 IF LS<>LENCWSC1)) THEN 210 �
160 GOSLIB 5100 : GOSUB 5000 �
170 GOSUB 5c00 ; P=2 : GOTO 280 �
190 U=USR< LENCW$C1))): LS=USR(- 1 ) �
200 I F LS=LENCWS(l )) THEN 230 �
2 10 PRirH "t.JORDS ARE NOT SAME LENGTH" �
220 GOTO 110 �
230 GOSUB 5000 GOSUB �5�1�0�~ �1� �

240 GOSUB 5200 P=1 �
250 REM*** �
255 REM*** MAIN PROCESSING LOOP �
260 REM** * �
270 MS=CHRS CUSRC -1 ) ) : GOTO 300 �
2 80 GET MS : MS=MIDSCMS+CHR$( 0 ) ,1,1 ) �
290 U=USRCASCCM$)) �
300 IF MS=CHRSC0) THEN 500 �
310 FOR I=l TO LS �
320 I F MS< >MIDSCWSCP> 1 I 1 l) THEN 360 �
350 �F�S�C�P �)�=�M�I�D�S �C �F�$�(�P�) �~ �l�,�I�-�l�>�+�M�S �+ �M�I�D�S�C�F�$ �C� 

P ) , l+l,.L S- I ) 
360 NEX T I : IF FSCP ) =WSCP> THEN 1000 
390 TSC P)=TSCP >+MS : IF P=1 THEN 500 
4 0i::1 PRnn 
410 PR it-H .. lJORD 50 FA R: II ; FS( 2 ) 

420 PR HH "T RIED SO FAR: ";T$( 2 ) 
5 00 P=3-P ON P GOTO 270,280 
1000 REM* * * 
130 5 RE M: f:: +: :f: lr.IE HA VE A 1.JI NNER 
1010 REM:t<:t::t: 

1020 �P�R �i�f�· �~ �T� : IF P=l THEN 1040 
10::::0 PRit·iT " YOU r,JI W' : GOTO 1100 
104!.?J PRINT "Y OU LOSE" 
1 100 PRHH " THE MAG I C lJORD ldAS: ";Ii-JS( 2 ) 
1 1 10 EMD 
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possessing the cabling arrangement described above. 

Game Time 
To play the Hangman game, attach the cable, type the 

program in, and RUN it on both machines. You and your 

5000 REM*** ROUTINE TO SEND ENT I RE WORD 
5 005 REM*** TO OTHER MACHI NE 
50 10 REM*** 
5020 FOR I= l TO LS 
5030 �U�=�U�S�R �( �A�5�C �C �M�I�D�$�(�W�S�C�1�) �~�1�,�1� �)�)�)� 

5040 NEXT I : RETURN 
5100 REM*** 
5105 REM*** ROUTINE TO RECEIVE ENTI RE 
5110 REM*** WORD FROM OTHER MACHINE 
5115 REM*** 
5120 FOR I=l TO LS 
5130 WSC2>=WSC2)+CHRSCUSRC-1)) 
5140 NEXT I : RETURN 
5200 REM * ** 
52 05 REM*** ROUTINE TO INITIALIZE BOTH 
5210 REM* ** F$ ENTRIES TO ALL DASHES 
5215 REM*** 
5220 FOR I = l TO LS 
5230 FSC1)=FSC1 )+"-" : FSC2>=FSC2 )+"-" 
5240 NEXT I : RETURN 
10000 REM*** THIS ROUTINE SETS UP THE 
10010 REM*** FOLLOWING FACILIT I ES 
10020 REM* * * IN MACHINE LANGU AGE: 
10030 REM*** 
10040 REM*** SYS909 ... INITS PORT 
10050 REM*** 
10060 REM=+=** U=USR<+N) ... �S�E�~�D�S� N 
10070 REM* ** 
10080 REM*** U=USR(-1) ... RECEI VES U 
10090 REM* * * 
10100 FORI=826T0917:READX : POKEI,X: NEXT 
10110 POKE1,58:POKE2,3 
10120 IFPEEKC50003)=0THENRETURN 
10130 POKE827,154:POKE830. 97: POK E8 3 4 , 98 
10140 POKE86 9 , 109:POKE882,98:POKE903, 98 
10150 RETURN 
1100 0 DATA 32 ,1 67,208 , 166 ,1 79,20 8, 32 
11010 DATA �1�6�5 �,�1 �8�0�,�7�2�,�9�,�2�4�0 �,� �4�1�~� �1�9�1�.� �1� �4� �1� 

11020 DATA �7�9�,�2�3�2�,�1�0�4�,�7�4�,�7�4�,�7�4�,�7 �4� �~� �9� 

11030 DATA 288,44 ,79,232,48 , 251 , 141, 79 
11040 DATA �2�3�2�,�4�4�,�7�9�~�2�3�2�,�1�6�,�2�5�1�, �4�8�,�4 �4� 

11050 DATA 32,103,3,76 ,1 20,210, 44,79 
11060 DATA 232 ,1 12 ,25 1 ,1 73 , 79,232, 41 ,1 5 
1107 0 DATA �1�3�3�,�1�8�0�,�1�6�9�,�1�2�7�,�1 �4� �1� �,� �7 �9�~� �2 �3 �2� 

11030 DATA 169,32,44,79,232,208 ,25 1 ,173 
11090 DATA 79,232,10,10,10,10,5, 180 ,1 68 
11100 DATA �2�3�4�,�2�3�4�,�1�6�9�,�0�~�1�6�2�,�2�5�5�,�1�4 �2� �,�7 �9� 

11110 DATA 232,142,67 , 232 ,96 
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Avai lab le w i th optional d isplay. 

·u.s. Sugges ted reta i l price 

The HIP AD™ d.gitizer 
Inexpensive input to your computer 

The HIPAOTMdigitizer can be used for both converting graphic Information into 
digital values and as a menu. Util izing either the stylus or the optional cursor, the 
operator can input graphic data into the computer by localing individual points on 
the digtizers 11 • x 11 " (28cm x 28cm) active area. In the "s tream mode" a contin· 
uance of placements of coordinate pairs may be Input. 

Not a ki t, the HIPADTM comes complete with both RS·232C and parallel interfaces 
and has its own bu il l· ln power source. The orig in is completely relocatable so coor­
dinates may be posit ive or negative for a true reference value and oversized mater­
ial may be Input by simply resetting the origin. 

Accurate positional information, free form sketches, 
even keyboard simulation 

Al l can be entered using the mul ti -faceted HIPAD™ dig it izer. Its capabi lities and 
low price make the UL li sl ed HIPAD™ a natural se lection over keyboard ent ry, inac· 
curate joysli cks, or expensive approx imatin g light pens. It 's per fec t for inpu tt ing 
isomet ric drawings, schemati cs, X-rays, architectural drawings, business graphs, 
and many other fo rm s of graphic information , as wel l as creat ing your own graphics. 

Use it with Apple II™, TRS-80 Level II TM, PET TM or other 
popular computers 

The HIPAD'sTM built -in RS·232C and paral lel 8 bit interfaces make it all 
possible. (For Apple II order DT-11 A, for TRS·SO or PET order DT-11). 
Furt hermore, you gel English or met ric sca ling, data format (BinarylBCD/ASCl l), 
selectable baud rates, and resolution of ei ther .005 " or .01 ". 

For comple te information contact Hous ton lns trvmen1. One Houston Square. Austin, Te"Xas 78753. 
(5 12)837·2820. For rvsh //1era1ure requests. oulside Texas call toll free 1·800-531 ·5205. For technical 
information ask for operator 15. In Europe contact Hovston Instrument. Roches/erlaan 6. 8240 Gistel. 
Belgium. Telephone 059127·74·45. 

TM HIPAO 1s a irademark o l Houston Instrument 
T'AS·!lD 1s a 1radema1k of Tan<ly Corparat1on 
APPLE is a 1rademark of Apple Compu ter Inc 
PET 1s a �u�~ �d �e�m �a�r �k� o t CommodOre Business Mactmw:!'s. lnc 

C ircl e 24 for l iterature 
C ircl e 25 to have representative ca ll 

houston ·nstrument 
G RAPH IC S DIV ISION OF 
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opponent will each be asked to enter a word-if the 
words entered are of different lengths, the program prints 
an error message and reprompts both players for new 
words. Once the program has accepted the two words, 
any key you strike is taken to be a letter-guess directed at 
your opponent's word. 

Each time you hit a key, your machine displays the 
results of your guess- that is, your target word so far, 
with dashes in the positions corresponding to letters not 
yet guessed, and a tabulation of the letters you have tried 
so far. The program automatically detects when one 
player has guessed every letter in his opponent's word, 
and declares the winner accordingly. 

The initialization phase of listing 3 encompasses lines 
10 thru 240 and all of the subroutines appearing from line 
5000 on up. During this phase, the program POKEs the 
machine-language software into place, initializes the port 
to the other machine, and then (in line 110) prompts its 
own player for input and reads the reply into W$(1). 

Then, using the ASYM bit as usual to determine 
whether to send first or receive first , it essentially ex­
changes word lengths with the other machine and checks 
to make sure that the two word lengths are equal. Once 
satisfied that they are, the program proceeds to exchange 
words with the other machine (using the subroutines at 
5000 and 5100), placing the other player's word into 
W$(2). Both machines now know both players' words. 
Each machine has its own player's word in its own copy 
of W$(1) and the opposing player's word in its own copy 
of W$(2). 

MARK GORDON �
COMPUTERS �

DIVISION OF MARK GORDON ASSOCIATES, INC. 

P.O. BOX 77, CHARLESTOWN, MASSACHUSETTS 02129 
(817) 491·750S 

SD SYSTEMS COMPUTER KITS
* EXPANDORAM I (No RAMS) . ..... 169.00* VERSAFLOPPY CONTROLLER I .. 189.00* SBC-100 Single Board Kit ......... 239.00�* Z80 Starter .... . ...... . ....... . . 269.00 �

OTHER SPECIALS
* 16K Memory Kit .................. 49.00�* CAT Modem ......... .. ......... 151.00�
* Leedex Monitor ................. 109.00�* 16K Model Ill TRS-80 ....... . ...... 859.00*�* Atari 800 .. ......... . ....... . .. 779.00�* Hazeltine 1410 ............... .. . 699.00 �

\ To Order Call Toll-Free 1·800-343-5206 I 
*TRS-80 ls a Trademark of Tandy Corp. 

ORDERING INFORMATION 
We accepl Visa and Mas1ercharge. We will ohlp C.O.D. col1111ed 
check or money order only. Massachusetls residents add 5 peri;ent 
sale• tax . 

The Com �p�e�n�~� cennot b• lloble for plctorlel or �t�~�p�o�i�;�i�r�1�p�h �l �e�e�l� lneecuraeleo . 
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The Play Phase 
At this point, the program is ready to enter the play 

phase, but first it must set the initial value of the player 
select variable P to either 1 or 2, depending on the setting 
of the ASYM bit. The reason for this is that the section of 
code from line 300 to line 500 is used to process proposed 
letters, or moves originating from both players-this is 
the essence of the key-oriented strategy. The variable P, 
which flips back and forth during play between 1 and 2 
via the statement "P = 3 - P" in line 500, is used on each 
pass to determine whether to attempt to get a keystroke 
from one's own keyboard (which is what the GET state­
ment in line 280 does) or to receive from the other 
machine the result of its attempt to get a keystroke from 
its own keyboard (which is what the assignment in line 
270 does). 

The value of P is also used in the main processing loop 
as the index into each of the two-element arrays W$, F$, 
and T$, to ensure that the proper player's status is up­
dated as a result of the processing of the keystroke. The 
net implication is that P must be initialized to 1 on one 
machine and to 2 on the other so that the play phase wiJI 
begin correctly. 

During the play phase, then, the program simply cir­
culates in the main processing loop shown, alternating 
the value of P back and forth between 1 and 2 on each 
pass. When P is 2, the machine's own keyboard is inter­
rogated, the resulting keystroke (or a zero if the resulting 
keystroke was null ) is sent off to the other machine, and 
the keystroke is processed by examining W$(2) for occur­
rences of it. F$(2) and T$(2) are updated accordingly and, 
in lines 410 and 420, are printed out. 

When P is l, the keystroke to be processed comes from 
the other machine (in order for this to happen the other 
machine's copy of P will at this point be equal to 2). The 
keystroke is processed by examining W$(1) for oc­
currences of it , and F$(1) and T$(1) are updated but not 
printed out, since they are of interest only to the player 
on the other machine. 

Checking for the end-of-game is thus very simple: as 
soon as F$(P) becomes equal to W$(P), the game is over, 
and the value of P for which this was the case can be used 
(as it is in line 1020) to determine who won. 

This is how a typical real-time two-machine game in­
volving incomplete information is implemented. Other 
good candidates for implementation in this manner 
would be Star Trek, Kriegspiel (a version of chess in 
which neither player is ever entirely sure just where his 
opponent's pieces are located), and Stratego. You can 
easily design entirely new Adventure games, a submarine 
battle for example, using the basic approaches given here. 
The possibilities are certainly more exciting and creative 
than playing Battleship with pencil and graph paper. • 

Need helo? Call us. �
Want to help? + �
Call us. 

Red Cross is 
-------counting on you. 

Circle 27 on Inquiry card. _.., 
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Computerized Testing 

Suppose for a moment that you are 
a custom-electronics manufacturer. 
You have accepted a job to produce 
1000 sequential-controller boards for 
a major photocopier manufacturer. 
(It is not unusual for large companies 
to farm out control subassemblies.) 
For all practical purposes, the con­
troller board is a microcomputer that 
has various output combinations in 
response to designated inputs. As a 
subassembly manufacturer, you have 
the responsibility for testing the con­
troller boards as well as building 
them. 

The controller board in question 
has ten inputs and ten outputs. When 
a particular input signal is received 
(perhaps from the copy button), the 
controller activates one or more out­
puts, waits a preset time limit, and 
then changes the output. Depending 
upon the input-signal combination, 
the sequence may have one to five 
steps. The timing intervals can also 
vary within �~ �a�c�h� sequence. 

Without going into too much 
detail, it is easy to see that what we 
are discussing could prove to be a 
nightmare to test. It could con­
ceivably be done manually in perhaps 
2 or 3 hours with a maze of switches, 
indicators, and wires. With 1000 of 
them to build, it would take the ser­
vices of two workers, and only six 
units could be shipped a day. (If you 
are lucky, you won't have to deliver 
1000 controllers in 3 months.) 

If you have any business sense at 
all , you know that such a situation is 
worth avoiding. (Customers have a 
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Steve Garcia 
POB 582 

Glastonbury CT 06033 

The general industry 
practice of estimating 
software cost results in a 
cost of $20 to $40 per line 
of finished code. 

habit of changing schedules just when 
the only technician who knows the 
test procedure goes on vacation. ) The 
obvious solution is automatic testing, 
or more explicitly, computerized 
testing. 

Automated Testing by Computer 
Automated testing is an activity 

where a machine simultaneously ac­
tivates and monitors signals accord­
ing to a prescribed test plan. While it 
is not a necessity, most automatic 
testers incorporate microcomputers 
because of the cost advantages and 
flexibility they impart to the tester. 
Microcomputers replace bulky relays 
and hardwired logic in older designs. 
The latest economically priced units 
are in fact nothing more than a basic 
computer with some specialized 
front-end interfacing. 

In many applications, it is cheaper 
to configure your own test system 
and program it for a specific applica­
tion rather than buy a "board tester." 
In our photocopy-board example, the 
hardware for ten input and ten output 
bits is relatively inexpensive. The ap­
plication program to do the testing re­

quires some thought, however. 
There are two ways to write soft­

ware for automatic test and controller 
applications. One is to use assembly 
language, and the other is to use a 
high-level language such as BASIC. 
tiny-<:, or FORTH. 

Companies that manufacture elec­
tronic devices in 1000-quantity are 
quite concerned about memory size 
and costs. High-level languages take 
considerably more memory space for 
a given application than straight 
assembly code. Every extra 1 K bytes 
costs $10. This results in $10,000 dif ­
ference for each 1 K increment on 
1000 photocopier controllers. In high­
volume applications where cost is the 
most important factor, assembly 
language is used to save space. 

As a custom-electronics manufac­
turer, you have similar decisions to 
make concerning computer hard­
ware. You must design an automated 
device to efficiently test the 
photocopier controller. Unfortunate­
ly, you are building only one unit and 
will not have the large production 
volume over which to amortize the 
software-development costs. Your 
only choice is to risk becoming un­
competitive by raising the price of 
assembling each controller board. 
Therefore, it is in your best interests 
to keep these testing costs low . 

High-Level languages in Control 
Applications 

The cost for developing a program 
is much higher than you probably 
thought. (Many business profes­



At any given time, your hardWare Is 
omy as useful as the software you Insert In It 

So tt pays to rely on Graham-Dorian, 
the software that gets your micro performing 
to Its fullest - almost like a mini. 

Graham-Dorian, the Industry leader, 
offers highly detailed and well-documented 
programs. All pretested on the job. Each so 
comprehensive that It takes little time to 
leam to run a program - even for someone 
who's never operated a computer before. 

Programs are compatible with most 
major computers using CP/M disk operating 
systems, and come In standard 8" or on 
various mini-floppy disks. Each package 
contains the software program rn INT and 
BAS file form plus a user's manual and hard 
copy source llstlng. Graham-Dorian stands 
behind dealers with technical advice. 

Yes, there's a world of difference in 
business software. Graham-Dorian has more 
per-package capabilities and more packages. 
(With new ones added every few months.] 

Medical Apartment Management 
Dental Construction Job Costing 
surveying Accounts Receivable 
Inventory Accounts Payable 
Payroll General Ledger 

Cash Register 
CBASIC-2 

Ask y our dealer for a demonstrat ion soon. 

Graham-Dorian �
Software Systems, Inc. �

211 North Broadway I Wichita. KS 67202 , (316) 265·8633 











































































































































































































































































































































































































































































































































































































































































































































Educator. Entertainer. Accountant. 

Your Challenger 
Personal Computer. 
Th rough the miracle of modern 
technology, a complete computer as 
powerful as the mult imill ion dollar 
room-sized computers of a few years 
ago can be put in a package the size of 
a typewriter and sel ls fo r as Ii Il le as a 
color te levision set 1 

Through its years of microcomputer 
experience, Ohio Scientific haselfec· 
l ively channeled this tremendous 
computer power into a "friendly" 
computer with hundreds of personal 
uses, via a huge software library 
of programs for a broad ranga of 
personal, home. educat ional and 
business use. 

This available software allows you to 
use and enjoy your computer without 
becoming an expert. The Challenger, 
however. is a powerfu l. general 
purpose computer which can be pro­
grammed in several languages by 
those who choose to. 

Here are just a few of the popular uses 
of an Ohio Scientific 
Challenger 
Computer: 

Education 
The pe rsonal 
computer is 
the ultimate 

educational aid because it can enter­
tain whi le it educa tes. Softwa re 
available ranges from enhancing your 
children 's basic math , reading and 
spell ing abili ty, th rough tutoring high 
school and college subjects, to 
teaching the fundamenta ls of com­
puters and computer programming. 

Enterta inment 
Many of the Chal lenger' s games 
educate while they entertain, from 
cartoons for preschoolers to games 
which sharpen mathematical and 
logical abi lities. But , ente rtainment 
doesn 't stop here. The Challenger's 
graphics capabilities and fas t opera· 
lion allow it to display action games 
wi th much more detail than the best 
video games, providing spectacular 
action in games such as Invaders. 
Space Wars. Tiger Tank and more ! All 
popular sports such as golf, baseball 
and bowling are available as simu lated 
computer games as wel l as many 
conventional games such as chess 
where the computer plays the role of a 

formidable opponent. 

Accounting 
Your Challenger computer can keep 
track of your checkbook , savings 
account. loans, expenses. monitor your 
ca lorie intake and you r biorythms. 

If you are involved in a business . you 
can use it to do word processing : ac­
counting, inventory control , order pro· 
cess ing, cus tomer lists. client records. 
mai ling labels and planning. 

And more: 
This may seem like a lot of uses . but it's 
only the tip of the iceberg for a general 
pu rpose computer. For example, your 
Challenger can be expanded to control 
lights and appliances, manage your 
energy usage and monitor for fire and 
break-ins. Furthermore. it can commu­
nicate with you . with other computers 
and the new personal computer infor­
mation services over the telephone. 

In fact. the uses of general purpose. 
personalized computers are expand· 
ing daily as more and more people 
discover the tremendous capabili ties 

of these new 
Circle 363 on inquiry card. 	 technologica l 

wonders. 

Ohio Scientific 
offers you four 
personalized 
computer sys­
tems starting 
at just $479. 
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