


SWTPC announces first dual 

minifloppy kit under $1,000 


Now SWTPC offers complete best-buy computer system with $995 
dual minifloppy, $500 video terminal/monitor, $395 4K computer. 

$995 MF-68 Dual Minifloppy 
You need dual drives to get full benefi ts 
from a minifloppy. So we wai ted to offer a 
floppy un til we could give you a dependa
ble dual system al the right price. 

The MF-68 is a complete top-quality 
minifloppy for your SWTPC Computer. The 
kit has control ler, chassis , cover, power 
supply, cables, assembly instructions, two 
highly reliab le Shugart drives , and a 
diskette with the Floppy Disk Operat ing 
System (FOOS) and disk BASIC. (A floppy 
is no belier than its operating system, and 
the MF-68 has one of the best available.) 
An optional $850 MF-6X kit expands the 
system to four drives. 

Enclosed Is: 
__ $1,990 for lhe lul l sys1em shown above 

(MF-68 Minilloppy, CT-64 Terminal wilh 
CT-VM Monilor). 

__ $995 lor lhe Dual Minilloppy 
_ _ $325 for 1he CT-64 Terminal 
__ $175 for lhe CT-VM Monitor 
__ $395 lor lhe 4K 6800 Computer 

$500 Terminal / Monitor 
The CT-64 termina l ki t offers these 
premium features: 64-character lines, 
upper/lower case lellers, switchable con
trol character printing, word highlighting , 
full cursor control , 110-1200 Baud serial 
interface, and many others. Separately 
the CT-64 is $325, the 12 MHz CT-VM 
monitor $175. 

__ $250 lor the PR -40 Line Printer 

__ $79.50 for AC-30 Cassette lnferface 

__ Addilional 4K memory boards al $100 

_ _ Addilional SK memory boards al $250 

__ Or BAC # Exp. Dale ___ 

_ _ Or MC # Exp. Dale _ _ _ 

Name,______ Address _ ____ 

City S1a1e _ _ _ Zip__ 


$395 4K 6800-Computer 
The SWTPC 6800 comes complete wilh 
4K memory, serial interface, power supply, 
chassis , famous Motorola MIKBUG® 
mini-operating system in read-only 
memory (ROM), and the most complete 
documentation with any computer kit. Our 
growing software library includes 4K and 
BK BASIC (cassettes $4 .95 and $9.95 ; 
paper tape $10.00 and $20.00). Extra 
memory, $100/ 4K or $250/8K. 
Other SWTPC peripherals include 
$250 PR-40 Alphanumeric Line Printer 
(40 characters/line, 5 x 7 dot matrix. 
75 line/ minute speed , compatible with 
our 6800 computer and MITS/ IMSAI); 
$79.50 AC-30 Cassette Interface System 
(writes/reads Kansas City standard tapes, 
controls two recorders. usable with other 
computers) ; and other peripherals now 
and to come. 

b11 I1r1r.J Southwest Technical 
.,__.,_--·..,___.,. Products Corp. 

219 W. Rhapsody. San Anionic. Texas 78216 
London: Southwesl Technical Producls Co .. Ltd. 
Tokyo: Soulhwesl Technical Produc1s Corp.IJapan 

Circle 350 on inq u i ry card. 



You can now have the industry's 

finest microcomputer 

with that all-important 

disk drive 


YOU CAN GET THAT 

ALL-IMPORT ANT SOFTWARE, 


TOO 

loading you r programs an d fi les 

w ill take you only a few seconds with 
the new Cromemco Z-20 computer. 

You can load fast because the 
Z-2 0 comes equipped w ith a 5 11 

floppy di sk drive and control ler. Each 
diskelle wil l store up to 92 ki lobytes. 

Diskettes wi ll also store your pm
grams inexpens ively-much more so 
than with ROMs. And ever so mu ch 
more conveniently than with cas
settes or paper tape. 

Th e Z-2D itself is our fast, rugged , 
profess iona l -grade Z-2 computer 
equipped wi th disk drive and con
troller. You can get the Z-20 with 
ei the r single or dual drives (d ual 
shown in photo). 

CROMEMCO HAS THE 
SOFTWARE 

You can r·e ly on thi s: Cromemco 
is com mitted to sup plyin g quality 
sof tware support. 

For example, here's what 's now 
ava il ab le for our Z-20 users: 
CROi\ l fMCO FORTRAN IV COM 
P!! rR : a well -deve loped and power
ful FORTRAN that's idea l for sc ien 
tific use. Produces optim ized, r·e lo 
ca tab le Z-80 object code. 
CROi\1fll.1CO 16K D ISK Bt\5 1C. a 
powerful pre-compi ling interpreter 
with 14-d ig it precision and powerful 
1/0 hand lin g capabil it ies. Particularly 
SL•ited to bus in ess application s. 
( Rrn1.\[MCO L BO A')<;b\111 1 1-1~ a 
macro-assemb ler that produces relo
catab le object code. Us es standard 
Z-BO mnemon ics. 

The profcssional 
gradc microcom1wler 

for professionals 

ADVANCED CONTROLLER CARD 
Th e new Z-20 is a professional 

system th at gives you profess ional 
performance. 

In th e Z-20 you get ou r we ll 
known 4-MHz CPU ca rd , the proven 
Z-2 chassis with 2·1-slo t motherboard 
and 30-amp power supp ly that can 
hand le 21 cards and dua l floppy 
drives w ith ease. 

Then there's ou r· new disk con 
trol ler ca rd with spec ial fea tures: 

• 	 Capab ility lo handle up to 4 
disk drives 

• 	 A disk bootstrap Monitor in a 
1 K 2708 PROM 

• 	 An RS-232 seri al interface for 
interfacing your CRT termina l 
o r teletype 

• 	 LSI disk con tro ller circuitry 

Z-2 USERS : 
Yo ur Z-2 was designed with the future 
in mind. It can be eas i ly retrofit ted 
with every thin g needed to convert to 
a Z-20 . On ly $935 kit ; or $113 5 for 
assembl ed retrof it package. 

Shown with optional 

bench cab inet 


W e' re able to pu t all of this in
cludin g a UART for the CRT interface 
on ju st one ca rd because we've taken 
the forward step o f us ing LSI con
trol ler circu itry. 

STORE / FACTORY 
Contac t your computer store or 

Cro memco factory now about the 
Z-20 . It's a real workhorse that you 
can put to profess ion al or OEM use 
now. 
Kit: Z-2 0 with 1 disk drive 

(Mode l Z20 -K) . . . . . . . . $1495 . 
Assembled: Z-20 fully assembled 

and tested (Model Z20-W) .... $2095. 
Additional di sk drive 

(Mode l Z2D-FDO) . . .... .. . ... $495. 

SOFTWARE 

(On standard IBM-format 


sof t-sec tored mini diskettes) 

l 6K BASIC (Model FDB-5) ......... $95 

FORTRAN IV (Model FDF-5) . ... .. .. $95 

Z-80 Assemb ler (Model FDA-Sl. . . 595 


Cromemca 
nco po a ed 

Special ists in computers and peripherals 
2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 Circle 353 on inquiry card. 



TV DAZZLER 

To make 
your computer 
more useful-
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I a wide choice of 
memory, 1/0, CPU 

-. .._,,,,......_______,,=--' 

Your computer's usefu lness de
pends on the capability of its CPU, 
memories, and 1/ 0 interfaces, right? 

So here's a broad line of truly 
useful computer products that l ~ ts 
you do interesting things w ith your 
Cromemco Z-1 and Z-2 computers. 
And with your S-100-compatible Al 
tairs and IMSAls, too. 

CPU 
• Z-80 MICROPROCESSOR CARD. 
The most advanced µ.P ca rd avail 
able. Forms the heart of our Z-1 
and Z-2 systems. Al so a direct re
placement for Altair I IMSAI CPUs. 
Has 4-MHz clock rate and the power 
of the Z-80 µP chip. Ki~ (Model ZPU
K) : $295. Assembled (Model ZPU
W) : $395. 

MEMORIES 
• 16K RAM. The fastest avai lable. 
Also has bank-select feature. Kit 
(Model 16KZ-K): $495. Assembled 
(Model 16KZ-W): $795 . 
• 4K RAM. Bank-select allows ex
pansion to 8 banks of 64K bytes 
each . Kit (Model 4KZ-K) : $195. As
sembled (Model 4KZ-W): $295. 
• THE BYTESAVER - an 8K capa
city PROM card with integral pro

grammer. Uses high -speed 2708 eras
able PROMs. A must for al l com
puters. Will load BK BASIC into RAM 
in less than a second. Kit (Model 
BSK-0): $145. Assembled (Model 
BSW-0): $245. 
• ~ 6K CAPACITY PROM CARD. Ca
pacity for up to 16K of high-speed 
2708 erasable PROM. Ki~ (Model 
16KPR-K): $145 . Assemb led (Model 
16KPR-W): $245. 

1/0 INTERFACES 
• FAST 7-Cl"IANNEL D\GITAL
ANALOG 110. Extremely useful 
board with 7 AID chan nels and 7 
DI A channels. Also one 8-bit par
allel 110 channe l. Kib (Model D + 
7 A-Kl : $145. Assembled (Model D 
+ 7A-W): $245. 
• TV DAZZLER. C lor graphics in 
terface. Lets you use co lor TV as full
color graphics terminal. Kit (Model 
CG l -K): $215. Assemb led (Mode l 
CG l-W): $350. 
• DIGITAL INTERFACE (OUR NEW 
TU-ART). Interfaces with teletype, 
CRT terminals, line printers, etc. Has 
not one but two serial 110 ports and 
two 8-bit parallel 110 ports as well 
as 10 on-board interval timers. Kit 

(Mo del TRT-K): $195. Assembled 
(Model TRT-W): $295 . 

• JOYSTICK. A console that lets 
you input physical position data with 
above Model D + 7 AI D card. For 
games, process contro l, etc. Con
tains speaker for sound effects. Kit 
(Mode l JS -1-K): $65. Assembled 
(Model JS-1-W): $95. 

PROFESSIONAL QUALITY 
You get first-class quality with 

Cromemco. 
Here are actua l quotes from ar

ticles by independent experts: "The 
Cromemco boards are absolute ly 
beautiful" ... " The BYTESAVER is 
tremendous" ... " Construction of 
Cromemco 110 and joystick are out
standing" ... "Cromemco periph
erals ran with no trouble whatso
ever.u 

Everyone agrees. Cromemco is 
tops. 

STORES/ MAIL 
So count on Cromemco. Look 

into these Cromemco products at 
your store. Or order by mail horn 
the factory. 

We wish you pleasure and suc
cess with your computer. 

Cromemeo 
incorpora ed 
Specialists in computers and peripherals 
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 

Circle 353 on inquiry card. 
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In This 

One whole subset of the perso nal 

computing world is provided by the 
users and manufacturers of program
mable calculators. All the problems 
of creating applications software 
which users must solve on bigger 
machines are present, and often in
tensified by lack of scale, in these 
smallest of personal computers. 
William B Jenkins gives some useful 
information on the general process 
of creating an application program, 
and the specific problems of doing 
it on an SR-52 programmable cal
culator, in his article entitled How 
to Write an Application Program. 

One of the conveniences of the 
6800, 6502 and similar micropro
cessors is a relative branch method 
which al lows one to construct position 
independent code which can be re
located by simply moving the pro
grams involved . But these forms are 
typically limited to a 1 byte displace
ment, a limitation which Robert 
Borrmann shows how to overcome in 
the 6800 case by using appropriate 
stack manipulations and "long branch" 
subroutines. Read his article Relocat
ability and the Long Branch in this 
issue. 

Looking for a different type of 
board game to play on your com
puter? How about the current game 
fad Othello (known as Reversi in 
England)? In Othello, a New Ancient 
Game Richard 0 Duda provides a 
short article with details for this 
game of skill and tactics. 

Th is month, Mike Wimble con
cludes his 3 part series about an APL 
interpreter with An APL Interpreter 
for Microcomputers, Part 3: Mathe
matical Processing. With this segment, 
the functional design of interpreter is 
completed. Watch future issues for 
results of the Great APL Interpreter 
Contest inspired by Mike's article. 

At first glance a simulator designed 
to run on the computer it is simulating 
may not seem very useful. Kin-man 
Chung feels differently for he wrote 
one. His art icle, An 8080 Simulator, 
describes one such program and gives 
ideas on how it can be put to good 
use. 

page 86 

For those who tire of the many 
versions of the Star Trek game, there 
are many much more interesting and 
interactive graphics games to consider. 
In his article, How to Implement 
Space War, Dave Kruglinski provides 
readers with a version of the classic 
graphics game, Space War, which was 
originated in the early 1 960s by 
students at MIT, and has taken an 
amazingly long time to be documented 
in versions for personal computers. 
Dave's 8080 version is complete with 
orbiting space ships, spiraling torpe
does and dynami c effects implemented 
with limited resolution point plotting 
graphic display . 

Is your computer cold? Add some 
vitamin C for a new high in resistance 
to frustration and rude language. Turn 
to j Gregory Madden's C: A Language 
for Microprocessors?, a description 
of an excellent structured program
ming language which could be adapted 
to microprocessor use from its origins 
on large PDP-11 s with the Unix oper
ating system. 

Do you use cassettes as your prin
cipal mass storage medium? Then you 
will benefit from Wayne D Smith's 
discussion of Fundamentals of Sequen
tial File Processing when it comes time 
to write software using such media. 

Want to get involved in pitch gener
ation for computer music synthesis? 
Thomas Schneider explains several 
approaches you might consider in his 
article, Simple Approaches to Com
puter Music Synthesis. 

Using flowcharts to gather the logic 
for a program does not mesh with the 
current trend of structured program
ming. One technique that is directed 
towards the structured program 
approach is the use of Warn ier-Orr 
diagrams. Use of these diagrams, as 
described by David Higgins in hi s 
artic le Structured Program Design , will 
result in accurate, well structured pro
grams that will work correctly the first 
time they are executed. 

The home computer has many uses 
besides number crunching and game 
playing. One of these uses, discussed 
by David Holladay in Computer 
Information Arrangement, is an in
formatio!1 retrieval system. This type 
of system could be used to make your 
own dictionary type reference, help 
keep track of your files with cross 
reference, or simply make a personal 
version of the Schwann Catalog for 
your record collection. 

Sensible automobile owners have 
long had the habit of recording mi
leage and gasoline filling figures at 
each visit to the service station. In this 
issue john P Bauernschub explains 
how to Analyze Your Car's Gas 
Economy with Your Computer in a 
short article presenting a complete 
BASIC program for this application. 

Are you looking for a stimulating 
thought game to play with your com
puter? The game of Mastermind as 
described by W Lloyd Milligan in his 
article of that name will force you to 
think in a very logical manner if you 
want to have a chance at winning. 
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Announcing the West Coast's largest Personal Computing 
Show. April 28, 29, and 30, 1978 at California's brand new 
Long Beach Convention Center. This is a selling show with 

180 booths (each draped, carpeted and with 500 watts 
of electricity). Three full days of conference sessions. 

There will be home brew exhibits, exhibitors lounge, 
inquiry badge system, computerized registration, a 

newsroom, and a full blown advertising and promotional 
campaign to bring you thousands of qualified buyers. 

® 

r1~uidn';'t~;it1 

1 for anything. 1 

I I
Send me the show k it : 

I Nome: Tit le: ,I 
Company :____________

I I
Add ress: State : 

Zip Code : Phone :I I
Call : {714) 973-0880 Or mail this coupon : PERCOMP 78, 
1833 E. 17 St., Suite 108, Santa Ana, CA 92701 . ..I 
Sign early, corner booths are limited . L ---------

Circle 354 on inquiry card. 



HARDWARE 
MAPPING 

E~itu~ial 


The Colorful Future of Personal Computing 


(or What the World Needs Is a Good Mass Produced High Resolution Color Display ...) 

FULL SCREEN 
POINT REFRESH TABLE 

BYTE ADDRESS n 

n + I 

n + 2 

n + 3 

n + 4 

n + 532, 768 
BYTES n + 6 
TOTAL 

n + 7 

n + a 

n + 9 

n + 10 

n + 11 

n + 12 

n + 13 

COLOR MONITOR 

Figure l: The color dis
play technique which is 
conceptually simplest and 
most versatile is the di
rectly refreshed brute 
force technique of assig
ning "n" bits to each 
picture element. For a per
sonal computing context, 
where conventional TV 
monitors are used, and 
byte addressable memory 
is involved, use of four bits 
for each point gives 7 6 
color levels per picture 
element. For a full 256 
by 256 element matrix 
of color, a memory re
quirement of32, 768 bytes 
must be satisfied. 

By Carl Helmers This commentary on the possibilities of 
color imagery and display was inspired by a 
fantastic image processing system which was 
surely witnessed by many of the 36,000 
people who thronged to the National Com
puter Conference in Dallas TX this past 
June. The system in question is produced 
by a company cal led Comtal, located in 
Pasadena CA. It is referenced variously as 
the Model 8000-S and "Vision One" in the 
literature I picked up at the site of the 
demonstration in the main exhibit area of 
the conference. 

This Vision One system is not exactly 
a personal computing product. I ts price tag 
in the $70,000 range makes it a candidate 
for laboratory or institutional use, but 

hardly a peripheral for the individual of 
ordinary means. Its characteristics include a 
built in LS l-11 computer with ex tensive 
software, direct refresh raster graphics hard
ware with 512 by 512 8 bit picture elements 
(ie: 262, 144 bytes in its serial CCD refresh 
memory), and a hard surface disk drive. One 
of the prime practical applications of this 
system is its use by the Jet Propu lsion Lab
oratory of Pasadena as the analysis and en
hancement processor for the color photos 
returned from the Viking landers on the 
planet Mars. But the artistic and personal 
use attributes of such a co lor display are 
immense, as was demonstrated by the 

Continued on page 42 
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Sysrem 8 8 13 
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The C.Omputer for the Professional 

Whether you are a manager, scientist , educator, lawyer, 

accountant or medical professional, the System 8813 will 
make you more productive in your profession. It can keep 

track of your receivables, project future sales, evaluate 
investment opportunities, or collect data in the laboratory. 

Use the System 8813 to develop reports , analyze and store 
lists and schedules, or to teach others about computers. 

It is easily used by novices and experts alike. 

Reliable hardware and sophisticated software make 
this system a useful tool. Several software packages are 
included with the machine: an advanced disk operating 
system supporting a powerful BASIC language inter
preter, easy to use text editor, assembler and other system 
utilities . Prices for complete systems start at $3250. 

See it at your local computer store or contact us at 
460 Ward Dr., Santa Barbara, CA 93111 , (805) 967-0468. 
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The Data Domain The Real Orego n Fresno, CA 93711 (714) 894-9131 3028 Hunsinger Lane Byte Shop Computer StoreComputer Co.(209) 266-9566 14701 N.E. 20th Ave. Louisville, KY 40220 205 West 10th Ave. 
COLORADO Bellevue, WA 98007 Bits 'N Bytes (502) 456-5242 Eugene, OR 97401 


679 S. State College Blvd . Byte Shop (503) 484-1040 
 (206) 746-0651 
Fullerton. CA 92631 2040 30th St. The Reta il Computer StoreMICHIGAN Byte Shop Computer Store(714) 879-8386 Boulder, CO 80301 410 N.E. 72nd 

(303) 449-6233 The Computer Store 2033 SW 4th Ave. 
The Byte Shop Seallie, WA 98115 

of Ann Arbor Portland, OR 97201
16508 Hawthorne Blvd . (206) 524-41 01Byte Shop 310 East Washington (503) 223-3496 
Lawndale, CA 90260 3464 S. Acoma St. An n Arbor, Ml 48104(213) 371-2421 Englewood , CO 80110 WISCONSIN(313) 995-761 6 PENNSYLVAN IA 

Opamp/ Computer (303) 761-6232 Madison Computer Store
Computer Mart Byte Shop of1033 N. Sycamore Ave. 1910 Monroe St. 

Los Angeles, CA 90038 FLORIDA Madison, WI 53711


of Royal Oak Delaware Valley 
(213) 934-3566 1800W. 14MileRd. 1045 Lancas ter Pike (608) 255-5552 Byte Shop of Miami Royal Oak , Ml 48073 Bryn Mawr, PA 19010 
The Computer Mart 7825 Bird Road (313) 576-0900 (215) 525-7712 The Milwaukee 
624 West Katella :t:1 0 Miami, FL 33155 Computer StoreGeneral Computer SloreOrange, CA 92667 (305) 264-2983 6916 W. Nort h Ave . 2011 Livernois RHODE ISLAND (714) 633-1222 Milwaukee, WI 53213Microcomputer Troy , Ml 48084 

Computer Power, Inc. (414) 259-9140 Byte Shop Systems Inc. (313) 362-0022 
496 South Lake Ave. 144 So. Dale Mabry Hwy. M24 Airport Mall 

1800 Post Rd . Pasadena. CA 91101 Tampa, FL 33609 CANADAMINNESOTA Warwick, RI 02886(213) 684-3311 (813) 879-4301 
(401) 738-4477 TrintronicsComputer Depot, Inc . Micro-Computer 160 Elg in St. 3515 W. 70th St. GEORGIAApplication Systems Place Bel l Canada Minneapolis, MN 55435 TEXAS2322 Capi tol Avenue Atlanta Computer Mart Ottawa. Ontario K2P 2C4 (612) 927-5601

Sacramento, CA 95816 5091-B Buford Hwy. Computer World (613) 236-7767 
(916) 443-4944 Atlanta, GA 30340 926 N. Collins First Canad ian 

(404) 455-0647 NEW JERSEY Arlington, TX 76011The Computer Store Computer Store Ltd .(817) 469-1502of San Francisco Hoboken Computer Works 44 Eglinton Ave. West 

1093 Mission Street ILLINOIS No. 20 Hudson Place Byte Shop Toronto. Ontario M4R 1A1 

San Francisco, CA 94103 Champaign Computer Hoboke n, NJ 07030 3211 Fondren ( 416) 482-8080 

(415) 431 -0640 Company (201) 420-1644 Houston , TX 77063 The Computer Place(713) 977-0664 318 N. Neil Street The Computer Mart 

321 Pacific Ave . Computertex Toronto. Ontario M5V 1Z1 

Byte Shop 186 Queen St. West 

Champaign , IL 61820 of New Jersey 

San Francisco, CA 94111 (21 7) 359-5883 501 Route 27 2300 Richmond Ave. (41 6) 598-0262 

(41 5) 421-8686 lselin, NJ 08830 Houston , TX 77006 i ffy bitty machine co. Pac ific Computer Store(201) 283-0600 (713) 526-3456 1316 Chicago Ave . 4509-11 Rupe rt St. 

Evanston , IL 60201 Vancouver, B.C. V5R 2J4 
(312) 328-6800 (604) 438-3282 

Circle 355 on inquiry card . 
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A CMOS LOGIC PROBE 

This is in respo nse to Tom Kryst's 
Jetter in the July 1977 BYTE, page 148, 
exp ressi ng a need for a low cost CMOS 
logic probe. I was faced with a simi lar 
requirement whi le working on a soft ware 
deve lopment system fo r the RCA 1802 
CMOS microprocessor. Not bei ng a 
perso n who believes in rein ve nt ing the 
whee l, I borrowed Kurt Chr istner's TTL 
des ign f rom the Ja nu a ry 1977 BYTE, 
page 82, add ing a CMOS inverting buffer 
at the front end , as shown below. Please 
note that a CD4069 inver ter may not be 
subs tit uted for the more expensive 
CD4049, as the cu rren t si nkin g capa-

KUDOS FOR THE LD-1 4 

I' d like to make a few com me nts 
abo ut one of your advertisers, namely 
Logic Design Inc of Laram ic WY. I 
pu rchased their LO 14 Tutorial Train ing 
Computer which was w ri tte n up in Jan
uary 1977 BYTE . Although I have not 
fi ni shed wire w rappi ng the unit, I am 
confi dent that I am gett ing my $1200's 
worth. One th ing tha t has impressed me 
abo u t the company is th e quick response 
to a problem I was having o ne evening 
because of a gross e rro r on m y pa rt . 
Some of the wires me lted together as the 
result of tyi ng VCC to gro un d. I became 
a little nervo us tha t maybe I damaged 
some th ing, so I w rote to compla in about 
the ir fa ilu re to give any gua rantees that 

I 
l/6 
~40 5 

VLE0 -1 
(LEVELi 

bility o r the latter de vice is necessa ry. 
I ho pe this modification may prove 

use ful to some of your rcad~rs. 

Fr~nk A Weissig 
343 NW 8th St, Apt 3 

Corval 'is OR 97330 

Withi n th ree days I rece ived a very 
courteous and apo logetic I phone cal l 
from the compa ny with an ope n invita
t ion to ca ll them collect in the even t I 
experie nce d furt her difficu lty. With this 
kin d or response it wou ld seem like ly 
that they in tend to back Jp the ir com
mitment to qua li ty support as stated in 
their adve rti seme nt. 1 

To a seco nd pa rty , my )fi ni shed p ro 
d uc t may not appear to g0 beyond the 
Intercept Jr offered by Jntelrsil, based o n 
their IM6100 ch ip, which goes for 
around $450 with 1 K of pfogrammable 
memory. T l1is compared t~ the $1200 
I h ave spen t may be ca ll ed to q uest io n 
when cons ider ing only +e p hys ica l 
result. The d iffere nce, as I see it , is that 
I w ill have acqu ired an unddrsta nd ing of 

POWER CONNECTIONS 

+5V GNO 

IC I 7405 14 7 
IC2 9602 16 6 

IC3 CD40 49 e 
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*I added th is res ist o r to Mr Christner's 
des ign because the re's something about 
an OC gate w ithout a pu ll up that makes 
me ne rvous . 
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have bee n able to by simp ly program
m ing a prewired version. Beyond th is , 
when I'm fin ish ed wire wrappi ng th e 
PDP-8, I can unp lug it fro m the logic 
designer fro n t pane l, give ii a 5 V supply, 
and use the designer for my own c rea
tion s. 

Fo r anyone interested in lea rning 
some of t he state o f the art do's and 
dont 's of logic design , I wil l give this 
produc t a strong recom mendation. 
Also, I wo uld be inte rested in making 
con tac t with others who a rc building, 
or have completed, the LD 14 compu te r. 

Ph il Winningh off 
815 Plata Rd 

Arroyo Gra nde CA 9 3420 

ASIMOV 'S PERSONAL COMPUTER 

ANTIC IPAT JON , CJ RCA 1950 


In his article, "Why are n't there any 
A lta irs on Arcturus 11 ?" (April 1977 

their product is idio t p roof. the PDP-8 comp ute r th at I r ould neve r BYTE), 

SWTP 6800 OWNERS-WE HAVE A CASSETTE /0 FOR YOU! 

The CIS-30+ allows you to record and playback data using an 
ordinary cassette recorder at 30, 60 or 120 Bytes/ ec.! No Hassle! 
Your terminal connects to the CIS-30+ which plugs into either the 
Control (MP-C) or Serial (MP-S) Interface of yol!Jr SWTP 6800 
Computer. The CIS-3o+ uses the self clocking 'Kans~s City'/Biphase 
Standard. The CIS-3o+ is the FASTEST, MOST R LIABLE CAS
SETTE 1/0 you can buy for your SWTP 6800 Com 

PerCom has a Cassette 1/0 for your co puter ! 
Call or Write for complete specificatio s 

['1EfHJ()M ] Perl;om D~a Co. 
P.O. BolC 40598 • Garland, TelC 75042 • {214) 276-1968 

PerCom - 'peripherals fo I personal computing' 

H Mel ton states that, "I can 
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'?coo 
"""1100 

~[f101JM 

LO( Al 

~ • 9-ll Nf ON 

Kit  $69.95* 
Assembled - $89.95* 

(manual included) 
* plus 5% f/sh ipping 

- LINWAtmlWD 

TEXAS RESIDENTS ADD 5% SALES TAX 
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remember only one old story that 
used pocket calculators. . . . " As a n avid 
SF fan, and as an even more avid calcu
lator (HP) freak, I must beg to differ 
with Mr Melton. In the Foundation 
Trilogy, by Isaac Asimov, one finds the 
following passage: 

Seldon removed his calculator 
pod from the pouch at his 
belt . . .. I ts grey, glossy finish was 
slightly worn by use. Seldon 's 
nimble fingers . . .ployed over the 
hard plastic that rimmed it. Red 
symbols glowed out from the 
grey. 

How many of us have not performed 
the act just described? And the Foundo· 
tion Trilogy was, I believe, written in the 
early 1950s. I must, however, agree with 
the general tone o f t he article : most of 
us (including SF writers) are just not 
able to predict the rate of technological 
progress. 

W Gray Mansfield 
5042 Guava Av 

La Mesa CA 92041 

PRINTING BARS ON SELECTRICS? 

I see you're printing optical code. Is 
it possible to get an IBM ball (or keys) 
which prints letters and code simultane
ously? If yes, where are they avai lable ? 

Rob Loring 
Twin Oaks Commmunity 

Rt 4, Box 169 
Louisa VA 23093 

Yes, but it's expensive. Custom 
tooling is available from several sources 
for IBM style bolls; thus, while one could 
design a bar code font, it would not be a 
project undertaken lightly. 

LIGHTING THROUGH THE PAPER? 

The idea of distributing software 
through PAPERBYTES is great. Why 
don't you publish PAPERBYTES on one 
side of a page only, leaving the other 
side blank? Light could then be shone 
from underneath the paper to illuminate 
the coded material. 

This technique would greatly sim· 
plify the optical system needed for the 
bar code reader. It would eliminate the 
light source and lens in the reader 
(wand) and reduce specular reflection 
problems that cause errors. 

I plan on trying this approach soon. 
Do you or you r readers have any sugges
tions? 

Andrew A Modla 
108 Clemens Ct 

Lansdale PA 19446 

The main problem with the approach 
of bocklighting is that it leaves one 
whole side of the paper blank, something 
which is less than optimal when it comes 
to publishing information in books and 
magazines on expensive paper. 

PRINTING QUOTES ON AN HP9830 
IN BASIC 

As a user of Hewle tt-Packa rd' s 9830 
BASIC machine, I have discovered one 
of its (very few) shining features. The 
BASIC interpreter has a sta tement pair 
WRITE and FORMAT, which FOR· 
TRAN use rs will recognize. This is a 
rather little known fact, as HP buries it 
in an obscure portion of their manual. 

In order Lo get quotes out of it, 
something like this wou ld be wriuen: 

10 FORMAT 38 
20 WRITE (15, 10) 34, " HELLO ", 34 

where 15 is the device code of the main 
printer. The output looks like this: 

"HELLO" 

What goes on is that B forma t will 
convert the dec imal number given it 
(constant, variable , or whatever) and 
output it directly as ASCII; the quote 
mark is 34 in ASCII. This can also be 
used to print nonkeyboard characters; 
square brackets, reverse slashes, and so 
on . 

The other way to do this requires the 
Advanced 10 ROM, as HP se ll s their 
software as plug in black (or gray) boxes. 
The OUTPUT statement al lows you to 
use a st ring as an output device. 
Example: 

10 FORMAT B 
20 OUTPUT (A$, 10) 34, 
30 PRINT A$ 

with the result: 

So, all you use rs of the HP9830 , now 
you can print quotes and other goodies. 
This almost makes up for the crudity of 
HP's strings. 

john Woods WB7EEL 
6541 l26th Av SE 

Bellevue WA 98006 

AS SALES EXPAND, SAFETY 
ASPECTS MUST BE IMPROVED 

While experimenters look for the 
fastest, mos t powerful , leas t expe nsive 
microcomputer, Lhey seldom look for 
the safest. From looking at ads for 
hobby compu ters, I learn that only OSI 
advertises 1l1eir power supply as being 
listed by Underwriters Laboratories Inc. 
Some smal l com puters have 117 VAC 
conductors tha t arc ex posed when the 
lid is off (as I lea rned one day by acc i· 
dent - no injury , just minor eq uipment 
damage); the same machines don't have 
fuses in the unregul ated low voltage 
high current lines . Just wait until you've 
welded a probe lo a powe r trace to find 
out how much you need th a t item. It 's 
an industrial standard to avoid exposed 
high voltages whenever possible , and I 
sec no reason to have an exposed, noisy 

Continued on page 32 
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Great Locations 
Now Open: 
3020 UnJVersily Drrve N.W. 
Huntsville. AL 
(205) 539-1200 
1'1074 Son Pablo Ave 
El Cerrito. CA 94530 
(415) 526-6622 
22634 Foolhill Blvd 
Hayword . CA 94542 
(4·15) 538-8080 

840 Lo Cienega Blvd 
Inglewood. CA 90302 
(2•13) 776-8080 
2400·t V10 Fobnconte 
Mission V1eio. CA 92675 
(71Ll) 770-0131 
Ll233 C onvoy Street 
S n Diego. CA 9211·1 
(7·t.<t) 560·99·12 
12· Fremont Street 
Son Fro nc 1sco. CA 94105 
(415) 546-1592 
171 E Thousand O aks Blvd Suite 105 
Thousand Oaks. CA 91360 
( 05) 495-3554 
104 W First Street 
Tustin. CA 92680 
(714) 544-05tl2 
50 East Rand Rood 
AJ l1nglon Heights. IL 60004 
( ·12) 255 -6488 
9511 No Milwaukee Ave 
Niles. IL 60648 
( 12)967- 714 

813-B Lyndon Lone 
Lou1sv1lle . Y 40222 
(502) L!25-8308 
16065 Frederick Rood 
Rockville. MD 20855 
(301)948-7676 
2 De Hort Slreet 
Morristown. NJ 07 60 
(201) 539-4077 
1612 1ogoro Falls Blvd 
Buffalo. NY 14150 
(716) 836-6511 
225 Elmira Rood 
Ithac a . NY 14850 
(607) 277-488 
64_,9 Westhe1mer Rood 
Houston. TX 7705 7 
(7•13) 977-0909 

Opening Soon: 
Son Jose. CA 
Ooklown. IL 
Detro1l. MI 
G rand Rapids. Ml 
N shuo. NH 
.A.ustin. TX 

Franchise Opportunities 
Avallable-Contact: 
E. E. Faber, President 
Compulertand Corp. 

Computerland'" 
'1922 Republic Ave. 
Son Leandro. CA 94577 
(415) 895-9363 

12 Circle 356 on inqu iry card . 
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The Best Game in Town. And if your system brea ks down. 

Welcome to ComputerLand . 

An Incredible adventure into 

the world of personal 

computers. A one-of-a-kind 

shopping experience. 


Each ComputerLond store 

presents everything you ever 

wanted to know about 

computers. And then some. 


Toke our Game Room. tor 

starters. You'll find exci tement 

for the whole family in our 

endless variety of challenging 

computer games. You con battle the Klingons In on 

out-of- this-world game of Star Trek . Create an elec

tronic work of art with a computer controlled 1V. Test 

your skill in a game of computerized hangman. 


You can even plot your biorhythm. 


But we're more than just fun and games. 

Each ComputerLand store offers a 

knowledgeable and person

able staff of professionals 


to seNe you. 
Plus the greatest avail 

able selection of micro components. Whether it's a da lo 
processing system for your business or o computer controlled 
sprinkler system for your home. you'll find whatever you need 
at ComputerLand . 

Read on. 

Genuine Service. 

We want to supply 
you wi th the one 
system that's right. 
Rother than a com
plete system that isn ' t. 
Or a limited system 
that Is. 

That's why. at Com
pu terLand. you d eal 
with real p rofessionals 
who are also real 
people. People who 
speak your language 

... in addition to BASIC. COBOL or FORTRAN. 

Peop le, in short. who con offer both lhe novice and 
the old hand the same expert guidance In selecting 
the optimum system he or she needs. 

Yet, assisting in the purchase is only the beginning or 

o ur in-store service d eportment 
will get you back up and 
running . 

Right now! 

Great Selection. 

Your first stop o t ComputerLond 
may well be your lost stop. 

ComputerLand offers the finest 
quality and 

largest selec
t ion of al l the 

major brand names. 
Like Apple Computer. 

Cromemco. DEC. Diablo, 
Haze ltine. !COM. IMSAI , Lear Siegler. 

Na tional Semiconductor, North Star. Texas 
Instruments. Vec tor Graphics and more. 

Plus a complete inventory of tools. books and accessories. 

What 's more. at ComputerLand. we deal in product . Not 
promises. Our inventory is on o ur own shelves. Rother than the 
manufacturer's. So you can take delivery on tomorrow 's com
ponen ts today. 

Which means. 
simply put. that at 
Computerland . you 
get exactly what 
youwan1 . 

Exac I ly when you 
want it. 

Be Our Guest. 

Begin wi th the 
g rand tour o f our 
exhibit a reas. "Test 
d rive" any of our 
Individual systems. 

Then te ll us your needs. We' ll sit down and talk about the system 
t·ha t's righ t for you. It's as easy as that at ComputerLand . 

The great compu ter store . RATED G . 

Call or write for the address of the ComputerLand store nearest you. 
Franchise opportunities available. 

Computerland 'sservice. If the kit you bought requires a 
little more do-it-yourself than you yourself can do. we 
p rovide assembly assistance. Compule1Land'" 
If that complex program proves to b e just that. we provide 
programming assistance. 1922 Republic Avenue. San Leandro. CA 9!J577 (IJ15] 895-9363 





built-in speaker. 

You've just run out of excuses 

for n ow ·nQ a personal computer. 


Clear the kitchen table. Bring 
in the colorTV. Plug in your new 
Apple II;' and connect any standard 
cassette recorder/ player. Now you're 
ready for an evening of discovery in 
tl1e new world of personal computers. 

Only Apple II makes it that 
easy. It's a 

But Apple II is more 
than an advanced, infinitely 

flexible game machine. Use 
it to teach your children 

arithmetic, or spelling 
for instance. Apple II 
makes learning fun. 
Apple II can also 

manage household finances, 
chart the stock market or 

index recipes, record collections, even 
control your home environment. 

Right now, we're final izing a 
peripheral board that will slide into 
one of the eight available mother
board slots and enable you to compose 

music elec
tronically. 
And there 
will be other 
peripherals 
announced 
soon to 
allowyom 
Apple II to 

talk with another Apple II, or to inter
face to a printer or teletype. 

Apple II is designed to grow 
with you as yow- skill and experience 
with computers grows. It is the state 
of the art in personal computing today, 
and compatible upgrades and peri
pherals will keep Apple II in the fore

Write us today for om detailed 
brochure and order form. Or call us 

for the name and address of the 
Apple II dealer nearest you. (408) 
996-1010. Apple Computer Inc., 

20863 Stevens Creek Boulevard, 
C, Cupertino, 

front for years to come. 

, 

Bldg. B3-
California 95014. 

I. 

complete, ready to use computer, not a 
kit. At $1298, it includes video gra
phics in 15 colors. It includes BK bytes 
ROM and 4K bytes RAM-easily 
expandable to 48K bytes using 16K 
RAMs (see box). But you don't even 
need to know a RAM from a ROM to 
use and enjoy Apple II. For example, 
it's the first personal computer with 
a fast version of BASIC permanently 
stored in ROM. That means you can 
begin writing your own programs the 
first evening, even if you've had no 
previous computer experience. 

The familiar typewriter-style 
keyboard makes it easy to enter your 
instructions. And your programs can 
be stored on-and retrieved from
audio cassettes, using the built-in 

cassette interface, so you can swap 
with other Apple II users. 

You can create dazzling color 
displays using the unique color gra
phics commands in Apple BASIC. 
Write simple programs to display 
beautiful kaleidoscopic designs. Or 
invent your own games. Games like 
PONG-using the game paddles. 
supplied. You can even add the dimen
sion of sound through Apple II's 

applcz computczr inc~ 


Apple Il™ is a completely self-contained 
computer system with BASIC in ROM, 
color graphics, ASCII keyboard, light
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM, and with cassette tape, video and 
game 1/0 interfaces built-in. Also in
cluded are two game paddles and a 
demonstration cassette. 

SPECIFICATIONS 
•Microprocessor: 6502 (1 MHz). 
• Video Display: Memory mapped, 5 

modes-all Software-selectable: 
· Text-40 characters/ line, 24 lines 

upper case. 
· Color graphics-40h x 48v, 15 colors 
· High-resolution graphics-280h x 

192v; black, white, violet, green 
(12K RAM minimum required) 

· Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 

· Completely transparent memory 

access. All color generation done 

digitally. 


•Memory: 	up to 48K bytes on -board 
RAM (4K supplied) 
· Uses either 4-K or new 16K dynamic 

memory chips 

· Up to 12K ROM (8K supplied) 


•Software 
· Fast extended integer BASfC in ROM 

with color graphics commands 

· Extensive monitor in ROM 


• 1/0 
· 1500 bps cassette interface 

· 8-slot motherboard 

· Apple game 1(0 connector 

· ASCII keyboard port 

·Speaker 

·Composite 


video 

output 


Apple II is also 

available in board-only 

form for the do-it-yourself hobbyist. Has 

all of the features of the Apple II system, 

but does not include case, keyboard, 

power supply or game paddles. $598. 


PONG is a trademark of Atari Inc. 
"Apple II plugs into any standard TVusing 
an inexpensive modulator (not supplied). 



Order your Apple now. 

from any one of the following authorized dealers: 
ALABAMA GEORGIA KANSAS (continued) 
The Computer Center Data Mart , Inc . Team Electronics 
303 B. Popla r Place 3001 N. Fulton Drive Space 81-A Mid-State Mall 
Birmingham Atlanta Salina 

Team Electronics 
90i W. 27th Street Terrace

ALASKA 	 HAWAII 
Team Electronics 	 Real Share Topeka
Country Village Shopping Center 190 S. King Street #890 
700 E. Benson Blvd . Honolu lu Team Electronics 
Anchorage Towne Ea st Square 

ILUNOIS 7700 E. Ke llogg
Team Electronics 
404 E. Fireweed Lane 

WichitaTeam Electronics 
Meadowdale Drive, Space 1A Team Electronics 
Carpentersville 791 N. West Street

Anchorage 
Team Electronics 
1698 Airport Way 

WichitaTeam Electronics 
North gate Mall Shopping Center Team Electronics 
Decatur " The Mall" on Harry Street 

ARIZONA Wichita 

Fa,,banks 

Team El ectronics 
Barney & Associa te s~r~eNs 1slonsdate Road ~;58'!;/r~~la~andburg Drive 425 N. Broadway 

Tempe Galesburg Pittsburg 
Team ElectronicsCALIFORNIA 	 KENTUCKY
Southpark Shopping Center

Co mputerland 	 ComSuterland4200 16th Street
22634 Foothill Blvd . 	 813 L~ndon LaneMoline
Hayward 	 Louisvi le

Team Electronics
Compuler land 	 TheData Domain4700 Block-N. University Ave .
68•:0 la Cienega Blvd . 	 506 17 Euclid AvenuePeoria
Eng lewood 	 Lexington

Team Electronics
Comp uterland 	 The Data Domain1714 fifth Avenue
24001 Vi• Fab rica nle 	 3028 Hunsinger LaneRock Island
Mission Vie10 	 Louisville

Team Electronics
Compu terland 321 N. Alpine Road 	 MARYLAND
4233 Convoy Street Rocklord Computerland 

Team Electronics 16065 Frederick Road
San Diego 
Computerland Woodlreld Mall F-119 	 Route 355
104 w. flrs l Street Schaumburg 	 Rockville
Tustin Team Electronics
Byte Shop 	 MASSACHUSETTS2716 S. MacArthur Blvd .
2233 El Camrno Real 	 The Computer Store , Inc. Springl ield
Palo Alto 	 120 Cambridge Street

Computerland Burlington 
50 E. Rand Road ~i~W~i~n Avenue Arl ington Heights MICHIGANSan Jose 
Itty Bitty Machine Company Team Electronics 
1316 Chicago Avenue Della Plaza Shopping Center?!~b ~o~l ll sda le Blvd . Evanston 	 EscanabaSan Mateo 

Team ElectronicsINDIANAByte Shop M&M Plaza3400 El Camino Real 	 The Da1a Domain Menomi neeSanta Ciara 	 2805 E. State Blvd . 
Fo rt Wayne MINNESOTA ~~~e9S~o~ain Street The Data Domain Team Electroni cs 

Walnut Creek 7027 Michigan Road 1
A-VIDD Electronics Indiana polls ~ii~dX!Y~:1! Blvd . 
2210 Bellllower Road 	 Minnetonka

IOWALong Beach 	 Team Electronics
Team ElectronicsComputer Country 	 204 Southdale Center 
202 Main Street

2232 Salt Air Drive 	 Edina
AmesSanta Ana 	 Team Electronics
Team ElectronicsCompu rcr Playground 	 215 Ruby StreetDuck Creek Plaza6789 Westm inster Avenue 	 Box 3222BellendorlWestminster 	 Mankato 
Team ElectronicsRainbow Computing, Inc 	 Team Elect1onlcs4444 First Avenue N.E.10723 White Oak 	 1248-50 Eden Prairie Center
Lindale PlazaGranada Hills 	 Eden Prair ie Cedar Rapids

S1rawberv; Elec tronics 	 Team ElectronicsTeam Electronics 71 Glenn ay #9 	 207 Th ir d Street216 Eighth Street S.E. Belmont 	 BemidilCedar Rapids 
Team El ectronics

COLORADO 	 Team Electronics 1032 Burnsville Center320 Kimberly RoadTeam Electronics BurnsvilleNorthpark Shopping Center 
Davenport 

3275 28th Street Team ElectronicsBoulder Kandi Mall Sou lh Hwy 71Team ElectronicsTeam Electronics Willmar2300 Kennedy RoadThe Citadel Team ElectronicsColorado Springs 	 Du bu Que 
Crossroads Shopping Center 

Team Electronics Team Electronics St. CloudRoom 120-Space 18 
The Mall 

107 S. Co ll ege Team ElectronicsFort Co ll ins Cedar MallIowa City Team Electronics Owatonna 
Tel ler Arms Shopping Center Team Electronics 

240 1 North Avenue 2015 E. Fourth Street 
 Team Electronics 

Mesabi MallGran el Junctio n 	 Sioux City 
Hibbing

Team Electronics Team Electronics 
K-0 Stockyards Station Team Electronics2045 Grnelcy Mall 

Greeley Thunderbird Mall 
Sioux City 
2001 Leech Avenue 

Virginia 
Team Elec tronics Team ElectronicsTeam Electronics1450 Main Street Apache Plaia2750 University AvenueLongmont Silver Lake Road WaterlooTeam Elcc!romcs St . Anthony
!022 Cons[itution Road KANSAS 
Belmont Plaza Team Electroni csPueblo 215 W. Kansas Avenue 
FLORIDA Garden Cily 

MINNESOTA (continued) NEW YORK 	 SOUTH DAKOTA (cont inu ed) 
Team Electronics Computerland Team Elec tronics 
1221 Main Avenue 1612 Niagara Falls Blvd. Sfoux Empire Mall 
Moorhe3d Buffalo 4001 West •11st S1reet 
Team Electrorucs Sioux Falls 
1733 S. Robert Street ~m1~1;~aA~ad Team Elec rronics 
West St. Paul lthica 223 Ninth Avenue S.E. 
Team Elec tronics Co-op Electronics Watertown 
26~0 Hennepin Avenue S. 9148 Main Street TEXASMinneapolis 	 Clarence 

Compulerland
Team Electronics NORTH DAKOTA 	 6439 Westheimer
455 Alce Street 
St. Paul 

HoustonTeam Electronics 
2304 E. Broadway 	 Compulei Shops, Inc. 

Team Eleclronics Bismarck 	 13933 North Cen1ral110 Sixth Avenue S. 
St. Cloud Dallas 

West Acres Shopping Center The Computer Shop 
Team Electronics 

Team Electronics Fargo 	 68t2 San Ped ro 6413 Lyn dale Avenue S. 
Minneapolis San Antonio 

150311th Avenue N. The KA Computer Store 
Team Electronics 

Team Electronics Grand forks 	 1200 Maiesty Drive t3t I Fourth St. S.E. 
Min neapolis Dall•s 

209 11th Avenue S. W. 
Team Electronics 

Team Electronics 	 VIRGINIAMinotMaplewood Plaza 	 Home Computer CenterTeam Electronics3000 White Bear Avenue 	 3312 Old Kirkwood Drive109 Main StreetMaplewood 	 Virginia BeachWilliston 
Team Electronics WASHINGTONMadison East OHIO 
Mankato Team ElectronicsThe Data Domain •123 w. YakimaTeam Electronics 	 1932 Brown Streel Yaklm•310 Grant Avenue Dayton
Eveleth WISCONSINOKLAHOMATeam Electronics Team ElectronicsTeam ElectronicsHar Mar Mall 3209 Rudolph Road 
2t00 N. Snelling Avenue Eau Claire1105 Elm Street 
St. Paul Stubbe man Village 

Team Electronics 
Computer Depot 3365 E. Clairmont Parkway

Norman 
Team Electronics3515 W. 70th Street Eau ClaireCrossroa ds Mall 
7000 Crossroads Space 20 10

Minneapolis Team Electronics 
MISSOURI Oklahoma Ci ty 3365 E. Washing Ion Avenue 

MadisonTeam Electronics Team Electronics 
Bisca yne Mall Penn Sq uare Shopping Center Team Electronics 
301 Stadium Blvd . Penn SQuare 7512 W. Appleton Avenue 
Columbia 	 Oklahoma Ci ty Milwaukee 

Team Electronics 
1306-B South wy 63 1134 Hall ol F•me Avenue 
Electronic Conff,onenls Intl . 	 Team Electronics 

3701 Durand Avenue 
Columbia Stillwa ler Elmwood Plaza Snopping Center 

Racine 
MONTANA Team Electronics 

5305 E. 41st Team Electronics 
Team Electronics 3347 Kohler AvenueSou throads Mall
613 Cenlrai Avenue 	 Memorial Mall. Space H-4 Tulsa
Great Falls 	 Sheboyg•nTeam Electronics
Team Electroni cs 	 Team Electronics Woodland Hills Mall
1208 W. Kent 	 5300 s. 76th7021 Memorial
Missou la 	 South ridge CenterTulsa 
Computers Made Easy GreendaleTeam Electronics
415 Morrow 	 Team Electronics Surrey HillsBozeman 	 Sunrise PlazaYukon 

Highway 8 East
NEBRASKA 	 Bits . Bytes & Micros Rhinelander 
Team Electr onics 1186 N. MacArthur Blvd . 
148 Conestoga Mall 

Team Electron ics 
1505 Losey Blvd . S. 

Oklahoma Cily 
Highway 281 &13th Street 
Grand Isla nd ~(mg ~cW;figr.e Blvd. 	 Village Shopping Genier 

La CrosseOklahoma Ci ty Team Electronics Team Electronics
2055 "O" Street OREGON 	 2207 Grand Avenue
Lincoln Wausau 
Team Electronics 

Team Electronics 
1913 N.E. Third Street 	 Team Etectromcs304 S. 72nd Street Bend 	 3301 -3500 S. 27th StreelCedarnolc Shopping Center 

Omatra 
Southgate Shopping Center 

2230 Fairground Road N.E. 
Team Electronics 

Milwaukee 
Team Electronics Salem 	 Team Electronics
Bel Air Plaza 2619 Milton Avenue12100 W. Ce nt er Roaa 	 SOUTH DAKOTA JanesvilleOmaha Team Electronics Team ElectronicsTeam Electronics 	 402 W. Sioux Avenue 1801 Marshall SlreetSunset Plaza Shopping Center 	 Pierre Manitowoc
Norlolk Team Electr onics Team Elcclronics
Team Electronics 	 I IOI Omaha Street 7700 W. Browndeer Road
The Mall 	 Rapid City No rthrldge CenterIOOO S. Dewey Team Electronics 	 MilwaukeeNorth Platte 613 W. 4tst Street Team Electronics 
NEW JERSEY 396 Park AvenueSioux Falls 

Team Electronics Oshkosh 
2 De Hart Street 
Computer land 

41sl Street &Western Avenue 
WYOMINGWestern Mall 

Sioux Fal ls 	 Team Electronics 
Hilltop Shopping Center 
207 S. Montana 
Casper 

Morristown 

If you would like to be an Apple dealer. call Gene Carter, 
Director of Dealer Marketing, 408-996-1010. 

Team Electronics
~6:~1 ~hoi'akland Park Blvd . 14 S. Main Street 
Ft. Lau der dale Hutchinson applcz cornputczr inc~· 

Team Electronics
~i~s5t,~g Road 	 2319 Louisiana Sucet 
M1am1 	 Lawrence 20863 Stevens Creek Boulevard, 83-C 

Tea m EleclronicsThe World ot Microcomputers. Inc. 
1429 Plunket Street 1132 Westloop Shopping Center Cupertino, California 95014 
Holtiwood Manhattan (408) 996-1010 	 Circle 357 on inqu ir y card. 
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MOST OF TODA Y'S PERSONAL 
COMPUTERS are microcomputers. 
Compared to our minicomputer they are slow 
and expensive. 

Our mini "the MINI 12™" has been 
around for three years. We've been steadily 
selling it to industrial customers who have 
proven its reliability. Only recently have we 
paid much attention to the personal 
computing market. We've discovered that our 
computer is simply better, and most interest
ingly, LESS EXPENSIVE. 

NONE OF THE MICROCOMPUTERS 
can offer you the range of software available 
to the MINI 12. Compatibility with the most 
popular minicomputer, DEC's PDP-SE, gives 
you a vast library of programs. You will also 
be pleasantly surprised when you experience 
the speed and sophistication of our 
EXTENDED BASIC compiler, or FORTRAN, 
ALGOL and FOCAL. 

Unlike today's microcomputers, our 
Mini 12 is fully software supported by an 
advanced operating system, including...file 
handling text editor, symbolic assembler, 

loaders, ODT 
(octal debugging technique), 

batch processor, and system utilities. 
The MINI 12 comes with 8K of memory 

and is easily expandable to 32K. Because the 
MINI 12 processes 12 bit words (instead of 8 
bit bytes) you need far less memory. For most 
applications ... using our optional MINI 
STORE digital cassette system with the 
BASIC compiler, you will never need add 
another single byte! 

Because we want you to have the 
pleasure of using your minicomputer right 
away, our MINI 12 comes fully assembled, 
debugged and ready to plug in. It includes a 
full front panel, controller for eight digital 
tape drives, and built-in serial interface plus 
other technical niceties like a binary loader 
and monitor bootstrap in ROM memory. 

Frankly, when compared with micro
computers, we're surprised at how good a 
deal we are. Write... or better yet, give us a 
call @303-794-1634 and let us help you get it 
all together! 

11l F Post Office Box 2298, Littleton, Colorado 80161, Telephone 303- 794-1634 

PDP·BE and Focal are Trademarks of Digital Equipment Corporation Circle 358 on inqu i ry card. 



START 

QUANTITY OF 
FIRST ITEM 

OUANTI TY TIMES 
L IST PRICE 

SUBTOTAL 

QUANTITY OF 
LAST ITEM 

TIMES LIST PRICE 
OF LAST ITEM 

SUBTOTAL 

GRANO TOTAL 

GRAND TOTAL 
TIMES DISCOUNT 

SUBTRACT 
DISCOUNT Fl!OM 
GRANO TOTAL 

STORE RESULT 
AS NET INVOICE 
AMOUNT 

ADD 
SHIPPING COSTS 

RESULT IS TOTAL 
AMOUNT OF 
INVOICE 

STOP 

Figure 7: Basic flowchart 
outlining the procedure 
for completing an invoice. 
This is a first step in de
tailing precisely what the 
program should do. 

William B Jenkins 

643 S Rte 83How to Write Elmhurst IL 60126 

an Application Program 

The Texas Instruments S R-52 is a very 
impressive machine for its size. Several dif
ferent libraries of programs are provided 
that include engineering, finance and games 
applications. The game programs do, of 
course, provide the easiest w-ay to impress 
your friends with the power of the S R-52. 
This is no different from using game pro
grams with any computer system. For per
sonal use, though, games can quickly lose 
their glamour. When this happens, it is time 
to learn how to program. 

As the owner of a small business, there 
are at least two tasks which consume a fair 
amount of my time. One is payroll and the 
other is invoice preparation. Of the two, 
invoice preparation is the easiest program 
to start with, although both programs offe1· 
good opportunities to learn many of the 
intricacies of programming. These tech
niques also provide a practical way of \earn
ing general programming methods. The 
result is the development of skills that 
include ana lyzing the problem and design
ing a logical way {flowcha~t} of identifying 
the best method for solving the problem . 
Next comes the conversion of the flowchart 
to the program language that your machine 
uses. To do this, let's start with the prob
lem of developing a program to he lp prepare 
invoices. 

Invoice Program 

The first step is to think out what you 
would do to manua lly prepare an invoice. 
There are several ways of doing invoices. 
We are manufacturers of retail products 
and sell various quantities of many differ
ent items. Our invoices show the suggested 
list price for each item. After· the items 

are totall ed, a discount is calcul ated and 
subtracted from the total. The resu lt is the 
net amount that the customer pays. There 
are other costs, such as shipping charges , 
which are also added . Figure l shows a flow
chart for th is first step. 

Making a flowchart for this first step 
may seem to be unnecessary. What it does 
is give you a graphic description of the steps 
involved . From this, some of the next steps 
become more obvious . For example, in an 
invoice, we multiply one item by another 
and save the total. This basic step is repeated 
for as many items as req uired. This type of 
repetition is one of the things a computer 
does best. In the same way, it is the very 
thing that bores a human fastest. 

The end steps req uire adding the indi
vidual totals and getting a grand total. 
The remaining steps are straightforward 
arithmetic. 

The initial conclusion (one which we sort 
of knew from the start} is that this problem 
lends itself to solution by computer. 

We will add one more set of calcu lations 
so that the final program can handle a 
second class of merchandise that does not 
have any discount app lied. This addition 
is similar to the steps shown in figure 1, and 
we will include it in our next r·eiteration 
of the design. 

SR-52 Features 

What we have done so far has been inde
pendent of the system that we will be using. 
At this point, we have to learn a little about 
the specific hardware. 

The SR-52 allows programs to be input 
using the calculator keyboard. The indi· 
vidua l keys cou ld be cons id ered as a set of 
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Photo 7: SR-52 programmable calculator. 

op codes for a high level language inter
preter, with each key performing a set of 
fairly complex operations . The SR-52 
provides several categories of key functions . 
It has the conventional arithmetic functions : 
+, - , x, 7 ; and a set of memory functions 
that al low you to manipulate the 20 avai l
able memory areas. These functions include 
STORE, RCL (recall), SUM, PROD (prod
uct}, and EXC (exchange). Trigonometric 
functions, Sin , Cos. Tan and other standard 
functions such as x2, yx, and 1 /x are also 
included. An important set of keys are those 
that allow the SR-52 program to make 
decisions. These can perform tests on 
program data in order to determine what the 
next program step might be. The SR-52 is 
shown in photo 1. 

The SR-52 has a maximum of 224 
program steps. To program the machine, 
you simply take the list of key sequences 
and push the buttons in that sequence until 
you are done . This is a little oversimplified, 
but it really isn't much more than that. 
If your· program has been properly designed, 
the SR-52 will be ab le to do all of the finger 
crunching work when you put in the data. 
When you are satisfied with the program, 
you Cdn save it on a magnetic card for 
future use. 

Zeroing In 

Wh at we have done up to this point 
has given us a logical approach to the pro
gram solution of our problem, and an overall 

notion of how the SR -52 can do the job 
for us. Now we have to get a little closer 
to the S R-52 to know exactly how to trans
late ou r flowch art to key sequences. 

Our program shou ld be easy for a non
technical person to use . This means that 
entering the data should use very few steps. 
The program should do most of the wor-k 
until the problem (invoice) is complete. To 
help accomplish this , the program will 
be written to use th e optional S R-52 printer 
as a recorded output. The printer, shown in 
photo 2, in addition to providing a hard 
copy output, actually makes program devel 
opment easier. By printing desired results 
as they occur we can avoid using too many 
of our precious 224 program steps to store 
and then later reca ll results . In some cases, 
programs that would be too long, more 
than 224 steps, without the printer can be 
handled on the SR-52 . Additionally, since 
the printer can be operated under program 
control , some limited data formatting can 
be accomplished. Last of all, the printer 
allows the user to verify the accuracy of 
the data input. 

Invoice Program Development 

In the invo ice problem we are working 
on, we can see from the initial flowchart 
that we are going to use several basic SR-52 
functions. These are data storing, recalling, 
multiplying, subtracting, adding and 
printing. 

We will now expand our initial flowchart 

Photo 2: Printer attachment for S R-52. 
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Figure 2: Expanded flow
chart for invoice program 
includes net priced items. 
The actual programming 
steps for the SR-52 are 
also noted within the 
boxes. The circled num
bers indicate the order 
in which the program was 
written and refer back 
to the text. 

RUN 

HOUSEKEEPING 

CMS, CLR, FIX Z, 
HL T 

"c"·· DISCOU NT 

STO 03, PRT, 
PAP, HLT 

STO Qq, 
HLT 

"A• - - QUAN TITY 

FIX 0 , STO 0 1, PRT , 
F!X2 ,HLT 

" B"- - L IST PRICE 

STO 02, 
PRT 

· A·x · a · .. uN( TOTAL 

RC L A , X,9,•, 
F'RT , SUM 19, HLT 

YES 

A' -· GRANOTOTAL LIST ITEMSx:OISCOUNT•NET 

CRCL 19, PRT. x I (I ·C)), PRT,-RCL 19 , 
.. , + / -,PRT,PA P, STOl9, HLT 

•A ·- - QUANTITY 

ND 

FIXO, STOOl , PRT, 
FIX Z, HLT 

" E" ··NET PRICE 

STO OS, 
PRT 

"A" X'E" •LINE TOTAL 

RCL A,X,B,• , PRT, 
SUM 19, HLT 

YES 

B ' - - NET PR IC E TOTAL+ SHIPPING • INVOICE TOTAL 

PAP, RCL 19, PFH, • ,RC.L 0, P R T , • , PRT, PAP, PAP, 
PAP 

START OVER 

RST 

to include the actual steps we will ask the 
SR-52 to do for us. In this expan ded flow· 
chart we have added the second category 
of merchandise we want to price. One other 
design consideration that we want to include 
is the manner in which we will have the 
user input th e data. The SR-52 has a set of 
five buttons that are labe led A, B, C, D and 
E. These same buttons can be set for a 
second use which adds five more fu nctions 
labeled A', B', C', 0 

1 
and E'. These buttons 

are called "user defined keys." Dependi ng 
on the way you write the program, a given 
user button will do whatever you want. 
For our use, we will want to use these but· 
tons to define to the program what our 
data means. Table 1 shows the definition 
we have given to these keys for this program . 
Looking at the work the SR-52 does wh en a 
user defi ned key is pushed gives you an idea 
of the power of the machine. 

To get the invoice data into the program, 
the user keys in the numbers on the key 
board and presses the appropriate user 
defined key. 

Now, we can expa nd our initial flow
chart to what we see in figure 2. The num
bers in circles adjacent to various boxes 
are the order in which we will write the 
program sequence. We will refe r to these 
numbers in the following discussion of 
the new flowchart . 

1. 	This is some of the housekeeping 
ch at any program should have. It 
assures you that the ini tia l condi 
tion of the calculator or computer 
is what you expect it to be. Here we 
want to CLR {clear}, CMs (clear data 
memories), Fl X 2 (fix the decimal 
point of the computations to two 
places) and HLT (halt) . We want the 
mach ine to stop and wait for us to 
input data. 

2. 	 In this step we are going to define 
key C to mean discount. We are 
going to STO (store) it in data mem
ory location 03, prin t what we en
tered, advance the paper one lin e 
and HLT agai n. 

3. 	 Key D is defined to be the shipping 
amount of the order ; it is stored in 
data memory 04. We then halt. We 
could have printed this value, but I 
chose not to because it will be used 
at the end of the program where, 
if it is the wrong amoun t , not much 
harm is done. 

4. 	Key A is the quantity of merchan-

Continued on page 152 
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HORIZON 

LookToThe North Star HORIZON Computer. 

HORIZON ™- a complete, high-performance microprocc . or 
sys t - rn w i th i ntegratcd f loppy disk memory. I IOR I ZO is 
attractive. profess ionally engineered . and ideal for business, 
edu ational and personal applications. 

To begi n programming in extended BASIC, merely acid a CRT 
or hard- opy termi nal. HORIZO -1 includes a Z80A pron''>So1; 
"16K RAM, mini floppy™ d isk and 12-. lot S-100 motherboard 
wi th serial terminal interface - all standard ,q L1i pment. 

WHAT ABOUT PERFORMANCE? 
The Z80A processor operates at 4Ml-IZ - double the riower of 
the 8080. And our 16 RAM board lets the Z80A ~xc · ut r· at 
full speed. HOR IZO can load or save a 10K byte d isk program 
in less than 2 seconds. Ea h diskette can store 90!< bytes. 

AN D SOFTWARE, TOO 
HOR IZON includes the Nrnth Star Disk Operating SvstC'm and 
fLill ext ·nded BASIC on diskette ready at power-on. O ur 13AS IC. 
now in w idespread use. has verything cl sired in c 8 SI . in
cluding equential and random d isk fi les, formatted output. a 
powerful line editor. strings, machine languag CALL and more. 

NORTH STAR 

EXPAND YOUR HORIZON 
/\/so <1vai l<1blc - Hardware floati ng poi nt board (FPl3 ): addi
t ional 161< rne111nry boards wi th parity opti n. Acid a second 
d i k drive and you hwe HOl~ I ZON-2 . Economica l se1-ia / and 
pdra llc•I 1/0 ports m;1y b ' installed on the motherboard. Many 
widPIV av;i i/ ilblv S-100 bus peripheral hmm/ u rn be added to 
HOl~I Z 

QUALITY AT THE RIGHT PRICE 
I IOR IZO pro l'ssor hoard, RAM, Fl 13 and M ICRO DIS I< SYS
HM can lw bought Sl•parately fo r either Z80 or 8080 S-100 bus 

1 1 01~ IZON-·1 $"1599 kit : $"18' 9 a. . mhlecl. 
1-1 l ~ I ZOf'.-2 $-1999 kit; $23-19 assemble I. 

·1b1< RAM - $399 kit ; S>-l"c i.lS ·emh/(-'c/ ; Paritv optio n $3 kit ; $59 
asscmhlccl . fPB $259 kit ; 5359 assern bl d . Z80 hoard s·199 kit : 
$2S<J ;1s,C'mh/0d. IJrin•' suhiect to change>. HORIZO offprpc/ 
in choice of wood or blue meta l covPr at no extra ch;irge. 

\l\/ritC' lor fr('(' color c;itil loguc OI' visit vnur local computer . tore. 

Ci rcle 359 on inqu i ry card. * C O MPU TERS 
2465 Fourth Street • Berkeley, California 94710 • (4 15) 549-0858 





About the Cover 


Photo 2. 

. . . and Some More of the Same 

The artwork on our cover this month and 
the samples found on the following pages 
were created by Thomas A Defanti and 
Guenther Tetz of the University of Illinois 
at Chicago Circle. The system used to create 
these wor·ks used a high level "Graphics 
Symbiosis System" (acronym: GRASS) 
grafted onto a PDP-1 1 /45 computer with 
a Vector General 3DR display scope, a data 
tablet and 30 channels of analog input and 
output for interactive control of the pro
grammed parameters of the display. Con
sider it in some sense the visual eq uivalent 
of a Moog synthesizer's audio functions. 
A more complete descrip tion is found in a 
paper entitled "The Digi tal Component of 
the Circle Graphics Habitat" which was 
published on pages 195 to 203 of the pro
ceedings of the 1976 National Computer 
Conference (a monstrously thick book avail
able from AFI PS, the American Federation 
of Information Processing Societies, 210 
Summit Av, Montvale NJ 07645). 

Artists DeFanti and Tetz sent in several 
slides of their work as part of the art contest 
we ran last year in the September 1976 issue 
of BYTE. They report that work is pro
gressing on a microprocessor based version 

Photo 3 . 

Photo 4. 



Photo 5. 

Photo 7. 

Photo 6. 

of GRASS, work which may result in some 
heady progress in low cost graphics art using 
computers. 

Around the BYTE offices, we tend to 
think of the cover as the "aquamarine-print" 
of the design of a house for the inhabitants 
of Arcturus IV. Whether this is true or not 
is open to some question. 

The other photographs also came to us 
untitled, so we list them simp ly as photos 
1 thru 8. Why? Well, it occurred to us that a 
bit of informal fun (and perhaps a bit re
vealing as well) could be had by leaving it to 
readers to suggest appropriate titles. Watch 
the letters columns of future issues to see 
what comes of this request for titles.• 





Relocatability and the Long Branch 


Robert J Borrmann PhD 
Associate Professo r of Electrical Engineering 
Manhattan College 
Riverdale NV 10471 

A pos1t1on independent relocatable pro
gram is a program that can be moved to any 
convenient place within yo ur memory space, 
and executed without any changes. One of 
the very nice things about the Motoro la 
6800 instruct ion set is the relative addressing 
mode used in its branch (BRA) and branch 
to subroutine (BSR) instructio ns ; instruc
tions using this addressing mode are inh er
ently relocatable without patching. 

To illustrate relative address ing co nsider 
the 6800 instruction : 20 35 (hexadecimal). 
Hexadeci mal 20 is the code fo r the branch 
(BRA) instruction, so 20 35 means jump to 
the address that is hexadecimal 35 bytes 
beyond the instruction which fol lows this 
branch instruction . Thus, if a progra m ini
tia lly occupies hexadecimal locations 0080 
to 0200, and includes at location 0100 the 
above branch instruction, this causes the 
processor upon encou ntering it to jump to 
location 01 37. If th e program is now copied 
from its original location 0080 to 0200 in to 
a new location 1580 to 1700, the branch 
instruction (now at location 1600) wil l 
correctly cause the processor, upon encoun
tering it, to jump to location 1637. 

Unfortunately, the 6800's branch instruc
tions allow on ly one byte to be used as the 
relative displacement. This allows a maxi
mum branching range of only hexadecimal 
+7F (+ 127 deci mal) to hexadecimal -80 
(- 128 decimal) bytes. Wh at do you do if 
you have need for longer-range branching, as 
is the case in larger programs? If you use the 
jump (JMP) or jump to subroutine (JSR) 
instructions, which include absolute address 
references, the program is no longer relocat
able without modification . It loses the posi
tion independence feature which makes a 
generalized program read only memory 
possible. 

One solution to the probl em of writing 
large relocatable programs is provided by the 
long branch (LONGBR) and long branch to 
subroutine (LONGBS) subroutines described 
here. Although the listings show start ing 
addresses of 278E and 276B respectively, 
both routines are completely independent of 
memory address space location. They can be 
used in two ways. 

The first way is to incorporate bo th 
routines into your own system monitor , 
which presumably occupies a fixed location 
in your memory space. Th is is the way I use 
them . Then, to execute a long branch wi thin 
a program you are developing any where in 
memory, you simply execute a jump to 
subroutine LONGBR, and follow the JSR 
LONGBR instruction by a 2 byte adder 
which indicates how many bytes ahead or 

Listing 7: A symbolic assembly language and object code representation of the long relative 
branch calculation routines for the 6800 processor. The addresses for the routines are picked 
based on the author's systems software. Since the routines are entirely position independent, 
they can be relocated without any modification, provided the code does not overlap the tem
porary storage area for the index register (XSTOR), which is referenced absolutely. The boxes 
at the right of the commentary in the listing signify the contents of the stack area. The blue 
color identifies contents based on values present on entry to the routine, and the red color iden
tifies contents computed during the operation of the routine. 
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Hexa· Hexa· 

declmal decimal 
Add ress Code Label Op Operand Commentary Stack Area M anipulations 

I S 

2766 DF 20 LONG BS STX XSTOR Jsave X for later l ; 

I S I X 

2760 30 TSX X :c S + I ; 

276E OF SEI l1urn oil maskable (IRQ) ln1crru1ml : 

i==ii==i--
I X 

276F A E 00 LOS 0,X S : c@I X (would be return address ) ; 

IX 

2771 09 DEX X :• X - 2 lpomt to loca l ion of 

I X 1c::=i___c::=i--
2772 09 DEX WBRA copy) ; 

I X 
2773 AF 00 STS o.x (copy WBRAI ; 

2775 31 INS S :• S • 2 (calculaie actual 

2776 31 INS return addrll.Ss J; 

I X 
2777 AF 02 STS 2,X (pa1ch the siack I : 

IS I X 
2779 35 TXS i=:=J 

I S IX 
277A 36 APUSH PSHA i==J 
2778 31 INS S := S + 2 (point s tack 

I X,S 
277C 31 INS 10 WBRAL lor PUL i ; 

IX I S 
2770 32 PULA A :a WBRAL; 

IS 
277 E EE 00 LOX O,X X := WBRA (point to OFFSE T ( ; 

2780 AB 01 ADDA 1,X LBA :a WBRA "' OFFSET (ca l· - I S ---2782 36 PSHA culace rehuivc branch 

I S-----2783 34 OES targe t and lnsen m srnc k regio n] ; - I S ---2784 32 PULA A :• WBRAH : 

2785 A9 00 ADCA o.x (com1lleie 1he sum I , 
IS- ---2787 36 PSHA (fin ish patching srnck ( : 

2788 34 DES 
IS 

i==:J 
IS- ------2789 32 PULA l rostoro old A) : 

278A DE 20 LOX XSTOR (res1orc old XI ; 

278C OE cu (reonable ln1 crrupts} ; - I S---2780 39 RTS Igo to address LBA I : 

278E DF 20 LONGBR STX XSTOR (save X for lator I ; 

2790 30 TSX (se1 up for 

2791 OF SE I branch w11hoU1 

2792 20 E6 BRA APUS H returnl ; 

The following symbols are used for the values in the stacl? area: 

WBRA == "would be branch address, " a 76 bit value with high order byte WBRAH and low order byte WBRAL. This is the 
pointer to the relative branch OFFSET which follows the JSR to LONGBR or LONGBS. 

OLD = old contents ofstack, unchanged by these routines. 
RA = "return address," a 76 bit value with high order byte RAH and low order byte RA L, computed by these routines. 
LBA = "long branch address," a 76 bit value with high order byte LBA Hand low order byte LBA L, the computed target 

of the long branch to subroutine or long branch operation. 
OLDA = old value of the A accumulator, saved on the stack during computations. 

The index (X) register and stack (S) values pointing to lhe stac!? area are noted above the content boxes in this representation. 
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beh ind you wanL to branch. For· examp le, if 
you want Lo long br·anch from loca tio n 0 I 00 
to 0345, you would need Lhe fo l lowing 
code : 

0100 BO 27 SE JSR LONGBR 
0103 02 42 FDB $0242 

Th e LargeL ad dress is comp u te e! by adding 
the offse t {hexadec ima l 0242) LO the address 
of the byte fol lowing the JSR in struct ion 
(hexad ec im al 0 ·103): 

0242 
0103 

0345 

To execute a long br·anch to subroutine th e 
prnced ure is simi la r· except th at yo u jump lo 
subrou tine LONGBS instead of LONGBR. 
For exam pie, if you r program is al hexa
dec im al location 0240 and you want to 
bra nch to a ubrnut in e th at is located at 
0050, you would need the fo llow ing code: 

0240 BO 27 6B JSR LON GBS 
0243 FE OD FOB$ FEOD 

where as usual the ta rge t add ress 0050 is the 
sum of the offset (FEO D) and the add r·ess 
of the byte fol lowing the JSR in Lrnctio n 
(0243 ). Upon encoun tering the JSR LONG
BS in struction at 0240 , th e processor would 
go to LONGBS for some massag ing of 
data on the stack, an d fro m there would go 
to you r· su bro uti ne at 0050. Upon entNing 
the sub routine at 0050, it wi ll have lh e sa me 
values of accumu lators A and B, and index 
register · and stack pointer, as it had when 
encou nlNing th e JSR LONGBS instruct ion 
at 0240. Th e co nditio n fl ags would in 
ge neral be different, however. Upon rn lu rn
ing from yo ur sub ro utine , execu tion wou ld 
r·esume with the instruc ti on at loca Li on 
0245. 

Wh en re loca ting a progr·am using j SR 
LON GBR or JSR LON GBS instruction you 
would, of COLffSe , leave such ins tr uct ions 
unchanged (assum in g that your monito r 
in corporating the LONGBR and LONGBS 
routines was not itself be in g reloca ted). If 
the loca tion of each long branch or long 
br·anch lo subrn ut in e cal l is bein g changed 
by th e same amou nt as the target add resses, 
the program will work the same in the new 
location , ju st as was the case with ordi nary 
r·e lative br·anches. 

Th e second way to use th e LONGBR and 
LONGBS rout in es is to build them into the 
long progr·am you are writing. Wh ile 
LONGBR and LONGBS ar·c themse lves re
loca table, there r·emains the prob lem of 
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branching to th ese subrouti nes from all 
locat ions wi thin the program th at wi ll re
qu ire long branchin g. This branching can be 
accomplish ed by installing "s tepping stones" 
thoughout your progr·am whi ch allows any 
location with in you r progr·am to bra nch 
from "stone" to "sto ne, " and thereby 
finally get to these subroutines. 

To il lustrate, suppose a program occup ies 
memory locations 0200-04CF, including 
LONGBS at 0200 and LONGBR at 0223. 
Then the ste ppin g sto nes migh t be: 

027E 20 80 LBSl BRA LONGBS 
0280 20 Al LBR l BRA LONGBR 

02FC 20 80 LBS2 BRA LBS l 
02FE 20 80 LBR2 BRA LBR l 

037A 20 80 LBS 3 BRA LBS2 
037C 20 80 LBR3 BRA LBR2 

03F8 20 80 LBS4 BRA LBS3 
03FA20 80 LBR4 BRA LBR3 

0476 20 80 LBS5 BRA LBS4 
0478 20 80 LBR5 BRA LBR4 

To execute a lo ng branch from anypl ace 
wit hin the program, sim ply execute a bra nch 
to subr outine {BSR) to the previous LBRn 
step ping stone. To execu le a long branch to 
subrnut ine, simpl y execute a BSR to the 
pre vious LBSn stepping sto ne. Th ese 
bn111ches are then completely r·e locatab le. 
(Of course this techn iq ue of step ping sto nes 
can be used di r·ectly just as well, without 
LONGBS or LONGBR; but one chain of 
sto nes has to be devoted to eac h bran ch 
target. If mo rn than two subroutines [or 
br·a nch targe ts) must be used, less code will 
be required if LONGBS [or LONGBR] is 
used .) 

How It Works 

The operation of the LONGBS sub
rout ine can be unders tood by a sllldy of the 
program list ing and comments shown in 
figw·e 1. Th e entries at th e ex treme righ t of 
the listing show th e cor,itents of the stac k 



----

region of memor·y at the conclusion of each 
step, which changes the stack co ntents or 
the pointers (index regis ter X or stack 
pointer S) used to keep track of position 
wi thin the stack. 

To help under·stand the operation of the 
program let us consider an example in wh ich 
the processor encounters the fo llowing in 
struct ion sequence: 

0736 8D 27 68 JSR LONG8S 
0739 FC lA FD8 $FC1A 
0738 86 02 LDA A #$02 

In executing th e JSR ins tru ction at 0736, 
the processor places the ad dress 0739 (which 
would ord inarily be the re turn address ) onto 
the stack, and ju mps to 2768 . However, 
0739 as used here is not the ac tual return 
add ress, since it is the location of the 2 byte 
offset which will be used to form the actual 
target address. Thus, 0739 is mo re properly 
ca lled the "would-be" return address 
(W8RA) . Upon entering th e subroutine 
LONG8S , then , the stack looks as follows: 

SP 

.). 


(07) (39) 

where SP with the arrow denotes the posi
tion in the stack being pointed to by the 
stack pointer, W8RAH is the hi gh order byte 
of W8RA, W8RAL is the low order byte of 
WBRA, and OLD denotes stack contents 
before executi ng the JSR LONGBS instruc
tion; these "old" contents of the stack will 
not be disturbed. 

Th e first line of ubroutine LONGBS 
sto r·es the values of IX away for later 
retrieval. I happened to use low core loca
tio n 0020 to 0021 for this purpose, but 
any avai lab le programmable memory loca
tion can be used instead. (You may prefer to 
use a spare 2 byte location in th e progra m
mable memory devoted to Ml K8UG in 
many systems.) The next six lines of code 
tran fer to IX the burden of keeping track of 
our stack location, whi le the stack poin ter 
itse lf is used to copy the wou ld-be return 
address into two ad di tional stack locations. 
Since we are fool ing with the stack 
poin ter, it is necessary to prevent in te rrupts 
from occurr ing at this time. The SEI (set 
interrupt mask) locks out the maskabl e 
interrupts unt il fu rther notice. We now have 
th e fo llo wing stack picture: 

IX 
.j.-·--·--·(07) (39) (07) (39) 

The next three line (2775-2777) correct the 

would-be return add ress to the actual retu rn 

address 073 8: 


IX 
.J.. I___.. 

(07) (39) (07 ) (38) 

In I inc 2779 the stack poi mer is re tu med to 
its usual role of keeping track of pos ition in 
the stack. Since accu mu lator A is to be used 
for some data mani pul ation in subsequent 
instructions, its orig inal va lue (the val ue it 
had when JSR LONGBS was executed) is 
sta hed away on the stack fo r later re tri eva l. 
After executing this instruction at PSHA the 
stack ap pearance is: 

SP 
J. 

(07) (39) (07) (38) ---··---
The next ten lines (2778 to 2787) cause the 
would-be return add ress WBRA to be in
creased by the va lue of the 2 byte adder; the 
result i the target add ress, denoted by 
LBAH (long branch address high order byte) 
and L8AL (long bra nch address low order 
byte). 

The ap pearance of th e stack now is: 

SP 
J. ____.... 

(03) (53) 107) (38) 

Th e orginal values of accumul ator A and of 
index register IX arc now retr ieved , inter
rup ts are reenabled, and the processor jumps 
to 0353 by executing the RTS (return from 
subroutine ins tru ct ion) . Notice that because 
of the manipulation of the stack du ring 
subroutine LONG BS, the processor does not 
return to the program section which called 
it; in stead it jumps to the target address 
(0353 in this case), because the effect of 
executing the RTS instruction i to pl ace 
into the program counter the 2 byte address 
pul led from th e top of the stack. 

Wh en the subro uti ne which begins at 
0353 has been fi nished, the pro cessor exe
cutes the RTS instruction which ends it, and 
th is re turns the processor to the actual 
return add ress 0738 . 

The operation of th e long branch rOL1tine 
LONGBR is si mil ar, except th at the RAH 
and RAL bytes are not needed or wanted. 
Th u , the in iti al part of LONGBS which 
dupl icated the va lue of W8RA on th e stack 
is bypa ed .• 
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Defining LIL, a 
Little 

Interpretive 
Language 

LOW MEMORY 

Languages Forum is a 
feature which is intended as an 
interactive dialog about the 
design and implementation or 
languages (or personal com 
puting. Statem ents and opin
ions submitted to this forum 
con be on any subject relevant 
to its purpose of fostering 
discussion and communication 
among 8 YTE readers on the 
subjec t of languages. We ask 
that all correspondents supply 
their full names and addresses 
to be printed with their com
mentaries. We also ask that 
co rrespondents supply their 
telephone numbers, which will 
be printed unless we are expli 
citly asked lO omit them. 

DATA SOFTWARE STA CK 

HIGH MEMORY 

Figure 7: Ho w memory is arranged in the LIL language. 

code 
CB (hex) = control byte 

~----< RADL refere nce address of 
RADH <descriptor of COUNT 
RADL reference address of 
RADH <descriptor of numerical constant 1 
OAR offset to address of routine"+" 
OAR offse t to address of routi ne " INTO" 

-<RADL refere nee address of 

RADH <descriptor of COUNT 

OAR offset ro address of routine" ;" 


reference table 
DATA] data for numerical constant 1 
DES descriptor for nu merica l constant 1 {integer 1 byte) 

.------('DADHJ (data address 
~DADL for COUNT 

DES descriptor of variable COUNT (say integer 3 bytes) 

L software stack 
DATA]
DATA data for COUNT 
DATA 

Jack Cluff 
34-57 73rd St 
Jackson Heights NY 11372 

It is with great interest that I read the dis 
cussion by Donald J Stavely in the April 
1977 Technical Forum. Mr Stavely has 
articulated a concept in which I have been 
greatly interested for the past severa l 
months, and in which I have invested a cer
tain amo un t of work. 

LIL, Little Interpretive Language, is a 
pseu docompil ing language who~e compiled 
code could be run on any microcomputer 
which has a LIL loader and a LIL in ter
preter. LIL is still in a state of flu x, but may 
be spoken of in general terms. It is to co nsist 
of three separate programs : the compi ler, 
the loader and the interpre ter. 

The compiler is to accept character key
board inpu t and build three structures: the 
sy mbol table (to be discarded at the compl e
tion of compilation) which contains the 
names of obj ects, the reference table which 
contains descriptors of objects and the 
memory add resses at which those ob jects 
may be fou nd , and the compiled code which 
contai ns 2 byte descriptor addresses and 1 
byte offsets to a table of function routines 
used by the inte rpreter. 

The loader is to load reference tables and 
code into the proper areas of memory for 
processing by the interpreter, and is to 
modify all initial linkages established by 
the compi ler so as to agree with the new 
positions of reference tables and code. 

The interpreter is to interpret only 
addresses of descriptors and offsets to 
function routines. The interpreter is to 
allocate memory for data storage on a 
software stack ; the hardware stack is to 
be used for data manipulation such as 
arithmetic fu nctions. 

The linkage for the source statement: 

COUNT +1 INTO COUNT ; 

can be represe nted as j11 listing 1. 
Control by tes serve the usefu I purpose 

of defining wh ich of the fo llowing units 
of code are address pairs and which are sing
ular offsets. The control byte in the previous 
example links to the code as fo ll ows: 

1 1 0 0 0 x X (X = don' t care) 
Listing 1: Linkages for the / I I 
source statement COUNT COUNT 1 "+" " INTO" COUNT ";"\ ""' ""' 
+7 INTO COUNT; in the 
LIL language. Continued on page 181 
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RM64 

64K bytes 


THE EXTENSYS 
RM64MEMORY 
BOARD provides 
the most cost 
effective system 
memory found in the 
industry. The RM64 provides this rrrn rrrr(t 
because of our low cost per byte when fr f/ 11, 11 
compared to our competition plus the increased reliability of a 
single board over multiple boards containing less memory. The 
board is S-100 bus compatible making it usable in over a dozen 
different microcomputer systems including AL TAI R and IMSAI. 
The RM64 is available in three configurations : 32K, 48K or 64K 
bytes of memory all on ONE board. The board is completely 
assembled, checked out and burned in for at least 50 hours prior 
to shipment. This complete testing procedure allows Extensys 
to provide a one year warranty on parts, labor and materials 
(assuming no misuse of the board occurs). 

On board hardware is prov ided for : 

Individual memory bank address selection in BK byte 

increments; 


Complete dynamic refresh logic without loss of processing 

efficiency while programs are running; 


Board select logic which allows more than one 64K byte board 
per system; 

S-100 bus compatibility including on-board voltage regulator; 

Memory overlap which allows memory sharing the same address 
space to coexist in the same system; 

Write pro
tection in 
16K blocks; and 

Fully socketed for 64K, 
allowing 32K and 48K versions 
to be upgraded at a later date. 

Delivery of the RM64 is 15 to 30 
DAYS upon receipt of order. Prices for the RM64 include shipping 
and handling prepaid in the continental United States. 

EXTENSYS Corporation is also announcing several other new highly 
cost effective products. These include a total floppy disk system 
based around File 1/0 board and a multiprocessor operat ing system. 
The other product, which interfaces with t he RM64 memory board 
to create a megabyte or more of memory and adds full OMA 
capability to the File 1/0 board, is a Board Select/OMA 
board. Both of these products are S· 100 compatible. 

Circle 360 on inquiry card . 
Contact your local computer store r - - - - - - - - , 
or or~e!!i~ct~ ~':...~T.:_NsY~ _ __. - B-4 I 

I P1111 8111 pl11c11 my ord11r for lh!P following: ! " 1
I OTY DE SCRIPTION AMOU NT corpora ton 
I I

1
RM64·32K •vt• bo•rd"' s 895 ... 592 Weddell Drive 
RM64-48Kby1eboard0$ 11 95ea.I RM64-64K •vt• bo••d Iii' s1•ssu. Sunnyvale, Cal ifornia 94086 

Subtotal (408) 734-1525 I 

I 
I California rl!!sidenu odd 6Y,% Tt;OTAL -- Pruse cfil!!ck method of p.ayment : I 

Cht-ek Encloled 
Shlppin; 1nd hilndling l)repilid in cont immtal United Stt111!S BankAmuicarcl No. ___ I 
NAME upiration d•l • ___I _ Mam1r Char~ No, ___ 
ADDRESS expir•tion °da1~ ___ 1I 
CITY STAfE__ ZIP _ _ SIGNATURE : II IPHO NEll NCL UO E A REA COOEI·---------------------' 




Continued from page 12 

and hazardous 117 VAC power trace 
running long distances on a power board. 
The big boys have their equipment 
tested and listed by UL. It's a necessity 
if t hey expect commercia l sales. If per
sonal computer manufact u rers want th e 
kind of mass market you've been pre
dicting in BYTE, they will have to 
fo llow suit. This stuff moves in interstate 
commerce, and if ve n dors sell a shock 
or fire hazard to some naive user, they 
can expec t to be spanked by the Feds, 
something that te nds to be a corporate 
hurt , a nd wi ll damage this fledgling part 
of the computer industry. All the manu 
facturers who haven't, should clean up 
their acts before the Feds force some
thing distasteful on them. 

William R Hamblen 
946 Evans Rd 

Nashville TN 37204 

A NEW SUBSCRIBER COMMENTS 

How long have you been publishing 
BYTE? Are any back issues avai lable, or 
reprints o f articles in back issues? Do 
you publish an index to previous issues? 

Cou ld you recommend a book, or 
books, that are read il y available, or list 
their so u rces on microcompu ter soft 
and hardware, particularly software 
(from machine language level to h igh 
leve l programmi ng languages)? 

Daniel Owen Jenkins VII I 
Box 201 RD #l Clinton Grv 

Weare NH 03281 

We have been publishing since Sep
tember 7975. No back issues are avail
able; however, The Best of BYTE Vo l
ume I or $12.95 contains most of the 
edirorial materials from issues 7 to 72. 
An index is available for Volume /: send 
a self-addressed scamped envelop e. 

FASTER MULTIPLY ? 

ENTRY: A=multiplier; E=multiplicand 

PRODUCTS NEEDED 

The fo llowing arc some things we 
think are needed in this field: 

1. A rea l time clock-calendar board 
for the S-100 bus with an 10 port an d 
recharging ci rcuit which would display 
time, date and day of weeh on video 
mon itor o r other per iphera l. Ca lendar 
would be at least 200 year. Wou ld accep t 
input to s tart clock or rese t i1 1 such as a 
60 Hz line signal, or a time signa l from 
WWV, or a manu al signa l. Cou ld be pro
grammed (EPROM) to exh ibit holidays 
and spec ial dates or tim es , or e mit a 
signal to initiate some act ion at a present 
time and date. Would be des igned to be 
highly resistant to transien ts in power 
supply . Would have 12 ho ur AM-PM or 
24 hour swi tch se lec ta ble option, and a 
loca l standard time or daylight savi ngs 
time or Greenwich time swi tch selection 
feature. 

2. An ASC II -EBC DIC co nve rter 
board for the S-100 bus. 

3. A genera li ze d co nverter board for 
the S-100 bus , unde r sof tw<ire con t rol, 
whi ch co uld enable the user to read il y 
recode keyboards, printers, and video 
display s with no more th an a few key
strokes. Cou ld be used as an ASC II 
EBCD IC converter, or could convert 
a keyboard from a standard QWERTY 
keyboard into a Dvorak S tandard key
board w ith a single command , or con
vert an ASC II into an APL or other 
spec ial charac ter set key board. 

4. A convention to sta ndardize 
t he bus for t he coming 9900 fam il y of 
16 bit processors befo re d ifferent buses 
pro li fe rate. 

5. A directory or cleari nghouse of 
resources in this fie ld, so that persons 
wishing to contact others doing or ab le 
to do th ings of a ce rt a in kind could 
do so. 

Io n D Roland 
Micro Mart 

"IOl 5 Navarro 
San Antonio TX 78205 

ENTRY : A, E, C=unchanged; 8 , D =O; HL=product 

Address Op Operand 
006000 006 010 
006002 041 000 000 
006005 124 
006006 007 
006007 322 013 006 
006012 031 
006013 005 
006014 310 
006015 051 
006016 3 03 006 006 

Label 	 Mnemonic 
MVI B 010 
LXI H 000000 
MOV D, H 

LOOP 	RLC 
JNC SKIP 
DADD 

S K IP 	 OCR B 
A Z 
DAD H 
JMP LOOP 

Commentary 
Set B register for count 
Clear product registers 
Also clear D 
Rota te left 
Skip on ze ro bit 
If nonzero, add multiplier 
Check cou nter 
Exit if last t im e 
Arit hmetic left sh ift of product 
Repeat 

The quick a nd simpl e 1 x1 byte multi· 
plication routi ne of Christopher Glaeser 
(Ju ly 1977 BYTE, page 142) can be 
made even quicker and simpler by sh ift 
ing the A regist er left instead of right. 
Using the RLC command instead of 
RA R preserves the va lue in the A reg is
ter. The E register is also not altered. 
Thus, both multiplier and multiplicand 

arc unchanged upo n ex it rrom the su b
routine. This is an advan tage in mani
pulating a rrays, e tc. 

See box for register s tat us. 
The whole thing occupies only 16 

bytes. 
Leo nard Morgenstern 

POB 81 
Rheem Valley CA 94570 

COM MENTS ON SELECTRIC 10 
INTER FAC IN G 

As one w ho has designed an inrcrfacc 
for both input and output bet ween a 
Selectric 731 and my Z-80 system, I was 
in teres ted to read Dan Fy lstr a's article 
"Interfac ing the IBM Se lectric Keyboard 
Printer," June 1977 BYTE, page 46. Dan 
is to be complimented on a very good 
techn ica l description, especia lly when 
compared with the naive and ofte n iust 
plain inaccurate information which has 
been published recently on this subject. 

There arc several supplementary 
poi n ts which may be of interest 10 
BYTE readers: 

1. Dan gives an exce llent de
script ion of the differences bet ween a 
BCD and Correspondence coded 731 'or 
735. But there a rc three distinct versions 
of the Selectric which have been l11ought 
suitable for use with a computer a nd the 
di ffere nces between them arc also worth 
noting: 

a) The office Selectric is a 
light duty mechanism in the same 
se nse 	 in which the term is used 
for the Te letype Mode l 3 3. It 
won't fai l for a long time but the 
office Selectric is less rugged 
mechanica ll y than th e "heavy 
duty" mechanisms designed for 
use as comp ut er 10 devices. In 
my opinion, litt le reason exists 
to attempt to convert an office 
Se lectric for computer use since 
a mechanism designed specifica lly 
for that purpose is availab le at a 
comparable price. 

b) The heavy duty Se lectric 
10 mechanism was marketed by 
IBM in two basic form s. The 
Selectric 10 mechanism itself 
(w ithout any magnets, switches, 
wiring harness or covers) was 
made 	 avai lab le to orig inal equip · 
mcnt 	 manufacturers (OEMs) to 
be incorporated in to non- IBM ter 
m inals such as the Dura, I te l, 
Anderson Jacobson, Datel, et c . 
The designation for these mech
an isms was 745 (15 inch carr iage), 
They 	 arc often marked SER 
(meaning specia l e ngineeri ng re
quest) to denote modifica tion s 
made 	 by IBM at the manufac
tur ing firm's request. These OEMs 
insta ll ed their own magnets, 
sw itches and interface e le c troni cs 
to ach ieve their own individua l 
products. Many of these arc now 
ava ilable on the surp lus market. 
I fiave also seen some of these JO 
mechanisms wh ich have been par· 
1iall y outfitted with I BM magne ts 
for use as output printers only . 
Where OEM mechanisms have 
been used in a non-IBM product, 
IBM 	 will service the Selectric 
mechanism o nly and not the mag
nets, switches or electron ics. 

c) The second bas ic form or 
the heavy-duty Selec tri c 10 mech 
an ism is the one wh ich I BM out
fitted for use as an electronically 
driven 10 device by insta ll ing it s 
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MPI Flexible Disk Series 851 is a new generation of 5 Y<i " 
flexible disk products employing a 'band driven' head posi
ti oner providing very fast, highly accurate access elim inating 
'hyste risis '. A new generation of floppy's is born featuring: 

Data Integrity Using the 'band drive' concept for precise 
head position ing, better error rates are rea lized. Decreased 
me hanica l wear guarantees diskette interchangeabi lity for 
the life of the device. 

Reliabi lity The Series B51 uses 30% f w r omponents than 
comp titive devices and together with the low power Schott ky 
TIL inherently provid s you the us >r 10,000 hours MTBF and 
no prev ntative maintenance. 

Low Cost Storage The Series 851 i very small. Its dim nsions 
are 3.25 x 5.55 x 8.0 inches and weighs only 3 lbs. Usi ng 
double density encod ing techniques the d vice can store 
up to 250K Bytes (unformatted). Single quant ity price is $320. 

The 5100 Bus Controller Avai lable to the hobbyist is t he 
R100D intell igent double density cont rol ler compatible in 
archi tecture to the S100 bus and the Series B51 or its larger 
family member the Series 882. It features board micropro
cessor, OMA, simple macro commands, multiple sector 
transfer, formatti ng, up to 4 drive control, and requires no 
overhead software. Single quanti ty price is $299. 
Also availab le is a complete system featur ing single or dual 
drives, pow r supply, cabin t and a S100 Controller with a 
disk operati ng system. Single Drive System $699. Dua l 
Drive System $999. 

MPI is your Company Follow the 'star' and you wi ll get th 
b st p ri e/p rformance buy i n the market . For further 
information or dealer/ d ist ributor packages, cal l or write 
Keith U llal, Micro Peripherals, Inc., 8724 Wood ley Avenue, 
Sepulveda, Cal ifornia, 91343 (213) 894-4076. 

Bank of Americard MasterCharge Personal Check Accepted 

Ci rcle 397 on inquiry card. 

MICRO PERIPHERAL5 INC 




own magnets and switches. These 
are the Models 73, 731 and 735 
(hereafter "73X") which are out 
of production in this count ry; I'm 
told that they are still produced 
in Europe. Th e 73Xs were used as 
the 360 console device, in MTSTs 
(with some wiring modifications) 
and were available to those who 
wanted a complete unit (less 
interface e lectronics) which IBM 
would service. Current mainten
ance agreemen t rates for 73Xs are 
about $150 a year. Th e 73Xs 
came in three flavors: BCD, Cor
responde nce and MTST. 

2. In co nsidering which of the 
three kinds of $electrics to use with a 
perso nal computer , the most important 
issue is feedback. Each time a character 
is sent to a Selectric mechanism (either 
by ene rgizing magnets or by pressing a 
key). the cycle clutch is released; at th e 
end of the print cycle, this clutch reen
gages to halt the cycle shaft after 180 • 
of rotation. If a substantia l vol ume of 
print ing is to be done on a Selectric, the 
wear o n this clutch becomes a serious 
problem . The only satisfactory so lution 
is to se nd the next character at a time 
during the print cycle when the curre nt 
character has been "processed" by the 
mechanism but before the cycle cl u tch 
has reengaged. IBM ca lls this the "closed 
loop" mode of operation. Characters 
which are sent to the Selectric during 
this 3 ms window operate the mech
an ism in its so-called "repeat cycle" in 
whic h the cyc le clutch does not reengage 
and the maximum character speed is ob
tained. The timing required to operate in 
this way must be derived from switches 
which sense the state of rotation of the 
cyc le shaft, the operational shaft and 
several other mechanism states such as 
whether a carr iage return or tab opera
tion has been completed. The time 
interval between successive characters 
or machine operations depends on many 
factors and is not constan t. A different 
interval is required not only for each 
characicr and each machine operat ion , 
but these interva ls vary with the age and 
cond ition of the individua l mechanism. 

There are two consequences of driv
ing a Selectric mechanism without thi s 
feedback system: the speed of output 
is co nsi derably reduced, in most cases 
below 10 characters per seco nd because 
worst case timing delays must be intro· 
duced after each character or machine 
operation; and wear on the mechanism 

· increases in proportion to the volume of 
output. On chese po in ls, I BM comments: 

Feedback contacts are timed 
to permit initiation of a "next 
cycle" prior 10 rhe end of the 
"current cycle." This avoids com
pletely stopping the machine 
between cycles and in sures opti
mum hardware longevity by r e
ducing the frequency of engage
ment and disengagement (under 
full power) of the 10 mechanical 
clutches. . . .maximum speed, 

reliability and longevity is pos
sible only with [the closed loop I 
mode of operation. .. . the 10 
should receive commands relative 
to machine degrees [of shaft rota
tion] . Reliable operation CAN
NOT [emphasis in original] be 
guaranteed when an OPEN LOOP 
mode of operation is employed. 
. . .occasional loss of a machine 
cycle is inherent in an open loop 
mode of operation. (Service 
Manual : Se lectric 10 Typewriter, 
IBM Form # 241-5737·0, Ju ly 
1973). 

3. There is a great deal of confu· 
sion concerni ng 1he existe nce of a 
"print" magnet. Some OEMs have in
stalled a magnet with this function, but 
the 73Xs don 't have one . Dan correctly 
states that the cycle clutch is released 
whenever any of the magnet armatu res 
is pulled down. But he then slates "the 
trip mechanism is co nn ected to a seventh 
magnet ca lled 'check'." He should h ave 
sa id "also con nected." The rule for 73Xs 
is that whenever any of the seven mag
nets is energized, a prin t cycle wi ll occur. 
Ene rgizing only the "check" magnet will 
initiate a print cyc le without rotate or 
tilt , printing the home position charac
ters. 

4 . The on ly piece of ser ious mis
information in Dan's article concerns his 
untested suggestion for closed loop oper
ation . It's c:lose bu1 "no ciga r"' Dan 
suggests generating a debounced TT L 
level signal from the switches con nected 
between a and x (normal ly closed) and b 
and x (normally open) on the 50 pin 
plug. The switches connected in series 
this way are C2, C3, C4, CS and C6. Dan 
correctly states !hat the magnets should 
be deenergi zed when the NO side makes 
and that the next charac ter or machine 
operation should be initiated when the 
NC side remakes. But the carriage return 
and tab inter lock contacts, which signal 
the longer (and var iable) times req ui red 
to complete those operations, have 
been left out of the chain ! The correct 
procedure is to connect a to d externa ll y 
(at the 50 pin p lug) and use Y instead 
as the NC side. In addi tion , the figure 9 
description of a debouncing circuit 
shou ld not ignore the IBM specified cur
rent through the sw itches (10 mA @ 10 
V minimum) which keeps the con tacts 
clean . 

5. Those who attempt the input 
side of 73X interfacing should know t hat 
there is o ne aspect of the IBM specif ica· 
tions which sho ul d not be fo llowed (al l 
else shou ld defini lely be respected). IBM 
specifies sampling of th e character trans
mit co ntacts on th e m ak ing of the nor
mally open side of Cl . This works fine 
when sampling means using th e signals 
to swilch re lays (eg : in the console of 
the MTST unit) . Typical closi ng time for 
these re lays is 10 ms and, sin ce C l gates 
the common vo ltage onto the transmi1 
con tacts for only 15 ms , il is impo rta nt 
w begin switching the re lays a r the 
ear li est possible time . Furthermore, con
tact bounce is no1 importa nl in 1hat 
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Tuxaslnstrutnents 

tnakes 


MOSEPROMs 

even tnore affordable. 


TMS 2708 now $21.50* TMS 27LOS now S26.15* 
The industry standard. The low power SK. 

TMS 2716 now S36.90* 

The 2708 times two. 
 • 100-p1ecepnc;es 

Remember a few months ago when • TMS 2708. The industry standard 
EPROMs were expensive and hard 8K EPROM. Fully TTL compatible. 
to get? Due to Tl's leadership they • TMS 27L08. The industry fit·st low 
have become available microcom power 8K EPROM fully compatible 
putel' building blocks. with the 2708. But less than one

Prices have dropped dramatically; half the power dissipation and 10% 
availability is excellent. Credit Tl's power supply tolerance. 
hig·h-yield, high-volume production. • TMS 2716. A 2708 times two. Twice 

Tl's highly cost effective EPROMs the memory (16K) in the same 
feature a rugged, high-integrity space. An economical plug-in up
cernmic package with sturdy gold grade for 2708s. And Tl's 16K 2716 
p!ated pins to with stand the repeated uses less power than a single 2708. 
handling and insertions associated To order the affordable 
with l'eprogramming. And a gold EPROMs, call your near-
a 11 o y-se a I e d lid for superior TI offers a choice of three pl'oduc- est authorized TI distrib
he rmeticity. tion EPROMs - all from stock. utor listed to the left. 

TEXAS INSTRUMENTS 
© 1977 Texas lnslruments lncorpora1ed I NCORPORATED 93 IBB A 
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applicat ion. Eve n though you may de· 
bounce the transm it contacts, I would 
recommend waiting the necessary 3 to 5 
ms until the bounce from the making 
of Cl disappears before latch ing the 
state of the transmit contacts. 

I am currently co nsidering whether 
there is sufficient interest in a comple te, 
plug-in-and-go 10 interface to the 73X to 
warrant production of my design which 
meets all IBM specification s. I would 
offer a completely assembled and 
tested inte rrup t driven card for th e 
S-100 bus with on ca rd PROM for 
driver sof tware, cab le with connectors, 
and power supply for either the 24 V 
or 48 V magnets. The price would have 
to be $395 for the card (i nclud ing soft
ware In the PROM) an d about $100 
for th e 50 wire cable and power su pply. 
I would app reciate receiving indications 
of in te res t from readers who would fin d 
such an in terface attrac tive. 

Beardsley Rum I 11 
3045 Ordway St NW 

Washington DC 20008 

CLOSED LOOP SELECTRIC 

MORE COMMENTS 


This le tter is in refere nce to Mr 
Fylstra 's article on interfaci ng to Selcc
t rics, which ap peared in your June 1977 
issue, page 46. Although the methods he 
is suggesti ng arc si mple, they have several 
serious drawbacks. 

First, he does not use the key bo ard 
lock mechanism during the ti me th at the 
Selectr ic is under computer contro l. This 
is importan t to prevent acc ide nta l key· 
board in puts which may very easi ly 
cause damage to the machine. 

Also he suggests usi ng a 5 V sup ply 
dr ivi ng TTL for interfacing the co ntacts. 
IBM specifies a minimum voltage and 
current of 10 V at 10 mA for reliable 
operat ion of these contacts. 

Lastly the method of driving he 
sugges ts is a form of ope n loop mode. 
Since the Selectric is not a synchronous 
device, output rates are only nominal. 
The importance of operating the 
machine in a closed loop mode can ne r 
be ove rstressed. This is the only method 
recommended by I BM. Using the closed 
loop mode not only minimizes wear an d 
tea r on the Se lec tr ic but also provides 
output at t he maximum ra te of th e 
machine. 

I speak from experience, si nce our 
firm is in the bus iness of manufacturing 
various forms of in te rfaces to Selec tric 
mechanisms. 

John Schwarcz 
IBEX 

1010 Morse Av, Suite 5 
Sunnyvale CA 94086 

APL CHARACTER GENERATORS 
A RE AVAILABLE 

I have noticed various lette rs in your 
le tters column from APL enthus iasts . 
Our fi rm produces a CRT termin al with 
an APL cha racrer fo nt and keyboard 
(see Ju ne 1977 BYTE , page 24). The 
APL character generator is a small 
piggyback board which can directly re
place a 2513 and plug into its socke t . 
(B it 7 is wired through normally un use d 
pin 23 of the 25 13.) On the keyboard 
we use decals mounting on the front 
keycap face. These deca ls are white on 
clear, of excellent quality and durability . 

We would be pleased to make these 
items ava ilable d irec tly or through 
distribution. Interested persons may 
write me directly. 

MC Volker 
President, Volker-Craig ltd 
Waterloo Ontario N2J 321 

CANADA 

A NOTE FROM A EU ROPE AN 

READER 


had my comp ute r shipped air 
freight, and when it arrived, I fo und a 
very simp le 50 Hz mod ificatio n fo r my 
Southwest Tech nical Prod ucts CTI 024 . 
I cul the 60 Hz reference line. I ass ume 
this does bad things to a phase locked 
loop somew here (my doc ume ntat ion 
isn 't here e ithe r) but after it warms up 
it seems to work fin e. 

Bruce Turrie 
Riverside Tower Esmorei tlaan 3 

POB 3, Apt 68, B-2050 Antwerpen 
BELGIUM 

USING ADCs FOR TEST 

INSTRUMENTS? 


imagine this could have a great deal 
of inte rest to your readers. If you ca nnot 
develop a so lution to this problem may
be your reade rs can. 

I am working on a research project 
for Scott Community College . I am 
working on a hardware and software 
scheme that will make a color TV into 
an oscilloscope . I am using the TV 
Dazzler and the D+7 A interfaces along 
with the IMSAI 8080. I want to do the 
rest of the task th rough software. I am 
having problems design ing the software 
needed in conjunction with these inte r· 
faces. Any he lp that can be prov ided will 
be greatly apprec iated. I l need only 
cover audio frequencies. It need have no 
extended sensiti vity nor multicolored 
d isp lay. 

john Orvis 
2125 Olympia Dr 

Bettendorf IA 52722 

A good idea for an article! 

The COM PUTALKER Model CT-I optimizes the trade-off 
between low data rate speech and directly digitized speech . 
Low data rate speech relies on canned definitions for the 
sound of each phoneme, which produces mechanical 
sounding speech . Digitized speech, while remaining faithful 
to the original sound , requires IOK to 20K bytes per second 
of storage and is inflexible lo phonetic manipulation . 

With the Mooel CT-I, the sounds are defined in rea l time 
under software control. Parameters which represent the 
phonetic structure of human speech are transmitted to the 
CT-I at a rate of 500 to 900 bytes per second . Th is allows 
the production of highly intelligible and quite natural 
sounding speech output. Speaker characteristics and 
language or dialect variations are reta ined in the output . 

The CT-I can also be operated in a low data rate mooe using 
phoneme definitions contained in the CSR I Synthesis-by 
Rule software package . The COMPUTALKER speech syn thesis 
system . used in this way , has the advantage that the 
software dr iver can easily be modified to keep the 
naturalness and intell igibility of the speech output up to 
date with the constantly evol1ing state of the art of rule 
gomned speech. 

@OMPUTALKj.ID 

@0 0 . ~~ 

5-100 BUS 

CSR I 

SYN THE SIS·8Y · RULE 


SOF'T WA AE 


SPEAK "KAAMPYUWTAOLKER" 

MODE LCT-1 SYNTHESIZER 395. 00 
CSR1 SOFTWARE SYSTE M 35. 00 
DEMONSTRATION CASSETTE 2.95 

COMPUTALKER CONSULTANTS 
Box 1951 ·B. Sanla Mon ica. CA 90406 

CALIFORNIA 
il. ·VIDD Eltc.lronic:s 
Loni 8e1ch ]2 13 ] 598·0444 
B)'tr Shop of l1wnd1le 
Lawndole 1213] 311 ·2421 
B)'te Shop ol Sin Oieao 
S1n Diqo l7 14 ) 565-8008 
Byte Shop of S1nt1 Cl1r1 
Soni• Cl"' 1408) 249 ·4221 
Computer Center 
COSll MeSI )7 I4) 646·022 1 

Computer Mut 
011n1e 1114 J 633 · l 122 
Compute• Slort 
S1nt1 Monic1 [2 13]451 ·071 3 

GEORGIA : 
Computer S!fstemcenler 
AU1nt1[404 ) 231 ·1691 

IN DIANA : 
0111 Dom1 in 
Bloomin11:1on 1812] 334·3607 

~ANSAS . MISSOURI : 
Mlcro ·Com, Inc . 
~'"'"' Cily , MO )816133J.8l8 3 

MIC HIGAN : 
Compuler M1r1 or Roy 1I 01k 
Ro~al 01~ (3 131576 ·0900 
Compuler Store ol Ann il.rbor 
Ann A<bor 1313) 995-7616 

NEW JERSEY : 
Compuler Mar1 o! Ne" Je1sey 
lsolin 12011283 ·0600 
Hobolcen CompuU1r Works 
Hoboken 11011420 · 1644 

NORTH CAROLINA : 
Brte Shop ol R1lei11:h 
Rale lah 

OREGON : 
Brte Shop ol Pon land 
Por11ond l 503 1223·3496 

VIRGINIA. WASHINGTON D.C. 
Roberts lnlorm11ion Serwicu, Inc . 
fllrfu , VA )703 ) S60 ·7888 

AUSTRIA · 
M.u1rei1e1 GMBH 
A· l070Witn l0222 ) 96 1565 

CANADA : 
The Computer Plue 
Toronlo [4161598 ·0262 
lelu 06·22634 

ENGLAND : 
Compelec Eleclron ics 
310 Kilburn Hi1hroad 
London NW6 

FRANCE · 
HUGUES GOSSET 
15 Rue de fJ1 nque 1i1ille 
75016 Puis 

GERMANI . 
01 . Petet Vizene-tl 
0.111me1 Div . ol MrtaHon KG 
Munich 1089146 50 66 

JAPA~ · 

Kuuhiko Ni!hl 
PIK Eltelroniu 
Shibuy•· tu . Tokyo 103] 370 · Z751 
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SELF-MODIFYING CODE 

The letter "A Crit ique of Se lf
Modifying Code" in the June 1977 issue 
of BYT E wi ll serve on ly , I pred ict, to 
di scourage some re aders from sending 
ma terial to BYTE for publicat ion. The 
BA RC rou t ines , applied within the 
co ntex t fo r which they were in te nded 
are ce rta inly worthwhile . 

Phil Rynes 
6824 Roberts Dr 

Woodridge IL 60515 

NEE D VA APPROVED COURSES ? 

Some lime ago one of your readers 
wrote that he would be interested in 
tak ing a VA approved course in which 
the student would build a microcom
puter. This subject has also been of inte r
est to me since I am presently taking a 
course in digital e le ctronics at The 
Na tion a l Radio Institute in Washington 
DC. N RI is one of the leading VA ap
proved correspondence schools in th e 
co un t ry . 

I wro te the president of NRI, J F 
Thompson , concerning the subjec t of 
microcomputers. The attache d letter is 
the warm response I received to my 
inquiry. I though t some of y our readers 
would be interested. 

Robert N Smith 
1617 Grunther Av 

Rockville MD 20851 

McGraw·Hlll Conllnulng EducatJon Cenlor 

J9'J·J 1.'. !...(1ll'!o'r• l•·JC!°1uC N W 
:. ·r:•, 1;1 • lJ C 20Cl16 
• . ·~f'' :;n(. 102•2.! · ~ t60Q 

.•. r..,.~ :1·[. 

Mr . Robert N. Sm.ith 
1617 Gruent.he r Avenue 
Rockville, MD 20851 

Ocilr Mr. Se"iit.h: 

January 5 , 1977 

! received your l ct.~er of December 19, 197&, and 
appreciato your interes t. in whether ?~RI is eons i derin9 
01 cciur~o in Microproccssinq with #licrocomput.er kit.s. 
The answer simply is "yes '' . We belie ve t hat o technology 
program an micr op r ocessor!! wil l help the computer indus
try bridge t.hc short.aqe of servico tcchnie ians. 

Our thou9ht..s .at thi~ time a r e to expa.nd ci\e Digiul 
Comp uter Elec t ronics cour se to include mic r opx:oeessing 
ar.:d kit hardw.:i.rc . Tha !ticroprocessor bren.dboa. r ding kit. 
wi ll cont:ain power suppl ic~ , o. clock oscillat o r, a pro
igramzr..able read an l y momory, LED indicat.ors, .:md control 
switches. When used in the course . it will serve as a 
tC3Ching t ool to r einfor ce t.he Cl'l4tei-ial in t.he lesson[; . 
lt will provide r eal pro9r3l!':Tling experience on a. commer 
cia l microproccs~or . r-·ur t her , t he desi9n calls for its 
u$C with a nwnber of per iphcnl devices . The speci!ic 
d e vic c!'ll , liko CRT , video displays <TVJ, clll !iSl!t.t.c recorder , 
disc s. , end othtH'!J. 'have not yet bC!cn dctote1ined. 

we are confident that URJ w.ill offer .:i. microproccs:; 
l n9 C01Jt' .C ~ t.hat. ha!! hiqh quality, o. rca5onable price , and 
be approved for veterans ~raioinq. It. i~ t.oo prCll'.at.urc 
r.ow to p i-ov i dc you more gpecific i nfonMtion. 

A9.i.in, thank. you !or t.a.king t.he t.ir.ie to writ~ me. 
GooQ lu;Jc in your s t.udies for 1977. 

J1',.: mth • 

The new 1/0 and PROM/ 
RAM boards will give you 
ma~lmum system flexl
blllty and operation 
allowing you to 
•~pand the way you 
wani to without being 
ltmlted by rigid 
board design 

4K PROM/RAM BOARD 
kit (less memory) seo.oo 
Assembled (less memof.y:J St 60.00 

o d ealuries 
4K PROM/RAM Board 
Model M.S9 

110 Board Model 104 
2 serial 1/0 ports (2

in and 2 out) with f1;1ll • Fully buffered address and 
handshaking data lines 
~5 to 9600,,Baud rate Jl!lmp on reset circuitr:y 

selection fol' ooth allows executio.n of programs 
jnp1't and oufput at any 1 K boundary by hitting 

2 parallel {2 in and 2 reset er may be modified to 
·out} 1/0 ports jump on power: t:Jp

2oieo mA current Jump address and enable, 
loop (With optleal iso board address, memory pro
latora) or EIA serial tact, and wait states (0-2) all 
Interfaces DIP switch selectable located 

Independent DIP cenveniently at top of board 
- $witch address selec- RAMs and PROMs may be 

tion for both serial mixed in any 25~byte 
and parallel ports increments · 

Interrupt. capal!>ility Monitor program available 

All Cyberoorn "L;lue ·board,S'' are made of hi-grade 
' glas&-epQxy with gold contacts and iheh.ide Tl low 
profile sockeis. 

COntJtct your local eomputer hobby store todav for 
more 'nfoi'malion on the hew 1/0 and PROM/RAM 
boards, or wrl~Q direct to: 

tlia 111 

A division of Solid State Mueic 

2102A Walsh Avenue 
Santa Giera. CA 9505.0 
t49-l!l 246-2·707 

~ 
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BASIC in RO Computers

by Ohio Scientific 


If you're just getting into personal computing and are buy
ing your first machine, you're probably confused by the myriad 
of companies and products available. 

However, there is one simple guideline you should follow 
when choosing your first computer. Be sure that it is capable 
of giving you full floating-point BASIC the instant you turn 
it on. Machines with full SK BASIC in ROM cost as little as 
$298.00. Why should you settle for anything less? 

Model 500 

The Model 500 is a fu lly populated 8 x 10 P. C. 

Board with 8K BASIC in ROM , 4K RAM , serial port 
and Oh io Scientific Bus compatibility for instant ex
pansion. All you need is a small power supply (+5 
at 2 amps and - 9 at 500 MA) and an ASCII terminal 
to be up and running in BASIC. And all for only 
$298.00. 

1111 Tl 


Challenger DP 

The Cha llenger llP from Ohio Scientific is the ideal 

personal computer complete with BASIC in ROM and 
plenty of RAM (4K) for programs in BASIC. 

Complete with an audio cassette interface, the Chal
lenger llP uses a fu ll computer keyboard , not a calcu
lator keyboard . 

In add ition , the Challenger l lP comes complete with a 
ful l 64 character-wide video display, not a 40 character 
display. The user simply connects a video monitor or 
home TV set via an RF converter (not supplied) and 
optionally, a cassette recorder for program storage. 

The Challenger llP comes complete with a 4 slot 
backplane and case for only $598.00. Fully Assembled . 

SuperKit 

The Super Kit is a 3 board set with a 500 board 

(like the Model 500 )without the serial interface. 
The ROMs are configured for use with the in

cluded , fully assembled 440 video board to provide 
a full BASIC computer and terminal. 

The Super Kit also inc ludes a fully assembled 8 
slot backplane board which gives you 6 open slots 
for expansion . 

To be up and running in BASIC simply plug the 
boards together, supply power (+5 at 3 amps and 
-9 at 600 MA), add an ASCII parallel keyboard 
plus a video monitor or TV set via an RF converter 
(not supplied) . 

11679 Hayden• Hiram, Ohio 44234 Total price for the "kit" $398.00. 



Disk Based Co 
by Ohio 

I 

Any serious application of a computer demands a Floppy disk or harq 
disk because a disk allows the computer to access programs and data' 
almost instantly instead of the seconds or minutes required with cassette• 
systems. In real-world application of computers, such as small business 
accounting, a cassette based computer simply takes too long to do the job. 

Ohio Scientific offers a full line of disk based computers utilizing ful l 
size floppy disks with 250,000 bytes of formatted user work space per disk. 
That's 3 to 4 times the work space of mini-floppies. 

Challenger D 
Challenger II is available with 

a single or dual floppy disk and 
a minimum of 16K of RAM in
stead of ROM BASIC. The disk 
BASIC is automatically loaded 

_... into the computer so there is no 
/ 

need for ROMs. 
Ohio Scientific's powerful disk 

operating systems allow the computer to function like a big system with 
features like random access, sequential , and index sequential files in BASIC 
and 1/0 distributors which support multiple terminals and industry-stan
dard line printers. 

Challenger ll 's with disks can have the following optional features: 
• 16 to 192K of RAM memory • Single or dual drive floppys • Serial 

and/or video 1/0 ports • Up to 4 independent users simultaneously 

• Two standard line printer options • Opt ional 74 Megabyte Hard disk 
•Much more 
Challenger II disk systems are very economical. For example a 16K 

Challenger II computer with serial interface, single drive floppy disk, BASIC 
and DOS costs only $1964.00 fully assembled. 



mputer vstems 

Scientific 


Challengerm 
Ohio Scientific proudly announces the 

ultimate in small computer systems, the Chal
lenger Ill. This computer has a 3 processor 
cpu board equipped with a 6502A, 6800, and 
Z-80. 

This system allows you to run virtually all 
software published in the small computer 
magazines! 

The Challenger Ill is fully software and 
hardware compatible with Ohio Scientific 
products and can run virtually all software for 
the 6800, 8080 and Z-80 including Mikbug® 
dependent 6800 programs! 

Incredible as this is, Challenger Ill costs 
only about 10% more than conventional 
single processor microcomputers. For 
example a 32K Challenger Ill with a serial 
interface and a dual drive floppy disk (500,000 
bytes of storage) costs only $3481.00. Fully 
Assembled, complete with software. Terminal 
not included. 

1-- ------ ------------1 
D Send me the Fall '77 Catalog. I enclose $1. I 
D I would like to order directly from this advert isement. I 

(Please allow up to 60 days for delivery) I 
NAME 

I
I 

ADDRESS 

CITY STATE ZIP___ 

To order: Payment by: I 
BAG (Visa) __ MC__ Money Order__ ] 

Credit Card Account # ] 
Interbank # (Master Charge) I 

___ Model 500 Boards @ $298.00 I 
___ Challenger llP@ $598.00 I 
_ __ Super Kit@ $398.00 j 
_ __ 16K Challenger II complete with serial interface, I 

sing le drive floppy disk, BASIC and DOS I 
@ $1964.00 -----------

--- 32K Challenger I l l with serial interface, a dual I 
drive floppy d is k (500,000 bytes of storage) I 
@ $3481.00 __________ _ I 
Ohio Residents add 4% sales tax _____ I 
TOTAL CHARGEO OR ENCLOSED I 

Order directly from: Ohio Scientific, 11679 Hayden St., ]
I Hi ram , Ohio 44234 or your local OSI dealer 
I A ll orders shipped insured UPS un less otherwise requested. IL_____________________~ 

Circle 365 on inquiry card. 
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Continued from page 6 

"show off" sequences which were viewable 
at the NCC show. These included false 
color processing of digitized pictures, as 
wel l as dynamically changing kaleidoscopic 
abstract patterns. 

Why Would Anyone Want .. . ? 

The technological skeptics always pose a 
more or less unanswerable question of "why 
do such and so?". Some unnamed ancestor 
of western civilization probably received the 
same question in response to making the 
first wheeled carts, planting crops rather 
than gather ing them wild, or tending and 
managing fires as the inspiration for the 
Prometheus myth. It is a repetitive pattern, 
uneasiness or fear when confronted with 
new ways of life. 

Memory requ irements (256 by 256 resolu tion, 8 by 8 point characters, 256 characters) 
Character definitions 
Sc reen refresh 

8192 
1024 

Total dedicated memory 9216 

FUL L SCREEN CHARACTER 
RE FRES H TABLE (32 X 32) 

CHARACTER 
DEFINITION 
TABLE OFFSET n 

bytes 
bytes 

bytes 

COLOR CHARACTER DEFINITION 

TABLE (256 BY BX B BY 4 BITS COLOR CODE) 


I 

n+O 

n+4 
1--'--ot-'---+-~-r--'-" 

n + B 
1--'--+-'---+-~""I--'-' / 

n + 12 
1--'--+-'---'-+-r-1 

n +16 
1--'--+-'--t--'-+-'--;

n+20 ,__..._._....._,__,___,_......... 

F 

CHARACTER 
INDEX j 

n + 24 ,___..._._....._,__,__......,._.__. 
n+28 

I--''-'--'--'--'--'--'--; 
n + 32 

CHARACTER 
j+ I 

I first ran into this form of question rela
tive to the whole idea of personal computing 
when I seriously began exploring the possibi
lity of building my own computer .after the 
Intel 8008 first became availab le. I vividly 
remember a conversation with one of my 
professional associates at the time, which 
contained the question of why applied to 
personal computers: "Why would anyone 
ever want a personal computer?" Without 
answering the question, history has now 
shown that a lot of people do want such 
computers. At that time however, I attemp· 
ted to weakly answer (my mind was made 
up, remember) with specific app lications 
contrived on the spot as alleged justifica
tions. I knew I wanted one, but I wasn't 
quite sure why ... 

Today, I would answer with a more gen
eral question and an equivalently general 
response. The more general question is "why 
would anyone ever want to use an arbitrarily 
chosen product of human technology (be it 
automob il e, airp lane, typewriter, computer, 

ONE CHARACTER CELL 

/' I 

/ I 

COLOR MONITOR 

Figure 2: A less direct display method which uses considerably less memory to generate a picture is the reprogrammable color 
character generator technique. In its most general form, each logical character definition contains a matrix of4 bit color values 
for picture elements within the character. A display is formed by filling the 7024 character refresh table entries with character 
values pointing to the programmable character generator matrix. This form of display in the configuration shown requires only 
9,27 6 bytes compared to the 32, 768 of figure 7, a saving which is achieved at a price of considerable flexibility. 
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The first complete 
low-cost microcomputer 
system for home, 
business or education! 

Radio Shack TRS-80 

Includes e verything 
you need t o s ta rt 
us ing it immediately! 

., .... .... . . ~ 
........ u ..... . . . 


•.......... • ........... . 'f:' ... ~ 

_T .. ~ .. -- .•';""'... _____ ... 

,,·""-"" 

I 
I 
I 

SOLD ONLY WHERE YOU SEE THIS SIGN: 

I 
Illad10 lhaeK 
I 
I 

I 

The TRS-80 is for people who want to use a computer 
now - without the delay, work and problems of building 
one. The system is fully wired, tested and U.L. listed
ready for you to plug in and use! Program it to handle 
your personal finances , small business accounting, 
teaching functions , kitchen computations , innumerable 
games - and use Radio Shack's expanding line of 
prepared programs on cassettes. The 280-based system 
comes with 4K read/write memory and Radio Shack 
Level-I BASIC stored in read-only memory. Memory 
expandable to 62K bytes. Includes CPU, memory, 
keyboard , display, power supply, cassette data recorder, 
300-page manual, 2-game cassette program. Designed 
and built in USA by Radio Shack. Only 599.95. 

Clip and Mail Coupon Today! 

Mail to : 	 Radio Shack, Dept. TRS-80 
coos 

205 N.W. 7th St ., Ft. Worth, TX 76101 

Send me more data on the TRS-80 microcomputer 
• Description of applications, software and peripherals 

available through Radio Shack • Owners' newsletter 
• Price list • List of stocking stores and dealers 

N AME ------------- APT. NO. - 
A TANDY COMPANY • FOA T WORTH, TEXAS 76102 I ADDRESS __________________ 

OVER 6000 LOCATIONS IN NINE COUNTRIES II CITY 	 STATE zrp___ 
Price may vary al indi\!i dual stores and dealers L----------------------------~ 



Application Software! 

You can 
buy software 
from anybody 
but ours works 

in your system. 

We only sell one product, 
Quality. 
We have been in business for over ni ne years building a reputation 
fo r providing a quality product at nominal prices - NOT what the 
traffic will bear. Our software is: 
• 	Versatile - as most programs allow for multiple modes of 

operation . 

• Tutoria l 	- as each program is self prompting and leads you 
through the program (most have very detailed instructions 
contained right in their source code). 

• 	Comprehensive - as an example our PSD program not only 
computes Power Spectral Densities but also includes FFT's, 
Inverse-transforms, Windowing, Sliding Windows, simul
taneous FFf's variable data sizes, etc. and as a last word 
our software is: 

• 	Readable - as all of our programs are reproduced full size 
for ease in reading. 

• Virtually 	Machine Independent - these programs are written 
in a subset of Dartmouth Basic but are not oriented For any 
one particular system . Just in case your Basic might not 
use one of our functions we have included an appendix in 
Volume V which gives conversion algorithms for 19 differ
ent Basie's: thats right, just look it up and make the sub
stitution for your particular version . If you would like to 
convert your favorite program in to Fortran or APL or any 
other language, the appendix in Volume 11 will define the 
statements and their parameters as used in our programs. 

Over 85 % of our programs in the first five volumes will execute in 
most SK Basie's with 16K of free user RAM. If you only have 4K 
Basic, because of its' lack of string functions only about 60 % of our 
programs in Vol umes I thru V would be useable, however they 
should execute in only SK of user RAM. 

All of our programs are available on machine readable media . For 
those that have specific needs, we can tai lor any of our programs for 
you or we can write one to fit your specific needs. 

Vol. I - $24.95 Vol. Ill - $39.95 SCIENTIFIC RESEARCH Bookkeeping Advance d Business 
Games Bll llng , Inventory 171 2-B Farmington Court , Crofton, MD 21 114 
Pictures Inve stme nts 

Phone o rders call (800) 638·9194Payro ll 
Information and Maryland residents call (301)721-1148 Vol . II - $24.95 Vol . IV - $9.95 

Math I Engineeri ng Gene ral Purpose Add $1 .50 per volume handling, all domestic s~l pmenta sent U.P.S. except 
Plott Ing I Statis tics APO and P.O. Box which go parcel post . Foreign orders add $8.00 /volume 

for air shipment and make payable In U.S. dollars only. Basic Sta te me nt Vol . V - $9.95 
Experime nter's •Def . AVAILABLE AT MOST COMPUTER STORES 

llAHKAMERI CAl!DProgram 
Master Charge a nd Ban k Amerlcard accepted . 

Our Software is copyrighted and may not be reproduced or sold . 



Quan1i'onics 


BK 
STATIC 
RAM ... 
ASSEMBLED & TESTED I MM8-250ns ... 225.00 I MM8B-450ns . .. 209.00 

FEATURES: S100 Bus• Low Power IC's • 

Selectable: Wait Cycles, Address, and Memory Protect 


piano, microwave oven, or television set)?" 
I wou ld now reply that individual use of th e 
prnducts of technology has the psycho
logical and emotional justification of per
so nal satisfaction, derived fro m being able to 
choose from a wider range of activit ies with 
such inventions than without. 

The More Specific Whys of Color Disp lays 

The advent of high resol ution color dis
plays for personal use is near, as I'II demon
strate later· in this essay. I have some rough 
ideas as to the practical conseque nces of 
inexpensive color disp lays in a personal com
puting context. Any such comments must be 
viewed in the same Iigh t as my responses to 
the personal computing skep tic several years 
ago. I am already comm itted mentally to the 
concept of the color display with computing 
intelligence behind it as an artist ic and ex
pressive medium for individuals. My attempt 
to detai l my commitment's consequences 
with specific uses is necessari ly a naive first 
try at exp lain ing the fasc ination of the 
concept, just as my earl ier attempt to ex
plain the fasci nation of personal compu ting 
by examples was a weak argument at best. 

Versatility and Flexibility 

Perhaps a major attraction of the color 
display is the generality it provides. There 
is a certain fasc ination wi th the rea liza tion 
of the general purpose generic for m of any 
program or hardware conception. 

Carry ing this attitude in to the realm of 
visual disp lays, I claim that the color display 
with relatively high resolut ion is inh erently 
desirable because it represents the most 
general for m of the co ncept of a two dimen
sio nal display. Every other form of a disp lay 
is a subset of the general ability to paint 
arbitrary colors in arbitrary patterns on a 
color display screen. Any given pattern is 
a subset of the general se t of all poss ible 
patterns one cou ld make with "n" color 
levels and an " i by j" pattern of picture 
elements. 

The conseq uences of this versatility and 
flexibi lity are the possibility of color em
phasis and detailed represen tatio ns in con
ven tional app lications plus a whole new set 
of possibilities in the area of visual rts. 

In an article we printed in Decem ber 
1976, Margot Cr itchfie ld of the University 
of Pi ttsburgh's Project Solo illustrated the 

QuanTronics Computer Products 8040 DEERING AVENUE 
CANOGA PARK , CA 91304 

from PRo~LEl';l SoLUEfl SY6TEl';16, ~ ~c. ( 213 ) 888-5079 
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static art1st1c possib il ities in several color 
renditions using a Cromemco TV-Dazzler 
and custom peripherals created by Thomas 
Dwyer and Leon Sweer. (The Dazzler 
is a first attempt at the personal color organ, 
a 64 by 64 element disp lay with a limited 
range of eight colors and "off.") The rendi
tions which she ill ustrated are exampl es 
of the static representations of visual art 
which are possible merely using the color 
display as the equ ivalent of the traditional 
artist's media of oil or acrylic and canvas. 

This use of the color disp lay as a medium 
of static visua l artwork is a necessary first 
step toward exploring the practical conse
quences of high resolution color display 
technology. With use of appropriate inex
pensive mass storage devices, libraries of high 
resolution images can be conceived. (A fu ll 
size floppy can ho ld about 500 K bytes of 
information with contemporary "dou bl e 
density" recording techn ology, or a total 
of about 16 unencoded pictures with a 256 
by 256 grid of 4 bit color picture eleme nts.) 
In this mode of operation, the artistic user 
paints a picture on the display using a joy
stick or equivalent cursor control plus 
addit ional fi nger manipulated controls 
to select color, move patterns about with 
software, repeat patterns, etc. The key 
here is composition of a color image which 
is perceived statically. Th is is the mode of 
operat ion of the Project Solo Cybernetic 
Crayon mentioned earlier, and of the 
Cromemco Dazz ler when it is used with a 
joystick. 

Effective artistic use of this new form of 
visua l imagery creation requires deve lopment 
of interactive software customized to the 
creator's tastes. The display by itself is not 
enough to make the facility comp lete, for 
it only becomes useful with the software 
equivalents of paint brushes and motion 
of the artist's arm. Distribution or copies 
of th is form of the art can be done photo
graphical ly, since the static image is what 
counts. In th is se nse, there is nothing start
1ing or new about use of a color display and 
its computer backup for stat ic images. 

Art Forms Impossible Without 
Computer Controll ed Imagery 

Once the artist or experimenter \the two 
words are actual ly equivalent) learns to 
create a visual art work with comp uter aid 
the next step is to use the mechan ism of the 
computer to produce effects which wou ld 
previously have been difficult or impossible 
to ach ieve. Motion and change of images 
according to ru les and techniques chosen by 
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the artist are a part of the very act of com 
position in this new medium of dynamic 
visual art. 

Here, we are talk ing about a dynamic and 
moving art form, the use of programming iri 
a manner which can be directly perceived 
and understood by al I viewers simply by 
observing it, just as music can be appreciated 
by anyone simp ly by listening. This is the 
true exciteme nt of color imagery as an art 
form. The on ly visua l anteceden ts are the 
use of film technology and choreography; 
but unli ke much film and choreographic 
imagery, it is not constrained to images 
of human forms, si nce the display is 
general purpose and subject to var ious forms 
of abstractions and harmonies previously 
impossi ble with visual · imagery. The key to 
th is new art form is the time dependent 
algorithmic transformation of elements 
of the picture accordi ng to the artist's 
plan and implementation. 

Th e time ordered nature of algorithm ic 
visual arts which cpme from this source 
make a combination of the d isp lay imagery 
with music inevitable. If evolution of visua l 
form with abstract or specific images is 
co nsidered as a criterion, an artistic ante
cedent of this combination is found in the 
first experime nts of Wa lt Di sney in the form 
of the movie cal led Fantasia. (For those 
unfam il iar with that movie, it was a com
bination of classical music with cartoon 
technology which resulted in a featu re 
length fi lm.) 

A later example of this combination of 
visual patterns with musical patterns is 
represented in the work of Joh n Wh itney 
over the past decade or so, using computers 
with photograp hic technology to make 
high resolu tion computer generated fi lms 
which are synchronized to music. He gave 
an excellen t taste of what can be done in 
his demonstration films and ta lks at the 
Personal Computing 76 show in 1976, and 
at the First West Coast Computer Faire this 
year. (He is continuing his work with equip
ment which has much in common with con
temporary personal com pu ting technology .) 
A major tenet of John Whitney's concept 
of dynamic visual arts is the idea of visua l 
analogs to the harmon ies and melodic 
evolutions in the musica l forms. With the 
visua l processors we can ach ieve with today's 
tech nology, it is possible for many more 
individ uals to begin experime ntation with 
dynamic progressions of forms of sensation 
which include both visual and aura l com
ponents. The coming of the high resol Lltion, 
yet not inordinately expe nsive, color 
graph ic display opens up the wider use of 
this art fo rm. 
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M6800 

HARDWARE/SOFTWARE 

• 	 REAL TIME OPERATI NG SYSTEM 
RT/ 68Cis mask-programmed on a 6830 ROM that replaces the 

Mikbuti • ROM in your SWTPC 6800, Motorola Dl or D2 Evalua
tion Kn , e tc. It is a powerful real time, multiprog ramming 
operating system with many ve rsati le system functions . RT/ 68° 
can support up to 16 concurrent programs at 8 priority levels . 

MICROWARE has improved the Mikbug• func tions, added 
lour more (Dump, Exec, Sys, Bkpt) and made tape load and 
punch program-usable. RT/ 68" is software and hardware com 
patib le wit h Mikbug• and supports AC IA or PIA type interfaces. 
The comprehensive manual includes a c'omplete source listing . 
RT / 68MX ......... . ...... . .... . .. . .... ..... .• . ..• . • .. 55.00 

• 	 ANALOG INTER FACE SUBSYSTEM 
Consists of a PIA connected to a high speed, high accuracy 8 

bit di~ital·to -a nalog converter. Also included is a buffer and 
precision comparator to implement an analog-to-digital con 
vene r using one of several software techniques listed in the 
manual. App lications include sensor input / ou1pu1, audio 
synthesis, vector graphic disp lays. etc. Circuit board is plug· 
compatible with the SWTPC 6800 1/ 0 buss. 
ASl-K (COMPLETE KIT) . . . .. . ... . .. . ... . . . .... . ...... 87.50 

ASl (ASSEMBLED and TESTED) . ..... . ...... .. ........ 115.00 


• 	 SERIAL 1/ 0 INTERFACE 
An RS-232 type seria l interface card with full modem con trol 

capabil ities (RTS, CTS, DCD) . May also be used for interlace with 
audio casselte systems. Plug compatible with SWTPC 6800 
1/ 0 buss . 
SCl - K (COMPLETE KIT).................... .. ........ 30.00 
SCl (ASSEMBLED and TESTED) • .. .. .. .. • . .. .. • .. • . • .. 40.00 

THE MJCROW'ARE CORPORATION 
P.O. BOX 9 5 4 DesMoines,lowa 50304 
Write or use reader service card for free brochure . 
Phone Orde rs (515) 279-9856 U.S. O rders Postpaid. 
BankAmericard a n d Mastercharge give all info on card. 
Mikbug• is a trademark of Motorola, Inc. 

PRAMMER 

by XYBEK 

An extraordinary 2k memory board 
for you r A ltair-bussed computer 

* On -board 1702A PROM programmer

* 256 bytes of RAM plus space for 1792 bytes of read 
only memory (seven 1702A EPROMs)

* Supp lied with one 1702A , pre-programmed with 
stand -a lone programming software - no sense 
switches are used 

* Supplied with programming power supply

* PRAMME R's own on -board clock makes it compatible 
with a lmost any Altair -bussed system.

* A ll read and write sequences are generated via an 
b oard m icro -programmed state mac h ine, thus 
e l iminating a ll one -shots .

* Comp lete 1702A programming in 18 seconds 

* Inc ludes complete list ings for PRAMSYS , a" eleven· 
fun ction development sys tem . 

COMPLETE KIT: ... . .... ... . . .$209 
A ssembl e d a nd t e s ted : . ... .. .. . .. . . $289 


Immed iate (off · the -shelf) delivery 

California residents please add sales tax. 


COD . Master Charge, BankAmericard and Visa accepted. 


P.O. Box 4915 • Stanford. CA 94305 
T e le phone : (408) 296-8188 
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The simplest examples of the algorithm ic 
visua l arts have been seen at the var ious exhi
bitions. Nearly every computer store which 
carries the Cromemco TV Dazz ler uses the 
color version of the game of Life as a cus
tomer attraction, one mode of algorithm ic 
visual art. A similar display sometimes seen 
is the colorful forms of a kaleidoscope repre
sented in that product's 64 by 64 color 
matrix on a TV screen. Another example of 
a simple, algorithmic art form is the Color 
Eater program which Apple Com puter uses 
to illustrate the capabilities of its computer 
and its integral 40 by 40 patch color display 
generator. But better (ie : high resol ution) 
co lor technology is sure to fo llow in the 
near future . 

But Art Is Not All. .. 

The programmable versati lity of the color 
disp lay concept is app licable to more than 
just artistic purposes. From the artistic point 
of view, the display's content, whether static 
or dynamically changing, is the object of the 
exercise. But usi ng the disp lay as a part of 
the information processing system which is 
the personal computer is attractive because 
colors can convey ad ditional information. 

Bordering on the concept of dynamic art 
is the concept of the color disp lay oriented 
video game. Space War works just fine on a 
black and white disp lay, for the realism of 
the simulation only demands points in a two 
di mensional pro jection of three space. But 
consider the possibility of cartoon style 
animation applied to simul ation games. If 
the game involves a park like setting in 
which the simulation players move, use the 
co lor disp lay to represent that setting, with 
programs appended for generati on of 
players' movement in the setting. If the 
game involves simu lati ng a plane landing, 
or an automobi le race, use programs to 
generate the moving effects on the screen, 
and variations of the background informa
tion. Such suggestions involve significant 
software deve lopment and processor band 
width when the degree of realism becomes 
high; but, given the color display and a 
given processor's capabilities, there can be 
considerab le improvement in the types of 
di splays used with games. 

Why put up with a simple numeric time 
readout for your digital clock software? 
With a co lor display for the output device, 
a very rea listic ana log clock face could be 
disp layed with movin g hands and styling 
to the user's tastes. The 256 by 256 by 4 
bit reso lu tion capability suggested as a near 
term technological goa l shou Id be more 
than adequate for this task. 



Then consid er the use of co lor in 
highlighting data . For example, one purpose 
for which I'd like to use a high reso lution 
color display in the future is highlighting 
the various melodic themes and chord 
structures in digital representat ions of music 
on the display. Here the color information 
is used to enhance the differ·en t segments 
of a complicated structure, a principle 
which has been applied at many points 
in industry and which is certain ly just as 
useful for personal data disp lays. 

Design Speculations . . . Color Displays 

While it is unlikely that any personally 
affordable color disp lay wil l soon match the 
faci lities of the Corntal 8000-5 which got me 
started on this subject, improved resolu tion 
co lor displays are a very real possibi lity fo r 
personal computing with in the near future. 
By imp roved resolution in a personal com
puting context, I mea n di sp lays wi th in the 
bandwidth range of a standard color televi
sion set ada pted for direct video inpu t. 
Taking into account memory prices, and the 
capabilities of the color te levision dev ice, 
this means basically some form of ras ter 
scan color· generator with a 256 by 256 
picture element resolution and four bits 
of color level in forma tion per pic ture 
element. I see two methods in which 
this hardware can be imp lemented, wi th 
varying capabilities. The simpl est brute 
force technique is to have the im age 
generation equipmen t incorporate memo ry 
directly to refresh the disp lay. For the 256 
by 256 by 4 bit disp lay thi s br-ute fo rce 
technique requires 32,768 (32 K) bytes of 
memory. (At a 40 by 40 matrix resolution, 
the Apple 11 computer's video generator's 
color mode uses this brute force tec hniqu e 
wi th a smaller amount of memory.) Figure 1 
shows conceptually how each by te defines 
two picture elements' state of color through 
hardware which accesses the 32 K byte 
memory region to ge nerate the displ ay. 
When the price of a typical 32 K byte 
memory board is standing at abou t the $800 
ra nge assemb led and tested for at least one 
product currently advert ised (using 16 K 
dynamic chips), dedicating such a memory 
to a color disp lay peripheral fo r perhaps 
$1600-2000 end user pr·ice is not unreason
ab le. 

The second method of des ign I see 
corning is insp ired by the video generator 
methods used in many video arcade games, 
and in part icular the video ge nerator of the 
Noval 760 computer-, with which I became 
acq uainted on a visit to Gre mlin Industries 
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in late 1976. This is th e method of a r·epro
grammable character generator, which 
resul ts in considerable comp ression of the 
amount of memory requ ired to co mp lete ly 
cover the entire plane of a displ ay. (The 
in herent disadvantage, a trade off of fu nc
tion for less memory than the brute force 
technique, is that the picture must be repre
sented as a close ly packed array of sub
elements defined by the differe nt character 
defini tions, meaning that it is possible to 
run out of character definition space if 
complex patterns are involved .) Using this 
second method of indi rect r·efresh ing 
through a progammable charac ter generator 
ex ten ded to inc lude color information, a 
configuration which might be suitable fo r· 
color is illu strated in figu re 2. The particu lar 
des ign of figure 2 (wh ich is not the only 
configurat ion possib le by any means) uses 
256 character definitions of 32 bytes per 
character, where each character has an 8 by 
8 array of 64 picture ele ments of fo ur bits 
per element. The hardware of such an 
in direct refreshing method scans the ·1024 
byte (32 by 32) array of characters in the 
refresh memory, then looks up the 
corresponding character defi nition in the 
user programmable color char·acter ge ner· 
ator. This form of the color raster display 
stil l gives reso lut ion to a 256 by 256 grid, 
but requires only 9216 bytes compared to 
the 32, 768 bytes of the brute force techni
que. As a result, one might expect to find 
th is form appearing in less expensive color 
ori ented pe·ripheral products for personal 
comp uters. 

With memory prices droppin g consis
tently, I expect both genera l forms of color 
peripheral uni ts to be appearing in the near 
future. The details wi ll differ from these 
conceptual sketches, but the idea of the 
color display is here. There is no techno
logical reason why such a di spl ay cannot 
be built and marketed to the readers of this 
magaz in e withi n the next one or two years.• 

Attention Authors: 

As a "how to" for rea
der construction, high 
resolution color displays 
and software dri11ers for 
them are certain!,v high 
priority items for future 
articles to be published In 
BYTE. 



Have you been waiting for a hard copy printer that 
donn't come with a high price tag or very limited 
performance and featUNe? 

Your wait fs over. The new Integral Impact Is precisely 
what you've been looking for. Ifs a mlcroprtced, maxi· 
performance, full.alze, full feature, Impact printer that's 
ready to plug directly Into your mini or micro.computer 
system. No special hardware or software Interfacing
required. Just connect to any RS 232 or current roop
serial data source, and you're In business. 
The Integral Impact Is a complete professional primer
that's fulfy assembled, teated and ready for use. No 
extra.coat options, nothing to assemble or Wire, no spe
cial sottware to write ••• and no need, either, for expen
sive special paper. It prims the standard ASCII set Of 64 
characters using a 5 x 7 dot matrix at speeds to 120 
characters per second•••on fUU-Sfze, Bl'i..fhch paper In 
fan-fold or roll form. 

You can even print multiple co~ with u~ to 132 
charactere per line. With aJQne:-lifV (1 o.ooo,opo charac

~jpataSyste ,§ 

5 Bridge Street· Watertown, M~ 1011 

__Send more information 

Name 

Address 

City State Zip 

I want big printer performance now. Ci rcle 371 on inqui ry card, 

Here's my check for $ 

Bill my VISA Mastercharge accounl 

Account No. Expiration Date 

M C Interbank No. 

Signature 

'Handling and shopping charge: $5.00. Mass. residenlS add 5% sales tax. 



Commodore's New PET Computer 


Photo 7: Commodore's new PET computer at the NCC show in Dallas. 

One of the most in teresting new prod ucts 
at the NCC show in Dall as was Commodore's 
new PET computer. Beneath its futuristic 
cover, the unit features 14 K bytes of read 
only memory containing an 8 K BASIC 
package, 4 K operating system, 1 K machine 
language monitor and 1 K diagnostic 
routine. 

The display features 64 graphics char
acters as we ll as the standard 64 character 
upper case ASCII set. This gives the effect 
of high resoluti on when displayed on th e 
bui lt-in 9 inch (22.86 cm) video monitor. 
The keyboard is encoded so that by shifting 
to upper case, the user has access to the 64 
graphics characters. 

The 8 K extended BASIC package was 
designed by Microsoft, the people who have 
created a number of interpreters for per
sonal computers. It features strings, integers, 
multiple-d imensioned arrays, 10 digit preci
sion floating point capability, and "peek" 
and " poke" commands. 

The price of the PET is $595 complete 
with 4 K bytes of programmable memory. 
The $795 version features 8 K bytes of pro
grammable memory. All 10 connections 
(excluding the built- in tape drive, keyboard 
and video display) are made via an IEEE
488 bus. 

The PET is an excellent example of the 
true appliance computer : a neat, se lf-con
tained graphics oriented package designed 
for the mass market as well as for the serious 
experimenter. • 

Photo 2: A closeup of the PET's unusual touch-sensitive keyboard with 73 Photo 3: A side view of 
keys and 64 shifted graphics symbols in addition to ordinary upper case the PET highlighting its 
ASCII characters. modernistic lines. 
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The 

You want co record your message verbatim- word for whole N w. Verbatim media. It's a new formulation of ferric 
word :--whether ic's bits, bytes or "Dear F lks" n·ans- ffieSS~O'e oxides, an advanced macromolecu lar b inder system 
laced mco word processor language. • ":e ro adhere it to the tough polyester fi lm. and a proc

Our objective in manufacruri ng recording m dia for lS qlJ3)lfy. ess control system that demands over 200 separate 
the electronics indu try - digital cape cassette ·, floppy 

di ks, mag cards, computer cartridges- is to give you the finest. 

1he be t, the most dependable, the most co t- ffecrive . 


That means rugged. long-lived, abrasion-re istant rc: ording media 

wich ·uperior magnetic qualicie . If we made tires, they'd be stee l

l:>e lted radials. 


We delivered our first d igital grade certified rape ca serres back in 

the beginning, 1969. We made the fir r commercial 3740-com

parible floppy disks that didn't bear IBM 's name. And th first 

Flippy® reversible flexible disk with anyone'~ name on rh em. The 

first minj data cassette is ours. And we've got the newe t minia

ture flexible di k. the MD 525. 


quality checks before cl1e material is cur, packaged . 
and certified to be 100%error-free. 

The final quality check? "Make it pretty!" Our production people 
tell us chat magnetic recording media i one of the rare instances in 
manufacturing where aesthetic appearance translates di rectly into 
final produce quality. lr has to look beamiful to work beautifully. 

We have the formulas, the machines. che technology to make high 
quality rec rding media. But it take the best people in the indus· 
rry to deliver Ve rbat im d isks, card , cartridges and cassettes. 
You 'll find them at your favorite retai l compucer store. 

Information Terminals Co~ 
Ci rcle 372 on inquiry ca~d . Sunnvvale. California 
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The end of bad solder ioints, heat damaged 
components and sick IC's. Introducing the 
Semikit. Item 1, a 16KRA Memory Board,$369. 

Let's face it. Loading and 
soldering PC Boards is not much 
fun for the kit builder. Even 
more important , it's the place 
where most of the trouble gets 
introduced. The real fun and 
education comes in running and 
testing boards. 

Now the Semikit with 
fully tested IC's. 

At the price of a kit, Processor 
Technology Corporation intro
duces the Semikit. It's a fully 
stuffed, assembled and wave 
soldered PC Board loaded with 
ICs that have gone through Q.C. 
and final checkout (a first in 
the industry). 

We leave you the fun of 
testing with our fully documented 
set of instructions. We do the 
production tasks of loading, wave 
soldering and inspecting the 
board . You do the more interest
ing and time consuming chore 
of testing and burning-in 
the boards. 

T he result is one sweet deal 

for both of us. You get a board 
where the primary causes of 
damage (poor solder join ts, excess 
solder and bad IC's) are virtually 
eliminated. You get a board of 
highest professional quali ty. 
And we get the business! 

The 16KRA Memory 
Board's at your dealer now. 

Your Processor Technology 
dealer has the first Semikit, a 
16KRA Memory Board, in stock 
and ready to go right now. You 
can take it home tonight for 
$369 as a Semikit or for $399 
fully assembled, tested and 
burned-in. 

You'll have a 16,384 byte 
memory with a better price per
formance rat io than anyth ing 
on the market today.Now you can 
afford to add quality, high 
density memory to your system 
for remarkably little. And you 
can add enough to solve complex 
computing problems right in 
the main frame. 

T he memory feat ures invisible 

refresh. Theres no waiting while 
the CPU is running. Worst case 
access time is 400 nsec. Each 
4,096 word block is independently 
addressable for maximum sys
tem rlex ibility. Power is typically 
5 watts, the same as most single 
4K memory modules. Back-up 
power connection is built-in. 

Other Semi's are coming 
your way. 

The 16KRA Memory is 
Processor's first step in adding 
more fun , capabil ity and reli
abil ity to your computer system 
at lower cost. Other modules are 
on the way to your dealer now. 
Come on down today. 

Or you may contact us 
directly. Please address Processor 
Technology Corporation, Box B, 
7100 Johnson Industrial Drive, 
Pleasanton, California 94566. 
Phone (415) 829-2600. 

ProcessorTechnology 
Circ le 355 on i nqu iry card. 



The NCC: 


Photo 7: The main exhibit hall at the NCC. 

Photo 2: The Personal Computing section of the NCC. 

By Chris Morgan, Editor 

Over 36,000 people filled the Dall as 
Convention Center on June 13 to 16 to 
attend the biggest National Computer Con
fe rence ever. Virtually every manufacturer 
in the computing fie ld was there either to 
exh ibi t or to take notes. Bu t what made 
this year's NCC different from past shows 
was the NCC sponsored Personal Computing 
Fair and Exposition held concurrently in the 
Convention Center. 

Photo 3: Another view of the main exhibition hall. 
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A Dallas Delight 

Photographs by Charles F loto 

Ma nu facturers of personal comp uters and 
related products turned out in force to dis
play their wares before large crowds. Hope
fu l hobbyists and exper imenters exhibited 
their home computer projects at the 
Personal Computing Fair (devoted enti rely 
to noncommercial individual and group 
owned projects), and vied to win prizes. 

Both sections of the show featured exten
sive semi nars and panel discussions about 
present and future uses of computers; per
sonal computing club representatives met to 
discuss the possibility of formi ng a National 
Club Congress. 

It was gratifying to see long term NCC 
veterans mingling with hackers from all 
over the country in a congenial atmosphere 
fi lled with microcomputers that played 
games and dazzled the eye wi th elegant color 
graph ics. One group learned from the other, 
and ideas were exchanged at extremely 
high rates. 

Seeing everything at the show was quite a 
chal lenge: some 300 manufacturers were 
sprea d out over five footbal l field's worth 
of ex hibi ts upstairs. And the main floor 
exhibits were big: Data General, for 
example, brought an entire working plane
tarium controlled by a Nova mi nicomputer 
and capable of holding 50 people inside. 
Many of the "booths" were two stories 

Photo 4: Commodore's new PET computer, 
a popular item at the show. The unit fea
tures 74 K bytes of read only memory in
cluding an operating system, diagnostic rou
tines and an 8 K BASIC interpreter by 
Microsoft. It sells for $595 including 4 K 
bytes of programmable memory. A lengthy 
waiting list is predicted for the unit. 

Photo 5: Deborah Ashman demonstrating her robot joey, who 
moved back and forth to the tune, " If I Only Had a Brain." 

Photo 6: Wes Stewart working at the cabinet desk he built for his SwTPC 
6800 computer system. The program running is a golfsimulation. 
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high; others took up areas of 30 by 60 feet 

Photo 7: Allen Isaacson 
demonstrates one of the 
exhibits at the Personal 
Computing Fair: a video 
game converted into a 
color graphics terminal 
that uses a Teletype in
stead of a joystick. The 
hardware was designed by 
Robert and Richard 
Benjamin, father and son, 
respectively. 

or more. 
There was much to see in the Personal 

Computing section downstairs, too: Commo
dore's new PET microcomputer, a varie ty 
of the latest video games programs (inclu
ding a tank game fo r micros), new mus ic 
progr·ams, talking comp ute rs, software pack
ages for FORTRAN, business programs, 
floppy disks, and so on . 

Summarizing the entire show is alm ost 
impossible : we fo und it inspiring (and some
tim es fr ustrating!) to look at some of the 
state of the ar·t devices, such as high resolu
tion video displays, on view in the main 
ex hibit hal l. 

From the looks of this conve nti on, the 
comp uter industry is in good shape, and we 
look forward to an even bigge r· and better 
show next year.• 

Photo 9: Photographer Floto reflects on Speny Univac's shiny display. 
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Photo 8: Personal Com
puter Fair first prize win
ner Tom Aschenbrenner 
shown with the system 
he amassed over a five 
year period from surplus 
computer parts. A Texas 
Instruments 980A controls 
a system which stores and 
transmits messages for the 
benefit of Dallas area 
hams. 



UP AND RUNNING 

TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION 

TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS 

John Montagna, computer engineer (above left) , 
lead this successful network team in generating 
election results speedily, efficiently and reliably 
using predominantly TDL hardware and soft
ware. Montagna created three programs to get 
the job done. The text for a SWAPPER pro
gram was written and assembled using the TDL 
TEXT EDITOR and Z80 RELOCATING MACRO 
ASSEMBLER. The SWAPPER text and all 
debugging was run through TDL's ZAPPLE 
MONITOR. The relocatable object code was 
punched onto paper tape. A MAIN USERS 
program updated votes and controlled air dis
play. An ALTERNATE USERS program got 
hard copy out and votes in. The latter two 
programs were written in BASIC. Montagna 
modified the ZAPPLE BASIC to permit time
sharing between the two USERS programs. 

TD L's XITAN SYSTEMS have the capacity to do 
similar tasks for you. Write to us for XITAN 
information and the name of your nearest TDL 
dealer. 

Four screens were in corporated, two terminals 
entered votes as they came in and were used 
to call back votes to check accuracy. Mon
tagna called on the power and flexibility 
offered by TDL's ZPU board and three Z-16 
Memory boards. 

Montagna's setup worked constantly for over 
four hours updating and displaying state-wide 
and county-wide- results without flaw. 

"I chose TDL because they have all the soft
ware to support their hardware, and it's good; 
it has the flexibility to do the job." 

John Montagna 

We salute John Montagna and NEW JERSEY 
PUBLIC BROADCASTING for spearheading 
the micro-computer revolution . 

TECHNICAL 
DESIGN 

.....,, LABS 
RESEARCH PARK BLDG. H 1101 STATE ROAD 

PRINCETON, NEW JERSEY 08540 (609) 921-0321 


Ci rcle 373 on inquiry card. 



More on Inexpensive Plotters 


Technical Forum is o fea
ture intended os on Interactive 
dialog on the technology of 
personal computing. The sub
ject matter Is opeh-ended, and 
the Intent is to foster discus
sion and communlootion 
among readers of 8 YTE. We 
ask that oil correspondents 
supply their full names and 
addresses to be printed with 
their commentaries. We also 
ask that correspondents 
supply their telephone num
bers, which will be printed 
unless we ore explicitly asked 
to omit them. 

Michael W J Carmichael 
Hanns Cottage, High St 
Broughton, Hampshire 
S021 SAE 
GREAT BRITAIN 

Figure 7: 

y 

A 

c 

p 

-- (X,Y) 

I was in trigued by the proposal to make 
"the world's least expensive plotter" at the 
end of Rober t DGrappe) 's interesting article 
("Give You r Micro Some Muscles," March 
1977 BYTE, page 35). Elimi nating the con
ventio nal XY carriage mechanism and usin g 
model aircraf t servos looks like a good start. 

May I put forward a somewhat different 
mechanical arrangement which avo ids the 
two prob lems you describe in connection 
with your design, viz the weight of servo 2 
sitting on the end of servo 1 arm, and the 
complexity of the trigonometrical equations 
req uiring solution? 

In figure 1 may be seen my al ternative 
set-up in which the two se rvos ar·e both 
f ix ed to ground and arranged co ncentrically. 
The inputs () and <I>, ro tations about the 
common pivot Q, contro l the XY position 
of the pen. The moving links comprise a 
4 bar linkage which has been dimensioned to 
approxi mately satisfy the fo llowing con
di tions: 

• 	 Wh en QA is fixed the point P traces 
a stra ight line locus. 

• 	 When produced th is line passes 
through point Q. 

• 	 The velocity ratio between the 
angular displacement of the link 
QC and the rectilinear displacemen t 
of the point P is constant 

The upshot of al l th is is that we now, in 
pl ace of an XY plotter, have an RO plotter·! 
The radial distance of P from the origin Q 
is pro port ional to the angle between the 
l inks QA and QC (0 + <I>) . The polar angle is 
simply proportional to the angu lar displace
ment 0 of link QA. It is now a straight
for·ward matter to express X and Y in terms 
of() and (I>. 

The professional may quibb le about geo
metric distortion, but the homebrew man 
wil l discover an acceptable working range. I 
now confess that I have not actuall y bui l t 
such a p lotter myse l f. I am hoping someone 
else will be good enough to pursue the idea 
for me! 

By the way I do enjoy your pub I ication; 
it is most r·eadable.• 

The suggestion you make is ve1y attrac
tive, especially when you consider the nice
ness of having the servos on concentric 
shafts. It is not clear, however, what the 
optimal geomet1y is for such a plotter. In 
figures 2a, 2b and 2c we did a paper and 
pencil exercise to look at a particular geo
metry chosen by trial and error among 
about three different extrem es. Jn this 
geomet1y, we used a symmetrical quad
rilateral for which dimensions of X and 2X 
were used, with the extension arm to the 
drawing point P located at a distance X 
from point B. (Subscript notation on the 
points is used to identify cases.) 

In figure 2a, we've drawn this geometry 
in a case which looks very promising. 
For three different values of the angular 
parameter corresponding to ¢ in figure 7, 
the construction produces an apparently 
straight line with fJ held fixed at some 
value. However, in cases of figure 2b and 
2c, with f) changed in either direction from 
its value in figure 2a, there is an apparent 

SERVOS 
I 8 2 
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deiliation 

the 
if 

Another 
useful 
of 
from 

degrees. 

b from a straight 
point P thru se11eral states of angle cJJ. 

construction loo!?s quite 
the problem can be set up 

and parameters optimized for 
deviations as the angles are changed. 

point worth mentioning: 
range of the angles in this 

construction is very small. In 
the example of figure 2b to figure 2c, 

the change in angle 0 is approximately 
This small angular change would 

require gearing to spread the useful control 
range of a model aircraft servo (l80 degrees) 
over a smaller angular disp lacement. Note 
also that in our choice of parameters for this 
example, the locus of points P does not 
intersect the origin when extended as a 
straight line. If the constraint that dis tance 
PC equal distance OC is observed, this will 
guarantee that P intersects the origin. 
Howe ver, this criterion only guarantees that 
the locus of all points reachable by the 
moving point P will pass through the origin, 
and experiments with a compass and 
straightedge will verify that this locus is not 
necessarily a straight lin e through the origin, 
but is an arc of a curve. .. CH 

canada 
s ysttl'ms. in c. 

$98 Ki t 
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Boards DO Something 
CL2400 

Real Time Clock 

S135-Assembled 

II your system needs to know what time it is , our CL2400 is 
the board for you . The present time in hours, minutes . and 
seconds is always available for input. and is continuo usly 
updated by the high ly accurate 60 Hz power line freque ncy . 
Need per iodic interrupts? The CL2400 ca n do that , too . at any 
of 6 rates . Re ference manual with BASIC and assemb ly 
lang uage software examples included . 

PC3200 
Power Control System 

PC3232 S299- Kit S360-Assm . 
PC3216 $189-Kit S240- Assm . 
PC3202 S39 .50-Kit S52- Assm . 

If your system needs on / off control of lights , mators , 
appliances , etc .. our PC3200 System components are for 
you . Control boards allow one I / O port to con trol 32 (PC3232) 
or 16 (PC3216) externa l Power Co ntro l Units . such as the 
PC3202 which controls 120 VAC loads to 400 Watts . Optically 
isolated. low voltage, current-l imited control lines are 
standard in this growing product line . 

P.O. Box 516canada. 
systems, inc . La Canada , CA 9101 1 

(formerly comptek) (213) 790-7957 

59 Circ le 374 on inquiry card. 



Othello, a New Ancient Game 


Othello is a 2 person board game based 
on the 100 year old game of Revers i. It 
resembl es GO, but is much faste r paced 
and eas ier to learn. If you are not already 
an Othell o buff, th is program wil l both 
teach you the game and provide an enter
taining addi t ion to your games li brary. 

The 	 game is norm all y played on an 8 
by 8 checkerboard with pieces that are 
black on one side and white on the other. 
The game begins with fo ur pieces mak ing a 
checkerboard pattern in the cen ter of the 
board as shown in figure 1. Wh en it is yo ur 
turn , you try to convert a run of your op 
ponent 's pieces, verti ca l, horizontal or 
diagona l, to your color . You can do th is if 
you place you r piece so that each end of the 
run is bounded by pieces of your colo r. Par t 
of the action comes fro m the fact that you 
mu st either make such a conversion or 
forfeit your turn . The game is over after 
60 moves or when both players must fo rfeit 
their moves. 

E ,.(a) 	 A B c 0 G H (b) A B c D E F G H 
1 • • • • • • • • l x x x x x x x 0 
2 • • • • • • • • 2 x x x 0 x x x 0 
3 • • • • • • • • 3 x x x x x x x 0 
4 • • • 0 x • • • 4 x x x x 0 x x 0 
5 • • • x 0 • • • 5 x x x 0 x x x 0 
6 • • • • • • • • 6 x x 0 0 0 x x 0 
7 • • • • • • • • 7 x xx 0 x x x x 
8 • • • • • • • • 8 0 0 0 0 0 0 0 x 

Figure 7: These two example boards show the Othello game board at the 

Richard 0 Duda 
590 Vine St 
Menlo Park CA 94025 

The program has two st r·ategies it can 
dep loy aga inst you, one elementary and the 
other simple. If los ing to a computer would 
be too grea t a blow to your se lf-esteem, 
request the elementary strategy. After your 
co nfidence is fa irl y secure, you can risk a 
no hol ds barred encounter. Eve ntua lly you 
will tire of yo ur prowess, and will want to 
mod ify the program to improve its play. 
Hopefull y, the comments in the program 
wil l make its operation transparent and will 
invi te mod ifica t ions. 

A few words about modifications that 
may be req uired to play at all. A random 
tie breaking strategy is used to provide 
variety, but it is not essentia l. If your BAS IC 
does not prov ide ra ndom numbers, yo u can 
delete lines 1310 and 1320 with no 
significant change in perfo rmance . 

At the outset the program asks if you 
want it to pause before making its move. 
Th is pause is most helpful with a display 
terminal, since it keeps th e output from 
fl ashing by too quickly. The output of the 
board is done by the last sub ro utin e in the 
program. It requires the abil ity to disp lay 
at least 11 lines of 19 characters, and you 
wi ll pro bab ly want to mod ify the program 
if yo ur TVT cannot handl e the 26 lines of 
32 characte rs needed to see two boards and 
some acco mpany ing output simultaneo usly. 

Of course, if you use a relatively slow 
hard copy prin ter with th is program, it will 
take a long time to type out all the boards. 
The obvious so lution is to suppress thi s 
printout except o n request, and use an 
actual board to record the positions of 

beginning and end of a typical gam e. The game is always initialized to the pieces for your own use. 
configuration in figure 7 a. Figure 7 b shows the board at the end ofa typical Good luck, and remember: Oth ello 
game. This game was played to completion with 60 moves. The computer was so named because it is a game of drama 
was soundly beaten having only 20 pieces to the human player's 44. t ic reversals. 
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Ci rc le 375 on inquiry card. 

Listing 7: A BASIC listing for Othello. 

00010 REM OTHELLO AUTHOR : RICHARD 0 . DUD A 

00020 REM PLA YS THE GAME " OTHELLO" WITH TW O STRA TEGIE S: 

ooo•o REM 1 . T~KE THE MAXIM UM NUHeER OF PIECE S 

OOO UO RF M 2. ADD A BONUS FOR OU TSIDE POSITIO N 

OOC'50 REM BOARD IS THE ~RRAY A, BOU NDE D BY 0 ' .!:' (B LANK S) 

00060 RE~ A • 0 FOR EMPTY SQUARE 

00070 REM ~ • 8 FOR BLAC K SQUARE -- X (INTER llALLY -1 ) 

00080 REH A • W FOR WHI TE SQUAR E -- 0 ( I NTE RN ALLY +I ) 

00090 REH l AND J ALWAY S USED FOR ROW/COLU MN INDICE S 

00100 REM I U AND JU S TORE I N C REHE~T ! TO THE 8 NEIGHBOR S 

00 11 0 REM C! ANO D$ STORE CH ARACTER S A-H ,X ,. ,0 FO R OUTPUT 

00120 DIM A(9,9),IU(8),JU(8) , C t( 8) ,0~( 2 ) 


001'0 REM I NITI AL GREETING 

001un PRIN T " GREETINGS F ROM OTH ELLO" 

00150 PRI NT "00 YOU WA NT INSTRUCTIO NS ( Y OR N ) " · 

00 160 Ill PUT X$ 


00170 IF XS • " N" THEN ~9 0 


001eo IF XI <> "Y" THE N 160 

00190 PRINT 

00200 PRINT " OT HE LLO IS PLAYED ON AN 8 X 8 CHECKER BOARD," 

00210 PRINT " ROWS N UM~ERED I TO 8 AN D COLU MN S A TOH ." 

00220 PRI NT " THE INI TIA L CO NFIGURAT IO N IS ALL BLANK , EXCEPT" 

002~0 PRINT "F OR THE CE NTER FOUR SQUA RES, WHI CH FORM THE " 

00240 PRJNT " PATTE RN" 

00250 PRI NT " o 
x 11 

x Q t1 

00270 PRl NT 
00280 PRJ NT " TRY TO PLACE YOUR PIECE SO THAT IT ' OUTFLAN KS '" 
0(>290 PRINT "M I NE, CREAT I NG A HORJZO tlTAL, VER TICA L, OR" 
(>0300 PRINT " DIA GONAL RUii OF MY PI ECES BO UN DED AT EACH EN D" 
00310 PRlllT • ey AT LEAST ONE Of YOU RS. THI S WILL ' F LIP' MY " 
00?20 PRINT " PIECES , TU RNING THEM I NTO YO URS. " 
00 3; 0 PRINT "N OTE: YOU MUS T CA PTURE ~. T LE AST ONE OF MY" 
00?40 PRINT "PIECES IN TH IS WAY IF IT IS AT ALL PO SS I BLE. " 
00'~0 PRlNT " JF IT IS NOT POSSIB LE , YOU FORFEIT YO UR TU RN BY" 
00~60 PRI NT "ENTER I NG 0,0 FOR YOUR (RO W, COL) MOVE. " 
00? '1 0 PRJNT 
00~80 REM I NJ TIALl ZE 

00260 PRlllT " 

00 390 
oo•oo 
004 10 
00420 
00 43 0 
0011110 
OOU50 
00460 
001170 
00480 
OOU90 
00~ 00 
00510 
00520 
005~ 0 
0051:0 
00550 
00560 
00570 
00580 
005 90 
00600 
006 10 
00620 
006?0 
00640 
0065 0 
00660 
00670 
0068 0 
OOfi90 
00700 
007 10 
00720 
00730 
007 40 
00750 
00760 
00770 
00780 
00 7 90 
008 00 
008 10 
00820 
00830 
00810 
00850 
00860 
00870 
00880 
ooe90 
00900 
00910 
00920 
00930 

PRI NT " SHOULD I WA IT BEFORE MA KING MY MOVE S ( I OR N) 
F2 • o 
I NPUT X$ 
IF xr • "N" THEN 460 
IF xr () "I" THEN 41 0 
F2 : 1 
PRI NT " OK. TYP ING ANY CHARACTER WILL LET ME GO. " 
PR I NT " S HOU LD I PLA Y MY BEST ST RATEGY (Y OR N) , 
52 • 0 
INPUT X$ 
I F XS • " N" THEN 520 
IF U <> "I" THE Ii u80 
S2 • 2 
B • -1 
II • + 1 
DI (!! • 1) "Xu 
D$(0 + 1) 
Dt( W + 1) lt QO 

FOR K • 1 TO 8 
RC:A D I4 (K) 
NEXT K 
DA TA 0 , - \ , - 1 , -1 , 0 , 1, 1, 1 
FOR K • 1 TO 8 
READ JU(K) 
NEXT K 
DAT A 1,1 ,0, - 1 ,-1, -1, 0 , 1 
FOR K ' I TO 8 
READ C&(K ) 
ll EXT K 
DA T~ A, B,C,D , E , F,G,H 
RE M S ET UP A NEW GAME 
FOR I ' 0 TO 9 
FOR J • 0 TC 9 
A ( 1 , J ) 0 
NEXT J 
NEXT 1 
A(il ,11 ) : W 
A( 5 , 5) w 
A(ll, 5) B 
A( S, 11 ) B 

c' • 2 
HI , 2 
NI : U 
z • 0 
RE M HU MAN' S CHOICES 
PRINT "DO YOU WA NT TO HAVE X OR 0 "; 
c • w 
H • B 
INPUT X$ 
If XS • " X" THEN 920 
!F X! <> "0" THEN 870 
c • e 
H • W 
PRINT 'DO YOU WANT 10 GO FIRST (Y OR N) 
I NP UT U 

.
' .i~ , ~ ' 
I :1 - . ,,_..,,..,, 
l... .1 \ 1 .&i t .... ] 

That's right, if everybody who read this ad for 
our BASIC SOFTWARE VOLUME 1 album 
would order one, we'd be sold out! Includes 
lots 'n' lots of your favorite Basic programs 
such as LUNAR LANDER and BLASTOFF! , 
plus new ones like MAILING LIST, FOURIER 
FIT and AMPLE ANNIE. Plays through your 
Tarbell, Kansas City or Altair cassette inter
face (we coded all three ways) . Or make 
cassette copies. Only 6 bucks. Don't be a 
dummy, order today! Satisfaction guaran
teed or money back . 

$6 to: SOFTWARE RECORDS 
PO BOX 8401-B 
UNIVERSAL CITY, CA 91508 

009 q0 IF Xf 
OQ950 I F X! 
00960 REM 
00970 GOSUB 
00980 GO TO 
00990 REM 
0 1000 J F F2 
0 1010 IN PUT 
0 1020 Bl 
0 1D30 13 • 
OIOUO T 1 ' 
0 1050 T2 • 
0 10 60 REM 
0 107 0 FOR I 
010 80 FOR J 

' " II " THEN 1020 
<> " I" THEN 930 
PRI NT I NIT IAL BO ARD 
3 100 
1690 
CO MP UTER' S MOVE 
• O THEN 1020 
xt. 

- 1 
J 3 • 0 
C 
H 

SC AN FOR BLANK SQUARE 
' I TO 8 
, 1 TO 8 

0 1090 IF A(I, J) <> 0 THEN 1380 
0 11 00 REM FO UN D A BLAN K SQUARE 
0 111 0 REM DOES IT HAVE AN OPPO NENT AS A NE I GHBOR? 
0 11 20 GO SU B 2620 
0 11 ~0 IF fl 
OllU O REM 
01150 RE M 
01160 REM 
01170 u • 
o 11 so Gos ue 
01190 RF.M 
01 200 IF S l 
01210 IF" (J 
01220 S I • 
01 23 0 I F ( J 
0 12 qo S l • 
0 1250 REM 
0 1260 IF Sl 
0 127 0 IF SI 
0 1280 REM 
0 1290 REH 
0 1300 REM 

• 0 THE N 138 0 

FO UN D AN OPPONENT AS A llEIGHB OR 

HOW MANY OF HI S PI ECES CAN WE FLIP ? 

( DO N'T DO IT NOW) 


1 
2020 
EXTRA POIN TS FOR BOUNDAR Y POSI TI ON 
• 0 THEN 138 0 
- 1 ) 1 ( I - 8) <> 0 THF.N 1230 

S I + S2 
- 1 ) 1 (J - 8) <> 0 THEN 1260 

S l 	 • S2 
IS THIS BETT ER THAN THE BEST FOU ND SO FAR ? 
c Bl TH EN 1380 
> Bl THEN 131 0 
A TIE ; RANDOM DECI SI ON 
THE NEXT TWO EXEC UTABLE STATEMENTS CAN BE DELETE V 
FOR A VERS I ON OF BASIC· WITHOUT RANDO M NUMBER S 

0 1 ~10 R ' RNO( l) 
01 320 IF R > 0 . 5 THE» 13 80 
01 330 REM YE S 
0 13uo Bl s1 
0 1350 1 3 l 
0 136 0 J 3 • J 
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Listing 7, cont inued: 

n1370 RE H EN D OF SC AN LOOP 
013eo NEXT J 
01390 NEXT I 

Q1 h OO REM CO UL D WE DC ANYTHING ? 
0 1• 10 I F Bl > 0 TH EN 01 48 0 

0 11120 REM NC 

Ol li )D PRI NT " I HAVE TO FORFE I T MY MOVE" 
0 11111 0 I F Z ' 1 THEN 2 190 

0 I 11 50 Z ' l 

Ot1160 GO TO 1690 

01 11 70 RE M M~K E THE HOVE 
011180 z ' 0 
n1•90 PRl l T "l WJ LL MOVE TO 
01500 PRI NT ! 7 : 

8 1 §~g ~ ~ I ~ + ~t < J 3 > 
0 l <; 30 I = l: 
015 11 r J , J3 
01'50 U:l 
D t 60 G0S UB 2820 

015·10 C l C l+ $ 1 + 1 

n 1seo Hl , llt - s 1 
0 1 90 N 1 = II l ·• 1 

0 1 00 PR JNT "THA T GI VE S ME " ; 
0 1610 PRllJT S t; 
0 1620 PRINT • OF YOUR PIE CES" 
0 1 6~0 RE M PRINT OUT e OAR D 
016110 GOS UB ! 100 

CT16~0 REM TE ST FOR EN D OF GAME 
01660 JF H1 = 0 THEN 2190 

01670 I F N1 = 611 THEN 2190 

n16PO RE M HUMAN' S MOVE 
0 1690 T l = H 
01700 T2 = C 
01"/ 10 PR HI T " YOUR MOVE -- : ROW, COL) 
0 172 (\ JIJ PUTT , n 
o no JF I < 0 THEN 17 20 

0 1 ·;Ii j) J F l > 8 THEN 1 ~2 0 


0 1750 TF I <> 0 THEN 1e 20 

011 n PRI NT "A RE YOU FORFEl T! NG YOUR TURN ( Y OR N ) " 

0 17"10 l NPUT X! 

0 t 7 RO I F X! <> "Y" THEN 17 10 

01"100 IF 7. : 1 THEN 21 90 

01800 z ' 1 

0 1610 GO TO 1000 

O 1 e?O F OR J = 1 TO 

01e30 J F C$(J) = X< THEN 1e70 

0 18110 NEXT .J 

0 1850 GO TO 1720 

01r n REM CHEC K l f BLANK 

0 1 no lF A( J ,J ) = 0 THEN 19 10 

0 1880 PRJ NT " SO RRY, TH AT S UAR E JS OCC UPJE D: TRY AGAIN" 

0 1 ~90 GO TO 1720 

0 1900 REH CHE CK FOR LEGlL NEI GHBO R 

0 19 10 GOS UB 2620 

o1no J F Fl = 1 THEN 197 0 

019 0 PRINT " SO RRY, YOU ARE NOT NEXT TO ONE OF MY PIE CES : " 

0 19 l• o PR l NT " THY ~. GA IN" 

01950 GO TO 1720 

n19Co REM CH ECK I F LEGAL RUN 

0 1q70 u ' - 1 

01980 GOSUB 2820 

n1990 IF S 1 > 0 TH E 2030 

02000 PR I Ill " SO RRY, THAT DOES N' T FL AllK A HOW: TRY AGA I N" 

020 10 GO TO 1720 

0?020 RE M EVERYT HING LEGA L ; MAK E HU MAN' S MOVE 
n?o'o z ' 0 
0?0•10 PRINT "THA T GI VE S YOU " 
02050 PR !t/ T Sl ; 
02060 PRI NT " OF MY PI EC ES " 
02070 u = 1 

02080 GOSU H 2820 

02090 H 1 H 1 -+ S 1 + 1 

O? 100 C1 , C 1 - S 1 

02 I 10 N 1 : 111 + l 

02 120 RE~ PR JNT OUT BO ARD 
02 17 0 GOS UB 310 0 

02 11i 0 REM TES T FOR END OF GAME 
0? 150 lF Cl = 0 THEN 2 190 

02160 TF NI = 6 4 THEii 2 19 0 

02 q 0 GO TO l 000 
02 180 REM END OF GAME WRAPUP 
02190 PRlN T 
02200 PRI NT " YOU HAVE "; 
0?2 10 PRlll T H1; 
02220 PR I NT " PI ECES AND HAV E " · 
02230 PRJJT Cl; 
022 ~ 0 PRJNT 11 Pl ECES -- ''; 
02250 I f Hl = Cl THEN 22 90 

022f0 ! F HI > C l THEN 231 0 
02270 PR1 lT " ORR Y, J ll ON THA T ONE ." 
O??f.O GO TO 2:;2 n 
C2290 PR J llT "A TIE ! ! " 

02 .00 GO TO 2500 

02\10 PR IN T "Y OU WON !" 

02 320 C 1 : C 1 - H1 

02~ 0 IF C1 > 0 THEN 2?50 

02;'>0 C1 = - C l 

02350 C l ' (6 11 • C l ) I 111 

02 ! 60 PR! lT " THAT ll AS A " ; 

02310 I f Cl < 1 l THEN 24 90 

02!80 I F C l < 25 THE N 2470 

02390 I F C l < 39 THEN 2 450 

02 400 IF C l < 53 THEN 2 430 

02 41 0 PRINT "PERFECT GA ME." 

02 4?.0 GO TO 2500 

02 4 7 0 PRI NT "WALKAW~Y . " 


02 44 0 GO TO 2500 

02 450 PRINT " Fl GHT. " 

02 11 60 GO TO 2500 

02 470 PR I NT " HOT GA ME ' " 

0 2 460 GO TO 25 00 

021i90 PRINT "S UEAKER I ! " 

02500 PRJNT 

g~ ~~g rDJLf ;vo you WANT To PLAY a11 0 THER GAME ( Y o R 11 > •. 


02530 J F Xt ' " Y" THEN 70 0 

0 25 i1 0 IF X$ <> "~I" THEN 25 20 

02550 PRINT "THANK S FOR PLAY I NG. " 
0?560 STOP 
02570 REH 
02580 REM S UBROUT INE TEST - FOR- PR OPER-NEIGHB OR 
02590 REM ASSU MES : 
02600 RE M l,J LO CATES A BLANK SQUAR E 
026 10 Rf.M YOU ll OPE TO SEE AN ADJACENT T2 ( : - Tl ) 
026?0 FOR JI ' - 1 TO 1 

026 0 FQR J 1 = - 1 TO 1 

026 110 IF A( l +l l.J•Jl ) T2 THEN 2710 

02650 llEXT J 1 

02660 NEX T 11 

02670 REM 10 T 2 FOU ND: FAILURE 
026 80 Fl = 0 
0 ?.690 RETURN 
0 2700 REM S UCCES S 
027 I 0 f" 1 = 1 

02720 RETURN 
02 7!0 REM SURR OUT INE SCORE - AND - UF DATE 
027 11 0 REM ASSUME S : 
02750 REM 11 ,J ) J S A TENTATIVE PLACE FOR A PIECE T l . 
0 2760 REM Wi•N T RUNS OF T2 =- T l , TERM!IJATED BY A Tl. 
02770 REM iF UIS TRUE (l ) , HARK TH OSE RUNS AS TI ' S. 
02"/80 REM RETURN S UM OF ALL RU NS (T2 ' S ONLY ) IN S1. 
02790 HEM MPiN PR OGRAM CO NTAINS THE FOLLOW ] IG ARRAY S : 
02800 REM J h : 0 -1- 1 - 1 0 
02f 10 RE M J II: 0 - 1 - 1 - 1 
028?0 51 = 
02e . o f OR K = 1 TO 
02er10 1 1 u ( K) 
0285 0 JS JU(K ) 
028 60 1 6 I • 15 

02870 J 6 J • J 5 
02880 s3 o 
02R90 IF A( I 6 , J6) <> T2 THEN 30 7 0 

02900 HEH LOO P THR OUGH THE RUN 
029 10 SJ = S3 + 1 

02920 16 = 16 • I ~ 
02930 J 6 = J6 • J S 
029 l•O IF A(J6 ,J 6) ' T l THEN 29 70 

02Q50 IF A( l6, J6) ' 0 THEN 3070 

02960 GO TO 29 10 

02970 S 1 S l • S? 
02980 I f <> 1 THEN 07 0 
02990 REH UPDATE BOARD 
0~ 00 0 !6 ' I 


g ~ g~g f~R=K~ = 0 TO 53 

03010 A( l6 , J6) 'T l 
0 30 hD 1 6 , 1 6 • 1 5 

03050 J 6 , J6 • J S 
Oj. 06 0 NEXT Kl 
0 30 7 0 NEXT K 
0 3080 RETURN 
0 3090 REM SUBR OUTINE PRI NT- BOARD 
0 3 100 PHHIT 

0 3 11 0 PR I NT" A BCD EFG H" 
0 3 120 FOR I 1 TO 8 

0 ~ 1 30 PA I NT I ; 
0!1 40 FOR J = l TO 
03 50 PR IN T " • · 
0 3 16 0 PRINT Ol ( A( l , J )+l ) ; 
0 ) l "/O NEXT J 
03 1RO PR I NT 
0! 190 NEXT 1 

0;200 PRJNT 
0 32 1() RETURN 
0 3?2 0 END • 
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NOW! Every Business 

Can Own One 


A secretary, accountant, 
and financial advisor 
al I rolled into one for 
less than $1.50 per 
hour. Sound too good 
to be true? Let the 
ADMINISTRATOR do 
it for you. 

Our " General Ledger Program" is a complete com prehensive business 
system designed to keep all of your company's records without the need for 
updating from other programs and there is no need to keep monthly tear 
sheets to be added together for the end of the year reports as our system will 
provide you with year end account totals for cash , accural , hybrid and chart of 
accounts systems. This program generates over 30 major reports. Including: 
941 's , P/L's, Balance Sheets , and year end account totals for filing Federal 
Income Tax Schedule C's and/or 1120's plus a lease purchase plan and 
24-hour field service in most areas. Hard to believe! For less than $250/month 
you can lease your very own, nothing else to purchase. 
ADMINISTRATOR I includes a miniature micro computer ; S-100 Buss, with 
over 65K of user RAM . No switches to set , Power-on operat ion , multiple 1/0 
interfaces , line printer, Video Terminal , Double-Density Disk , Disk Extended 
Basic and applications Software diskettes complete with full documentation 
(includes General Ledger , Payroll , Word Processing , Medical A/R , A/P , 
Engineering , Statistics , more) includes " Help" and Tutorial Software. 

ADMINISTRATOR 1. . ... ..•$8999.00* 
Addi t ional 600K disks op t ional. 

Business 
Software Too! 
Includes over 
$75 ,000.00 of bus i
ness programs free 
and that 's only part 
of what we're giving 
away . We bui It our 
reputation providing 
quality software at 
affordable prices. 
Now we are going to 
do the same with our 
Administrator I 

Compare at $30,000 for other micros or $70 ,000 for mini 's 
·Add $100 for Express shipping and handling • No Purchase Orders - Include 50% depos1 1 wit h all COD orders. 

SCIENTIFIC RESEARCH 

1712-B Farmington Court • Crofton , MD 21114 

(301) 721 -1148 

Dealer Inquiries Invited 

http:75,000.00


An APL Interpreter 

for Microcomputers 

Part 3: Mathematical Processing 

Introduction 

In part 2 of th is 3 part series (see last 
month's issue) I covered the expression eval
uation portion of an APL interpreter. This 
month's conclud ing insta ll ment deals with 
mathematical process ing. Mathematical pro
cessi ng is a 2 part function: recognition 

Mike Wimble followed by interpretation . Both of these 
6026 Underwood Av SW topics are covered here, followed by a short 
Cedar Rapids IA 52404 summary. 

The Great APL Interpreter Contest must be postmarked no later than midnight, 
February 28 7978. Entries must be in the 

As an incentive to those experimenters form of a publication quality manuscript 
who would like to try writing their own APL which describes the implementation of the 
interpreters based on this series of articles, interpreter and which includes a fisting of 
BYTE announces the Great APL Interpreter source code and object code. Contestants 
Contest. We will award prizes for APL inter should also submit machine readable source 
preters (suitable for publication with royal and object code in the form ofpaper tape or 
ties to authors) based on Mike '.s flowcharts cassette. 
{or independent of them if you prefer). The winners (if any) will receive $7000 

Contestants are free to write their Inter plus normal author payments, should the 
preters for any microprocessor they choose. entry be chosen for publication In book 
Entries will, however, be judged on their form or as an article in BYTE. We reserve 
suitability for use on small systems with a the right to choose more than one winner 
minimum of 76 K bytes of memory, as well under the same terms. 
as on programming elegance and efficient judging will be done by the editors of 
use of space. All of these factors should this magazine. Those seriously interested in 
therefore be kept in mind. entering this contest should call Carl 

Entries should be addressed to BYTE, Helmers or Chris Morgan at BYTE, 
attn: The Great APL Interpreter Contest, (603)924-727 7. May the midnight oil burn 
70 Main St, Peterborough NH 03458, and prosperously for all. 
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Recognition of a Valid Operator 

The recognition process invo lves testing 
the current sy llable in tab le SP for an appro
priate nou n. If the noun is found, then 
CODE wi l I be set to reflect the appropriate 
specified operation . Figu re 29 shows this 
process clearly for the recognition of mon
adic operators. The recognition of dyadic 
operators (see figure 30) is a little more 
involved, but the principle is the same. The 
extra processing involved is merely to recog
nize the two possible 
dyadic operator: the 
the outer product. 

spec ial forms 
inner product 

of 
and 

a 

CAL L MOP (B) 
B set true if a monadic operator found. 
B set false otherwise . 

YES CODE - SP( I l.P 
>-----~ a-TR UE 

1-1-1 

a - FALSE 

Figure 29: Recognition of 
o monodic operator. 

a - FALSE 

YES 

/ 

NO 

.,,,. 
.,,,..,,,. 

YES; INNER/OUTER 
PRODUCT FOUND 

CALL DOP(B) 
B set true if a dy adic operator found .

CODE - SP(! ). P 
1- 1-1 B set false otherwise. 

,----, 
I sPu>. c·7 a I 

_......-1 SP(ll.P•' . ' I
I I
L _____ _J 

a -TRUE 

NO 

CODE - CO DE + 
YES IOO • SP(I). P 

1 - 1 - 1 
a- TRUE 

,-----, 
(SP(Tl.C • 7S I 

I SP(l) .P•SMALL I 

I CIRCLE I 

L _T _ __ 


/

/


/ 

YES 
 CODE - IO " CODE 

>------4 I -1-1 f----- - -oL--- -i 
a-TRUE 

INVALID OUTER PRODUCT EXPRESSION 

Figure 30: Recognition of o dyadic operator. 

INVAL I D INNER PRODUCTJ EXP RESS ION 
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(TO 

D(ZJ--D(AUX) 

FIGURE 34) 

(TO 
FIGURE 32 l 

~~::IAUX+ I 
z  z+1 

..... , 

Figure 3 7: In terpretation of a monadic operator. 

YESI, TI LDE v.- I -V 

ERROR 19 

OPERAND FOR TILDE OPERATOR 
NOT A BINAR Y 0 OR I 

3,NEGATE 

4,S IGNUM 

x-D(AUXl 

z - DA 


MAKE COPY OF DESCR IPTOR 

5, INVERSE 

,--------, 
NO 'l Z~(OA+l+D(AUX+I)) IL ________ _J 


A 
 AT TE M PTED DI VISION BY ZERO 

D(Zl-V 
6, EXPONENTIATION z-z +I v- O(AUXI v- 2 .71828 18 t v 1-----1 AUX - AUX+I 

'--~~~~~~~--' x ..- x-1 

(FROM 
FIGURES SVALISVJ-DA 
32 , 33 DA-z 
AND 34) 

YES v-1 

YES v.,,._-1 

NO v - 11v 

ERROR 20 

Interpretation of Monadic Operators 

After a val id operator is recogn ize d, it is 
in terpreted. l nterpretation in volves un
stacking poi nters from table SVAL, wh ich 
points to the operands; perform ing the 
operation to create a resu ll in table D; and 
fina lly stacking a pointer to the resu lt back 
in tab le SVAL. Figure 31 begins the descrip
tio n of monadic interpretation. Ge nerall y, 
a monad ic operator generates a result having 
the same shape as its operand; in two cases, 
howeve r, this is not true. The process of 
reduction produces a resu lt with one less 
dimension than the oper·and. Also, the mon
ad ic operators iota, rho, and ravel may pro
duce 1·esul ts hav ing greater or fewer dimen
sions than their correspondi ng oper·ands. 

RETURN 

So, in figu re 31, afte r sav ing a po inter· 
to the argument for the monadic operator, 
a test is made for a reduction or mixed 
operator and the appropriate process is 
exec uted. The interpretation of nonspecia l 
monadic operators is then straightforward. 
First, since the result wi ll have th e same 
shape as the argument, it is given the same 
descriptor as the argument. Next, the mo n
ad ic operator is perfo1·med on each value in 
the argument (or on the single va lue for 
scalar argument) to produce each value in 
the result. Fina ll y, a pointer to the resu ll 
is stacked in tab le SV AL and index DA is 
updated to point to the next free space 
in table D. 
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( FROM FIGURE 31 l 

2 1, I OTA 

// 
(TO FIGURE 33) // 

/ ~-----L------, 
// D(DA ) --D (AUX+2)+3

,-----L-, D(DA+l)4-I
I D (AUX +2 )" I D(DA+2)--D(AUX+2) 
LA_!'._I NTEG~_J 

NO 

YES 

z- DA+D (A UX+ 2 )+3 

(TO FIGURE 31) 

NO 

Z+-1 

D(Z +DA+ 2 J--z 
z-z+1 

YES 

(") 
0 

Figure 32: Interpretation ofa mixed monadic operator. 

;, 
:I 
c 
"'a. 
0 
:I 
"C 

"' "' "' -J 
()) 

(FROM FIGURE 32) 

22 ,RH O 

23,RAVEL 

D( DA)+- D(AUX)-D(AUX+I) +I 
D(DA+I )+--I 
K-D (AU X )-D(AUX+I )-2 
D( DA+2)4- K 
AUX-AUX+D(AUX+I)+ 2 
z-oA+3 

YES 

Z+-DA+D(DA) 

(TO FIGURE 31) 

D(DAl- D(AU X + I l + 3 
D(DA+I)- I 
D(DA+2)-D(AU X +I) 
z--DA+ 3 

D(Zl-D(AU X +2) 
AU X -AUX + I 
z--z+1 

YES 

(TO FIGURE 31) 

D(Z)-D(AUX) 
AUX+--AUX+ I 
z-z+1 

Figure 33: Interpretation 
of RHO and RAVEL, 
mixed monadic operators. 

Interpretation of mixed mode monadic 
operators, as shown in figures 32 and 33, is a 
little more heuristic. For the iota operator 
th e argument must be a nonnegative integer 
scalar and the result will be a vector. The 
operators rho and ravel take any form of 
argument and produce vector results. Again, 
after creation of the result in tab le D a 
po in ter to the result is stacked in table 
SY AL and index DA is updated. 



The new generation

of Diskette Drives is here 


and under control. 

PerSci has it-a family of diskette drives 

"design-years" ahead of competitive drives-now 
available in complete low cost sub
systems for interface to 8080, 
6800 and other major micro
processors. 

The Highest 

Performance 

Diskette Drives: 

PerSci diskette drives, 

both single and dual 
head units, offer a com
bination of performance 
features unique in the 
marketplace while still 
maintaining compatibility 
in existing systems: 

D 	Voice coil positioning 

for access speeds 

seven times faster 

than competitive cMveS 

(76 tracks in 100 ms) 


D 	A low power all DC system 

reduces cost and assures high 

reliability 


D Automatic electric loading simpli

fies operation and protects media 


D Small size permits 5 single 

drives or 4 dual drives to be 

mounted vertically in a 19 in. rack 


The Most Powerful 

Diskette Drive Controller 

The PerSci Model 1070 Diskette 

Drive Controller puts the advanced 
performance of PerSci drives to 
work in microprocessor based 
systems. An IBM format com
patible, " intelligent" controller, 
the Model 1070 will handle 
from 1-4 drives with minimum 
demand on the host system. 

In fact, with addition of a power supply and 
keyboard to the PerSci subsystem, the user can 

perform many floppy disk 
routines without additional 

hardware or software. 
Controller features include: 

D 8080 microprocessor 
D Formatter/control IC 
D 4K disk operating 

system 
D lK data buffer 
D 8080 or 6800 
microprocessor interfaces 
D RS-232 serial interface 

optional 
D IBM data format 

An Economical Diskette 
Drive Subsystem 

A complete subsystem including a 
single diskette drive (Model 70), the 

Model 1070 controller with interface and 
a controller-to-disk-drive cable is available 

in single units or OEM quantities. For 
double capacity, a dual diskette drive 

(Model 277) subsystem is also available. 
Don't settle for yesterday's diskette 

drive. Get the new generation 
under control from PerSci, 

Incorporated, 12210 Nebraska Ave. 
W Los Angeles, CA 90025 

(213) 820-3764 

Peripherals a 

Generation Ahead. 
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flowchart for the simulator. 

An 8080 Simulator 


FO RMA L SIMULATION 
OF IN STRUC TIONS 
IM POSS IBLE TO 
DIRECT LY E XEC UTE' 
CORR EC TLY 

Each of the square blocl?S 

A simulator can be ver·y useful to the 
personal computing experimenter for a 
number of reasons. The id ea of a simulator is 
to perfectly dup li cate the operat ion of a 
certain computing system using the instruc
tion set of another computer. For example, 
suppose you have an 8080 program which 
you want to run on your 6800 system rathe r 
than complete ly write a new program. Si nee 
the simulator acts functionally like an 8080 
processor to in terprel the 8080 ob jec t code 
bit patterns, its hardware register·s and pro
gram co unter, it is possible for the 6800 
system to run the 8080 program. Another 
attractio n of a simulator is th at in software 
it is possible to ach ieve a number of de
bugging and checkout functions as a part of 
the simulator itself, si n'c~ the machine being 
run is always under· total software co nt rol. 
Wh en a sim ul ato r for machine X is rw1 on 
machine X, these attractions can justify the 
use of the simul ator-. 

A sim ul ator usually has two drawbacks 
howeve r·: memory requirements and speed 
reduc tio n. The speed reduction drawback is 
usually the more objectionabl e featu re, al
though a fairly complex simulatm can easily 
take up 8 K to ·16 K bytes of memory space, 
depending on the complexity of the com
pu ter system being simulated. It is not 
unusual that thousands of instructions are 
executed before the func tions of a si ngle 
instructio n can be simulated. Th is means 
that th e simulator runs at a speed thousands 
of t imes slower than the actual computer 
does, which may be a difficu lty in some 
cases. 

Writing a simu lator is a straightfo r·ward 
process as its functions are more or less 
well-defined by the documentati on of the 
computer being si mul ated . All it has to do is 
to recognize the machine instruction, carry 
out its functi on, and record its effects. Of 
course you will have to keep track of the constitutes a separate subroutine. 
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values of various registers, stack po inter, 
program counter, etc. 

If, however, the computer being simu
lated is written on the same computer doing 
the simulatio n, eg: an 8080 simulator on an 
8080 rn icrocomputer or a Z-80 simulator on 
a Z-80, then a lot of work can be simpli
fied. As a matter of fact, I have discovered a 
very neat trick for writing such a simu lator 
that greatly reduces the program length and 
increases its speed. An 8080 simulator was 
written on my 8080 computer which uses 
about 350 bytes of memory. Using the 
simulator, a quite sophisticated debugging 
program was also written using ano th er 1 K 
bytes of memory. 

General Description 

In a simulator the hardware registers, 
uch as the program counter, stack poi nter, 

index registers, conditional flags, etc, have to 
be simulated by memory locations. The 
instructio ns have to be recognized and exe
cuted, and the memory loca tions simulating 
the hardware registers have to be updated 
accordi ngly . Take as an example the INR A, 
increment accumulator, instruct ion in the 
8080. The value 1 is added to the location 
simulating the accumulator, and the loca
tions simulating cond itional flags are up
dated according to whether the carry, sign 
bit, etc, are affected. This has to be done for 
all the instructions in the instruction set, 
using softwar-e. A major portion of the 
sim ulator program is actually "wasted" 
doing this kind of work. In my 8080 
simulator, I stil l have to use memory loca
tions Lo simu late hardware reg isters, but I do 
not simul ate th e instruc tions at all. How can 
this be done' The idea is actua lly qui te 
simple. Instead of simulat ing the pr:ocess of 
each instruction by elaborate software, I let 
the computer actually execu te the inst ru c
tion. Since the computer is si mu lating a 

computer whose language it speaks, thi s 
can al ways be done. Of course before we 
can do this, we have to fetch the instruction 
to be si mul ated into an instruction buffer, a 
section that is und er simu lator control. 
Under the correct operating environment, 
the sim ulator should remain in control right 
after executi ng the instruction in the instruc
tion buffer. The various parts of the routine 
th at simu late a single instruction cycle are 
illust1·ated in figure 1. 

For those instructions that do not change 
the values of the prngram counter ab ruptly, 
there is no problem. After actua lly executing 
the instruct ion in the instruction buffer, the 
instruction next to it is the next instruction 
to be executed. The only problem which 
occurs is when th ere is a jump or call 
instruction. If th is type instruction is ac
tu al ly executed in the instruction bu ffer, 
contro l would be forced to go to wh atever 
location is spec ified in the instruction . The 
trick used is to cha nge the call or jump 
operand of the instruction to a location 
und er sim ulator contro l. The original address 
must be stored someplace, of course; more 
about this later. 

There are five types of instruct ion that 

Listing 7: The 8080 assembler listing for the 8080 simulator. 

· ••• 8080 SIMULATOR ROUTINE ••• 
SIM : LHLD PC ;Get thevalueofPC. 

MOV A,M ; Load the ins t ruction into acc. 
CALL RECOGN ; Call the recognizer. 
LH LD NB YTE ; Get number of byte and 
XCHG ; load it into (D,El. 
LH LD PC ; Get the value of PC again 
DAD D ; and add these 2 num to get the next PC. 
SHLD PC ; Store it back at PC. 

:•••FETCH••• 
MVI D,4 Reg D. which keeps track of # byte to f i ll the 

inst butt, is in itially set to 4 . 
LX I B, IBUFF+2 (B,C) is set to the last byte of ins t buff. 

N XT: DCX H (H, L) points to the last byte of the inst in user prog . 
MOV A,M Fetch the inst ruction from user program . 
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Listing 1, continued: 

STAX B 
DCX B 
OCR 0 
OCR E 
JNZ NXT 
XRA A 

NXT2 : 	 OCR 0 
JZ PREPARE 
STAX B 
ocx B 
JMP NXT2 

·•••PREPARE ••• 
PREPARE : LOA TYPE 

OCR A 
JNZ NOTl 

LHLO HL 
SHLO PC 
RET 

NOT1 : 	 DCR A 
JNZ NOT2 

LHLD IBUFF+1; 
SHLO JCAD 
LXI H,CAPT 
SHLO IBUF F+1 
JMP LOSTK 

NOT2 : 	 DCR A 
JNZ NOT3 

LHLO IBUFF+1 
SHLO JCAO 
LXI H,JPPT 
SHLO IBUFF+1 
JMP LOSTK 

NOT3 : 	 OCR A 
JNZ LOSTK 

LHLD PC 
XCHG 
LHLD USESTK 
DCX H 
MOV M,D 
DCX H 
MOV M,E 
SHLD USESTK 

LOA IBUFF+2 
ANI 70 
MOV L,A 
XRA A 
MOV H,A 
SHLD PC 
RET 

LDSTK: 	 LXI H,0 
DAD SP 
SHLO STACK 
LHLD USESTK 
SPHL 
OCR A 
JNZ RESTORE 

LXI H,REPT 
PUSH H 

; +••RESTO RE * ** 
RESTORE : LH LD BC 

MOV C,L 
MOV B,H 
LHLD DE 
XCHG 
LH LD SW 
PUSH H 
POP PSW 
LH LD HL 

; and store at the inst butter. 

; starting from the l;;ist byte. 


; Rem : E contains the number of bytes of the inst. 

; Repeat until al l bytes of the inst are moved. 

; Set A=O, the NOP inst. 

; Decrement D. 

; If inst buffer is filled, quit. 

; else fill the rest of the inst buffer 

; with NOP inst 

; until all done. 


; Now check type of inst for special prepa ration. 


; If it is not a type 1 inst, goto NOT1 . 

; Type 1 - PCHL inst. 


; PC is loaded with the value of H L. 

; Return. 


; if it is not a t ype 2 inst, goto NOT2. 

; Type 2 - CALL and Ccond inst . 

; The operand of the call inst in the inst buffer 

; is temporarily store at JCAD 

; and the address CAPT is put 

; into the instruction. 

; Goto LOSTK directly. 


; If it is not a type 3 inst, goto NOT3. 

; Type 3 - JMP and Jcond inst. 

; Similar to type 2 inst. 


; except JPPT is used instead of CAPT. 


: If it is not a type 4 inst, goto LDSTK. 

; Type 4 - AST inst. 

; The next 8 inst push the value of PC into user stack : 

; Set (D,E) to PC value. 

; Load address of user stack . 


; Move high value of PC. 


; Move low value of PC. 

; Update user stack pointer value. 

; The next 6 inst se t PC to i ts correct value. 

; ACC now contains the RST inst. 

; The higher 2 and the lower 3 bits are str ipped. 

: Set L =low address. 

; high address is zero . 

; Set H = high address . 

; store ( H, L) at PC. 

; Return . 

; Store the simulator stack pointer value. 


; at location STACK, 

; and set the stack pointer to the value stored 

; at USESTK, which contains user stack pointer value . 


; If it is not a type 5 inst, goto RESTORE. 

; Type 5 - RET and Rcond inst . 


; The address REPT is forced onto the stack. 

; Restore values of reg Band C from lac BC. 

; Restore values of reg D and E from lac DE. 

; Restore values of ace and PSW from toe SW. 

; Finally, restore values of reg Hand L from loc HL. 

need special preparation and clean up work. 
These are: 

1) PCHL, 
2) CALL and 

executio n, 
3) JMP an d 

execution, 
4) RST, 

call 

jump 

with 

with 

conditional 

conditional 

5) RET and return co nditi onal. 

Detailed Description 

Th e size of the instruction buffe1· is set to 
hold one instruction. It is a 3 byte memory 
location for an 8080. If the instruction to be 
simul ated is less than three bytes, the buffe1· 
is filled with NOP instructions. A 2 byte 
memory location, which we call PC, is 
used as a pointer into the user program 
to be simulated. It always points to the 
first byte of the next instruction to be 
simulated. Memory locations are used For 
storing the stack pointer, accumulato r-, pro
gram status wo1·d and the other six 8080 
reg isters. Since the value of the actual 8080 
stack pointer is shared by the simulator and 
the user program, variables STACK and 
USESTK are used to store the simulator and 
user program stack pointer values during 
al tern ate use. 

Below is a detailed description of each of 
the modul es in the simu lator routine. The 
program is listed in listing 1, and shou ld be 
read in conjunction with the text. 

Recognizer 

The recognizer routine deter·mines the 
number of bytes used by the instruction and 
the type of instruction to be executed . This 
is done by the use of a tab le (TBL). Each 
entry in the table consists of four bytes, 
which we call bl, b2, b3 and b4. The 
algorithm used is (usin g a BASIC-like 
statement): 

IF (((inst AND bi) XOR b2) =0) 
THEN number-of-byte=b3, 
type-of-instruction=b4 

AND and XOR are the logica l AND and 
exclusive OR operat ions to be carried out bit 
by bit. The logical operation for each of th e 
entries in the tab le is checked until one is 
found to sat isfy the logical condition. If no 
entry satisfies the logical condition, we 
assume the instruction is a type 6, a 1 byte 
instruction. This method has th e advantage 
over a tab le of 256 entries in that it saves 

; •**INSTRUCTION BUFFER••• space and processing time. The box at th e 
IBUFF: DB 0,0,0 ; The 3 bytes of inst in the inst buffer are executed. end of this article gives examples of how it 
; •*•SAVE***" works. 
SAV E: 	 SHLD HL ; Values of reg H and Lare saved at H L. 

The simulator starts by loading the value PUSH PSW ; Values of ace and PSW are saved at SW. 

POP H of the instruction's address and calling the 
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ARTEC Introduces 


The8K-32K ExpandableMemoryThatCirows WithYour System 
Now, for the first time, you can have a GP-100-$20.00 TO ORDER: Use your Mastercharge or 
re liable true static memory that will grow Maximum design BankAmericard_ Or just send along a money 
with your system. Start with the board and versatility along order. Your order will get same day service. 
SK memory. Then add on one, two or three with standard ad
SK increments of memory up to 32K. 250 ns dress decoding and FOR MORE INFORMATION: For more 
access time. The Arlee 32K Expandable buffering for information about these or any of Arlee's 
Memory allows you plenty of room for S- 100 systems. complete line of circuit boards or for either 
memory and all necessary support hardware. Room for 32 un industrial or personal use, please call or 

committed 16 pin write. A catalogue will gladly be sent. 
For five years Arlee craftsmanship and IC's, 5 bus buffer & 
re liability has been proven in tough industrial decoding chips, 1 
use. Now, you too can enjoy breadboards DIP address se lect Please send me: 
and memories that will work time after time. switch, a 5 volt reg 0 32K 0 GP-100 0 WW-100
Boards like the GP 100 and the wire wrap ulator and more. O I've enclosed a money order. WW-100. Send for an Arlee Board, your High quality FR4 Bill my D Masterchargeorder will be sent the same day as received . epoxy. All ho les plated D BankAmericard No. ____through. Reflowed sol
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Address -----------Full 32K board-$1,055.00 WW-100-$20.00 
A wire wrap breadboard, City _____ state ---ZiP--
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sizes of sockets in any 10% discounl lor students & compuler club members. 
combination. An extra 
regulator posi tion for 
multiple voltage applica
tions. Contact finger 
pads arranged for easy ARTE:C E:LE:CTRONIC), INC. 
pin insertion . 

605 Old County Rd . • San Carlos, CA 94070 • (415) 592-2740 
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Listing 1, continued: 

SHLD SW 

XCHG ; Values of reg D and E are saved at DE . 

SHLD DE 

MOV H,B ; Va lues of reg Band Care saved at BC. 

MOV L,C 

SHLD BC 

LOA TYPE ; Load TYPE into acc. 

CPI 5 ; Is it a type 5 inst? 

JNZ STSTK ; Skip the next inst if not. 

POP H ; Clean the garbage from the stack. 


STSTK : 	 LXI H,O ; Store the user stack pointer value 
DAD SP 
SHLD USEST K ; at location USESTK, 

LHLD STACK ; and set the stack pointer back to the value 

SPHL ; at STACK. 

RET ; Return. 


· * •• CLEAN UP ** * 
CAPT: POP H ; For Type 2 inst, clean up the garbage on the stack 

LHLD PC ; and load correct return address onto 
PUSH H ; the stack . 

JPPT: LHLD JCAD ; For Type 2 and 3 inst, load correct execution address 
SHLD PC ; previous stored at JCAD and store at PC. 
JMP STSTK ; Resume processing at STSTK. 

REPT : POP H ; For Type 5 inst, the correct return address is on the 
; top of the stack 

SH LO PC ; which is popped and stored at PC . 
JMP STSTK ; Resume processing at STSTK. 

·.,.• THE RECOGNIZER SUBROUTINE * ** 
RECOGN : LXI H,TBL-2 ; Load the starting address of the tab le minus 2. 

; Rem : ace conta ins the inst to be simulated. 
MOV C,A ; It is temporarily stored at C. 

AGAIN : 	 MOV A,C ; The inst is restored from reg C. 

INX H 

INX H ; (H,L) points to the 1st byte of entry in the table. 

MOV B,M ; Get AND mask . 

ANA B ; Perform AND operation . 

JZ BYTE1 ; If result is 0; either NOP inst or end of table. 

INX H 

MOV B,M ; Get XOR mask. 

XRA B ; Perform XOR with B. 

INX H 

JNZ AGAIN ; If resu It is 0 then the inst is not recognized yet. 

MOV A,M ; else get and 

STA NBYTE ; store n umber of byte of the instruction. 

INX H 

MOV A,M ; Also get 

STA TYPE ; and store type of instruction. 

A ET ; Return. 


BYTE 1 : 	 MVI A,1 ; This is a 1 byte inst. 

STA NBYTE ; Store 1 into NBYTE . 

MVI A,6 ; This is also a type 6 inst. 

STA TYPE ; Store 6 into TYPE . 

RET ; Return . 


• * VARIAB L E AND DATA*** 

NB YTE : OW ; Number of byte of the instruction. 

TYPE: DB ; Type of instruction. · 

PC : OW ; Program counter fo r the user program. 

STACK: OW ; Simulator stack pointer. 

USESTK : OW ; User program stack pointer . 

SW : DW ; User p rogram accumulator and status word . 

BC : DW ; User program Band C registers . 

DE : OW ; User program D and E registers. 

H L : OW ; User program H and L registers . 

JCAD : OW ; Temporary storage for Type 2 and 3 inst. 

; The table used in the recognizer consisted of entries of 4 bytes each. 

; Byte 1 : AND mask Byte 2 : XOR mask 

; Byte 3 : Number of inst bytes Byte 4 : Type of inst. 

TBL: DB 377,351,1,1 ; PCHL inst 


DB 377,315.3,2 ; CA LL inst 

DB 307,304,3,2 ; Ccond inst 

DB 377 ,303,3,3 ; JMP inst 

DB 307,302,3,3 ; Jcond inst 

DB 307,307,1,4 ; RSTinst 

DB 377,311,1,5 ;RETinst 

DB 307,300,1,5 ; Rcond inst 

DB 317,001,3,6 ; LXI inst 

DB 347,042,3,6 ; STA and LOA inst 

DB 367,323,2,6 ; IN and OUT inst 

DB 307,006,2,6 ; MVI inst 

DB 307,306,2,6 ; 2 by te ace ari th inst 

DB 0 ; end of the tab le 


recognizer. The recognize r should return the 
correct values for NBYTE (number of by tes ) 
and TYPE (type of instruct ion). The value 
of PC is then updated tentat ively, by adding 
NBYTE to PC. We say " ten tative ly " because 
it may be altered later if the instruction 
happens to be a type I to type 5. 

Fetch 

The instruction is then moved fro m the 
user program to the 3 byte locations in the 
instruc tion buffer. The loop N XT moves the 
instruction, while the loop NXT2 fills the 
instruction buffer with NOP instructions to 
take care of short instructions. 

Preparation 

The first five types of instructio ns have to 
be specially processed before the instructio n 
in the instruction buffer is execu ted. Type 1 
and type 4 instructions actu ally bypass the 
instruction buffer. 

Type 1: PCH L 

The content of PC is set to the value 
stored at H L. 

Type 2: CALL and Conditional Call 

A CALL or conditional call instruc
tio n, a CZ ADDR for example, is changed 
to a CZ CAPT instruction, where CAPT is 
the starting address of a routine that 
takes care of the preparat ion fo r CALL 
and conditional call instructions. The 
original address ADDR is stored at )CAD 
for further processing at CAPT. When the 
instruction in the instruction buffer is 
executed, and in our exa mple, if the zero 
flag is not set, the nex t sequentia l i nstruc
tion is executed. If however the zero fl ag 
is set, then it would branch to locat ion 
CAPT instead of the original location 
ADDR. Either way we are in control. 

Type 3: j MP and Conditional Jump 

A )MP or conditional jump instruc
tion is treated similarly to a CALL in
struction, except that j PPT is used in 
stead of CAPT. 

Type 4: RST 

These instructions are simulated by 
first loading the value of PC into loca
tio ns indicated by USESTK-1 and 
USESTK-2, and decreasing th e value of 
USESTK by 2. This simulates th e push 
stack operation. PC is then set to its 
correct value. The low PC value is de
coded by using an AND operation. Th e 
high PC value is zero. 

Befo re starting preparation wo rk for 
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24 Channel LOGIC ANALYZER, complete with 2 cards and 
3 se ts of p robes (on ly one set shown). 

Features 
24 channels with 256 samples each . 


Display of d isassembled program flow. 


Dua l mode operation - external mode ana lyses 


any externa l logic system. Internal mode monitors 


users data and address bus. 


- Selectable trigger point anywhere in the 256 

samples. 

- 0-16 bit trigger word format or external qualifier. 

- 10MHz sample rate (50ns min. pu lse width) 

- Synchronous clock sample with coincident or 

delayed clock mode. 

User def ined reference memory . 

- Displays and system control through keyboard 

entry . 

- TTL Logic level compatible (15 pt and 15 µa 
typica l input loading). 

- Includes annotated 
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Display of disassembled 

program flow. 

source listing. 

Circle 379 on inquiry card. 

Databyte, Inc. 

P.O. Box 14 
7433 Hubbard Avenue 
Middleton, Wisconsi n 53562 
Tel: (608) 831-7666 

24 channel 
Logic Analyzer 
plugs into 
your 5·100 Bus 

The DATALVZER 

The Databyte Logic Analyzer (DATALYZER) is a con
venient, flexible, high qua I ity device. Efficient 
engineering has allowed a combination of features 
previously availab le in only the most expensive units. 

Designed to plug easily into your S-100 Bus, the 
DATALYZEA is a complete system -- for on ly 
$495. Disp lay of disassembled program f low is a 
standard feature. not an extra. And the low price 
includes 30 logic probes. so you can hook up 
immediately. without additional expense. 

The DATALYZER is available in kit form ($495), 
and as a fully assembled device on two PCB's ($595). 
Four-week delivery, a substantial warranty, and the 
Databyte, Inc. commitment to service make the 
DATALYZER a worthwhile investment. Begin 
debugging by sending the coupon now. 
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D Kit - (manual included) $495.00 (Wis. res. add 4%)

ID IAssembled and Tested (manual included) $595.00 
D Operators' manua l on ly $ 7. 50

I Delivery of all items in four weeks to: I 
Name__________ _ __________ 

IAddress I 
City State Zip___ 1

ITelephone -----------
Payment Enclosed: D Check D Money Order I 

1 D BankAmericard D Master Charge Exp. Date _ _ _ 

Number - - - - --------- - -----
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xANDy 

~o 
0 0 0 

0 

x XORy 

0 

0 0 

0 

Table 1: The resuIts of the 
AND operation and the 
XOR operqtlon. · 

Examples of the Use of TBL 

The opcode for conditional jump instructions is 
3d2 in octal, where d can be 0, 1, ..., 7. Pick an 
instruction, say the JZ instruction: 

JZ : 312 11001010 

From the program we also know: 

AND mask: 307 11000111 
XOR mask: 302 11000010 

Referring to the table for the logical bit operation, 
perform the required operation : 

11001010 

AND 11000111 


11000010 
XOR 11000010 

00000000 

producing a zero. You can check that all the condi· 
tional jump Instructions produce e resultant zero. 
Table 1 is en illustration of the results of the AND 
end XOR operations. 

If you pick another instruction, say the RET 
instruction: 

RET: 311 11001001, 

and perform the same operation : 

11001001 

AND 11000111 


11000001 
XOR 11000010 

00000011 

you will find a nonzero result. It is also obvious 
that any instruction other than conditional jump 
instruction would produce a nonzero result. 

How do you get the AND mask and XOR mask 
in the first place? 

As an example, look at SHLD, LHLD, STA and 
LOA Instructions: 

SHLD : 042 00100010 
LHLD : 052 00101010 
STA: 062 00110010 
LOA: 072 00111010. 

Combine these four instructions into one using en 
OR operation: 

001dd010 

where d stands for don't care, meaning that it can 
be either one or zero. Obtain the AND mask by 
assigning a 0 to d bits and a 1 to the others. There· 
fore: 

AND mask~ 11100111. 

001dd010 

AND 11100111 

XOR mask : 00100010 


The resultant byte from the AND operation is then 
the XOR mask. 

return instructions, we have to save· the 
simulator stack pointer value and set the 
stack pointer to the user program stack 
pointer value. There is no instruction in 
the 8080 processor that directly transfers 
the value of the stack pointer to registers. 
We have to use a DAD SP instruction by 
setting register pair HL to zero first. 

Type 5: RET and Conditional Return 

The return address (REPT) is first 
pushed on to the stack. The ph ilosop hy 
here is similar to the call instructions. If 
the conditional test for the instruction is 
satisfied, the program will return to 
REPT instead of the original returning 
point. The extra unwanted entries on the 
stack should be cleared. The address 
REPT is within the simulator and the 
program is still under simulator control. 

Restoration 

Since the value of the user stack pointer 
has already been restored, we only have to 
restore the values of the accumulator, pro
gram status word, and the other six registers 
from memory locations where they were 
saved. The only way to obtain the program 
status word is to push PSW into the stack 
and pop it up again, making use of the user 
program stack pointer temporarily. This 
means that the location USESTK must be 
properly initi alized for th e simulator to 
work. Once the stack pointer is set to a 
specific value in the user progra m, that value 
is used for our temporary work. 

Instruction Buffer 

By now the instruction buffer should 
contain the desired instruction, either the 
modified one or the original one. Wh en this 
instruction is executed , we should go ei ther 
to REPT, or to CAPT, or to JPPT, or to the 
instruction nex t to it. 

Clean Up 

If we ever come to the location CAPT, it 
means that th e conditional test for the 
CALL or conditional call instruction (if 
any) has been successful and a cal I has been 
made. The top of the stack now contains 
garbage, and should be replaced with the 
correct return address, the value sto red at 
PC. PC is then set to its correct value, the 
one that we have previously saved at JCAD . 

The clean up work for the JMP and 
conditional jump instructions is similar 
except that no stack is involved. 

If we come to the location REPT, it 
means that the conditional test for th e RET 
or conditional return instruction (if any) has 
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been successful and a return has been made. 
The top of the stack now contai ns th e true 
return address. IL is th en popped and stored 
at PC. 

Save 

The values of accu mu lator, program 
status word, registers and the stack pointer 
are saved in memory locations, reversing the 
process in RESTORE . 

This completes our discus ion for the 
simulation of a single instructio n cyc le. 

Conclusion 

This article has demons trated how an 
8080 simulator can be written on an 8080 
compu ter. Similar si mul atio ns ca n be done 
on any other microcomputer, using the same 
basic technique. Writing such a simul ator can 
be greatly simpl ified by mak ing use of the 
existing host computer. The scheme I have 
shown is a sub routine that simulates an 
instruction cycle. It can be cal led repeated ly 
to si mu late contin uous execution. Vario us 
tests can be made each time before ca lling 
the subrou tine, and execution can be sus
pended at any time if neces ary. A combina
tion si mulator and debugging system can be 
eas il y designed and implemented to incl ude 
the follow ing features: 

• 	 A monitor routine that parse , recog
nizes the commands and branches to 
the app ropriate routi nes . 

• 	 A si ngle step routine that ca lls the 
simul ator rout ine once and returns. 

• 	 A set break point routine that allows 
the user to enter break point addresses 
in to the break table. 

• 	 A dump register and load register 
routi ne that di spl ays and loads the 
values of various registers. 

• 	 An examine, depos it, examine 
previous, examine next rout ine that 
sim ulates the fun ctions of front panel 
switc hes. 

• 	 A ru n rout ine th at repeated ly calls the 
simulator rout ine. Before ca lling the 
rout in e it compares th e value of PC 
(the program co un ter} with the entries 
in the break table, checks whether the 
value of PC is with in the designated 
limits, and stops execution or gives 
warnings if appropriate. 

Such a combination si mulator and debug 
system can be very useful in deve loping and 
debu gg ing programs written in assembler or 
machine language. Such a project may turn 
out to be too complex for beginners, 
but it is one that is worth undertaking 
as a chal lenge by more experienced 
programmers.• 

COMPLETE 

FLOPPY DISK SYSTEM 


FOR YOUR ALTAIR/IMSAI 

$699 


That's right, complete . 
The North Star MICRO -DISK SYSTEM™ uses the Shugart 

minifloppy™ d isk drive . The controller is an S-100 com 
patible PC board with on -board PROM for bootstrap load . It 
can control up to three drives, either with or without 
interrupts . No DMA is required. 

No system is complete wi thout software: we provide the 
PROM bootstrap, a file -oriented d isk operat ing system (2k 
bytes), and our powerful extended BAS IC with sequential 
and random disk file access ing ( 1 Ok bytes) . 

Each 5" diameter diskette has 90k data byte capacity. 
BASIC loads in less than 2 seconds. The drive itse lf can be 
mounted inside your computer, and use your existing power 
supply ( .9 amp at 5V and 1.6 amp at 12V max) . Or, if you 
prefer, we offer a power supply ($39) and enclosure ($39) . 

Sound unbelievab le? See the North Star MICRO -DIS K 
SYSTEM at your loca l computer store . For a high -performance 
BAS IC computing system, al l you need is an 8080 or Z80 
computer, 16k of memory, a terminal, and the North Star 
MICRO -DISK SYSTEM. For additional performance, obtain 
up to a factor of ten increase in BASIC execut ion speed by 
also ordering the North Star ha rdware Float ing Point Board 
(FPB-A). Use of the FPB -A also saves about 1 k of memory by 
eliminating software arithmetic ro ut ines. 

Inc luded : North Star contro ller k it (highest qua lity PC 
board and components , sockets for all IC's, and power regula
tion for one drive), SA -400 drive (assembled and tested) , 
cabling and connectors, 2 diskettes (one containing fi le DOS 
and BASIC), complete hardware and software documentation, 
and U.S. sh ippi ng . 

MICRO-DISK SYSTEM . . . $699 To place order , send 
(ASSEMBLED ) ..... . . $799 check , money order or 

BA or MC card II w i th exp .ADD ITIONA L DR IVES ... $425 ea. 
date and signature . Uncer 

DIS KETTES .. . ..... . .. . $4.50 ea. tified checks requ ire 6 
FPB -A . .. . ............ $359 weeks processing . Cali f. 

(ASSEMBLED) . .. . . . . $499 residents add sales tax . 

Circle 359 on inqu iry card . 
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Interpretation of the Reduction Operators 

Interpretation of the reduction monadic 
argument is one of the longer processes. The 
argument is any nonscalar value, and the 
resul t, which has one less dimension than the 
argument, is formed by app lying the re
ducing operator iteratively to every element 
in the highest dimension. 

Figure 34 illustrates the reduction pro
cess. First, the descriptor of the result is 
built. This descriptor will be the same as the 
argument descriptor except that the last 
dimension is omitted and, correspondingly , 

the length of the result may be smaller. 
Next, the iden tity va lue is determined by the 
type of reduction specified. If the last 
dimension of the input argument is zero, the 
reduction resu lts in the identity va lue. 
Otherwise the elements of the result are 
computed by applying the monadic operator 
to the vector of elements along the last 
dimension of the input argument. Note that 
since reduction proceeds right to left across 
this vector, it actually results in the dy adic 
use of the monadic operator. 

OPG - SVAL (S V l OPG • R IG HT AR GUMENT ADDR ESS 
SV +- SV - I OPD •LEFT AR GU MENT ADDRE SS 
OPD - SVAL(S V ) 

>1000 
INT PR O * 

> 100 
DUTPRO * 

B7 
lOTA * 

BB 

RES HAPE FIGURE 4 0 


B9 
>-----< CAT ENATE * 
OTHER ,---------, 

----- I----1 D(OPG+ ll •D (O PD+ I)L ________ 

BOTH ARGUM ENTS 
SC ALAR S (TO FIGURE 

_J 

AR E 
371 

Z +- OPG ~ 2 
x - OPO+ 2 
Y-1 *NOT IMPLEMENTE D 
v 1- 1 IN THIS VERSION 

OF THE APL INTERPRET ER 

Figure 35: Interpretation 
of dyadic operators. 

Yl..- Yl • O(ZJ 
Z+- Z +I 
X +- X+ I 

y ..,._ Y+ I 


YES 

F IGURE 3B 

z-oPD 
x-oPG 
L- FAL SE 

z-oPG 
X+-OPD 

Z POINTS TO ARRAY 
X POINTS TO SCALAR 

L.._TRUE 

FIGURE 
39 

FIGURE 
39 

Z POINTS TO ARRAY 
X POINTS TO SCAL AR 

Interpretation of Dyadic Operators 

Any routine designed for the interpre
tation of dyadic operators must, in contrast 
to monadic operators, be able to hand le a 
myriad of possibilities. Not only are there 
the special cases of inner and outer products, 
but iota, reshape and concatenate operators 
must be specially handled. Furthermore, 
the nonspecial cases may have scalar argu 
ments, nonscalar arguments of the same 
size and shape, or a scalar argument and a 
nonscalar argument. Each case requires 
some extra processing. 

Figure 35 begins the description of 
dyadic operator interpretation. Two pointers 
are popped from stack SVAL. OPG points 
to the right argument of the dyadic operator 
and OPD points to the left argument. Next, 
the various processing method requirements 
are determined as described above. Inner 
and outer product interpreters as well as 
IOTA and CATENATE interpreters were 
not imp lemented in this version of the APL 
interpreter and will not be described here. 
The special processing then continues at one 
of the fo llowing blocks: RESHAPE, SCAL, 
SAME RANK and DI FRANK. 
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Figure 36: Computation of 
a numerical dyadic result. 

DYAD-COMP 

52, ADDIT ION 

Calculating a Numerical Dyadic Result 

Before proceeding further, look briefly 
at figure 36. Whenever a numerical dyadic 
result is needed, th is subroutine is invoked . 
This saves the redundant coding which 
would result if the various special dyadic 
hand lers each calculated their own results. 
Instead, the special handlers need only set 
up the required SFLOAT and VALUE 
arguments for processing by this subroutine . 
The resu ft is a smaller, simpler and better 
structured program. 

$F LOAT• VALUE+ SFLOAT 

53, SUBTRACT ION 
SF L OAT • VALUE -SFLOAT 

54, MULTl PLICA TION 
SFLOAT• VALUE* SFLOAT 

55,DIV I SION 
SFLOAT• VALUE I SFLOAT 

56, EXPONENTIATION 
SFLOAT •VALUE +$FLOAT 

7 1, EQUALITY FEQUAL 

F NOT EQUAL 

72, INEQUA LITY 

73, LESS THAN FLESSTHAN 

FLESEQ 

74, LE SS OR EQUA L 

75, GREATER OR EQUAL FGR TEQ 

FGREATER 

76, GR EATER THAN 

77, AND AND-SUBR 

OR_SUBR 

78, OR 

57, MAX FMAX 

FM I N 
58, MIN 

59, LOG FLOG 

RETURN 

6800 REFERENCE GUIDE 
FOR PROFESSIONAL AND HOBBYIST 

The TOOL you have been waiting for. A 6800 Reference Data Guide (s i milar to the IBM green card) 
containing j ust about every piece of pertinent information that you are current ly spendi ng va l uable 
time searching for. The guide saves TIME , EFFORT and WORK SPACE when programming , debug 
ging and utiliz ing the 6800 system. 

Included are INSTRUCTIONS, SPECIAL OPERATIONS , HEXADECIMAL/DECIMAL CONVERSION 
TABLES , code translation tables for MACHINE CODES/MNEMONICS/ASCII/HOLLERITH/BI
NARY , 6800 MPU , 6820 PIA, 6850 ACIA and almost everything else that wi l l increase your pro
ductivity . TRY IT , YOU'LL LOVE IT. 

Send $4.95 p lus 35¢ shipping and handling to: 


MICRO AIDS , P.O. Box 1672 , St. Louis, Missouri 63011 


Ci rcle 380 on inquiry card . 
80 



•ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT ONE TIME 
•THE NUMBER OF FILES AND SIZE OF FILES IS LIMITED ONLY BY THE SIZE OF THE DISC 
•MERGING FILES REQUIRES NO EXTRA DISC SPACE 
•NO WAITING FOR THE DISC TO RE-PACK 
• LONGER DISC LIFE- MORE EVEN DISC WEAR 

Our Basic Floppy Disc System (BFD-6B) must, in all mod
esty be called superb. It comes complete ly assembled with a 
disc controller that is plug compatible with the SWTPC 6800. 
In fact all our products use the 6BOO standard SS-50 (Smoke 
Signal 50) bus used by SWTPC. The cabinet and power supply 
are capable of handl ing up to 3 Shugart Mini-Floppy Drives. 
One drive is included in the price of the BFD-68 and others 
may be added easily at any time. Or you may save money by 
ordering the dual-drive BFD-68-2 or triple drive BFD-6B-3 (pic
tured) . Price: BFD-68 $795, BFD-68-2 $1139, BFD-68-3 $1479, 
SA-400 Drive $360. 

The BFD-68 includes our Disc Operating System Software. 
Our software provides for a soft-sectored disc format cons ist
ing of 128 bytes per sector, 18 sectors per track and 35 tracks 
per disc. The software provides di rect commands to name and 
rename files, transfer memory to d isc and disc to memory and 
to automatically jump to the starting location of any program 
loaded from disc to memory. The direct command names are: 
RUN , GET, GETHEX, CLOSE, SAVE, DELETE, APPEND, RE· 
NAME, COPY, LIST, FIND, LINK and PRINT. In addition, the 
Disc File Management subroutines are available to create files 
under your program control. 

A bootstrap PROM is included on the controller board to in i
tiate the Disc Operating System which loads into a 4K memory 
board located at 7000 or optionally at DOOO. Thus, you can be 
up and running from a cold start in just a few seconds. 

SUPER SOFTWARE 
Free patches are provided for SWTPC BASIC version 2 .0 and 

Co-Resident Editor/Assembler. These patches allow the SAVE 
and LOAD commands to work with the disc or the cassette at 
your option . 

SUPER EDITOR: Smoke Signal Broadcasting now has its 
own ed itor. It is a content oriented ed itor with string search 
a_nd block ~ove capability. Changes may be made by referring 
either to lrne number or string content or a combination of 
references. Naturally. it is designed for file transfer to and from 
the BFD-68. Price: SE-1 $29 on diskette or cassette . 
AL L OUR PRODUCTS EXCEPT THE PS· l ARE COMPLETELY ASSEMBLED. 

SUPER ASSEMBLER: Inputs source code from file on the 
BFD-6B disc system and outputs object code to disc file . As
sembly listings include alphabetized and tabulated symbol table. 
Price: SA-1 $29 on diskette or cassette . 

Complete source listing included for both editor and assem 
bler. Order both for $53 and save $5. 

SMARTBUG - A CURE FOR MIKBUGITIS: A super smart 
Motorola-Mikbug replacement that preserves almost all Mik
bug entry locations so your present programs will run without 
modification. Uses ACIA instead of PIA and includes many 
additional features including a software single-step trace com 
mand . A SMARTBUG listing is included and object code is 
provided on a 270B free with each P-38 series board pur
chased . Source listing available separately for $19.50. 

NEED A FULL SIZE FLOPPY? Our P-3B-FF is a plug-i n inter
face card to the ICOM Frugal Floppy™. It includes all the fea
tures of the P-38-1 plus one 2708 EPROM containing the ICOM 
bootstrap software. Just plug the P-3B-FF into your SWTPC 
6800 and your ICOM into the P-3B-FF and you're ready to 
use the Frugal Floppy and ICOM's 6800 software package. 
Price $299. 

Our P-3B is an BK EPROM board containing room for B 
2708's. Or, you may use it to hold up to 7 270B's plus your 
Mo_torola Mikbug or Minibug II ROM. The P-38 addressing is 
switch selectable to any BK location. Price $179. 

The P-38-1 contains all the features of the P-38 plus an inter
face to the Oliver Paper Tape Reader and our EPROM Pro
grammer. Price $229. 

The PS-1 Power Su pply Kit provides plus and minus 16 volts 
required for the P-3B series boards. Also, it allows a wiring 
mod1f1cat1on to be made to the 8 volt supply that w ill increase 
its output by one volt. Price $24.95. 

Our M-16-A is a 16K single power supply STATIC RAM mem
ory system . The M-16-A is fully buffered and requires only half 
the power of a similar size system using low-power 2102's. 
With the M-16-A, you can expand your system to 4BK and still 
have room left for one of our EPROM boards. The M-16-A is 
switch selectable to any 4K starting address and hardware write 
protect is included. Quick delivery. Price. $529 . 

BAN KAM ERi CARO, VISA ANO MASTER CHARGE WELCOME. 

~ s1eo s1em11onumn 

~ P.O. Box 2017, Hollywood, CA 90028 • (2 13 ) 462-5652 
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Special Cases for 
Dyadic Operator Arguments 

When both arguments of the dyadic oper
ator are scalars, processing is simple (see 
figure 37). Similarly, for nonscalar argu
ments with the same size and shape, the 
scalar prncess is more or less applied itera
tive ly (see figure 38). Where only one argu
ment is a scalar, interpretation is a hybr id 
of figures 37 and 38. Th is is shown in 
figure 39. Here the scalar value is applied 
iteratively to the vector or array. 

Figure 37: Dyadic inter
pretation for the case in 
which both arguments are 
scalars. 

D(DA)•3
D(DA+ll • O SFLOAT•RIGHT ARG VALUE 

DA•DA+2 VALUE•LEFTARG VALUE 
SFLOAT• D(OPG+2) 
VALUE+ O(OPD+ 2) 

DYAD-COMP 

O(DAl + SFLOAT 
SVAL (SV)+ DA - 2 

OA+OA+ I 

RETURN 

COMPUTE RESULT 

O(AUX)• D(X+Y - 1)
AUX•AUX+I 

Y • Y+ I 

YES 

VALUE+ O(Z+O(Z)  Y) 
SFLOA T + O(OA+O(OA)-Y) 

DYAD_COMP 

D(OA..,O(OA)-Y)+ SFL OAT 
Y• Y+ I 

SVAUSV) + DA 
OA+OA+O(OA) 

RETURN 

YES 

Figure 
pretation 

MAKE COP Y OF ONE OF THE 
ARRAYS 

COMPUTE RESU LTS 

38: Dyadic inter
for the case in 

which both arguments are 
nonsca/ar but of the same 
shape and size. 

$ 495ALPHA z- 80 
ASSEMBLED 

• 	 12 SLOT MOTHER BOARD 

• 	 12 CONNECTORS (S-100 BUS) 

• 	 17 AMP POWER SUPPLY 

• 	 HEAVY DUTY CABINET WITH FAN 

• 	 Z-80 CPU BOARD: All Sockets Incl uded , Gold Con
tact Fi ngers, High Qual ity Glass Epoxy PC Board, 
Double-Sided , Plated Through Holes, Requ ires Only 
+ s voe I soo MA. 

NOTE: 22 SLOTS/30 AMP POWER SUPPLY - $595. 

ADS also sel ls IMSAI and NORTH STAR Assembled at Kit Prices + LEAR 
SI EGLER ADM 3A Assembled at $888.00 . TERMS: Cash with Order. 
Prices include Freight. (N.C. Residents add 4% Sales Tax.) 

ALPHA DIGITAL SYSTEMSADS Dlta Acquisition , Computation an<.! Control 

RO UTE 4 BOX 171A 

BOONE, NORTH CAROLINA 286071111 
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D !FRANK Figure 39: Dyadic inter
pretation for the case in 
which only one argument 
is a scalar. 

AUX • DA 
y ,. I 

MAKE A COPY OF TH E ARRA Y 

A UX • AUX+ I 


Y • Y+ I 


D(AUXI • D(Z+Y+I) 

YES 

AUX NOW POINTS TO L AST ELEMENT 
IN ARRA Y 

CO MPUTE NO . OF ELE MENTS 
IN ARRAY 

r-------- - -, 
___. Y~(Z+l+ O (Z+ I) I I 


L- -- -- - --- __ _J 

YE S 

AU X • AUX-I 

y • I 


Y I + Z+2 


Y • Y• D(Y I ) 

YI• YI + I 


-

YI • I 

V ALUE • O( AUX) 

SFLOAT • D(X+2) 


VALUE • D(X+2l 
SF LO AT • D(AUX) 

DYAD-COMP 

COM P UTE RE SULT 

D(AUX) • SFLOAT 
AUX • AUX - I 

YI • YI +I 

SV AL (S V) • DA 

DA • DA• D(Z) 


RETURN 


Fun and Games 


from BITS 


101 BASIC Computer Games by 
David Ahl . A t reasure store o f games and 
simu lati ons, 101 all written in BASIC. I t 
contains both a complete l is ting and a 
sample run, along with a descriptive 
write-up. 256 pages, $7 .50 . 

What to Do After You Hit Return 

or PCC's First Book of Computer 

Games. Th is is PCC 's first book of 
computer games, a compendium which 
includes descriptions of numerous 
gam es , and listi ngs of 37 se lected BASIC 
games. New second edi tion, $8 . 

BITS Inc 
70 Main St 
Peterborough NH 03458 

For ease in ordering, use the coupons on 
pages 175 and 176, writing in the 
name(s) of the book(s) you want. 

Please note that processing m ay exceed 
30 days in unusual cases. 

Ci rcle 383 on inquiry card. 
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.,,..,.,. 

Figure 40: Dyadic inter
.-------, pretation of the reshape

A DIOPO+ll •I 1 
L..----- -...J operator. 

'>--N_o_ ____ -i, ERROR 29 

LEFT ARGUMENT FOR RESHAPE OP ERATOR 

NOT A VECTOR 


- -

NO SVAL (SVI • DA 
DA• AUX 

r - - - - - - -- --, 
--~~1~~~~~2__B!~J 

YES X•SIBIN 

AUX • DA+2 
SIBJN• I 

Z•I 

SI BIN • S IB! N+OlOP0+2 + Z I 
Z • Z+ I 

,...----- -- -,
z S.D!OPD+2) I 

L ---- ---_.,1 
YES 

- - _ __. 

D(A UX I • SIBIN *D( OPD+2 )+2 
D(A UX+ll • OIOPD +I) 

AUX• AUX+ 2 
Z• I 

O(AUX) • 0(0P0+2+Zl 

AUX• AUX+ I 


Z • Z+ I 


S2BIN • D(OPG)-2- D(OPG+ I) 

COMPUTE NUMBER OF ELEMENTS IN RESULT 
NOTE : PROBABLY DO NOT WANT TO MULTIPLY 
IF DlOP0 +2+Z ) IS ZERO. 

Interpreting the Dyadic Reshape Operator 

Th e last dyadic interpreter described is 
shown in figure 40. This process interprets 
the dyad ic reshape operator, but the general 
methodology used is of mo re importance. 

BUILD L ENGTH OF RESUL T By examining how the various pointers 
BUI LO RANK OF RE SULT are manipu lated in th is subroutine, as 

we! I as the previousl y described subrou 
tin es, the reader should be ab le to design 
any other dyadic subroutine. The procedure, 
as with most numerical processo rs, is to first BUILD DIMENSION ENT RIES 
chec k the legality of the arguments. Fol
lowing this, the descriptor of the resuIt is 
built. Finally the value elements of the 
result are computed and a poin ter to the 
result is stacked in SYAL and index DA is 
updated. 

NUMBER OF ELEMENTS IN RIGHT OPERAND 

X• S2BIN 

Z• I 

DlAUX) • O(OPG+I+ D\OPG+ll+ Z 

AUX • AUX+ 


Z • Z+ I 


YES 

S I Bl N • SIBlN -X 

Conclusion 

Anyone who has worked with powerful 
high level interpreters knows that it is no 
mean task to describe them in so short a 
ser ies of articles as th is. Nevertheless there 
should be enough information he re to allow 
the buil ding of a powerfu l APL in terpreter. 
Admittedly, there is room for improvement 
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in some areas of design and implementation. 
Using the exp erience I gained from my fir st 
implementation, I have incorporated many 
desirable features into severa l microprn
cessor impl ementations which are currently 
being designed. 

Anyone designi ng an APL interpreter 
based upon th is series of articl es and 
encountering problems should first consu lt 
Mr Robinet 's article, " Architectural Design 
of a Directly-Executed APL Processor" 
(National Technical Information Service, 
US Dept of Commerce, 5285 Port Royal Rd, 
Springfield VA 22161 ), and, failing resolu
tion , shou ld contac t me. Finally, although I 
have attempted to ver ify the accuracy of all 
tables, charts and methods used herein, it is 
sti ll possible that errors or omissions remain. 

During the time that these articles have 
bee n prepared , I have been actively working 
on an 6800-based APL interpreter. Th is 
work has led to ch anges and improvements 
to the flo wcharts. Readers who would like 
to have th e latest information are welcome 
to send a stamped, self-addressed envelope 
to Mike Wimble, 6026 Underwood Av SW, 
Cedar Rapids IA 52404.• 

Circle 3 84 o n inquiry ca rd . 

BUILDING YOUR OWN 

COMPUTER? 


WHY NOT DO IT THE OBJECTIVE DESIGN WAY? 

STARTER SET INCLUDES FRONT AND REAR PANELS OF ANODIZED 
ALUMINUM PRE-PUNCHED AND DRI LLED FOR MAXIMUM DESIGN 
VERSATILITY. COMPLETE PLANS AND SPECIFICATIONS INCLUDE IN
FORMATION ON NECESSARY PARTS AND SUPPLIERS. IDEAS FOR 
CUSTOMIZING, AND DETAILED INSTRUCTIONS FOR BUILDING A 12 OR 
22 SLOT S-100 CARDFRAME AND POWER SUPPLY 

• 	AN INTERESTING AND INEXPENSIVE WAY TO GET INTO PERSONAL 
COMPUTING! 

• A GREAT SCIENCE FAIR PROJECT! 

• IDEAL FOR SCHOOLS AND UNIVERSITIES! 

ASK ABOUT OUR INTE LLIGENT FRONT PANE L OPTION 

ORDER THE CRATE KIT FOR ONLY: 

$39.95 

PLUS SHIPPING: U.S.-$3.00 CANADA- $4.00 FOREIGN- $10.00 
ALL ITEMS SH IPPED AIR FREIGHT OR UPS BLUE LABEL 
SEND CHECK OR MONEY ORDER TO: 

OBJECTIVE DESIGN, INC. 
P.O. BOX 20325 TALLAHASSEE, FL 32304 

FLORIDA RESIDENTS ADD 4% STATE SALES TAX. 


PROM : Space for 2K bytes, 1702A. Store 

bootstrap loaders and mon itors . 


RAM : 1K bytes, 2102LIPC , 450 ns , low 

po wer. NO NEED TO RELOCATE STACK 

WHEN ADDING MEMORY. 


CIRCUITRY: Replaces memory write logic 

on ALTAIR™ and lmsai front panels . 


REGULATORS : Two regulators . No need for 

regu lated power supply . 


JUMP-ON-RESET: PROM program execu

t ion starts at any locat ion in memory without 

Interfering with programs in any other por

t ion of memory . 


S-100 BUS ; + 8 and -16 VDC ; P/C BOARD 

SOLDER MASKED BOTH SIDES WITH 

PLATED THROUGH HOLES ; ALL SOCKETS 

INCLUDED . 


OPTIONAL FIRMWARE: 512 byte monitor 

for use with Tarbell tape in terface on 2 , 

1702A PROMs . 


PROM/RAM KIT WITHOUT PROMS $ 89 
+O PTION A - SIO Rev . 1or3 P + S $129 
+ OPTIONB - 2SIO (MITS) $129 
+OPTION C - SIO 2 (I MSAI) $129 

+OPTION D - Poly Video In terface $159 
(Inc lu des Video Driver) 

California res idents please add 6% tax . 

IMMEDIATE DELIVERY FROM FACTORY 
OR YOUR LOCAL COMPUTER STORE 

T .M. 

___,__ro~ c:~A?l-ic inc. 
C ircle 385 on inqu iry card . 
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Photo 7: This is the video 

display at the start of a 

Space War game. The two 

spaceships are in their nor

mal starting positions and 

accelerating slowly towards 

the sun. The sun image is 

14 units across and cen

tered on the screen, but its 

gravitational field per

meates all of space in its 

vicinity (table 4). 


How to Implement Space War 


Dave Kruglinsk i 
3256 Po rtage Bay Pl E 
Seattle WA 981 02 

You say you'd love to go and pl ay 
" Pong," "Tank" or "Shoot 'em" down at 
the corner tavern but they won't let you in 
because yo u 're not old enough? Or maybe 
you learned to play Space War back in 
college on a turbocharged PDP 911 /S mega
com puter and you don't th ink yo ur poor 
microcomputer cou ld keep up? Or perhaps 
you hate BAS IC but can't th ink of a good 
reason to mess with 50 pages of assembly 
language. Even if you don't fit into any of 
the above categories, merely read ing this 
artic le will sufficiently disturb your mental 
equilibrium to start you on your way to 
being a Space War freak, making all other 
probl ems Fade into insign ificance . 

Yes, it's true, despite what false impres
sions you may have held. You can pl ay 
Space War on your micro : rea l Sp ace War 
with gravity and torpedoes and thrust and 
explosions and hype rspace, all right there 
in front of your eyes on the screen. No 
message slowly banging out on the Teletype 
"THE KL INGONS ARE APPROACH ING," 
but your own spacesh ip orbiting th e sun, 
ab le to change direction, acce lerate and fi r 
at the enemy. There's even a score to keep 

track of how many times you've been hit. 
" Hold it!" you say, after pouring over the 
listings. "Th is doesn't confor·m to ANS I 74 
Space War Sta ndard s. Alpha Cen tauri isn't 
at coordinates 137, 245 like it's supposed to 
be. " Relax, just change the program to suit 
your taste. 

It should be apparent by now th at you 
need more than just a "naked micro" to do 
the job, but what you do need is not too 
unreasonab le. Table 1 lists the equipment I 
found necessary to imp lement a quite 
realistic Space War game which is the subject 
of th is article. 

If yo u don't like the part about using an 
osc ill oscope with its small screen, don't 
knock it if you haven't tried it. You just 
have to sit close. Besides, you can move 
up to a bigger disp lay later. A vector graph
ics system would be an improvem ent, all ow
ing more odds and ends on the screen before 
flicker sets in. The ideal, however, is a raster 
scan TV monitor system with resol uti on 
close to 256 by 256; anything less is just too 
coarse. Thomas R Buschbach' s artic le in 
the November 1976 BYTE ("Add This 
Graphics Display to Your System," page 32/ 
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Photo 2: Here the larger 
of the two ships is accelera
ting towards the lower 
right of the screen. This 
information is relayed 
visually by the troll that is 
seen In back of the space
ship. The small dot which 
is positioned at roughly 
equal distances from both 
ships is a torpedo which 
has just been fired by the 
smaller spaceship. 

(or Using Your Oscilloscope as a Telescope) 

should be helpful here. Bear in mind that if 
you go the refresh memory raste r scan route 
you will have to th ink about erasing things, 
not a problem with the ana log refresh 
approach . 

Meanwhi le, back to the software. To start 
with, BASIC is out because it's far too slow. 
Wh at's in is S.S K bytes of programs and 
tables, al l in assembly language. "What's the 

TACTICAL MATERIEL NEEDED 

• An 8080 type microcompute r with 
8 K of memory and a way to load pro
grams. An Altair 8800 or equivalent will 
do fine. An assembler and text editor will be 
necessary if you want to modify the pro· 
gram conveniently . 

• A general purpose DC oscilloscope 
with X input . Bandwidth isn 't too Imper· 
tant, but i t must be DC. The bigger the 
screen the better . You can get one surplus 
for about $100 , and they're handy for 
other things, too. A rast er scan continuously 
refreshed point display can also be used 
w i th appropriate modifications of graphic 
generation and object motion rout ines . 

• A 2 channe l digital to analog con-

secret?" you say. "Why has Space War on ly 
been seen on ex pensive systems up to now?" 
The answer is a special added ingredient 
ca ll ed TLU. TLU stands for Table LookUp 
and eliminates th e need for al l multiplica
ti ons and divisions, making your program 
run ten tim es faster. Together with simple 
difference equations you can use 
look ups to generate gravity fo r 

vertor . This device conve rt s two bytes of 
d igital data to two analog signals w ith a 
resolution of 1/256 (3 .9x1Q-3). It is the 
inter face between the microcomputer and 
the oscil loscope, capable of displaying dots 
at any of 65536 locations on the screen in 
a 256 by 256 grid. The circui t is quite 
straightforward. The " Seer Budget Graphics 
Interface" described in November 1976 
BYTE, page 26, wi ll do f ine. You could 
even sk ip the second la tch on the Y strobe . 

• Two or more hand held boxes, each 
with fou r push buttons. The two boxes 
together look like one m emory byte or 
input port and are read by the program to 
determine what the player wants to do. 

• Software functio n ing as described in 
this artic le. 

table 
pretty 

Table 7: Basic facilities 
needed to implement Space 
War on a microprocessor. 
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Photo 3 : The larger of the two spaceships has been hit and destroyed. It had 
fired a torpedo just before it was hil. 

respectable orbits for your spaceships and 
torpedoes. Another thi ng, afte r subtrac ti ng 
2 K fo r the gravity tab le you have 3.5 K of 
program to ma nage. This translates to 55 
pages of assembly listi ng with macros 
ex panded (more on macros later). To do 
this and not go crazy you have to have a 

CPU INPUT PORT 

---1 
+5V I 

I 
I 

' ___ _ ....J 

r 
I 

: 
I 
I 
I 
IL 

system, a way to organize the code into 
modules for ease of understa nding, mod i
fication and debugging. But first some 
prelim inar ies. 

The Game of Space War 

As the game star ts you wi ll see a sun in 
the center of the screen, two scores of zero 
at the bottom, and two spaceships at oppo
site corners. You and your opponent each 
have a ship. Each sh ip is uniquely identifiable 
and is movi ng slowly towards the sun . Photo 
1 shows the sc ree n at the beginning of the 
game as I imp leme nted it. 

Eac h player has a hand held box as shown 
schematically in figure 1. The functions of 
the buttons are as follows: 

CCW: The player's ship rotates counter
clockwise as long as this button is held down. 
Rotation increments are 45° and th e rate is 
about one rotat ion every 5 seconds. 

CW: Same as a CCW except rotation is 
clockw ise. 

FIR E: A torpedo is fired from the 
player's shi p when this button is depressed. 
The torpedo always or iginates from the 
front of the spaceship and travels in the 
same direction the ship is pointing. Its 
init ial velocity is co nstant relative to the 
ship's. Each sh ip at any one time has on ly 
one active torpedo at its disposa l and thus 
can't fire a second unti l the first has hit a 
spaceship, hit the sun, hit the screen edge, or 
timed out. 

r--  -
I +SV 

I 

.L _ __ _ 

-. 
: 

I 	PULLUP RES ISTORS 
MAY BE OMITTEDI 
DEPENDING ON IN PUT I 
PORT USEDI 


I

_J 

{((
FIRE CCW CW 

Figure 7: The player contro l boxes consist of eight switches, four per player, which define data for one input port to the micro· 
proc:essor. The pullup resistors boxed by a dashed l ine may be omitted, depending on details of your input port. 
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ACC: Acce leration is appl ied to the 
player's ship as long as this button is held 
down . The acce lerat ion is appl ied in the 
same direction the ship is pointed and is 
ind icated visual ly by an exhaust trail at the 
rear of th e shi p. 

The object of the game is to get your 
spaceship into a stable orbit around the su n 
an d then shoot down the enemy . You have 
to, of cou rse, watch ou t for the enemy 
shooting you down; and you have to be care
ful not to fa ll into th e su n. If eith er of these 
two ca lam iti es shou ld befa ll you, your ship 
will explode, your score wil l be in cremented, 
po ints count agai nst you, and a new space
ship wi ll be delivered to the starting position . 

You have a rather inte resting option 
when the go ing gets to ugh . You can enter 
hyperspace by holding down both the CCW 
and CW buttons at the same time . Your ship 
d isappears, then reappears at some random 
pos itio n with a random veloci ty. This hap
pens not without risk; however, there is a 
definite probabil ity, increas ing as the game 
progresses, that your sh ip will exp lode when 
it comes back . 

A word about orbi ts: both spaceships and 
torpedoes conform to Kep ler's laws, travel
ing in el I iptical orbits aro und the central sun, 
with revolut ion periods averaging about 15 
seconds. In ge nera l, the furth er away from 
the sun the sh ip is, the slower it moves. 
Thus, if a ship is in a long ellip tical orbit the 
effect will be a little like "c1·ack the whip": 
the ship zips qu ick ly aro un d the back of the 
sun, then dr ifts slowly out into space, then 
back again. Torpedoes, usu ally moving faster 
th an spaceships, are less affected by g1·avity 
and usually escape to th e edge of the scree n 
where they disappear. If they get close to 
the sun their trajectori es may be bent as 
muc h as 90° . Due to limitations of the 
numerica l method, the ships and torped oes 
may not come closer than seven units 
(screen is 256 units wide) to the center of 
the screen. Thus the sun 's rad ius is defined 
to be seven units and any thing com ing that 
close is destroyed . A spaceship which starts 
anywhere on the screen with zero veloc ity 
wil l move radially inward to the sun and be 
zapped. 

Photos 1 to 5 show some sce nes from a 
typical Space War game. Some are snapshots 
and two are ti me exposures showing the 
motion of spaceships and torpedoes. 

Software - General 

Many of the techniques d isc ussed here 
apply not onl y to Space War but also to 
other video games, disp lay systems and rea l 
time applications. Th e onl y assumption 
made is that you know what an assembler 

Photo 4: A time exposure showing the two ships in orbit and a near miss of 
o torpedo. The inner spaceship fired ot the outer orbiting spaceship. Notice 
how the gravity effects of the sun curve the orbits ofships and torpedo. 

Photo 5: A 11e1y long time exposure showing the maneuvering of the two 
spaceships. Notice that Kepler's laws of motion are being followed, and the 
spaceship that i. closer to the sun is orbiting faster than the spaceship that 
is farther away, since it has only traveled a portion of one revolution while 
the inner ship has completely circled the sun. These gravity effects encourage 
real time tactics and use of strategy in ploying the game. 
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I SYSTEM FUNCTIONS MODULE I 

EXECUTIVE 
DISPLAY 
PROCESSOR 

,------------------- ----1 

OBJECT 
BLOCKS 

DISPATCH 
TABLE 

SPACE WAR 
APP L ICATIONS 
MODULE 

PRO GRAMS DISPLAY 
FI LE 

L------------------------- ~ 


GRAVITY 
TABLE 

Figure 2: Block diagram of the software for Space War. The rectangles 
represent programs and the squares represent data. This general type ofsetup 
can be used in many other games besides Space War. 

does and ca n read 8080 assemb ly language. 
Since re locatable assemblers and loaders 

are n't generally avai lable for microcom
puters yet, chances are you wi ll have to 
make the most out of the absol ute variety. 
It is very useful to avoi d having the ent ire 
4 K of program in one source module. By 

breaking the code up into modules you 
genera ll y need only to edit and assemble a 
por tion of the entire program to make a 
correction or enhancement. Linkage be
tween modules is made through a few fixed 
locat ions in low memory (0 to 80 hexa
decimal). There are two categories 
of modu les: system and app lication. System 
modules exist to support a variety of ap
plication modules. The application module 
in this case is the Space War video game. The 
systems modules need ed here include: 
graphics disp lay processor, interrupt 
handlers and real time executive, system 
functions. The applications module is a 
col lection of programs and data related 
specifical ly to the game. Let's look at each 
of these modu les in detail, while referring to 
the block diagram in figure 2. 

Display Processor 

In order to have a video game yo u have to 
be ab le to put pictures on the screen . Still 
pi ctures are a good place to start; it's easy to 
make parts of them move later. With th e 
digital to analog converter and X Y oscillo
scope hardware configuration of the "Beer 
Budget Grap hics Interface"/by Peter Nelson, 
in November 7976 BYTE, page 26/, it 
is necessary to paint the picture one dot at a 
time and also to continuously refresh any 
image put on the screen a minimum of 
20 times a second. This suggests a loop con
sisting of a sequence of dot producing in
structions executed over and over agai n. It 
would be very cumbersome, though, to have 
to write a new assemb ly language program 
every time you want a new picture. What 
about a single program which cycles through 
a table of XY coordinates? This is better, 
except it takes a lot of dots to draw a line 
or spaceship, and it's difficult to move 
something when you have to move all the 
dots together. A better solution is an inter
pretive "language" which you can use to 
descri be pictures. A display fi le written in 
thi s language is interpreted by a special 
program cal led the display processor in order 
to provide the proper sequence of X Y 
coordinates to paint the picture . 

Understanding the display processor 
requires you to visua lize the beam which 
defines a point on the face of the osci llo
scope at position X, Y. A dot can be dis
played at the beam position or at points 
relative to the beam position. This is very 
useful because you can defin e a spaceship, 
for instance, as a series of dots relative to 
the beam coordinates. To move the space
ship you merely move the starting beam 
position. Rather than define a series of 
dots individual ly, why not specify a vector 
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or row of dots? This can be done neatly in 
one byte where you specify both the length 
and direction of the vector. Let's say that 
you have defined your spaceship, but that 
you want to display it more than once on 
the screen. just as in any other computer 
program you use a subroutine. The sub
routine in th is case contains a series of 
relative vector commands and is called from 
several places in the display program, just 
after beam positioning commands. 

You can pick up the details of the 

Hexadecimal 

Op Code Layout 


00 0 0 0 0 0 0 0 0 

X coordinate 

Y coordinate 

02 

04 

06 

0 0 0 0 0 0 1 

X coordinate 

Y coordinate 

0 0 0 0 0 1 0 

X coordinate 

Y coordinate 

0 0 0 0 0 1 1 

E I length lotFI drctn 

0 

0 

0 

08 0 0 0 0 0 0 0 

scle orent 

OA 

oc 

0 0 0 0 1 0 1 0 

low order address 

high order address 

0 0 0 0 1 1 0 0 
low order address 

high order address 

OE jo o o o 1 

10 jo o o 1 o o o oj 

graphics language by studying the nine 
commands shown in figure 3. Figure 3 also 
shows the layouts of the graphics com
mands. In my assemb ler the mnemonics 
along with the arguments are put right into 
a program and the assembler produces 
the object code by means of macros. (A 
macro is a way of telling the assembler to 
substitute a group of instructions for a 
given symbol.) All the macros are defi ned 
at the start of the program with dummy 
arguments. The real arguments are sub-

Assembler 

Macro Form Meaning 


MBEAM x,y 	 The beam is moved from i ts previous position to the 
new coordinates x,y where x and y are between 0 
and 255 . This command does not cause a do t to be 
displayed , but is used as a setup for following 
commands . 

MDISP x.v 	 Same as MBEAM except a dot is displayed at x,y . 

LVEC x,y 	 A " long vector" is drawn from the previous beam 
position to the new coordinates x,y . The new beam 
position is now x,y. 

SVEC The re lative vector is called the short vector to d is
SV length , drctn tinguish it from the absolute long vector. Th e li st is 
SVF length, drctn a sequence of length and direction pairs where the 
SVE length , drctn length is 0 to 7 dots and the direction is specified by 
SVEF length, drctn a number from 0 to 7 where 0 is straight up, 1 is 45° 

E =escape In a counterclockwise direction, 2 is 90° counter · 
0/F = beam on/off clockwise, etc. 

PARAM s,o 	 This command alters the effect of all fo llowing 
SVEC commands until the next PARAM statement. 
It is possible to change both scale (s) and orientation 
(o) of all following short vectors . If scale is set to 1, 
for example, all short vectors would be twice as long 
as they would have been if scale were 0. If orienta· 
tion is set to 2 instead of 0, all short vectors appear 
rotated 90° clockwise. Thus a figure drawn ent i rely 
In short vectors can be en larged and ro tated by 
changing one command . 

JUMP addr 	 Interpreter control is transferred to th e command at 
address addr. 

JUMPS addr 	 Interpreter control is transferred to the command at 
address addr and the address of the command fol· 
lowing the JUMPS statement is saved. This is the 
graphics subroutine call. 

RETS 	 Return from the subroutine entered by JUMPS 
command . Subrout ines may be nested . 

EXEC 	 Control is transferred to the executive so that the 
proper applications programs are executed. When 
these are finished. control is returned to the graphics 
interpreter command following the EX EC command. 

Figure 3: The nine graphic commands used by the display processor showing the op code, related mnemonic, memo1y allqca
tion, and meaning for each command. These instructions and related programs can be used to implement a wide 11ariety of 
animated video applications. 
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Entry Byte Data Functon 

0 1 look at last bit of T IME only 
1 0 execute on even TIME only 

2,3 object block 1 starting address 
4,5 ship fly program starting address 

2 0 loo k at last bit of TIME only 
1 execute on odd TIME only 

2,3 object block 2 starting address 
4,5 sh ip fly program starting address 

Table 2: This table design wfll allow the updating of the positions of two 
spaceships on alternating cycles. Byte 7 determines whether the updating 
takes place on an odd or even cycle. If it Is set to zero, as in ent1y 7, updating 
will occur on an even cycle. If byte 7 Is set to 7, as In entry 2, updating wlfl 
occur on an odd cycle. 

Bytes 
(Hexadecimal Offsets) Function 

0,1 X (n), present x coordinate w ith 16 bits, 0 at screen center. 

2,3 X (n - 1 ), previous x coordinate . 

4,5 X acceleration. 

6,7 Y (n), present y coordinate . 

8,9 Y (n-1 ), previous y coordi nate. 

A,B Y acceleration. 

C,D pointer to MBEAM instruction d isplay fi le. 


Table 3: A list of object parameters which are found at the head of an object 
block and used by the object move function. These coordinates are con
tinuously updated as the program progresses. 

stituted when the macro is ac tuall y used . 
Now that you can describe a picture with 

a concise list of graph ics commands you 
should be able to see how easy it is to 
animate the picture. All it takes is some 
other program in the system to period ically 
change parts of the disp lay file . For ex
ample, if the MBEAM command preceding 
a spaceship subroutine call is given a label 
throu gh the assemb ler, then the X and Y 
coordinates can be updated, causing the ship 
to move. To destroy the sh ip, replace the 
spaceship subroutine address with the 
explosion subroutine add ress. 

See listing 1 for the display processor, 
and I is ting 2 for numeral subroutines 0 to 9 . 

Executive Program 

The Space War program was original ly 
designed to work wi th a rea l time clock 
producing 20 interrupts a second . It was 
discovered later that the upd ate and refresh 
cycle was stable enough to make the clock 
unnecessary. Th is reduced the hardware 
requirements fo r the game. To reiterate, 
Space War ru ns on a 50 ms cycle. The first 
15 ms are used to update positions of sp ace
ships, test bu ttons, compute scores, etc . The 
remain ing 35 ms are used to refresh the dis
play, that is, process the d isp lay file from 
one EXEC command to the next . The 
executive : 

• 	 determines what update tasks are to 
be done . 

• 	 dispatches a control to these tasks. 
• 	 increments a variable called TIME. 

A few words on tasks and dispatching at"e 
in order here. The app lications module 
consists of a number of independent pro
grams, each with a distinct function which 
is described in detail in th e next section . 
When each of these programs runs, it 
references an object. For example, the ship 
fly program has to run once for ship 1 and 
again for ship 2. The combination of a pro
gram and a particular object is ca lled a task. 
There are three pieces of information 
necessary to specify a task: 

• 	 frequency and phase at which the task 
is executed. 

• 	 address of the object block containing 
al l parameters re lati ng to a specific 
object. 

• 	 starting address of the program. 

The dispatch tab le (tab le 2) in the appl ica
tions module is a list of all the tasks. Each 
task has a 6 byte entry havi ng the format: 

byte 0: Mask which is logica lly ANDed 
with TIME and compared with 
the va lue in byte 1. 

byte 7: Execution time. When this 
matches the masked value of 
TIME the task is executed . 

bytes 2,3: Address of the object block 
for th is task . It is passed to 
the program in register pair 
BC. 

bytes 4,5 : Address of the program to be 
cal led by the executive. 

If, for example, you want to update the 
position of each of two spaceships on 
alternating cycles, you set up two entries 
as in table 2. 

Most of the task schedules are set up just 
once when you assemble the app lications 
program. However, it is possible to dynami 
cally schedule one task from another . That 
scheduled task runs "r igh t now " if both 
the mask and time bytes are set to ze ro. 
It runs " n cycles from now" if the mask is 
all 1 and the time is TIME+n. The dynami· 
cal ly scheduled task wi ll, however, have 
to later deschedule itsel f by se tting the mask 
to 0 and time to 1 . 

Now for a few words on how programs 
in terface with object blocks . Norm ally a 
program references a number of fixed 
memory locations using direct addressing. 
This works fine, for examp le, if you have 
one program flying one spaceship . For two 
spaceships you could write two programs, 
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Table 4: The 7024 by 2 byte gravity table used by the acceleration !oolwp function. Notice the maximum acceleration values 
of 999 in the upper left of the table which correspond to the posilion of the sun. The table can be rotated around Its axis of 
symmetry to cover the entire screen in a minimum amount of memory. Lines drawn in the table //lustrate se11era/ contours of 
roughly equal gravitational acceleration. 

999 999 999 999 999 745 452 , 295 203 145 108 82 15 13 11 10 9 8 7 4 
999 999 999 999 999 999 99 ll'f 315 241 43 37 33 29 25 23 20 12 
999 999 999 999 999 999 999 999 900 660 384 02 2 196 162 135 113 71 62 54 47 42 37 33 20 
999 999 999 999 999 999 999 999 g99 844 646 504 400 323 264 218 182 154 7 74 65 58 51 46 28 
999 999 999 999 999 999 999 999 999 970 755 598 480 391 322 268 225 191 122 106 93 82 73 65 58 35 
999 999 999 999 999 999 999 999 999 999 826 664 540 4 4 369 309 261 2 191 165 144 126 111 98 87 77 69 42 
999 999 999 999 999 999 999 999 999 999 864 705 581 483 342 292 250 216 187 163 143 126 112 100 89 80 49 
999 999 999 999 999 999 999 999 999 999 873 725 606 509 431 368 315 272 236 206 180 159 141 125 11 2 100 90 
999 999 999 999 999 999 999 999 999 999 862 727 616 524 448 385 332 289 252 22 1 195 172 153 136 122 110 99 
999 999 999 999 999 999 999 999 $99 980 837 716 614 528 456 395 344 301 264 233 20 183 163 146 131 118 106 
999 999 999 999 999 999 999 999 999 925 802 695 604 525 458 351 309 273 242 215 192 172 154 139 125 113 
999 999 999 999 999 999 999 999 984 867 762 669 587 516 454 400 353 313 278 248 221 198 178 161 145 131 119 109 
~99 999 999 999 999 999 999 999 905 808 719 638 566 502 445 396 353 314 281 252 226 203 183 166 150 136 124 113 
999 999 999 999 999 999 999 917 832 751 675 605 542 485 434 389 348 313 281 253 228 206 187 170 154 141 128 117 
999 999 999 999 999 973 904 834 764 696 632 572 517 466 42 1 379 342 309 279 253 229 208 189 172 157 144 131 121 111 102 
999 999 999 966 922 87 1 816 759 702 645 591 539 491 446 405 368 334 303 276 251 228 208 190 174 159 146 134 123 113 105 
917 907 888 860 825 784 740 693 645 598 552 507 465 426 356 325 296 271 248 226 207 190 174 160 147 136 125 11 6 107 
816 808 792 770 742 709 673 634 594 554 515 477 440 405 373 343 314 289 265 243 223 205 189 174 160 148 137 126 117 108 101 
730 724 711 693 670 644 6 14 582 548 514 481 448 416 5 356 329 304 280 258 238 220 203 187 173 160 148 137 127 118 110 102 
657 652 642 627 608 586 56 1 535 507 478 449 420 92 365 340 315 293 27 1 251 233 215 199 185 171 159 147 137 127 118 110 103 
594 590 582 570 555 536 515 493 469 444 420 370 347 324 302 281 262 244 226 210 196 182 169 157 146 136 127 118 11 1 103 
541 537 530 520 507 492 474 455 435 414 371 350 329 308 289 270 252 235 220 205 191 178 166 155 145 135 126 118 110 103 
494 491 485 477 466 453 438 422 404 368 349 330 311 293 276 259 243 228 2 13 2 0 187 175 163 153 143 134 125 118 110 103 
453 450 445 438 429 418 405 91 77 361 345 328 311 295 279 263 248 234 220 206 194 182 171 160 150 141 132 124 116 110 103 
416 414 410 404 396 387 376 364 351 338 324 309 295 280 265 251 238 224 212 200 188 177 166 156 147 139 130 123 115 109 102 

367 359 350 340 328 317 304 291 278 265 253 240 227 216 204 193 182 172 162 153 144 136 128 121 114 108 101 
356 354 351 347 34 1 334 326 317 307 297 286 275 263 252 240 229 218 207 196 186 176 167 158 149 141 133 126 119 113 106 100 
330 329 327 323 3 18 3 12 305 297 288 279 270 260 249 239 229 219 208 198 189 179 170 162 153 145 138 130 123 117 111 105 99 
308 307 304 301 297 291 285 278 271 263 254 245 237 227 218 209 200 190 182 173 165 157 149 14 1 134 127 121 115 109 103 98 
287 286 284 281 278 273 268 262 255 248 240 232 224 216 208 1 183 175 167 159 152 144 137 131 124 118 113 107 102 97 
269 268 266 264 260 256 25 1 246 240 234 227 220 213 206 198 190 183 175 168 161 154 147 140 134 127 121 116 110 105 100 95 
252 251 250 247 244 241 237 232 227 221 215 209 202 196 189 182 175 168 161 155 148 142 136 130 124 118 113 108 103 98 93 

but th is wou ld be a pain in the asteroid. 
How about groupi ng all the variables to
ge th er and defining a data layou t common 
to al l spaceships? The data includes co
ord inates, the address of the MBEAM 
instructio n in the display fi le, orientation 
and about a mi llio n flag bits /a bit of 
hyperbole ... /. The program knows which 
obj ect block it's wor king with because it 
started out with the block start address in an 
index register, in this case the BC register 
pair of the 8080. Al I memmy references 
then go through this in dex register. Don 't let 
the fact that the 8080 microprocessor 
doesn't have real index r·egisters bother you; 
you si mply use assembler macros to invent 
your own indexed instructions as follows: 

LOA DX reg, offset: Loads data from object 
block re lative locat ion "offset" into 
register "reg." 

STORX reg,offset: As above but stores. 
LDBLX offset: Loads data from object 

block relative locations "offset" and 
"offset" + 1 into regis ters L and H 
res pectively. 

SDBLX offset: As above but stores . 

Listing 3 shows the executive program 
and interrupt hand lers . 

System Functions 

System fu ncti ons are general purpose 
subrouti nes common to a number of appli 

cations programs. These include object 
move, acceleration look up, r·andom number 
and a system call program which links with 
calli ng programs. To ca ll one of the func
tions you invoke the macro SCALL n 
where n is 0 fo r move, 1 for acceleration 
and 2 for random number routine. Th is 
macro generates the code RST 7, DB n 
causing transfer of control th ro ugh memory 
locati on 38 hexadecimal. 

Looking at the first fun ction, object 
move, you fi nd a function fu ndamenta l 
to all video games. The funct ion depends 
on a fixed layout of object coordi nates at 
the head of the object block as shown in 
table 3. Ca lling object move updates these 
coordi nates according to the fol lowing 
fo rm ulas: 

X(n+l) = X{n) + X(n) - X(n- 1) + Xacc 
X{n- 1)= X( n) 
X(n) = X(n+l) 

The same equations are used fo r Y. 
The XY coordina tes of the MBEAM 

command are updated with the new higher 
order values of X(n) and Y(n). It is im
portant to note th at the X and Y bytes in 
the MB EAM command are referenced to 
the lo wer left of the sc reen, bu t the 2 byte 
coordi nates carried in the object block are 
referenced to the screen center. 

Th ese equations of motion rep resent 
what the math joc ks call second order dif
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ference equations. Note the absence of 
multiplications and divisions. You can 
con ider the difference between X(n) and 
X(n - 1) to represent the X velocity of the 
object, and the corresponding Y d ifference 
to be the Y velocity. If you set both ac
celerations to zern and init ialize the other 
coordinates approp ri ately, you r· object 
moves in a straight li ne with a constant 
velocity. If Y acceleration is a negative 
constant, the object falls in a parabolic 
trajector-y like a thrown stone. 

The object move function is sufficient 
for most video games, but no t for Space 
War-. For orbiting objects the accelerations 
are neither zero nor constant. Each point 
on the screen has unique values of X and Y 
acceleratio n. The acceler·ation lookup func
tion finds these values for you, using the 
X(n) and Y(n) coordin ates , so that when 
you alternate ly ca ll it and th e object move 
function, your paceship or torpedo zips 
neatly arn und its orbit. 

First generation Space War systems would 
calcu late the acceleratio ns each tim e they 
moved their objects according to the fo l
lowing formulas: 

Xacc = cX/R3 and Yacc= cY/R3 

where c is a constant and R = J(x2 + y 2). 
Thi s requires a total of five multiplications, 
two divisions and one square root extrac
tion for each update, clearly impossible 
for mo t of today's microprocessors. 

Acceleration look up, the heart of the 
Space War system, uses a 1 K by 2 byte table 
to find these accelerations, taking advantage 
of symmetry. 

The third function, random number, 
ret urns an 8 bit pseudor·andom number in 
the accumu lator. This number is der ived 
from a common sh ift register feedback 
scheme and has a r-epeti ti on period of 255. 

Listings of al l system functions are shown 
in I isting 4. 

Gravity Table 

Table 4 shows th e 1 K by 2 byte gravity 
table used by the acce leration lookup func
tion. The values were calculated by a 
FORTRAN program running on a larger 
computer. The table entries represent the 
abso lute value of X acceleration in one 
quadrant. Y accelerations are found simpl y 
by transposing the ind ices. Because halving 
the distance from th e sun causes the ac
celeration to increase by a factor of 4, the 
table can be magnified to produce more ac
curate values closer in . By proper shifting 
of indices and output values, the same 
table can be made to cover ind ex r·anges 
0 to ·16, 16 to 32, 32 to 64 and 64 to 128. 

Thus the maximum value of 999 applies 
only inside th e sun . 

Space War Applications Module 

This modul e, occupying about 2 K bytes 
of user program memory, specifical ly 
defines the game of Space War. It is com
posed of constants, macro definitions, 
system linkages, the dispatch tab le, object 
blocks and programs. It interfaces with all 
the system modules described earlier. All 
programs execute once for each related 
object unless otherwise specified. Listing 5, 
the ap pl ica tions module, is divided into 
several sections which are descr ib ed in a 
separate box entitled "A Guide to the 
Space War Applications Module ." 

Installation of Space War in Your System 

The following steps might make it easier 
for you to get Space War up and running on 
an 8080 system: 

• Make sure that your graphics output 
and button input work the way you think 
they do. Write short test programs if 
necessary. 

• Modi fy the display processor module 
so it communica tes with your particu lar 
graphics interface. The SHLD XYOUT 
instructions of the assembly lis ti ngs are 
the ones you wi ll want to look at carefully. 

• Modi fy the ship fly and rotate pro
grams in th e applicatio ns module so that 
they read your buttons properly . 

• Mod ify the keyboard handler (execu
tive module) to accept interrupts from your 
keyboard. If you don't have keyboard 
interrup ts you can periodically read your 
keyboard in the rotate program. 

• Assemble all programs and load in 
the fo l lowing o rder : display processor, 
executive, numera ls, applications, system 
functions and gravity table. 

• Temporar ily eliminate the EXEC com
mand in the display file , then start execution 
at hexadecimal location 100. This tests the 
display file and the displ ay processor 
modul e, the correct result being a still 
picture which should make sense. 

• Restore the EXEC command and 
deschedule al l but the first task in the dis
patch tab le, then start at 100 again. The 
system should remain in the still picture 
mode because not enough tasks have been 
enabled to support object motion . 

• Enable tasks one at a time, thereby 
testing each. If the program bombs you will 
know exactly where to look. 

• Fasten securely all loose objects in 
your computer room in anticipation of 
the large unrul y crowds which will soon 
gather. 
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Listings 7-5 for Space War 
follow, concluding on page 
717 . 

A GUIDE TO THE SPACEWAR 
APPLICATIONS MODULE 

Conclusion 

With Space War you will have come a 
step closer to making your computer Th e 
Ultimate Toy . In the process you will have 
learn ed some software fundamentals which 

Important Constants 

All constants used ln fine tuning the 
game are defined in this first section. These 
include the loading address, collision radii 
of the sun and torpedoes, acceleration con
stants and time-out values. 

Macro Definitions 

All macro definitions used In the module 
appear in this section . These Include the 
graphics command macros and the load and 
store indexed macros . 

System Linkages 

Space War references two bytes in the 
system area : TIME, as described under the 
executive routine, and NUMS, the starting 
address of the list of graphics numeral ad
dresses. The system modules, in turn, 
reference three points In the Space War 
module : the start of the display file, the 
d ispatch table and the keyboard decode 
program . 

Dispatch Table 

The layout of this table is described in 
detail under the executive routine. The 
table is preceded by one byte indicat ing the 
number of entries, In this case 14. The 
ENTRY macro is used to define the entries. 

Object Blocks 

These include: ship 1, ship 2, torpedo 1 , 
torpedo 2, score 1 and score 2. 

Initialization Program 

Executes : 	 At start of game. 
Function : 	 Zeros score. 

Schedules the ship start pro
gram to run immediately . 
Deschedules itse lf. 

Ship Start Program 

Executes: 	 When scheduled by initialfza
tion program. 
A fixed time delay after a 
ship is destroyed. 

Function: 	 Puts spaceship subroutine call 
into display file. 
Sets coordinates and orienta
tion to starting values. 
Deschedules itself . 

Executes: 	 On hyperspace return when 
ship is not set to destroy . 

Function: 	 Puts spaceship subroutine call 
into display file. 
Clears hyperspace flag. 
Deschedules itself . 

Executes: On hyperspace return when 
ship Is set to destroy. 

Function: Puts explosion subroutine call 
Into display file . 

wil I make you less afraid to pu L together 
some large systems of your own. Maybe 
you can think up some new an d origina l 
video games which match or surpass the 
appeal of Space War . I'll be watching the 
pages of BYTE for the results. 

Ship Fly Program 

Executes : 	 On every clock cycl e. 
Function : 	 Updates ship coordinates and 

acceleration values. 
Adds acceleration and displays 
exhaust it the ACC button is 
held down. 
Bounces ship off screen edge if 
necessary . 
Replaces ship routine with 
explosion routine if: 

ship is too close to any 
torpedo 

ship ls too close to the sun. 
Releases torpedoes which get 
close enough to destroy 
spaceship. 

Torpedo Fly Program 

Executes: 	 On every clock cycle. 
Function : Updates torpedo coordinates 

and acceleration values. 
Releases torpedo if: 

torpedo hits edge of screen 
torpedo gets too close to 

the sun. 

Torpedo Fire Routine 

Executes: 	 When scheduled by the rota
t ion program. 

Function: 	 Claims one torpedo belonging 
to the firing ship if it is not 
claimed. 
Substitutes MDISP for 
MB EAM instruction at torpedo 
location in display file. 
Computes initial position and 
velocity of torpedo from 
spaceship's coordinates and 
orientation. 

Score Program 

Executes : 	 Every 16 clock cycles. 
Function: 	 Reads 1 byte binary coded 

decimal score value and con
verts It into addresses of two 
numeral subrout ines which are 
Inserted into display file. 

Buttons Program 

Executes : 	 If hyperspace Is entered (CCW 
and CW buttons both held 
down). 

Function: 	 Blanks spaceship. 
Schedu les sliip start program 
after a time delay . 
Indicates hyperspace destroy 
on random probability. 

Executes: If CW button is held down. 
Function: Increments orientation value. 
Executes: If CCW button is held down. 
Function: Decrements orientation value. 
Executes: If FIRE button is down. 
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Mini-Micro. 
Maxi Savings. 

The Mini-Micro "\ 
Designer  a ' " 
complete microcom
puter system for just 
$830.50!* 

Here's the rea l thing - a 
microprocessor that takes you 
right to "real world" situations 
for about half the pr ice of 
other systems. 
With our hardware, you' ll 
receive the most complete 
software package in the busi 
ness. 700 pages of clear 
instruction, written by Rony, 
Larsen , Titus  famous for 
their BUGBOOKS"' . Designed 
to show you .how to get your 
MMD-1 up and working even 
if you have no prior knowledge 
of dig ital electronics. 
With our MMD-1 and M/I board 
combination you'll get all of 
the interfacing hardware you 
need, without costly extras . 

Here's what we pack in 
for $830.50: 
2.5K RAM . .. 1.5K PROM 
(specia l D-Bug, Monitor and 
Keyboard In terpreter) 
Audio Cassette Interface ... 
TTY Interface . . . Built-in 
Keyboard for Control and 
Data Entry ... Direct Access 
to latched ports .. . Built-in 
Breadboarding Capability ... 
Single Step Gption ... Moni
tors for Address and Data 
Susses. And more. 
Best of all, it's on the shelf at 
your computer store now. 
Write us for an info-packed 
brochure and the name of the 
dealer nearest you . 
Dealer in quiries invited . 

E&L INSTRUMENTS, INC. 
61 First Street. Derby , Conn . 06418 
(203) 735-8774 Te lex No. 96 3536 

Function : 	 Schedul es torpedo fire 
program. 


Function Includes o rientation va lue in 

during appropriate PARAM instruc
all tion in display file . 

executions: Releases any timed out 


torpedoes. Circle 386 on inquiry card. 
Decrements counters for other 
torpedoes. 

Keyboard Decode Program 

Executes: 	 In response to interrupt from 

keyboard . Called from exe

cutive modu le . 


Function : 	 Schedules in itiallzation pro 

gram twice when the C key 

is hit. 


Listing 7: The display processor takes care 

of all the video display routines used for the 

game. 


J ISP LAY P10CESSO~ ~ O DUL F 


COP Y:n:mr 1915 D. K:lUGL! rJS KI 


; 1:111>\LlZAT!O ': 

Si ~ CK EQU J ir"H : S lt1 C' :. .... JF. 

C llH C EOU ~ FiF ·Ui ; :fTC C OUT ~ OL AJ JJRESS 

:JS rn T EQJ I o0 H : STl\ !l T -' ~i)R E S S 


r. UHC E ~U e F"F Ct H ;KJk~ In! CW TR OL AUDH 
11 t.E E U ~ i'H : SYS TE M TI !'IE 
10? GQU 4 ~ H i ~ I S PLAY FILE ST~ R T AU DR 
~ Yl! UT F. wU F i'FF~H : CR T OUTPUT AllDR 

Oil G 	 GSTRl 
r :H T: LXI o , ;:-: : ZEROXYCit: OEflLWAY S ) 

LXI II , TA 3 LE 
SH LD me 1 : ! Nil INCRE~EN T POIN TER 
LXI SP , SIAC~ : !NIT SHCK POI~TER 
MV: A, I Z 11 
SH KINTC : IU Rtl Orl K3 Irl l 
MVI A, Re ll 
SIA c1r11c : TU RN ON RI C INTERRUPT 
El 
LHLD IOP 
SHL D Pr TR : !N I T IN SIRUCTIOll POINTER 

; OPCOD E DECO DIN G 
MLOOP : 	 LHLD PNTR ; ADDRESS OF OPCODE 

i'IOV C, M 
MVI B, 0 : OPCODE IN 3C 
LXI H, JM TAB ; 3ASE OF J UMP TA BLE 
DAD S ; •DD OPCODE 
MOV C, r, 
INX H 
MOV H, M 
MOV L, C ; ADDR OF ROUTINE IN HL 
PCH L : JUMP TO IT 

; J UMP TABLE 	 FOR OPCODE PROCESSING 
JM TAB : OW MSEAM ; 0 

O~ MDISP ; 2 
D~ LVEC ; 4 
0 SVEC ; 6 
DW PARAM : 8 
OW JUMP ; A 
OW JUMPS ; C 
DI RETS ; E 
OW EXEC : 10 H 
ow srnc : 12 H 

: MOVE BEA M - 00!1' T DISP LAY P OI NT 
M6EAM : LHL D PrJTR 

I NX H 
1"10V D, M ; GE T X CODRO 

l llX H 


MOV E, M : GET Y COORD 

INX H 

SHLD PNTR : RESTORE POINTER 

JMP MLOOP : GET ANOTHER I tlSTRUCT I ON 


; MOVE BEAM AND DIS PL AY POINT 
~D I SP : 	 LHLD PllTR 

INX H 
MOV 0, M 
INX H 
MOV 	 E, M 
lllX H 

SllLD P HR 

XCHG : ry TO HL 

SH LD nouT : '•R I TE TO CRT 

XCHG :SY J O DE 

JMP i'l LOOP 


: SE T ORIEN TA TI ON ANO SCALE 
PARAM • Ll1LD P NT!l 

I NX H 
MOV C, M 
I NX H 
SHL D PNrn 
MDV L, C : riEw ORE/I T & S CAL E 111 HL 
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Listing 7, continued: : DEL X I :l A 
JC PLUS X 
MVl C, 0 

PLUS X: RL C 
MV l H, a RLC 
LX! H, TA 3LE ADDRESS OF INCRE MENT TABLE RLC 
DAD 3 oO U ORE~ T & S CA LE MOV H, A 
SH LU HI CP T S T OR~ l•l l<l C~rnt lT PO l flTER AIi! 0 FSH 
JMP MLOUP G£T A !lOTl!ER I <ISTR UCT 1ON MOV L, A : L. o. XlNC 

; JUM P ro A REW LOCAT I ON lrl DIS PLAY FILE MOV A, H 
J UMP : LllL U PN TR Mil rn 

! ~IX H XR A c 
MOV A,M 1I ST HALF OF ADDRE SS MOV H, " : H, 0 . Xl UC 
l !lX H SHLO Y. I NC 
MOV H, M ; 2ND HALF OF ADDRESS 
MOV L, A MOV B, O I X I N 3C CH . 0 , > 
SHLD PNTR ; STO~E 11 IN S TRUC TI ON POINTER MV! C, 0 
JMP MLOOP MOV D, E : y IN OE <H. O. > 

: JUMP TO SUBROUTINE MVJ E, e 
JUMPS : LHLD PttTR MVI A, 20H ; 32 PO ! r TS IN VECT 

!llX 11 
MOV C, M tLOOP: LHLD YlN C 
l NX II DAD 0 
MOV B, M : •1 E ~ ADDRESS I 11 ~C XCHG : NEW I N DE 
!N X H LHLD X!llC 
PUSll II ; 9 TORE OL O PO l ll TER I U ST •CK DAD B 
MOV H, 9 MOV 8 , H ; NE~ IN BC 
MOV L, C MOV C, L 
Sll LD PIHR ; •~DPESS IN IN S TRUCT I Oil POI HFA MOV L, D ; XY rn HL <H. O. l 
JMP MLOOP SH LD XYOUT ; WRITE TO CR T 

: RETURN FROM SU9~0U TI NE OCH A 
~<TS: POP 11 : TSTO'IE PO l !lTE B FROM S TACK 

SUB 	 0 

JNZ LLOOP 
SHLD Ptllf< 
JMP MLOOP XC HG : RESTOR E XY TO DE 

: SHOR T VEC TOR MOiJE JMP MLOOP 
SVEC : LHLD PIT ~ : C~RRE lll I llS TR I NO EX : TRANSFE R CONTROL TO EY.ECUTJVE 

I NX II Er.EC: LHLD PrllR : 9 UMP POI NIER 
NEY. I : ~lOV U, M ; $ 1\ 0~ f V[CTOH l llSTRUC T! Oll l !IX H 


!N X H SHL D P11TR 

SHLIJ PN!R : ~ESTO~E POI <H ER 
 MV I 	 11, Se H I BE AM TO SCREE!l CENTER 
:10V 	 A, iJ MVI L, 80H 

Alli 711 : ~ASK Dl HEC T I ON 91 15 
 SHLD 	 XYOUT 
MOV 	 C, A : OFFSET IN C RST 3 : XFER TO LDC I SH 
.~ov •. a : OR I G llST 1 11 A J~P MLOOP ;NEY.T INSTRUCTION 
MV! a ,0 : ZERO 111 ~ : S YNCHR ONIZE WI TH RE AL-TIME CLOCK 
LllLD 	 1NC 1' T : INCREMENT POINT ER S YNC: LllL O PNT R ; BUMP POINTER 

DAD a : ADD Ol~ECT I ON OF FSE T 
 !JI X H 

MOV 9, M : X 1llCREMEtll SH LD PNTR 

!NX 	 H MVI H, 80H ; dEAM TO S CREEN CEllTER 
! !11. H MV! L, 80H 
MOV C, 11 ; Y [ NCRE 1'lE rH SHL D XYOUT 
XCllG : XY I !l Ill LXI H, T!ME 
MDV E, A : OR I r;i !JAL H• Srn MOV A, M OLD TIME !N A 
All! 70H : LErlGTll ~ I TS S LOOP: CMP M OLD ' llEIJ'I 
RRC JZ SLOO P YES • KEE P TRYING 
RllC JMP MLOOP NO - NEXT INSTR 
RRC ; TABL E FOR VECTOR OR!EN AT l ON AllO SCALI NG 
RRC : SH I FT RI GH 1' • TABLE: DB 0 

MOV O, o ; 1:1 U 03 2 

MOV A ~ ; O~ I G l:ML l~H .l OB 2 

~nl S ;I : OPi/OFf 0 1 l OB 2 

.1:n FLOOP : .JU1'1P IF .. arr" OB 0 

SHL D XYOU T : 1111 JI AL 001 TO c• r DB - 2 


NLOOP: 	 MOV A, B : X I !ICREMEUT DB -2 
ADD H OB -2 
MOV H, A DB 0 
MO V A, C DB 2 
ADD L DB 2 
MOV L, A ; llEW XY Ill Il l OB 2 
SH LO XYOUT : ~R ITE TO CRT OS 0 
OCR 0 OB - 2 
JNZ NLOOP ; LOOP l F rmT DONE 03 - 2 
JMP CKE SC • CllEC K "ESCAPE" DB -2 

FLOOP : 	 MOV A, 8 ; X I llCRE!'!ENT De e 
ADO II ; MJO TO X 0 9 3 
MOV f~ , A DB 3 
MOV A, C ; Y I <ICREl'IEN T OB 3 
AD D L ; A!lO TO Y DB 0 
MOV L, A ; NEW XY I I Il l DB -3 

OCR 0 03 -3 

JNZ FLO OP ; LOOP IF NOT OOllE o~ -3 


CKE SC: 	 MOV A, E ;ORI GINAL INSTRUCT ION 09 0 
XCHG : XY TO OE 03 3 
RLC : SET CARRY IF "E SCAPE" oa 3 
JC MLOOP ; MAlll LOO P J F SO OS 3 
LHLD PNTR 03 0 
JMP NE XT ; GET MORE DATA IF NOT oa - 3 

: LONG VECTOR MODE 	 09 -3 
LVE C: UILO PNTR oa - 3 

!llX H 00 0 
MOV 9 , M ; NEW POS DB 4 
INX H OB 4 
MOV A,M POS DB 4 
I NX II DB 0 
SHLD P!ITR DB -4 

DB -4 

MV ! C, 0 FS H ; SPEC I AL MA S K FOR - DB -4 

SUB E ; DEL Y I :1 A DB 0 

JC PLUS Y : TES T S IGN OF DEL OB 4 

MV I C, 0 ; SPE CIAL MASK FOR + OB 4 


P LUSY: 	 l! LC DB 4 
RLC OB 0 

RLC : DIV I DE ~y ~2 OB -4 

MOV H, A ; SAVE IN H 


09 	 -· AN! 0 FSH ; SAV E 151 5 8 1T S OS -4 
~IOV L, A : L. 0 , YINC 03 0 
MOV A, H : RES TORE ; THE FOLLOWING ARE STORAGE CELLS NOT TO BE I N PROM 
AN! 711 : SAVE LA ST ~ 9 11 5 : WORKING S TORAGE 
XRA c ; Xo~ · s PE C IAL MASK PN TR: OW 0 POINTER TO NE XT I /IS TR 
MO V H, A : H. 0 , YI NC XINC: OW 0 LVEC ONLY 
SHLD Y!NC : STORE YJNC: OW 0 LVEC ONLY 

I NCPT: OW 0 POl<ITER TO l llCR EMENT IN TABLE 
MOV A, B : X POS END 
MVI C, 0F8H 
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FLIP OVER OUR FLOPPY 


- - -

Only $750 from Peripheral Vision. 

Peripheral Vision is a brand-new company thars dedi

cated to selling reasonably priced peripherals for various 
manufacturers ' CPU's. 

We th ink you 'll flip over our first product. 

It's a full-size floppy disk fo r the Altai r-lmsa i plug-in 
compatible S-100 BUS. And it's availab le for as low as $750. 

Here are the featu res : 

• 1 interface card supports 4 drives 

• Stores over 300,000 bytes per floppy 

• 	Bootstrap EPROM included-no more togg ling or 
paper tape 

• Complete ly S-100 plug-in compatible 

• 	 Inte rface cabling included 

• 	Drive is from lnnovex (the originator of the floppy 
concept)-assemb led and tested 

• 	 Interface card design is licensed from Dr. Kenneth 
Welles and the Dig ital Gro up 

• Disk operating system with file management system 
included on floppy 

• Cabinet and power supply optional 

Prices : 	 Kit Assm. 

Inter face card kit and 
assembled and tested drive $750 $850 

Power supply- + 24V at 2A 45 65 

Cabinet-Optima. blue 	 85 

Ci rcle 387 on in quiry card. 

Now, a little more about our company. 
Peripheral Vision may be brand-new. but we have some 

old- fash ioned ideas about how to run our business. 
We know the re are serious incompatibi li ties among the 

different manu factu rers ' periphera ls and CPU 's. We want to 
get them together. And, we wan t to bring significant new 
products to market- products consisting of eve rything from 
adaptati on inst ructions/kits for ha rdware and software to 
major new products. 

It's a ta ll order, but we fee l we 're up to the task. 
Peripheral Vis ion has already obtained a license fro m 
The Digital Group to adapt ve rsions of some of their prod
ucts to the S-100 BUS. And we 're working on getting more 
from other co mpanies . 

Most important to our customers , Peripheral Vision is 
committed to helping you get along with you r com puter. 
We'l l do all we can to make it easy. 

Write us now for all th e info rmation on our company, 
our ph ilosophy and our exc iti ng line of products And be 
prepared to fli p over all of it. 

Send me the works, and I just might flip over it! 

City /State/ Zip _________________ 



Listing 2: Numeral display 
tains the graphics dot code 
numerals 0 thru 9. 

module con
to draw the 

Listing 3: The interrupt handler and exe
cutive module covers the real time clock, 
keyboard scan routines, and dispatches 
object blocks on correct execution times. 

NU .~ERALS ~OOUL1' 
COPY RI GHT 1976 0 . K~U •iLI llSK I 

$ 

EOU : LOA~ ADJRESS 
: l '/TE RP.U?T ~Arl~LE ii S & EXECUTtVE MO"ULZ 

;:h~h~ ii '1~~ ; ~1~~b~ :: :::::::::::::::::: :: ::::::: i COPY:tliiHT 19 7 6 0 . KrHHiL l US)(l 

~,~i:~~ :;: ~j ~~~~ : ;: ~ : ~: : ::; ::; : : : : :: : : : ::: : : : : ::: 
.... . .... .. .......... . . .. . . . .. . .. .. ... .. . . . ... 
~I SYS T 2~, · L 11f~KAUES' .. ..... . ' .... .. . ........... . 

o~ 0 : ; : ; ;; : : ; ; : : ; : ; : : ; ; : : : : : : : : : : : : : : : : ; : : : : : : : : : 7 

03 K ESTRT EOU ,;~~H : LOA D A:JDH ESS 
OS Y TA DA EQU 42H ;ADDRESS OF I Tr. SKS 
Et/OM FOLLO'IED ~y 0 I SPA T~fl ! A9LE 

~ O !SP MACRO X, y 
~IN fA 
CI NTA 

EQU 
C:QU 

I~ H 
16 H 

: K3RO lllT Ai>1>R 
: ~TC INT ADOR 

09 2 X1llTC EQU 0 F'FC I i'l ; K9RO l!IT CONROL AO DR 
D~ 
03 
EllDM 

x 
y 

KDCOD 
T l ~E 

EQU 
EQU 
ORG 

44 H 
HH 
XI NTA 

: XEY 30 AR D DECODER ADUR 

: ~EY ' lOA R~ I :IT ER~ UPT 

LVF.: ~lflCllO X, y 
JMP 
OHG 

K3 ENT 
CJNTA 

: HAI/OL ER ADD P. 
: rte I ~ITE"'lR'JPT 

nn 4 JMP CE~l : CLOCK HA[J DLER 
o~ x ORG T!ME 
O'l y on 0 
HD I ORG ~OCOD 

OU Ko D U.~ : DU~MY K~ OECOOEff 
SVEC ~OCRO ORG EST~T 

D~ 
~ ·mtY". 

S'! :· ~il\'.:l'U 

Ul 
:: ~ I J'I\ 

LEN , :1! 11 
U111 OU <LE:J SH L ,,, ··· · ·· ······ · · · · · ·· · ··········· ··· · · · · ········ 1:£ii i-; •.. Piisfi ' · .. rs:.i· · · · · · · · · · · · .. · · · · · · · · · · · · · 

~iJ t : ·;A :;~u 

u J 
u:~ 1 1JI H 
Dlfi OR ( LoN ~:HL 4) o~ ?H 

PU SH 
PUSH 

1 
0 

sv£ 

:;vc:r 

Er o~ 
:·IACi!O 
DJ 
EllJ:·1 
M\CRU 
D!l 

Li.N , Lll 1; 
JL! UR 

LiN , Lil:t 
DI tl Oil 

CL £ N ~HL 4) 

( L£CJ SH L ., 
Uh :; l H 

o~ gbH 

PUSH 
LX I 
l NP. 
E l 
CALL 
POP 

fi 
H, TI ME 
I~ 

EXEC 
H 

: SAVE fill '> EGc 

; I NC ~ EME NT T! ME 
; ENA SLE I ' IER:lUPT 
: CALL EX ECUT 1VE 
; ilESTORE REGS 

~1:or1 POP D 
POP B 

r't=li~l\i"i M,'\CilO :.:il:L 1 mH~ POP PSV 
Qj 
DB 
Et~C}iY'1 

0 
OJHl UR ( S~L GHL 4) SV 

svr 
4 . 6 
.; .. RET ; RETUHN TO GRAPHICS 

SV 4 . 2 
JUl"'1P MA:RO 

O~ 

AU D.'< 
~, flH 

SV F 
SVEF 

.; ' 4 
2 , 2 

·· ··· ·· ··· ······· ·· ··· ·· ·· ·· ···· ·· ·· ·········· ~3£i1r; '.PUSH •• ' . rsii'. ' .. '' ... . .. . ... ........ . . 
o~ ·~o n REIS PUSH 8 
Er,1 ~M FOUR: SVEC PUS H D 

SVF 4 . 2 PUSH H 
J1Ji1PS M•CRO AOilR SV F .; , 0 LOA KJNTC : HE•C CHAR/CLEAR 

01 0C H sv •• 6 El 
n~ ADOR sv .; , 0 LX I H, HRTN 
ENDM SVF • ' 2 PUSH H : SAVE PETUR~ ADDR 

sv 6 , 4 LHLD XDCOD : XEY90ARO DECODER 
REIS MACRO SVEF 2 , 2 PCH L : SIMULATED " CALL' 

DA REIS HR Ill: POP H 
EIJDM FIVE : SVEC POP D 

sv • ' 2 POP B 

; ; ; ~ ;~~~ · ~\:i~~~k;' ::::::: ; :::::: :::::;:::::::: sv 
sv 

.; , 3 
• . 6 

POP 
RET 

PSY 
; RTN TO lrlTERRUPTED PGM 

: : ; : : : : : ~~~::::: ~~~:::::::: : : : ::: : ::::: ;:: ::: : sv 
SV 

.; . ~ 
• • 2 

0' ZERO SV F 6 . 4 
D; 
0 'I 
OW 
ow 

01/E 
!"JO 
TH HEE 
;ou1< 

'l fX: 

SVEF 
HETS 
SV EC 
SVF 

2 . 2 

.; , i 

·· ··········· ············· ·· ····· ·· ·· · ·· ······Ex Ee ;··· ilo v' ·· ··:i:ri· · · · · ;sAv£' ririr ·iii ' 3······· 
LHLD TAD R : ' OF TASKS 

OW FIVE sv • • ?. MOV C, M 
OW S I X sv .; • 4 INX H :TOP OF DISPATCH T~BLE 
O~ SEVEIJ sv 4 , 6 LXI D, 5 
0 '> 
o•..i 

E I GHT 
~111E 

sv 
:;v 

6 . 4 
4 . 2 

ELOOP : MOV 
AIJA 

A, M 
B ; MASK TIME FOR TASK 

ORG NSTRT sv ; 6 . 4 I NX H 

;: ~ ~~~ ~ ~ ~ ;: ~:~ :: : : ::::::::;;::;: :; : : ::::::::: : 

~~k~; ::: ;~~~ :::: : : : :: ; ; ; :;: : :::;: : ; : :: ;::;:::; 
SEVEll: 

SVEF 
RE rs 
SVEC 
SVF 
SV 

2 , 2 

G, 0 
4 . 2 

CMP 
J NZ 
PUSH 
IHX 
MOV 

M 
NO TEQ 
9 
H 
C, M 

; COMPARE OBJECT TI ME 
; DI SPAT CH IF EOUAL 
;SAVE BC CT!ME & I) 

sv 
SV 

6 , 0 
ll , 2 

sv 
SVEr 

6 , 4 
2 . ~ 

I NX 
MOV 

H 
B, ~ : OBJECT BLOCK AODR IN BC 

sv 6 . 4 RE IS !NX H 
SV 4 , 6 ElliH J: SVEC MOV E, M 

ONE : 

SVEF 
REIS 
SVEC 
svr 

6 , 2 

4: . 2 

sv 
SV 
SV 
SV 

6 , e 
4 ' 2 
6 , 4 
4 . 6 

rnx 
MOV 
l NX 
PUSH 

H 
O, M 
H 
H 

: PROGRAM 

: SAVE HL 

ADOR IN DE 

CPOIN TER 1~ L!STJ 
sv 6 , 0 SVF .; , 0 LX I H, ERTN 
SV F 6 , 4 SV 4. 2 PUSH H : SAVE RETURN AOORESS 
SVEF 2 , 2 SVF .; • 4 XCHG :PROGRAM ADDRESS l~ HL 
REIS SVEF 2 , 2 PCHL : JUMP TO PROGRAM <CALL> 

TWO: SVEC RE IS ERTN: POP H : RESTORE POillTER 
SV F 6 , 0 UI NE: SVEC POP B : RESTORE BC 
sv 4, 2 SVF 4 , 2 LXl D, 5 
sv 3 t 4 sv 6 . 0 JMP ENDL : CO llT !NUE SCA Nill NG HBLE 
SV 4 , 6 sv • • 6 NOTEQ: OAD 0 : HL' HL+' 
sv 
SV 
SVH 

.3 ' 4 
4 , 2 
2 , 2 

sv 
SV 
SVF 

J ' . 
4 , 2 
J , • 

ENDL : OCR 
JtlZ 
RE I 

c 
ELOOP 

: DECREME NT TASK CNT 
:TES T NEXT TASK 
;RETURN TO HANDLER 

HETS SVEF 2 , 2 
IHREE : SVEC 

sv 4, 2 
RETS 
END 

KBDUM : REI 
EllD 

; DUMMY KB DECODE R 

sv 6 , 0 TZ• 
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the 

Processor 

Terminal. 

A logical forward step in Microcomputer design 

the Processor Terminal. A new design by TEI and look at 
what you get . .. a complete, self contained microcompu
ter system w ith d isplay and mass storage, a fu ll keyboard 
and plenty of slot space for additional boards. And that 
famous TEI CVT power supply that makes brownouts a 
thing of the past. 

Display -A 15" high-resolution black and white video 
display with an optical fi lter face plate to reduce glare and 
improve type visability . .. Keyboard - Full upper and 
lower case ASCII detached keyboard with 8 programmable 
spec ial function keys. Keyboard status indicators show 
computer BUSY or READY And a 16-key numeric cluster 
pad set up calculator style ... Disk Drive & Controller 
A Shugart SA-400 mini- floppy disk drive. Soft sectored 

with a capacity of about 90 KB. IBM compatible format. 
Controller wi ll hand le 3 drives . .. CPU - 8080 based with 
a flexible design that allows you to implement a start up 
"jump to" operation to any dip switch selected byte 
address you choose. Merely turn on power or press RESET 
and you are off and running. Excellent for power failure 
automatic restart . . . Memory - 16K of static RANI memory 
Low power chips. Selectable address assignment and 
memory protect features . . . 1/0 - 3P + 3S inpuVoutput 
board. 3 parallel ports and 3 serial ports with selectable 
baud rates of 75 to 19,200. RS-232C and TIL outputs . . . 
Video - A video board provides the support for the 
video display functions . . . Mainframe - A 12 slot 
mainframe with a 17-amp CVT power supply, motherboard 
assembly, heavy duty aluminum cabinet, fan and washable 
fi lter. All edge connectors and card guides provided . . . 
Software - CP/M disk operating system and BASIC 
provided on disk. 

the Processor Terminal (Model MCS- PT) fully assem
bled and tested is priced at $3495.00. 

the Processor Terminal partially assembled (We build 
the cabinet, keyboard, monitor, power supply, disk drive 
and motherboard and you build the CPU, RANI, 1/0, Video 
and Controller boards which we supply as kits). This 
partia lly assembled unit is priced at $2995.00. 

MCS 

SPECI AL SYSTE MS GROU P MICROCOM PUTER SYS TEM 

Contact your local TEI Dealer or if you are not near one of our dealers, write or call CMC Marketing Corp d irect for more in formation. 

CMC MARKETING CORP 

7231 Fondren Rd, Houston, TX 77036 Telephone (713) 774-9526 


See you at Pers. Comp. 10/27-29 Chicago Booth # 53 
Ci rc le 388 o n inq u iry card . 



Listing 4: The system function module takes 
..... ........ ... ...... .. ··
care o f all system calls, acceleration lookups, 	 ···· ·· · · · · · · ·······riovi:;'' ' f>usii''' '8 ' '.' .'' sAvi:' lie' .. "" ..... . . 

and random number generation. CALL 
CALL 

MOV I 
MOVI 

UPDATE 
UPDATE 

K 
Y 

LDAX B INST PNTR IN OE 
MOV E, A 
lllX B 
LDAX B 
MOV D, A 

SYS TEM FUNCT I ONS MODULE INX D : X COORD ADDRESS 
COPYRIGHT 1976 D. KRUG LI NSK I POP B ; ORIG BC CTOP OF LISTl 
SYS TEM CA LL, MOVE, ACCELERA TION , RANDOM LOAOX A, I ; Xrnl H. O. 

MST RT EQU 0C00H ; LOAU AD DRESS 
ADI 
ST AX 

80H 
0 

;ZE RO AT SCREEN 
; X CDORD 

CENTER 

INX 0 ; Y COORD ADOR 
; ;: ;; ; I ; ; I ; ; ; ;; ; ; i ; i ; ;; ; ; ; ; ;i ; i i ; i : ;: : : : ; ; t : ; : 
; MACROS 

LOAOX 
ADI 
STAX 

A, 7 
80 H 
D 

; YC Nl H. 0, 
; ZERO AT SCREEN 
: Y COORD 

CENTER 

~ 'hb~~Lk~k~~ : ~L'':' .. :':';: ::;;::::: n::: '::' : RET 
COMHL MACRO ; UPDATE EITHER X OR Y 

MOV A, H MOVI: PUSH B ; SAVE BC FOR XC Nl 
CMA LDAX B : XC Ill TO DE 
MOV H, A MOV E, A 
MOV A, L INX 9 
CMA LDAX D 
MOV L, A MOV D,A 
INX H INX a :-XC N-1 l TO HL 
ENOM LDAX B ; AND DE TO NE~ XCN-ll 

; LOAD HL I NDEXEO CBC: BASEl 	 CMA 
LDBLX 	 i'IACRO OFSET MOV L, A 

PUSH 0 MOV A, E 
LX I H, OFSET STAX B 
DAO B I NX B 
MO V E, M LDAX B 
INX H CMA 
MOV O, M MOV H, A 
XCHG MOV A, 0 
POP 0 STAX B 
ENOM I NX H 

; S TORE 	 HL INDEXED CBC:BASEl DAO 0 ; HL+ OE+ DE TO HL 
SDB LX 	 MACR 0 OFSET DAO 0 

PUSH 0 INX B ; XACC TO DE 
XCHG LDAX B 
LXI H, OFSET MOV E, A 
DAD B INX B 
MOV M, E LOAX B 
INX H MDV 0 , A 
MOV M, 0 DAO 0 ; HL+ XACC TO HL 
POP 0 POP 0 : BC FDR XCNl 
EN DM MOV A, L ; HL TO NEW XC Nl 

; LOAD REG I NOEXE O CBC: BASE> STAX 0 
; HL DESTROYED I NX D 
LOA OX MACRO REG, OFSET MOV A,H 

LXI H, OFSE T ST AX 0 
DAD B INX B ;SETUP FOR NEXT BYTE 
MOV 	 REG, M RET 
ENDM 

; STORE REG I NDEXED CBC:BASEl i iiii1iiiii+i;;;; ; i ;; ;;;jij;;;;:;: ; :;j;;::i:ii 
; HL DESTROYED ; ORB I TAL ACCE LERATION LOOKUP FUNCTION 
STORX MACRO REG, OFSET 1024-VALUE VERSION C2 BYTES/VALUEl 

LXI 	 H, OFSET CALL: SCA LL I 
DAD B ; ; ; ; ; ; j; j;;;;;; i;;; i; j j i;;;;;;;;;:;:; ; :::::;;: 
MOV M, REG 
ENDM ATAB EQU 0Ell0H ; LOCATION OF ACC TABLE 

XII SET 0 
ORG JSH ; RST 7 ADDRESS XACC SET •JMP 	 SYS CL YN SET 6 
ORG MSTRT ; LOAD ADDRESS 	 YACC SET 0AH 

, ADJUST X & Y FOR TABLE LOOKUP & SET SHIFT COUNT 
ACCEL: MVI A,Ji' ~~~~k~· ~~LL' ~L~h~~h~;::::::: =: =: :::: = =: = = = =: STA SHCNT ;SE T' SHIFT COU NT C6 SHIFTSl 

; EllTERED ON RST 1 FOLLOWED BY YUN CT I ON I LDB LX XN ; X VALUE 
DESTRO YS HL ONL Y MDV A, H 

STA HOXN ; SAVE H. O. 
~~~~t; ' • 	~~~: ' ' :' ~; :i : ; : • ; hE~ : ~~LL : !: ~hb~ : : ' = ; : CPI 0 

INX H JP POSX ; ABS VALUE 
PUSH H ; RETU RN ADDRESS COMHL 
OCX H ; CA LL I ADDR ESS POSX 1 XCHG ; IN DE 
PUSH D ; SAVE DE LDBLX YN ; Y VALUE 
MOV E, M MOV A, H 
MVI O , ~ ; CALL I IN OE STA HOYN ; SAVE H. O. 
LXI H,CALTB ;CALL TA uLE BASE CPI 0 
DAO 0 JP POSY ; ABS VALUE OF Y 
DAO U ; ADO I COMHL 
MOV E, M POSY: MOV A, H ; IN HL 
I NX H ORA D ;COMBI NE H.O . X 
MDV O,M CPI 40H 
XCHG : AOOR IN HL JP GET AO : JUMP IF > OR 40 H 
POP 0 ; RESTORE DE DAD H ; DOUBLE Y IN HL 
PCH L ; JUMP TO SUBROUTINE XCHG 

CALTB: 	 OW MOVE DAD ; DOUBLE X IN DE 
ow ACCEL XCHG 
ow RAND LOA SHCNI 
ow 0 OCR A 

STA SHCNT ; OECREMEffT SHI FT COUN T 
Jriz POSY : LOOP IF > 0

' ~k~kk~L' ~tk~~kk ' ~~W ~L~~~i~ii' ' ' ''' '''' '' ''' COMPUTE XACC TABLE OFFSET fROl'I X & Y C IN OE> 
ASSUMES FIRST 03JECT BLOCK LOCA TI ONS AS FOLLOWS: GETAO: MOV A, D : fl . o. x 

0 XC Nl RRC 
I RRC 
2 XC N-1 l RRC 
J RRC ; ROTATE RI GHT • 
4 X ACCELERATION MOV E, A 
5 ANI 7H 
6 YC N> MOV D, A ; H. O. TA BLE OFFSE T 
1 MOV A,E 
8 	 YC N-1 l ANI 0C0H 
9 MDV E, A 
A Y ACCELERATION MDV A, H ; H. O. Y 
B RRC 
c POINTER TO 'MBEAl'I' INSTR ANI JEii 
0 ORA E 

CA LLI SCA LL MDV E, A ; L. 0 , TABLE OFFSET 
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Talk to your computer for $299 

vvith SpeechLa6. 


Use SpeechLab to directly 
control any S-100 Bus Com
puter such as Sol, IMSAI Altair 
and so on. SpeechLab can 
teach you almost as much as the 
Bell Laboratories know about 
voice recognition, voice control 
and computer input. 

SpeechLab digitizes and 
extracts data from speech wave 
form and applies pattern 
matching techniques to recog
nize the vocal input. Response 
is real time. The system 
features 64 bytes of storage per 
spoken word and can handle 
up to a 64 word vocabulary. And 
recognition after very little 
practice is 95 percent or better. 

$299'' assem b led and tested 
When we talk price every

body's skeptical. And why 
not? We give you a complete 
hardware/ software system, 
a 275 page laboratory manual, 
95 page hardware manual 
and high fidelity microphone. 

T he lab manual includes 
35 graded experiments with 
over 100 tables and graphs. In 
fact , it's the only introductory 
volume on speech recognition 
currently available . 

Software includes 
SpeechBasic Basic program
ming language in source and 

•Ava il a ble in kil form for s lightly less. 

paper tape, assembly language 
speech recogni tion program 
in source and paper tape hard
ware self-test program in 
source and paper tape. 
SpeechBasic plot, correla tion , 
recognition and advanced 
recognition programs are 
offered in source. 

Hard to be lie ve, you be t. 
True? A Los Angeles customer 
says, "I love your kit!!! I 
h ave 40 boards and 2 IMSAI's 
and your kit w as the best 
documented of them a ll. I love 
the way you integrated the 
software and hardware to
gether. I love your lab m a nua l'.' 

We loved those comments. 
They tell the story better than 
we ever could. The LA cus
tamer did ask who the founders 
of the firm w ere so he could 

gifted young engineers who 
got tired of the big firm , big tech
nology trip and decided to take 
a chance with a better idea. 

You can't get better quality 
You can't get m ore perform ance 

Sure more complex, 
higher price equipment is avail
able for about 50 times more 
money. It won't do much more 
than you can do with Speech
Lab. And the quality and 
state-of-the-art engineering 
can't be any better. We use 
CMOS design for low power 
and u ltimate reliability. 

See SpeechLab at you r nearby 
computer sto re 

Selected computer stores 
have SpeechLab on display. 
Visit your nearest. If he doesn t 
have it, ask him to contact us 

re late better.They 're a couple of or simply write us directly. r--------------------- - -1 
I Heuristics . Inc. D Maste r Charge I

I Box B , 900 N . San Antonio Rd. D BankAmericard (Visa) I 


Los A ltos. CA 94022, Phone(415)948-2542 Acct. No._______ _ 

I 0 Send m e Speech La b. I enc lose $299. Da te Ca rd E xpires I

I Ca li fornia residen ts add sa les tax. In terban k No. I 


-0 I 0 Send m e more inform a tion. l Maste r Cha rge on ly J I 
~ I Name 

-~ I Stree t 

.[ I Cily 

6 I In Ca nada: 

~ I Tri n tron ics Ltd . 
' ' 186 Quee n St. W. 
~ I Toron to. Cam1da M5V IZ I 

U L---------

I 
I 

State Z ip I 

HL'llu--1·.....re- I 
I 

~ • a ... 
INC. I 

--------------~ 



Listing 5: The applications module, which is 
specified for a particular program, is des

Listing 4, continued: cribed in detail on page 96. 

PUSH D : !"=AV!:: OFFC:ET roq LAHR 

CALL qEr~v : GET ACC VAULE 


~•KE XACC SIGN A<lREf. Wl fll -Y CCOR ' ; 5?A: L 'JMI •\?PL! CA 110:15 ~OD•JL ~ 

LOA HOXU ~ ~t . O. Y VALUE : cupy;c11au 1976 o. K uuc ;u •• "~ I 

CP I 0 : TEST ~I Gtl 

J M x~;u, s 


COMll L : POS - :o~P XACC 	 ;:;1~·1~1 ~· h~;,~\~~~\~ : :: : : :: :: : : :: :: :: =h~:r~:~	 ~: ::: : : 
X~ I NS : 	 SD~LX ~Ar.r. : cTDn I N 01 .r :ILK 

COMPUTE YACC TA :ILE OfFSEI Fl!O' i YACC OHSEI ~~~k~ :: :k~L ::::: ~ = ~~::: =~ ~L~~ = ~~L~k~~= = : : :::: = 

POP 'I ~A C C t ::: OFF SET Ill 3~ : l · tl E1JU '"FFfEH ; .iU TTUU ~· ~ ~ ~ ~J RES: 
r-:ov A, L su1: EIH.: 1 ; \; CLLI~l OU ~ fl J or 3lJfj r.:·,c ! NfVL mu l~H : UUi<.HIUN Of ..,PLOS ! Ult 
:~RC EPSL N EOU SH : : JLLS!lU M RAD OF I OU P[ ~ C~ 
RHC ACO ll EUU 8 : ACC~L E q • 11 u ~: co :: s 1 :,:: I 
r.uv 	 E, A Hl1" ~ 	 EUU 12 : !C~ ?£ UO 11 11[01'1
AN! 	 7H vco •• 	 EOU lV.0 H : !ORPWC qELAl! V[ Vi' LC: t Jv 
~OV 	 D, A : ll . O. T~ ' ILE OFFS El Hll LY 	 f.r.I U 2Cll : llYPE H5? AC[ E•ll OF. LA" 
~ov 	 A, E Ll~ll 	 EU Hli : "C o!EE ~ £ ;Jr,~
Mil ~CGH 


MOV E, A 
 : : : ::::::::: : :::::::::::::::::: : :: : : ::: : : :::::
MOV 	 A, L : MACHOS
AN! 	 ~CQH ::::: :: :: :: : : :::: :: :::::: ; : ::: ::: : : : ::: : : : :: : : 
ORA H 

RLC 
 : fil\f.?HIC S Mt\CF\O:.
RLC MJE~K 	 M ~ C A O x, v 
RLC 

ORA E 
 il'l 	 " 

GilMOV 	 E, A : L . 0 , OffSET OJ
CA LL 	 RE TRV : GE T YACC VALUE ErW~l

MAKE YACC S I GN AGREE ~llH - Y COORO 

LOA HOY ~ 
 :111 1~ ~ 	 i'l A C ~O X, II 
CP I 	 0 ~1 	 2
J M 	 Ylll NS 

~ 	 x
COMHL 01 	 y

YM I NS : 	 SDn Lx YACC : SIOH~ YACC IN O~J 9LK O UM
RET : ~ E T UR" 10 CALL I NG PRonRAN 


LVEC MAC HO x. 'f
; SU3ROUTlllE TO RESTORE ACC VALUE FROM TA ~ LE TO HL OolAND ADJUST ACC 9Y SHIFT COU"T DJ 	
•x: JllPU T: OFFSE T I ri DE y

RETRV : LXI H, AT A1 : 1A9 LE ~ASE 
D'J 
ENU i'IDAD 	 D : AD D OFFSET 

MOV 	 E, i"1 
~VEl: 	 ll AC RO 

INX 	 H D~ 

MOV D, M : DA TA I ~ OF. 
 ENOM
P USH 	 9 sv 	 MAt.:HO LEri , ornLOA 	 SHCllT ; Sf.IV(; SH !Ff COUNl IN 9 OS 	 DIR OR ! LE:J SH LMOV 	 9 , A 

El~ll i"' " 
CP I 	 0 SVr~ 	 MACHO LE• , UI ri
JZ 	 EX IT : >ll lFT COU •H'Z OB 	 DIR O~ <LEN ~H L •l OR ~HSH I FT OE HI GH! 2 CD£• 1000) ENOr. 
t'iOV 	 A, D SVC: 	 MACRO LEtl , UtR
RRC 03 	 DIR OR < L E~ SHL •l o;:i oZHRRC E IDM
MOU 	 0, A SVEF 	 ~ACRO LErl , Dl h
MOV 	 A, E D~ 	 DIR OR <LEN SHL 41 OR ~~H
RRC EUDi1
RAC 

P USll PSI/ : SAVE CARRY FOR ROUNDING 


PARA~ 	 MACRO SCL , ORN
AN! 	 J FH 09 	 9OR A 	 D og 	 0?.11 OR CSCL SHL 4)
MOU 	 E, ~ Erl0!1
MV I 0 , 0 

: DECREMENT f. H:ST SH IF T COLI :1T JUHP 	 MACRO AD01gLOOP : 	 D:R Dd 	 e AH
JZ 	 nowm : D O~~:: SH! r r I ~I G AODR SHIFl E RI GllT 2 ( O:C; > 	 D'• 

mu~?OP 	 PSW : ~ANE ~rnc 
1"1 0V 	 A, E JUMPS 	 MCRO ADU I<RRC 03 	 Z CHRHC 0 '# 	 AUDrl
PUSll 	 PSW : '.'AVE C~ 8P Y ENOMAlH 	 Hli 
~ov 	 E, A 

;iE rs 	 MACHO .J•P 	 LOOP DB 	 e EHqoUND : 	 POP ps 1..r : • i-'5TO~ F C~., :- y 
EllDl11-iov : L. 0, ACC 

•:I : '" OlHJ :J EXEC 	 MA CROMUV : Esroq E E D!I 	 10HC:X! T: 	 XCllG : nee I r: !IL ENDMPOP : . <:STOR E I '1 ~£ ~ 


REl 

: ENTRY MACRO FOR DISPATCH TABLE 
Et/ TRY MACRO MASK , TI ME , oaJ , PROG::::::::::::::::::: ::: ::: oa MASI< 

oa I I ME
~; ~;. ~ ~~~ ; ~~ !1~~~ : ~. ~ ;.~ 10:1 

UE UERA TES fl NE • ANDO~ ~u~aE I! 11: A A~O ·~~ a · DV 	 OB JCA LL: SCAL 2 ow 	 PROG:::::: :: ::: : : : : ::::: : : : : : : : : : ; : : : : : : : : : : : : : : : ENDM 

ll A:IU: 	 LX I U, ~NO ; SYS TEM CA LL MACRO 
~UV 	 A, M SC ALL 	 MACRO MODll
AS! 	 srn : r"EF:D =l AC'!C r""C!.5'< , ::LE(l. R ClHHlY RSl 	 7
JPE 	 CLEAR : XOR FEED~•=~ ~I T ! DB 	 MODll
CMC : SC::[ :Q imY IF' '<OR T,,Uf ENOM 

CLEAR: 	 MOV A, M : aESTORE Rr:O 
RAL : SHIFT 111 CA'l ' Y ; MACRO 	 TO CREAlE 12 - 9 YTE COORO ! rlATE 9LK
MV 	 1·1 , A : Hl M£r':OR"" COORD 	 MACRO Xll , iM, XAC , Yll , YM , YAC 
RE! D'J 	 XII 

O\rJ 	 XM 
:::;; ; : ;:::;:::: :: ::: : ::: : :::::::::: : ::::: : :: : DV 	 XAC 
: 'JORX I NO STORArJ£ DV 	 Yll 

:::::::: ::: : ::: : : : :: :h;,~ ;:::: ~~ :::::: ~j ~ ::: :: 	 OW YM•· ,, ·rn or; Hl ~· E f.~ ."l OW YAC 
HOY.!l : 01 0 H. U. 'I V4LUC:: ENOM 
POY;!: 	 D9 H II. O. Y VALUE 
~11r.•11 : 	 09 ' ~ C <; HJ Fl ~O U ''! ~•CRO ro LUAD REG I NDEXED <BC,dASE) 

(111 1 DE S TROYS HL 
OADX MACRO AEG, OFSET 

104 



How to get 

more bytes for 


your buck. 


Firsl, come to 
Micropolis. Wher 
you ge t a MetaFloppy™ 
instead o f an ordinary 5 1!. " fl oppy 
disk sys lem. 

Then , forget al l Lhings average. 
Because the Micropol is MetaFloppy 

delivers ove r four times the 70K ( r so) 
byLes o f sLorage you'd expecl. A whop
ping 315K byles per disk to be exact. II 
formatted- not raw. A nd all on a sing le 
disk side . 

But that"s no t all. Because Micropolis 
delivers everything else you need. too. 
Power Supply. Interface cab le. Extended 
BASIC software . Plus an -100 conlr )l
ier for your A l tair 8800, IMSA I 80( 0. 
COMP L 80. or the like. 

There·s even a dual drive model for 
max imum convenience . And sav ings. 

Circ le 390 on inquiry card. 

The Micropolis 
s c ret: We build e1 e1y 

component we sell. In fact, we're the only 
!. 11total ly integrated 5 1 fl oppy disk system 

builder around. And where there's no 
middleman , there's no midd leman to pay. 

o, before you swa llow someone else's 
price / performance sto ry find out how 
much your buck rea l ly buys and h w much 
faster it buys it - at Micropolis. 

For a free brochure and price sheet. 
write: Micropol is Corporation, 7959 
Deering Av .. Canoga Park , California 
91304 or phone (213) 703 -1121. 

MICROPOLISM 



Listing 5, continued: 	 COO!t' ll 6 Fe2: H, 70"12iH , .; , -6~-M~ ti . - 6?;~-Z. H, {'I 
o~ ~112 
D'W P~r.H2 + I 
~W SHI P<

U l H, UFS ET 0 " PSU92+ I 
DAD U Ow J' DIR<: +I 
MOV REG , M Ow PUJ!2 
EllDM DW GE~T2 

D~ SC2 
MAC RO TO STORE REG IND EXED D'1 l iH 

; DESTROYS HL ~J 2eB 
STORX MACRO REG, OF SET 01 •" HLX ! H, ors ET oq a~H 


DAO s 
 DB 0 

MOV M, REG 
 Dd 0 

Ermr-i 
 DW BA~R I 


Oci 0c.rn 

MACRO TO LOAD 2 dYTES FROM OFSET 
 DB Z 

; INT O HL CBC: SAS E ADOR) Oll 4 
L09LX MAC~O OFSEI OW I ENl2 

PUSH D ; I ORPF.DO OBJECI BL OCKS 
L X I H, OFSET au 1: coo ~ u 0 1 0,0 .0 .0,0 : D Y ~ comrns
DAU q Dw ~?OS I : PNT R TU MDISP l'IS TR 
MO V E, M DW 3 U2 ;P ~TH TO NE XT TORPEDO 
I NX H 08 0 ; CO U~TDOWN S l "C E Fl RI NG
NOV D, M eu2 : COORD ~ . 0 1 0 1 0 ,0, 0 

XCllU 
 D.i S PO S2 
POP 0 ..1 0 

[~f) M oa 0 


; SCORE OBJECT BLOC KS 

'IAC RO 10 s r oRE 2 1YTES i N OfSE T SC I : DB 0 : al NARY SCORO: VAL 

FROM HL ( ~c' :JASE AllU,o OW SCI I + I : IST DI GIT 


S~J L X MACRO OFSET 	 OW SCl,+ 1 : 2110 DI GIT 
PUSH 0 SC2 : OS 0 

XC ll u OW SC2 l+ I 

LX I 11 , OFSE l OW SC22+ I 

DAD ~ ; WORKING STORAGE LOC AT I ON 

MU V M, I=: ORSAV : DIJ 0 

ltlX II 
MOV ;'!', , I) 

POP D 	 ;'b'1~~L~V HLk' '' '''' '' ''' '' ' ' ' ' ' ' ' ''' ''' '' '' ' 
EtWM 	 ······ ··········· ··· ·· ·· ·········· ···· ······ ··················· ·· ··· ···· ····· ·· ··· ········· · 5 !AH !: EX EC 

; MACRO 10 f A~E A ~SO L U I C: VALUE OF A M3[AM se u, ~" H : SUN 
A!.JS <rACllO PAR AM Z, 0 

CP I 0 J~~PS s uris~ 
JP POS : JU"1P IF A POS PPOSI: ~~EAM :t: , ~ 3Ht 

CM A : COMPL EME NT A 
 ?UJRI: PAR AM I . ~ 

1'05 : "£Xlll : J UMPS NULL 
[/!Ori PSU'J I: J UMt S SH!P l 

P ~OSZ : M~E A ~ 0 , C. l.Y H 
PU! R2: PAR AM I . ~;'L\~~~~k ' ~H~H ~ ' ~ ~ ~ ~ k~ ' 1' h' ~~~~ ,1~~ ~,1 ~;/ '' ' '' PC:XH2 : J UM~ S t:U LL 

: : : ; : : ; : : : ; : : : : : ; : : : : : : : ; : : : : : ; : : : : : : : : T : : : : : : PSU !ll< : J Ul'lP ~ 5H l ~2 
T I ~E mu 3 Fll i)11IJSI : MUEAM ~ f l· 
NUMS EQU •6 H D~OS2 : ~WE A~ e . ~ 

ORfi itf.H PA RAM 1, e 
fl ~ START : DIS PLAY FI LE Ml3 Cr'f'1 1 , 1 
OR G •21r Sf. I I : JU•~ PS ~ULL 
D'.I :HSK ; ,• T ., 5~5 ; LI ~;J SC I 2 : JUM~S llULL 

mn.~ '"'dl 
 f1d E~M 0 llll H, I
!}W Jrw:;u : '<l:: Y:)OAJ!U DEt:OOE SC21 : JU11P5 iJULL 

SC22 : JU~PS ~LIL L ····· ·· ····· ·· ········ ··· ··· ········ ···· ·· ···· 	 JUMP SIART; · 1i ·1sf>A iC:i, · i-/.3l.f: ·~·:.. ii;.,~£ ii · of-· o:i :Jf:i: i s·· · · ·· ·· •· 

':: ':: ::~ :1h':': ' ~; 'ri: \,' :' :'::' ': ' :' :::' '': ::: :: SU!ISG : SVEC 


SV F 6 , ~ 
rlTS K: lln I " : ' [ASKS SV 0 , 2 
; DJSPA f Cll TA JLE sv 3 , 3 
I 1cH I : [!I rnv . 0 , SH I . t ~,1 r :i V 6 , •
I £!112 : f.,•1 r llY e ,e, SH2 , l~IT sv 3 , 5 
?W TI: <tlTllY I:: I I • SHI I $S Htr SV 6 , 6 
PEii T2 : EllTRY ~ . 1, s1i2 . ssnn sv , , 1 

E,\' TRY z . a , sH1 • SFL Y SV &, e 
ENTHY 0 , 0 , SH2 , SFLY SV :I ' I 
E ~rnY z , e , BU l, SFLY svr: .:S , zrn my 0 , 0 1 B~ . 9FL Y 	 1\ETS 

r.E rH I : f. llTRY Z , l, SHl ,F l~E 

GE rn2: E!IT RY ~ . r , SH2 ,Fl ~E Sii l~I : sv1:r: 
f. ~ TJlY ~ FH , Z , SCI , SCORE :$VF 3 . " 
EN TR Y 2Fll , ~ , SCT , SCOR~ SV 2 , ) 
E~ I R Y 7 H9Zt Slt l I ltOT sv ... 
H TRY 711 , 6 , SH2 , H01 v 	 2 . 2~

svt= 2 ,5... ... ...... .... ........ .. .. : ; : : : : : : : : ; : : : : : : : : : : : : : : : ~ : ~ : : svr 4 , 2 
: ~vr 2 , I03.IEC I •1LOCX . . . . . . .... ....
...... ..... .. . : ::: ::: : :::: :: : ; : : ::::: : !:: : : :: SV 2 I J. 

; v 
SH IP 0'1J:':C I 1l oc~s ' ' 4SVE :a: . 6 

~HI : coo?. ~ I ;~ ,v I ~ I ii , r :IJHMllC ~ OOR 115 m: rs 
Prns r : PN 1:1 rn ."'i 1i· nr-1 t ~~P< SH I PZ ' SVEC 

~; Tf, ,1' T"''rO!.J.Ttl SV , 
. 
.
'. 
~ 

Cll~R D • 6 FP. ~ II , - n·~~ II , " . 6~ (<f II , 6P.~• II , r sv 2 , 5 

J\I .q_.: 1 : p:: I : TO I U~ ~ PUJO sv 

D.i l'!:Y.HI ·t-1 : CALL F..Y.HA Ll '.l l/ Zf.'. !?O SV 2 , 2 

a·..i :Oll l r'I :11 1p SU.i SVF 2 , 6 

0'J PSU :j l ·.-1 : CALL s111,111=..x f1Lo SVF • , 0 

~,, PD!Hl +I : SH IP Otll::.".~ T SVI" 2 , I 

ow P<* ll : JA C~ POI N[i:Jf SV 2 , 3 

ow lii~J 11 : F I r,E £//THY sv ... 

o. St:I : SCUl-IC: SVE 2 , 6 

OS ~ 1 1 r : occ ~JU r to~ MASK RET S 

D~ r. 20 : Fl Hi MASX EX PLO : PARA~ 2 , 0 

DJ ~ 411 ~tA sx SV EC
;i:• 
u~ ~o tr : cc:.r.i M~S~ S VF 3 , e 

iM c Jrllll ol l i F' 11 ~ .C.: sv 5 , . 

oa i : URIE:t TAl l UN SV F :1 , 2 

~~ M U·n : BHTON A UU~ESS SV 5 , 1 

DJ 0CH : llYPi':RSPACE MASK SV F ,,4 

o~ 0 : HYPERSPACE f' [.0 6 SV 5 . 2 

DIJ 0 I ~ I r I AL 01! I f:ll!A 11O>I SV F :1 , 0 

o~ I EIH I ; ?ACK P~Hfi ro I :HI P~.~ SVE 6 , 5 


Sll2 : COUl!U 3 , 0 , Q' . ~ ,e. , 0 	 RE rs 
D ~ PPOS2 	 NULL : RErS 
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parts and labor 

Anderson Jaco bson, Inc.. 521Charcot Avenue 
San Jose , C nlilomi ; 9513 1. (-iQ8J 263·8520 

THE AJ 8411/0-A COMPLETELY 
REFURBISHED IBM SELECTRIC 
TERMINAL WITH BUILT IN ASCII 
INTERFACE-JUST $995 

Features: 
• ASCII code 	 • High quality selectric printing 

• 14.9 characters per second printout • Reliable, heavy duty selectric 
n1echani 1n• 	Special introductory price-$995 

(regularly $1195). 75% discount over • Off line use as typewriter 
original price of n ew unit. 

• Choice of RS 232 Serial Interface or 
Parallel Interface (requires 3P + S) 

• 	Order direct from factory 

• 30 day warranty 

• 	Nationwide service locations 

AJ 841 WARRANTY AND SERVICE IS 
AVAILABLE IN THE FOLLOWING CITIES: 
Los Angeles Cincinnati 
Philadelphia Detroit 
Hackensack Dallas 
Columbu Houston 
Cleveland Atlanta 
San Jose Chi cago 
Boston New York 
Washington, D.C. 

--------------------------,
r How To oRDER AN 	 cur AND MAIL WITH ORDER 11 AJ 8411/0 TERMINAL SELECT EITH ER 	 I 
D RS 232 Se r ia l ln te r f;1ceI 1. Make cashier's check or money order pay- D Para llel Im er face (req uires :J P I Sl I 

I 
 ahle to: ANDERSON JACOBSON, INC. 

Num be r of u ni ts 	 (!.v $995. en d 1 $ _ _______ 

I 
Address your request to : II Personal Computer Terminal Loc:1I Sales Tax $ ______ _ 

ANDERSON JACOBSON, INC. Sh ipping nnd h :m dli ng $3S.ODcnch I 
521 Charcot Avenue (excl ud ing S;1n Jose) $ _ _ ______ 

San Jose, CA 95131 $ I 
TOTALII 2. Upon written notification, pick up your ter-	 I 

~/~~~ :~~~~ ~~ isee;_v~~fo~f~f: :~~~~~~~e~~~ NAM E -------------------- I
I fordelivery. ADORE s ------------------ 

3. Afinalcheckof yourunitwi ll bemadeatt lie I 
local AJ service office at time of pick up . C ITY STATE Z IP --

1 4. For warranty or repair service, return unit I 
to designated service location. PH O NE t _J 


'
L-------------------------
Circ le 391 on inqu iry card. 



Listing 5, continued: 	 RCIJT SET 10 H 
F'!PN T SET 26H 
ACCM SET 2 AH 
F I REM SE T 2 ~ H 

EY.HST : SVEC 	 CWM SET 2CH 
c c~~ SET 2DH 


SVEF 7, J HYPM SET 32H 

sv i ' 4 

RF. IS 	 F I N~ I SET 2EH 
JOPll T SET 3~H 
4CO NI EOU ( 5•ACON)/7 
S FLY: S CA LL 0 ; MOVE SH I P/ EIPLD 

SC AL L I ; ACCELER•\ TE 
~UTTONS Oll LY IF llOT IN HYPER SPACE 


SCHEDULED AT S TA RT & BY CT L C 

;''' :1~; ~:1~~H~~ \ ~~ = ~~ ~h~~;,:'' '' :' '' ''''''''' ' ' 	 ; TEST 

LOA DX A, HFL AG 
CP I e 

~~~ ~~ ' ' :~H; ' ' ; ' ~~ ~' ' ' ' ' ' ' ' ,' ' ' ' ' ' ' ' ' ' ' ' ' '= ' = = RNZ 
CHECK If ACC ~U TT OtJ O'' 

PEPN T SE T 24H 
! E?~ T SE T 35H 

LDJLX nA PIH : l UTTOIJ A!JD" 

I NI T: LOBLX SCPNT : GE! SCORE AODR OlOV D, M : 1U TTO ll OR~ 

MVl M, 0 : 7.ERO SC ORE LUAUX A, ACO; : tiCC MA$/( 

LDS LX PEPllT ; GET AUIJ R OF SH I P S J ANA D 
I NX H : ll~E LX I D. NUL L : XO EY.HA UST 
~VI N, 0 : SC HED SH I P S TART ,JZ XHST ; r;c ACCELERO T1 o:J 
LDB LX I EPrn : AD D~ OF IN I T E•JTHY :1v 1 D, e 
I NX H LOA DX ::: , ORZN T 
MVI : DES Ci tEO SE LF 	 LX I ~i, i<.'\HU 
RE! 	 DAJ u 

OA~ !l : x ACC "[1 J}-r ;o :~ UttF:~n 
NOV E, ~l ; XACC L. 0 . 
rnr. H 

:::::::: ;: ; :::; : ::: : ;:: :::::: :! : : : : ::::::: : ::: ~.ov D, ~: : X•\CC H. 0 . 
UC SE T e LDoLX XACC : •\iJ~ ro OR I L<l VAL 
STC~D SE T ~EH DA~ c 
FlPNT SE T I AH SD3 Lv x~cc 
EXP~T SET I CH SA ~,E LOG I C FOR YACC 
Pi.Pill SET I ~H 	 :.,VI o . ~ 
P C?~T SEJ 20H LllAOX E, OR~~ T 
PU?N f SET E2H LX! H, YATA3 
OHEN ! S£T 2FH DAD D 
HF LA G SE ! 35 H : HYPE~5PACE FLAG DOD D 
IORN ! Sf:T 34H : lll!T I H OR!E!HAT ! ON .:'lOV ~ . M 
: 5f.LECT ACCORJING TU HFLAG rnx H 
SSTR T: LOADX A, HF LA G MOV D, f'l 

CPI 0 L D3L~ YACC 
JNZ HYPR DAD D 


CA!;[-- H:~ - - NORMAL START-- ~IO T llYPEHSPACF. 
 SDilL' Y"";C 
CAL L SH<T ; SH I P !US T, DESCHED LXI ll , :OX'!S 'r : EXH;.\1l'i r 
CALL !EGIN : OREN1:0 , ST AHT POS XllST: LDo LX EXPIJT : 1·1sr~1 EYH"1Jsrnr: ~o 
REI MOV rt , E : H~ DISPLAY Fltt 

HYPR : JM HDEST 1:ix 11 
CASE- - H: l-- HYP ERS?ACE RETUk~ - -NO DESTROY :•liJV M, U 

CA LL STRT TES T I F x •EAll E:J OE 
CALL HCOR~ : RAIJOO~ coo;rn I NA r<:s E rs! : LOA !lX A, Xt»l 
R:: T A) S 

: C" SE--H:- 1-- HYPERSPA CE R~TU"~· - DEO.T"OY C~ J L1'-11 T 
HOEST : CAL L DS!RY CP SJ APX 

CALL HCOR J ; 'MN D COOP~S TE~ l I i' y l~EA•I UH)E 
REI LOAPX A, Yl,.1 

: E•WSE LECT rus 
CP 1 Ll.'tl r 

S!R T: LDULX P LPllT : r:oi:.. :--1til S (fl~O C,> S',11Hl.l"'"f : Y1·.S
r.:Hfi : SHI P SU l A ~JJ~~ I ll DE Si l I~ 111 I ~UN7 

LD3L ~ PCP~r : CALL l\:l:'l·~ I~ Ill LUAn r\, Xf~ J 


MO V M, E : !' HI P s;n - > CAL L A~S 

I ~X II CP I SUN : II. U, < SlJ:1 1 ~'-l, I U!i' 
1\lOV M, jJ JP ~TST 
L~ 1 L X ,>F.PrlT : E'Jl · ·y A' ll"' LOADX .n , Y.'H- 1 
~VI M, t1 : Ml'l.S~ i'l. ~lS 

l~r. ~ c:P1 sun : H. o. v "' su~, 11 ~ a 1 us 
MVI 1'11- ,J : ~ f:S~ll rn SEL F JfJ 3Hi T 
:1E I CALL D~ THY 

Hf.I 
d£u111 : LOAilX A, lORllT : f. E r OR I E~IAT IQ," : ! £5 1 ~OR CLOSF. TC!RP Enil5 

s r o,ix A , UP.E~H ~ f Sl : LOl'l.l:X D, i)C+l : 11() Y P(l t; Or· ~H l i> 

LXI H, Sf CRU : S f A.< T COORU L04~X E. UC+7 : HU y ros {)f ~}11 ? 
o.w J A ~~fi I" HL PUS tl i : ~ ~VE SHIP ~ L~ P ~ T h 
NVI D, l t' : 12 nYTf.S TO MOVF: L ~ I II , 1UI : FI hS T T011Prnn ~u Prl!l: 
r.ov A, M ; r· qo1'1 SJ t, Jl T ~oonns FL Om'! MOV ~ . H : HL - > ·1r: 
S TAX ~ : TO DYii COOi~:.>!'" :10V C, L 

H 	 LOI\:')): t'! , RCrJ r : TQhlPE !}') cu~ I \1E:J?' "r.
I NX ti CPI ~ : IF.ST FOR Zk"O 
DCll u ,JZ. flX1UL : ~l£.YT TOif P£JO 
JNZ PX LOP ~f!H!;f: LO~JX .!\ , i.>C+ I : HO Y. POS CF T ur~PECn 
RE! SU3 D 

.tp t5 
llCOR[J : SC ALL 2 ; •H\'i,100:"1 q vJF.; u.: CP I E?S L'I•

sroRx ri. , .... ~tt 1 : H. O. r COO RD 	 CLCS~ 11oua11J? •r.JUL : ~DI 
STORY. I\ , XNC"'r+ l LUAJ~ A. DC+7 : HOY POS Of l C,?£~0 
SCA LL 2 S U1 [ : S U-ll 5~11P ?OS 
S TORY. l'i 1 YN+ I :~. 0 . .:oo?.~ A1S 
STORY. l\ , 'H li'lt· l CPI EPSLN 
~CA L L 2 JN 11 11 : ,o Tll CLO~;: E"iJ oumi 
S!Ot1r. n., YN : L. U. x <VELOC I TYi NXJU L: LD:lLX rJJP IJT : IJD! TURPD O P,'Jf: i 
~C l'l.LL 2 SU9 A : :E l ~ O !\ 
ST:lr-(": .I'! , XNM CNf l1 : CH ECK OF H ~ 
SC ALL ? J•l FLO OP : llO 
STORX A, YN : L- O. 	 C~P L 
S CA LL 2 J iil FLO UP : L :rn T ~ 
STOl> X A , YN~ PUP 8 : $A'l~ STAt:K 
MV! .n. , ~ : ;"ERO •1vp F.R<;PACE F'U!dl ~ET : ~O T H H! L ZERO 
S IOll X P. , ~l F Lllli HJ T: L OOL~ I N?Nl : TO'IPEUO PO ST I Oil 
RET 	 MV l M , ~ : ~:UEA:•l lt,•STR ( BlAW l 

MV I ei. , i : RELEASE ro~PE OO 
$fOHX >'• , RC~ll 
PO? : ~ESTC1E SltlP 9 LHq . . .. . ..... . ......... .. . ......... . . . . . .. .. . ....
.. ....... .. .. .......... ...... ... ... .. ....... .. CAL L DS TRY 


XII SE T ~H REJ 
VII SET 6H SUSROUT I ·•E T0 I NCREME•H SC 011E, SCH£ 11 
XllM S ET 2H SH I P S TAR T AND REPLACE SHIP WI TH ~XPLOS ! ON 
'(~M SET a11 : ALS O USE D I N HYPERSPACE PNOC ESS I NG 
XACC SE! 04H DSTR Y: LU3 LX SCPI T : •ES TORE SCORE ADDA 
YACC SET CA H MO V A, M : I NCREMCN T SCOSE 
IN PN T SET e Cll l~m A 
113PN T SET 0EH DAA 
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Listing 5, continued: 

I NX J 

MOV M, A OCR 0 ;DECREMENT CNTR 


SCllED SH I P S TA RT Jiil XLOOP ; NOT DONE YET 

LD9 LX PE PNT : ~H IP EllT~Y ,\UDR LX I H, - 10 
MV I M, - I : o~ASK ~ - I DAD 3 ; RES TORE TORPEDO BLK 
LOA T! ME ,'¥)QV B, H 
AD I I llTVL MOV C, L 
I NX H COM PUTE 11/I TIA L TORPEDO COORD l ~ATES 
~IOV '~ • A : TIME+ I~TVAL TO PL ST X(N-l l & Y<N-l l ARE SH IP' S+ COLLISION RAD 

REPLACE Sii i P W!Tll EXPLOS ! Oll X< Nl & Y< Nl ARE SH I P ' S + VELOC I TY + CO LL RAO 
LXI D, EXPLO : EX PLO S UJ LHLD ORS AV 
LDBLX PCPN T ; SUS CALL LXI D, XVTAo : X VELOCITY TA SL ~ 
MOV M, E DAO 0 
IN X 11 MOV E, M :XVEL I N OE 
MOV M, D rnx H 
RET MOV D, M 

LOBLX XN 
SWAPX: LDOLX XN : SWAP X COOR~S DAD 0, : ADD VEL+COLL TO X( Nl 

XCHG SDOLX XN 

LDBLX XNM 

SDBLX XN LHLO ORS AV 

Y.CHG LX I D, XRIA9 ; CO LL RAD TABLE 
SDliLX XN~l DAO D 
RET MOV E, M 

!NX 	 H 
SJAPY : 	 LDn LX Yll ; SWAP Y COOR~S MOV D,M 

XC HG LDSLX XNM 
LDBLX YllM DAD D : ADD COLL TO X< 11-1 ) 
SDO LX YN S03LX XNM 
XCllG 

SD'l LX YN~I LHLO ORSAV 

RE T LXl D, YV TA B 


DAD D 
: ACC EL ERA Tl ON TA3LE MDV E, M 
Y.AIAl: OW 0 INX H 

D'J 	 ACONI MUV 0, 1'-': 
YATA) : 	 O'J ACON LDBLX YN 

D'J ACONI DAD D ; ADO VEL+ COLL TO Y< N) 
D~ ~ SDBLX YN 
DJ ~ ACUNI 
ow 	 - ACOll LHLO ORSAV 


- ACONI LXl O, YRTAB 
~D·J 	 z DAO D 
D'I ACON I 	 MOV E, M 


lNX H 

MOV o.~
···· ···· ······· ···· ··· ·········· ··· ······ ·.. .. .., ..... ... .. ..... ... ... .········ ···· ··· ······
 

TOR~EDO FLY PHU Ll l1A11 LOBLX YNM 
DAO D ;ADD COLL TO Y<N-ll 
SOOLX YNM 
RET 

: CO LL ISION RADIUS TA BLES 
LOAnX A, UC+ I : HO X POS OF TORPEDO XRTA9 : OW 0 
A9S ; HS VALUE OF r. OW RCOll 
:? l Ll:-iI r : SU3TRCT L!MI l YRTA8 : OW RCON 
JP ~LA~IK : NEAH EUGE IF + OW RCO!IOR '°" 

T~s 1 I f 	 y NEAR EDGE ow 0 
LOAIJX A, DC• 7 ;HOY POS OF TURPECO OIJ -RCOrl 

A~S OW - RCDN 

CP I L! MI l OW - RCOIJ 

JP 3LANK : SOT NEA ~ EDGE ow 0 


TORPEDO HI I SUI/ OW RCON 

LOA UY A, X!J+1 ; H, U. V•LUCl IY + CU LL ~AU IA:,L•S 

·~s XV fA3 : OW 0 

C?I SU~ ow vco:11 + :; coN 

HP : " ET ti lF llOT YVT AO: ow VCO!*qCON 

LOAIJX A, i'/i-1 D VCO!ll + ilCO.~ 


A3S ov e 

CP l SUN 011 -VC ON l-HC ON 

RP : 1ETURN i; !IOI D'J - VCON- R:ou 


RLAllK: 	 LO;JLY. l NPNT : M9EAM/MU I SP IN ST 0 -VCO~ I - RCON 
r,v1 M , ~ : M\iEA~i: ow ~ 
·MV l ~ OW VCON I+ RCON.. 
STORY. A, RCllT : .<ELEAS E T oq~EJO 


RE r ::::~ ~hkk: ~kbhk~~ ;; ::::::::::::::::::::::::::: 

:: :: \bk~kb~' /1 kk ' ~~bh~ ~:; :::::::: :: ::::: ::: ::: ~~kk ''' ' ~H' ''' '~ ' ' ' '' ' ' ' ' ' ' '''' '' '' ' '' ''' ''' ' 

SDI ~I 	 SET Ihk~iN ' 'H\ '' " 'H~''' '''''' ' '''' ' ' ''' '' ' ' ' '' ' 	 SD l!i2 JS ET 
RCO~ EUU SCORE : LOAnX A, SCHE : SCO~F. VALUEEPSLN• I 40H 
VCUU I EOU ( 5• VCON) /1 AN! 	 0 FH ;R I GHT DIGII 
F!.qE: 	 LDuLX CEPNT : vlSPA!CH TA JLE ENTR• FOH SH I P RLC : • 2 

I NX 	 H AO[ 	 NUMS : 1 1191:~ OF SU~~< IN HL 
MV l !'I , I : UESCHEOU LE SE LF ~VI H , ~ 

LOA DX A, OREN! 
 tlOV 	 L, A 
ADD 	 A : DOUBLE ORIENTATION MDV 	 E, ·~ MO V 	 L. A ;SAVE i'OR LATER l:JX fl 
MV l 	 H, 0 MOV 	 ll 1 M 
SHLD 	 08SAV Lll~LX 	 SDI'"! : PNH TV DIG I T 
LDBLX 	 Ft!PN T :PNIR ro IST TORPEDO - >HL MDV 	 M, E ; SUJ~ A ~J• I ~ DISPL F IL f 
PUSll 	 3 :SAVE SHIP q LQCK BASE rnx 	 H 

F!IJO FREE TO RPEDO MCT 	 M, D 
MOV 	 B, H : HL -> "lC LUAUX 	 A. IJC~~ : ~CORE VALUE 
~lOV 	 C, L Ml! 	 3F~H :L~FT IJIG!'r 
LOA!))( 	 A, RCN! : TEST FOR CLAIMED TORPEDO u11c : ,IUSf I fY l . ,
CPI ~ f!l!C 

JZ SHOOT : NOT CLA I ~. ED H IC 

POP 9 : SANE STACK 
 AJI flU 1~S 
RET : NO FREE TORPEOOS ;Y,V I d , u 

: SHOOT A TOR~EDO NOV 	 L , A 
SHOOT : 	 LD3LX 1'1PNT UN JLANK TORPEDO NOV [ , \~, 

~V l M, 2 'MU!SP' I 1X H 

MV I A, RMAX SET TI ~EOUT COUNTER i"IOV u, ,")

STORX A, qCNI TO CLAIM TORPEUO 
 LD9LX SU!Gl 
POP H SH ! ? OJJ BLK Ill HL NOV :"; , [ 

MVI D, 10 I 0 BY!ES TO MOVE I rix H 
XLOOP : MO V A, M 1Y TE F~OM SH IP COORDS MDV N, ~ :L EF! DIG !N OJSP L >IL(

STAX 0 I NTO TORPEDO COORDS RET : ~ETuq:1 
IrlX H llEXl QYTE 
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Listing 5, continued: 

.... .... .. ..... ...... .............. ........... 

;· b~ ~:~· ~ ~~~~ · ~~~ ~ ~ ~ ~ · i~ · ~~~~~ b~ · i~ ·~ ~ ~ ~i~~~~~ 
ROT : 	 l OAD X A, HFLAG 

CP I ~ 
J NZ SP NCK : CHECK FOR S PENT BULLETS ANYWAY 
LD8 LX BAPllT 
MOV D, M : g u r ro ~ WOR D 

CHECK FOR 6 0TH CW AllD CCW, 
I/ID I CH I IG HYPER SPACE 


LOA DX A, HYPM : MASK FOR HYPERSPACE 

MOV E, A 

ANA D 

~R A E 
JNZ CW CK : 110 - CHECK FOR CW 

9L• '• K SHIP 

LX I 0 , NULL : lULL GR• PH I CS SUB 

LD3 LX PCPN! : PN ! R JO CALL 

MOV M, E 

l~X H 

NO V M, 0 : It>SER I 


SCHEDULE S HI P STA R! AF rm ICU LY 

l DDLX PE P H : SHIP S TA RT ENT RY 

MVI M, - I 

L:JA T!M E 

OD ! HOLY 

I IX H 

l":O V 	 M, A 

SEE IF WE NEE D TO DES TROY SHI P LATE R 

MV I D, l 

SCALL 2 : kA il DOM I I N A 

CP I 0 : > ZE RO 

J P tlODS l : v ES- - DO N' T DES !RY 

MV l 0 1 - l : NO- - DES TR Y 


tlO DS T: S TORX D, ~ffLA G : I NDI CATE TO SSHIP S TA RT PGM 
J~P SPllCK 

ENO OF HYPERSPA CE PROC ESS ING 
: CHECK FOR C'J <C LOCK WI S E> ROTA TIO l 
c.ic : 	 LDAOX A, c M : MASK FOR CW 

A• A D 
JZ CC WCK : CH ECK FOR CC W 
LOADX A, ORE llT : OLD ORI Et/T AT I ON 
lllR A : UP BY I 
A•JI 	 1 
S TORX A, ORE NI 

: CHEC~ FOR CCW (COUNTERCLOCK~ I SEl 
CCWCK: LOA DX A, CC 'JM : MASK FOR CC W 

A lA 	 0 
JZ DINS 

LOAD~ A, onEtn 

OCR A : DO WN Ji' I 

1\ 'l I 7 

S I ORX A, ORE rn : NSE~ T ORE IH I N DI SP LAY F I LE 

DI r•S: LO AOX u , o~E N! 
LDl LX PDPN T : ORK NT AT I ON I N DI SP LAY 
:-1ov A, M 
A•l 0 F6H : SIH I P OLD ORE NT BI TS 
ORA D : IN SER I NEW 
MOV M, A 

: CHECK I F f ! RE 8U TT OU O:l 
rl l~CX : 	 LDO LX ~AP NT : JUTTON AllDR 

ViOV D, M : SUTTON WORD 
LOAUX A, F !REM : F I RE MA SK 
ANA D 
J ,yz 	 I NCll K : SEE I F 1'lH l 9 1 l 
MV! A , ~ : :10 F I RE - - CLE AR ! NH 
S TORX A, Fl rlH 
J~,p SPrlCK 

I NCliK : 	 LOA DX A, Firm : CHEC K 11111 13 1T FL G 
CP I a 
JN'Z SP~ICJ< : SET 
MVI A, I : l<'OT SE! - - SE ! IT 
S TORX A, F l NH 
LOq LX F I P rlT : SCHEDULo TORPEDO F I RE 
I flX 	 H 
,YrV ] ."1 , 0 

: CHECK FOR SP E il TOR PED OS 
SP •'l CK : LU3LX FSPNI : TORPEDO POl tlT ER 

FINO CL• I MED TORPEDO WITH TIMEOU T 
FOR Tlt l S SlllP 


.~0·1 , H : HL - • 'lC 

'•10'1 C, L 

L O~nx t'\ 1 RCN r 

CPI 0 : TO:S T FOR CLA I MED 

R'l : IWT CL Ai~ED 


OCil A : OO: CRE MEfll TI MER 

Sl ORX A, HC NI : ~ES IORE IN BLOC K 

Rrl l ; l or ZERO YE T 

LD3 LX I NP NI 

MVI M, 0 ; 9 LANK TOR PED O 

RE I 


: : : : kk~ ~~~ ~~ : ~k ~~~ k: ~ii ~h ~~ ~ : : : : : : ; : : :: ; : : : : : : : 
HL~ ' ''' ~ ' ~ ' ':' ': ~ :'' '' '' '' ''''' ''' '' '' '' '': '' 
~ BDCO : 	 MOU C, A ; SAVE CliAR 

CPI CTLC ;" C"7 
R lZ ; RET URU IF tlO T 
LXI II , I EIHl+I : SCHED ! NIT! 
MV f M, 0 
LX I H, I Etll2+ I : SCHEU I N l T2 
:"! VI Mt ~ 
RE I 

END 	 • 

VECTOR 
PACKAGING MATERIALS 
SAVE TIME & MONEY 

S100 CARDS-100 PLUG CONTACTS - Convenient universal 
tinned pads and bus li nes . For interface , memory expansion, 
breadboarding . Mount almos t anything anywhere on card . 

S100 CONNECTORS for WIRE WRAPPING or SOLDERING 

Model VP2
BEAUTIFUL 
NEW VECTOR -PAK 
CASES for micro-compu1er 
ci rcui try , assembled . Constructed 
of aluminum, fini shed in vinyl. Slide out covers for easy 
access. Includes card gu ides, heavy chassis pla te, per forated 
bottom cover for coo ler operation . 
Card guides perpe ndicular to front panel , Model VP1, $128.30. 
Card gu ides parallel to front pa nel , Mode l VP2, $134 .30. 

Model 
8803 

S100 MOTHER BOARD, $29 .50. 11 positio ns ready for 
connectors . Glass epoxy, plated thru holes, c ircuitry for 
active te rmination , 12 tantalum capacitors and instructions . 

PLUS revo lutionary Sl it -N-Wrap wiring tools, Micro·V ector· 
bord,® printed circuit kits, l.C. sockets. extenders. 

Send for new catalog. 

@VECTOR ELECTRONIC COMPANY, Inc. 

12460 Gladstone Avenue, Sy I mar, CA 91342 


phone (213) 365·9661, twx 910·496-1539 
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the new HEATHKIT®low-cost 

personal computing systems 


The new VALUE-STANDARD in personal 
computing systems! Heathkit computers 
give you the power and performance to 
go wherever your imagination and pro
gramming prowess take you. They're de
signed to get you up and running fast , 
interface· with 1/0 devices easily and 
quickly, accept additional memory and 
1/0 devices, store and retrieve data with 
speed and accuracy, respond to your re
quests with lightning speed. They offer 
complete mass storage capabilities, power 
and reliability for any programming appli
cation, and they're priced low enough to 
give you real VALUE for your computer 
dollar! We 've told you they're the ones 
you've been waiting for - here's why! 

These Heathkit computer products are 
"total system" designs with powerful sys
tem software already included in the pur
chase price. They're the ones you need 
to get up and running fast. And they're 
backed by superior documentation in
cluding easy-to-follow step-by-step as
sembly and operations manuals, and 
service support from the Heath Com
pany, the wor ld's largest and most experi
enced manufacturer of electronic kits. 

NEW HS 8-Bit Digital Computer. This 8
bit computer based on the famous 8080A 
microprocessor features a Heathkit ex
clusive "intelligent" front panel with octal 
data entry and control , 9-dig it readout, a 
built-in bootstrap for one-button program 
loading, and a heavy-duty power supply 
with power enough for plenty of memory 
and interface expansion capability. It's 
easier and faster to use than other per
sonal computers and it's priced low 
enough for any budget. 

NEW H11 16-bii Digital Computer. The 
most sophisticated and versatile personal 

computer available today - brought to 
you by Heath Company and Digital Equip
ment Corporation, the world leader in 
minicomputer systems. Powerful features 
include DEC's 16-bit LSl-11 CPU, 4096 x 
16 read/write MOS memory expandable 
to 20K {32K potential) , priority interrupt, 
DMA operation and more. PDP-11 systems 
software for fast and efficient operation 
is included! 

NEW H9 Video Terminal. A full ASCII ter
minal featuring a bright 12" CRT, long and 
short-form display , full 80-character lines, 
al l standard· serial interfacing, plus a fully 
wired and tested control board. Has au
toscrol ling, full-page or line-erase modes, 
a transmit page function and a plot mode 
for simple curves and graphs. 

NEW H10 Paper Tape Reader/Punch. 
Complete mass storage peripheral uses 
low-cost paper tape. Features solid-state 
reader with stepper motor drive, totally 
independent punch and reader and a copy 
mode for fast, easy tape duplication. 
Reads up to 50 characters per second , 
punches up to 10 characters per second. 

Othe r Heathkit computer products in
c lude a cassette recorder/player and tape 
for mass storage, LA36 DEC Writer II key
board printer terminal, serial and parallel 
interfaces, software, memory expansion 
and 1/0 cards, and a complete library of 
the latest computer books. The Heath 
User's Group (HUG) provides a newslet
ter, software library and lots more to help 
you get the greatest potential from your 
Heathkit computer products. We've got 
everything you need to make Heath your 
personal computing headquarters, send 
for your FREE catalog today! 



8-Bit 
Computer : :. ,-, LI '] I :J 0 ,_. _ 

. U I I I L 

I I, 

. ---- --
$375 Kit 

II 

till 
16-Bit 
Computer 

$1295 Kit 

II'5 4i!·3£3 H• ~~--JJ 

Also Available : the famous LA36 
DEC Writer II Keyboard Printer Ter· 
minal only $1495 (Assembled)! 

- . . 
~. ... 
.r·· 

ct.:C•t!!s;a:z,,:z,,;ai;:--:::;:....~-B!I ..::·: 

••II 
= ~ ~ = - - = ~ ~ I 

Video 
Terminal 

$530 Kit Paper Tape 
Reader/Punch 

$350 Kit 

---------------------,
f~EE!

.....-':MrJ!ff:~~m~ lll:srj;T.f@i§J Heath Company, Dep.t. 334-340 I.... 
--·- ··-··- Benton Harbor, Michigan 49022 

Please send me my FREE Heathkit Catalog. I 
I am not on your malli ng list. I 
Name_____________________ I 

HEATHKIT CATALOG IAddres s'--- -----------------Read all about our exciting com- Iputer systems and nearly 400 other 
. 

City________________state_ _ ___ 

fun-to-build , money-saving elec- I 
tronic products in kit form. CP-126 Zip I 
Prices are mall.order FOB, Benton Harbor, Michigan. I IPrices and specifica t ions subject to ch ange without notice. 
Heath Company, Dept. 334-340 Benton Harbor, Mi 49022 L---------------------~ 
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Fundamentals of 


Sequential File Processing 


Wayne D Smith 
Dept of Business Administrati on 
Angelo State University 
San Angelo TX 76901 

The newly available floppy disk drive 
units have opened many new areas of appl i
cations for microprocessor users. In the area 
of high utilization data, and fast interactive 
programs, the capabi lit ies of random access 
disk storage devices are unequaled. Unfor
tunately, the price of such units often puts 
them outside the budget of personal com
puter users. Even when d isk units are ava il 
able, the advisab ility of usin g these devices 
fo r storing low utilization programs or data 
may be doubtful. You don ' t really need a 
$1000 auxiliary storage device to maintain a 
Christmas card list which is used once a year. 

The new, specia l design d igital casse tte 
recorders have also gene rated a great deal of 
interest. These units all ow software control 
of all tape functions, and provide for tape 
position sensing. Wh ile the price of these 
units is about half that of a single disk drive, 
they are still somewhat expensive. Like di sk 
units, they also req uire fair ly sop hi sticated 
in terface hard ware for proper operat io n. 

Audio cassette units, o n the other hand, 

arc cheap and readily avai lable. The e units 
are rapidly becoming the standard aux iliary 
storage medium for smal l computer ystems. 

Audio cassette units do, however, have 
several shortcomings. Compared lo the other 
devices, they are slow, and most standard 
audio units do not have provisions for 
sensing the re lative posit ion of the tape. 
Further, most such units use a single motor 
for all tape operations, and accomp li sh the 
fast forward and rewind functions thrn ugh 
gear ing between the motor and the capstan . 
The physical pressur·e required to engage 
these gear tra ins virtually prohibits software 
contro l of these functions. 

There are appl ications in which these 
shortcomings can be minimized. These ap· 
pl ica tions are those that involve the use of 
auxi li ary fi le storage where the inform ation 
sto red is inherently sequential in nature. 
Wh ile audio cassettes cannot compete with 
either digital cassettes or disk f iles in either 
speed or flexibility, they can provide ve ry 
satisfactory resu lts in th e processing of 
sequential files. 

This situation closely parallels the case in 
the data prncessing industry, where seq uen
tia l tape files sti ll play a major role in 
auxiliary storage. The eco nomic adv<1 ntages 
of these units can often offset the sho rt
comi ngs of this ty pe of storage. 

About the Author 

Wayne D Smith is currently an assistant professor of computer science at 
Angelo State University, San Angelo TX. He received his PhD in Computer 
Science from the University of 11/lnols in 7976. Besides his professional and 
hobby interest in computers he also enjoys operating an amateur radio station 
and flying. 

114 



ONE RECORD 

A FILE OF ~ ----------
DATA 

RECORDS 
RELATED 

ITEMS 
} 

~c::Jl~~-- ---- --~/ 
NAME : JOHN DOE 

ADDRESS 504 MAIN ST. 

CITY : URBANA 

STATE : ILLINOIS 

Z IP: 6180 1 --
LABEL DATA ," 

~ 


RECORD IRG RECORD IRG - - -OATA 


~~~~ 

ADD I T IONAL 
RECORDS 

O> 
O> 
O> 

"' 
9 

I/)" IRG" = INTER-RECORD GAP 0 I/) 0a: w w a: 
8~~~~Q. u 

0 
W<IO-~  w
a:Z<IU(l')N a: 
'---...------1 
DATA IT EMS 

Figure l : Relationship between files, records and data items in a sequential file. 

Nature of Sequential Fi les 

Figure 1 ind icates the basic re lat ionship 
between the components of a file ori ented 
data processing system. In th is type of 
system, information is arranged in sets or 
co llect ions called f iles. The information 
with in a f il e is usually re lated by the type of 
data contained in the file. For example, a 
small business might maintain separate files 
fo r employee records, customer accounts 
and stoc k inventory . 

Files are then subd ivi ded into smaller 
units cal led records . There is a single record 
for each entity within the fi le. In the case of 
the fi les mentioned above, there would be a 
record for each employee in the em ployee 
file, a record for each customer in the 
customer file, and a record for each tock 
item in the inventory file . 

A reco rd is simply a co ll ect ion of related 
data items. In any fi le processing system, th e 
user specifies th e data items that const itute a 
record. For example, the records in a Christ
mas card list fil e would probably contai n 
five data items. These items would be: name, 
address, city, state and zip code. These items 
are related within a single record in that they 
all pertain to the same individual. A co ll ec
tio n of these records, whether on magnetic 
tape, magnetic di sk, or in an add ress book, 
co nstitutes a fi le. 

Fil es which are tored on magnetic tape 
are call ed seq uential fi les because the records 
in such a file are stored one after the other 
on the record ing med ium. One of the major 
disadvantages of th is sto rage type is the 
sequentia l arrangement of fi les. In order to 
ob tain the infor mation stored in the Nth 
record in such a file, the preceding N-1 
records must be bypassed. Wi thout tape 
positio n ind icato rs, this means that the 
preceding N-1 records must be processed at 
normal tape read speed before the Nth 
record can be read. 

A second , re lated problem concerns iden
tifyi ng individual records. Since many rec
ords may be read before the desired record is 
reached , some provision must be made for 
determining when the correct record has 
been fo und . In practice, th is prob lem is 
usuall y overco me by providing each reco rd 
in the fil e with a separate data item that can 
be used to identify that particu lar record. 
Th is ident ification must, of course, be 
unique fo r each record in the fi le. 

Many types of reco rd s already contain 
data items which may be used fo r identifica
t ion purposes. An employee file, fo r exam
ple, would probably contai n a social ecuri ty 
number in each record . Th is number is 
un iq ue for each employee, and could be 
used for reco rd identifica t io n. In other cases, 
an add itional da ta item would have to be 
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added to the record sole ly for purposes of 
identificat ion . In the Christmas card list 
mentioned earli er, a sixth data item wou ld 
have to be added in order to provide for 
record identification. For practical reasons, 
alphabetic data items, such as names, are 
seldom used for record identification. 

While th e records within a fi le do not 
necessar il y have to be arranged in any special 
order, the search for a specific record is 
greatly facilitated if the records are stored in 
some o rd er ly fash ion. Seque nti al tape rec
ords are usually arranged in numerical order 
based on the identifica tio n number. In fact, 
thi s numerical ordering of records is a crucial 
requirement if efficient sequentia l fi le pro
cessi ng is to be possib le. Al l the algorithms 
involved in processing seq uenti al fil es are 
predicated upon this ordering . 

The actual order of the records is im
materia l. The records may be arranged in 
either ascen ding or descending order, depen
ding on the prefe rence of the user. Since 
ascending usu all y seems more natura l to 
people, this arrangement wi ll be assum ed in 
the d iscussion which fo llows. 

The sequential ordering of records has a 
large impact upon the speed with which a 
fi le can be processed. Suppose, fo r example, 
it becomes necessary to look up the ad
dresses fro m five reco rd s in the Christm as 
card file mentioned above. If the records are 
unordered, each search must begin at the 
first record and search until the desired 
record is found . After listi ng thi s record, the 
tape must be rewound, and th e search for 
the next record in itiated from th e beginning 
of the file. With this strategy the average 
number of records which must be read in 
order to find a specific record is one half th e 
number of records in the fil e. Find ing five 
records wou Id requ ire, on the average, read
ing 2.5 ti mes the number of records in the 
en tire file . In the worst case, it could require 
reading almos t five times the number of 
reco rd s in the fi le. 

If, on th e other hand, th e file is arranged 
in numerical order, the process is greatly 
simplified . In order to take advantage of the 
seq uenti al ordering of the file, the numbers 
of the records to be fo und are also entered 
in seq uential order. Wh en this procedure is 
followed, processing tim e can be greatly 
reduced. After the first record is read and 
processed, the seco nd search can begin with
out rewinding the tape. Since the second 
record has a higher number than the fi rst 
one, that record must follow the first record. 
This means that the maximum number of 
record s which must be read in order to 
process al I five addresses cannot exceed the 
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number of records in the file. This rep resen ts 
a considerable savings over the un sorted 
case. 

Note, however, that the number qf rec
ords read does not vary greatly regard less of 
the number of addresses to be found . That 
is, it requires about the same tape read t ime 
to process one record (average : one half the 
file length) as it does to process al l the 
records in the fi le (full file length). Thi 
leads to the obv ious conclusion that the type 
of fi les which are best suited to sequential 
storage are those in which a high percentage 
of the records are processed during each 
computer run. The number of records proc
essed in a single run, divided by the m1mber 
of records in the file, is called the activity 
ratio. As th is value approaches one, process
ing efficiency approaches its maxim um. A 
Christmas card list in wh ich all records are 
listed fo r printing address labels has an 
activity ratio of 1.0. In this instance, sequen
tial fi les offer a very effic ient type of 
auxiliary storage. 

Updati ng 

As outlined in the preceding section, the 
processing of a sequentia l file does not differ 
greatly from the processing of any other 
type of file. The majo r differe nces appear 
when it becomes necessary to update, or 
change, the informat io n wh ich is stored in a 
sequentia l file. Updat ing may become neces
sary for any of several reasons. In some 
cases, data items may become inaccurate, as 
when a member of the Christm as card list 
moves. In other cases, it may become neces
sary to add or delete entire records from the 
file, as when a new employee is hired or an 
old one retires. 

Du e to the nature of mag net ic tape 
dr ives, it is virtually impossible to position 
the tape head over a specific data item 
within a reco rd. In fact, it is al most as 
difficult to position the tape head at the 
beginn ing of a specific record, since the 
record must pass th e tape head befo re it can 
be read and identified. The process of adding 
new records in the correct sequentia l posi
tion presents additio nal difficul ties. Insert ing 
such records will necessitate moving all 
subsequent records down in th e file. Minor 
errors in tape head position can re ult in 
erroneous or unreadable data. 

To overcome these, and o th er, diffi
cult ies, th e technique of using two tape uni ts 
is employed. Instead of tryi ng to change the 
information in the old tile, a completely new 
file is created. This new file contains all the 
data and records from the old file that 
remain valid, plus any corrections, additions 



Why you should buya digital

multimeter from the 


leader in digital multimeters. 

Ifyou're shopping for yow- first multi

meter, or moving up to digital from 
ana log, there are a few things you 
should know. 

First, look at more than price. You'll 
find, for instance, that the new Fluke 
8020A DMM offers features you won't 
find on other DMMs at any price. And 
it's only $169.* 

Second, quality pays. Fluke is recog
nized as the leading maker of multi 
meters (among other thi ngs) with a 
30-year heritage of quality, excellence 
and value that pays off for you in the 
8020A. 

Third, don't under-buy. You may think 
that a precision 3Y2-digit digital multi
meter is too much instrument for you 
right now. But considering our rapidly 
changing technology, you're going to 
need digital yesterday . 

Ifyou're just beginning, 
go digital. 

Why not analog? Because the 8020A 
has 0.25% de accuracy, and that's ten 

times better than most analog meters. 
Also, the 8020A's digital pe1formance 

means things li ke 26 ranges a nd seven 
fu nctions. And the tougher your home 
proj ects get, t he more you need the 
8020A's full-range versatil ity and ac
curacy. The 8020A has it; analog meters 
don 't. 

Ifyou're a pro. 
You already know Flu ke. And you 

probably own a benchtop-model multi
meter. 

Now consider the 8020A: smaller in 
size, but just as big in capability. Like 
2000-count resolution and high-low 
power ohms. Autozero and autopolarity. 
And the 8020A is MOY-protected to 
6000V against hidden transients, and 
has overload protection to 300V ac. 

Nanosiemens? 

Conductance To Resistance Conversion 
10~~~~~~~~--

S=_l_ 
RX 

a 
100~ ., 

J 
Q 

.!!I 1,000 

~ 
10,000 

0.1 1 10 100 
Conductance (nS) n.anosiemens 

Beginner or pro, you'll find the meter 
you now have can't measure nanosie
mens. So what? With the 8020A con
ductance function , you can measure 
the equivalent of 10,000 megohms in 
nanosiemens. Like capacitor, circuit 
board and insulation leakage. And, you 
can check transistor gain with a simple, 
homemade adapter. Only with the8020A, 
a 13-oz. heavyweight that goes where 
you go, with confidence. 

What price to pay. 

$169 .* 
Of course, you can pay more. Or less. 

In fact, you could pay almost as much 
for equally compact but more simplistic 
meters, and get far less versatility. And, 
the 8020A gives you the 'plus' of custom 
CMOS LSI chip design, and a minimum 
number of parts (47 in all ). All parts 
and service available at more than 100 
Fluke service centers, worldwide. Guar
anteed, for a full year. 

Rugged. Reliable . Inexpensive to 
own and to operate; a simple 9V battery 
assures continuous use for up to 200 
hou rs. 

Where to buy. 
Call (800) 426-0361 toll free. Give 

us your chargecard number and we'll 
ship one to you the same day. Or, we'll 
tell you the location of the closest 
Fluke office or distributor for a per
sonal ha nds-on feel for the best DMM 
va lue going. 

*U .S. price only 

Fluke 802..0A DMM for 
Home Electronics Experts: $169 

IFLUKEI====® 

Circle 395 on inquiry card. 



INPUT ~TAPE 
INTERFACE 

OUTPUT ~ 

~ 


470 

2 

OUTPUT 
PORT 

ANY 
TWO 470 
BITS 

2 

+5V 

5 

6 

4 

TILlll 2N2222 

+5V ~ MIKE JACK 

+ R 
E J 
M A 
0 c 

- T K 
E 

+ 

-

TI Li 11 2N2222 

or deletions that may be required. Th is is 
accomplished by using the old fi le as input 
(read only mode}, whi le a new file is created 
in output (write only mode). Records which 
are to remain unchanged are transferred 
directly from the old file to the new file, via 
computer memory. Records which are to be 
changed receive part of the data items from 
the old file, but have other items updated 
from another in put device (keyboard) before 
they are transferred to the new file. Records 
which are to be deleted from the file are 
read from the o ld file, but are not written on 
the new file. 

Complete ly new records receive all the 
data items directly from the keyboard input 
device. After all data items have been en
tered, the new record is written on the new 
file . Program control insures that new rec
ords are entered in the correct sequential 
position in the new file . To fac il itate the 
process of adding new records in sequence, 
all new files are initially created with sub
stantial gaps between the record identifica
tion numbe rs. 

The techn ique of creating an entire ly new 
file instead of trying to corr-ect an old file 
has one major disadvantage. This disadvan
tage is, of course, the requirement for two 
separate tape units. There are, however, 
several advantages which far outweigh this 

EARPHONE 
JACK 

TAPE UN IT 	 Figure 2: Circuit for con
trolling two tape decks for 
sequential file manipula
ti on. The power pin con
nections to the 7404 {!Cl) R 

E J are +5 v to pin 7 and 
M A 
0 c 	 GND to pin 74. The 7404 
T K 
E 	 inverter and indicator 

LEDs are not needed for 
the working of the circuit. 
Putting them in enables 
you to tell whether a read 
or write operation is hap
pening. To make it easier 
to tell the difference from 
a distance, I have made the 
LED for writing red and 
the LED for reading green. 
Any equivalent LEDs will 
perform the same func
tion. All resistances are in 
ohms and all resistors are 
0.25 w. 

single shortcoming. One significant advan
tage is that the exact positioning of the tape 
is not cr itical. Since the new records are 
written on blank tape, there is no problem 
with record alignment, and writing over old 
data cannot occur. 

Another advantage is that each tape unit 
is operated in a single mode. Using audio 
cassettes, this means that one unit is always 
in the record mode, whi le the other is in the 
play mode. During the update process, the 
tapes operate in only th is mode. The fast 
forward function is not required, and the 
rewind function is used on ly after al l proc
essing has been completed. 

Th is single mode type of operation great
ly simpl ifies the operation of the cassette 
units during the update. Since each cassette 
operates in only one mode, the function for 
each tape drive can be set up before process
ing begins. During processing, the tape units 
need on ly be turned on or off as records are 
read, processed and written. Since almost all 
cassette recorders have provisions for remote 
motor contro l, software can be uti lized to 
activate the tape recorders as needed by 
commanding a suitable interface circuit such 
as th at in figure 2_ 

One final advantage to the 2 tape system 
involves the protection of data. Since the old 
file is used on ly in the read mode, it will 
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remain intact even in the event that the 
updating program goes awry. If the u er 
follows the practice of always maintaining 
the most recent version of the data, he or 
she will neve r be further than one upd ate 
away from a current fi le. 

Hardware Requirements 

Assuming that a microprocessor already 
has a cassette tape interface, the implemen
tation of a sequential file processing system 
req uires very litt le hardware. As mentioned 
above, two cassette tape recorders are 
required , one fo r in put, reading files, and 
one for outpu t, writing fi les. The micro
processor tape input and o utput circuits are 
connected to the appropriate tape un it, as 
shown in figu re 2. Even when a si ng le circuit 
is used for both input and output, no 
problem arises, since only one cassette wil l 
actually be operating at any given time. 

The cassettes can, of course, be operated 
manually if desired, but software control is 
easily implemented. Two latched bits of an 
output port are used to provide tape motor 
contro l. These output signals are used to 
activate the tape motors through opto-coup
lers (Radio Sh ack #276-1628, Texa Instru
ments T IL 111, or eq ui valent) and a single 
transistor. 

The opto-couplers are used to prevent 
any polarity or vo ltage prob lems wh ich 
might arise from direct intercon nect ion of 
the microprocessor and tape motor circuits. 
In many cassettes, the pos itive termi na l of 
the tape uni t will be connected to the 
microprocessor ground terminal through the 
microphone and earphone cables. This ar
rangement wo ul d prohibit direct in terco n
nection of the two ci rcui ts. Even when the 
electronics of a specifi c cassette would per
mit direct interconnection, the couplers are 
st il l worthwhile . Us ing the couplers will 
al low changing recorders at a later date 
without regard to the voltage or ci rcuit 
ground polarity . 

The on ly critica l part of the circuit is the 
polarity of the transistor. The polarity of the 
remote jack shou ld be checked before com
pleting the wiring. Almost any NPN tran
sistor will work, provided it can handle the 
current required by the tape motor. The 
current requiremen t for a peci fi c tape 
motor is easi ly determined by con necting an 
ammeter across the remote jack with the 
tape in the play or record posit ion. There is 
a fair ly high curren t surge as th e motor 
starts, but this is of short du ration. A steady 
state current of SO to 100 mA is about 
average. 

The inverters and LED shown in fig ure 2 

arc optiona l. The indicator LEDs have 
proven to be very useful, since they are the 
only way to determine whether a tape un it is 
on or off (short of looking at the cassette). 
They can also provide a measure of amuse
ment when a long tape program is running. 

The operation of this interface system is 
qu ite straightforward. In order to process a 
tape file , th e user first insures that the 
appropriate motor control is off. The cas
sette tape is then loaded and the tape 
function control is set for play or record as 
req uired. If a tape is to be recorded, it mu t 
be advanced past any leader on the cassette. 

After the tape is loaded and the tape 
contro l is set, program execution can begin. 
The functions of reading or writing the tape 
are then under software control. If a tape 
record is to be read , the applicable moto1
contro l is turned on by writing a 1 in the 
appropriate bit of the output por·t. Norm al 
tape input routines are then used to read the 
record. When the record has been read, the 
tape motor is turned off. For writing a 
record, the motor contro l is turned on, and 
normal tape dump routines are used to write 
the reco rd on tape. A software delay is 
necessary in th is case in order to allow the 
tape motor to come up to speed before 
recording beg ins. A second or two is USLI< I ly 
suffic ient. 

Buffer Storage and Label Records 

Processing sequential tapes requires that a 
certain amount of memory be allocated fo r 
sto ring the records as they are read or 
prepared for writing. This area is called a 
buffer, and is used to store the reco r·d 
curren tl y being processed. The amount of 
memory required is minimal , si nce ther·e is 
normally o nl y one record in memory at a 
time. In one special case, when new records 
are being added to an existing file, storage 
for two record s will be 1·eq uired. In all othe r 
cases, a single reco rd length buffer is suffi
cient. Records are read into the buffer and 
then processed. Records may be wr·itten 
fro m the buffer onto a new file 01· to an 
appropriate output device as desired . For a 
general ized tape hand I ing system, enough 
memory should be allocated to provide fo r 
twice the length of the largest tape record 
that wil I be processed . Not al I of th is area 
wil I be used by every program, bu L it should 
be prov ided in order to keep the system as 
general as possib le. 

In a sequential file processing system, a 
number of ca sette tapes are required fo r 
storing the reco rds of var ious fi les. More 
than one file may be stored on a sing le 
cassette, if de ired, but th is will result in 
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slower operation un less the files are very 
short . 

Each fi le wil l contai 11 two distinct types 
of records. All the records except the first 
are the data records that conta in the actual 
file information . The first record in each file 
is a pecial type of record ca lled the label, or 
header, record. This record should have 
exactly the same format on all fi les. The 
label record contains genera l informat ion 
about the file itself. It does not contain data, 
and hence does not need an identification 
number. It is always the f irst physical record 
on th e tape. 

The purpose of the labe l record is to 
provide all the information which is required 
in order to process the fil e. Since this 
information changes from file to fi le, the 
obvio us pl ace in which to store it is in the 
file itself. Therefore, the first record in every 
tape file is dedicated to the label record. 

The label record may be as simple or as 
elaborate as the user wishes to make it. At a 
minimum, howeve1·, it should contain: 

• 	 The f il e name or other identificat ion. 
• 	 The date created (due to updating, 

severa l files of the same name may 
exist). 

• 	 The length of a data record. 

In a more elaborate system, the label record 
could also contain: 

• 	 The number and type of data items. 
• 	 A description of a ll data items and 

their type (ie: binary, BCD , ASCII, 
etc) . 

• 	 A security code (access can be denied 
without know ledge of this code). 

All the remaining 1·ecords on the tape are 
data records. The length and format of these 
records wil l vary from file to file depending 
on the amount and type of data in the file. 
The number of data records in a file will also 
vary. 

Any program which processes tape files 
of this ty pe must first read the label record. 
The information contained in the labe l 
record i then used to set variab les that 
tailor the program for reading and processing 
the data records from that spec ific fi le. This 
procedure all ows a single genera lized pro· 
gram to proces files of vMious types and 
lengths. 

Utility Programs 

In order to sup port the processing of 
sequenti al files, three genera l purpose utility 
programs are required. An optio nal fourth 
program may be provided if the user wishes 
a se parate program for dup li cating existing 
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fi les. Running an update program without 
entering any changes will accomplish the 
same thing, however. 

The first utility program is one which 
creates tape fi les from auxiliary'input. This 
program performs many of the functions of 
a text edito r. Data is entered via the key· 
board, and is stored in the buffer until all 
the requ ired data items have been enter·ed . 
A sophisticated fi le creation program can be 
designed to query the user for data item 
one at a time unt il the record is complete. 
Wh en all the data items have been entered, 
the record i written on the file. The process 
is repeated unt il the file is complete. 

The fi le creation program must insu re 
that th e label record is written on the new 
file before any data is entered. As with the 
data records, the program can be designed 
so as to query the user for this infonnation 
prior to writ ing the labe l record. 

It may be desirab le to provide the tape 
creat ion program with information about 
the number , length and type , ie: character, 
binary or binary coded decimal (BCD) of 
data in each data item. Inform atio n abo ut 
the type of data would be used primarily 
for error checking, but could also be used to 

allow data packi ng. Packing of numeric data 
would allow two hexadecimal or binary 
coded decima l digits to be recorded as a 
single byte. This would require additional 
program co mplexity in converting from 
ASCII input to a packed format. This com· 
plexity may be warranted in cases where 
the packed format would facilitate arithmetic 
mani pul ation of the data directly from the 
tape fi le. Conversion back to ASCII wou ld 
be required when listing the file . 

As the data records are created, the user 
must supp ly the record identification m11n 
ber fo r eac h record. The user must insure 
that these are entered in the proper 
numerical sequence . In order to provide for 
the addition of new records at a later date, 
an initial file should have records numbered 
in increments of about 100. 

The second req uired utility program is 
one whi ch makes a hard copy listing of the 
data stored in a fi le. The label record may or 
may not be printed, depending on user 
preference. The simplest type program 
would perform an unformatted dump of the 
data exactly a it i read from the tape. A 
more elaborate program could eparate the 
various data items into different po itions 
or lines on the page. Thi type of program 
wou ld all ow printing the data in the form 
of a customer statement, a check or an 
, ddress labe l. 

By fa r the mot complex of the uti li ty 
program s is the update program. This pro· 



SPECIAL WAREHOUSE SALE 

THE BEST DEAL WE HAVE EVER OFFERED! 

ROYTRON &·LEVEL .r-S!lll'"~ 
READER/ PUNCH ~"' ~~ 

BRAND NEW ., 
$295.00 

Tnrs oaper 1ape 1ro srat1an opera1es at 50 cps The mechanisms snace acommon <1r1ve mo101 
!Ju l are electnull~ mdependeru 24 \Oil srgnals are reQu•red 10 m1erf11ce tne inlcmal sole· 
001Cls An m1ert.a cinQ manual 1s mclueled . Per1ect fo1 typesenm9 . orogram dlS!ntluuon. 
prooram en 1ry anCJ many o1'1er pape1 1ape apphcau on s 

USE S·100 BOARDS 
WITH YOUR KIM·1 

Now use low-cos! and readily available S·100 compali ble ci rcui l 
boards wilh your KIM-1 ! The Kimsi horn Fo relhoughl Produclsadapls 
the KIM Bus to !he S-100 Bus so !hat you have access 10 hundreds of 
memory and interfa ce boards . 

The Kim si acce pts up to 8 S· 100 edge conneclors . provides on- board 
power regulalion for lhe KIM-1 and conlai ns lhe KIM 10 S-100 inter
lace lo gic. One S-100 edge connector is included , lhe KIM to Ki msi 
co nne ctor set musl be purchased se parately. 

Item 

Kimsl Bac~plan eJS · IOO Adaprer 8 s10 1s ror S· 100 available 
IC lmsl Power Supply Unre9 1 8@10.A • 16@1A. 16@iA 
IOM~1 Incl . documenla.tlon Sena fo1 more .n1arma 11on 
KIM 10 ~ lmsl Conf!etlor Sel Induces recorder cables 
S-1 00 Edge Con11ec101 )bms1 accepts 8 1 1s suppbea 

Cassl!'lle Recofde1 ror KIM -1 HuncJreCJs solo 101 KIM use 
4k Se als ROM Board Accept~ up lo 16 '702'A or 5203 s 
O: lmul AAM 8oa1d Ba1e min.mum 10 run Tiny BASIC 

8! Cromenco ROM Boaro A<cepts up IO 8 2708 EPRO Ms 
81< Seals RAM Board Enougo spare ror prngritms llelow 

Kit 
Price 

sns 
60 
H/A 

N/A 
119 

m 
145 

169 
Pol ~ VIOeo Termlflii1l ln1erhce 16 x 64 Con'M!C IS to a Moni1or ano Keyboar d 210 

Matru 2480 Alpl'l1 ·Hume1ic VRAM f.J lines at 80 c.hiJr (needs P391 HJA 

Ma1ro1 256·ALT Video Gr1phlc5 Board Displays 2S6 :.: 25 6 .au11y NIA 

ltty Biny Tiny BASI C 2 5>< . k11 1$ a oa.pe1 1ao-e s 

Focal [a DEC trademart t Includes tlo;mng ooin 1s 
6502 Assem~l e r wllh So urce Tnrs Is NOT lhe MOS vtu s1on 

H/A 

H/A 

SPECIAL! 10% o ff S-1 00 Boards 
when ordered with Kimsi. 

ORDER 
FORM 

Name 

Add ress 

City State Zip _ 

Charge my SAC/VISA_ M/C 

Assembled 
Price 

1165 

75 
145 

11 

1 
55 

179 
139 
145 

369 
180 

195 

395 
10 
40 

30 

Interbank # Exp . Date 
Card # ___ _ _ 

Signature 

ECONOMICAL 
KEYSTATIONS $29.50 

Asu pe1 buy on mese used keys tallon s allo ws us to sell them al 1n1s lo wpnce The sean r3c11 w 
umi s coniain a H0Heri1h -s1 yle keyboa rd which is easily modil1ed to outou: ASC II alpha codes 
(we provide oocumen tat1on) 1he 1n1erior or 1n e enclosure is lar ge eno~h 1or a l<IM· 1 and 
cower supply We also have a l11n11 ec.1 supply or Jteysli\t1on componen t1 

Item Pri ce 

50 key keybo ard 
Mounls on 11 s· cenie rs 

Ke ystatl on Enclosure 
D1mens1ons 1s· , 16 - .i 

Copy Stand and Holder 
Mounts on 1op ol eoclosu'e 

$19 

19 

lncan descenl DI.splay Board 
Con1a1ns ove1 l:lO lamps 

Dlsplay Controller Bo ard 
38 1c·s ;and a Sonalert 

MORE BARGAINS 
8u1toughs Sell Scan Di splay Panel $3 2.50 

Mod 1 0030 16 01 18 characiet dsplav 
Ullrouonic La tcnino Relay for Remote Con tr ol 19. i5 

Oper;Ue 1 IOv ;ipphances lrom across the room 

Da ta Genera l 6012 CR T Terminal 1195 .0B 
Br.met new w11n numeric keypac:J ~800 baud mn: 

DEC POP8 /I or L wllh 4)( core memory as lo w as 795.00 
Table -lop or lklor models .available 

MATROX VIDEO RAMS AND 
GRAPHICS 

Tops in the in dustry . please write for more info . See our KIM Corner 
for S-100 compa tible board s. 

MTX 816 Modu le (Upper Case only) Compos1r P. ~tCleo ou1pu11n a line-s al 16 cnars. 179 .00 

MTX 163 2 Module (Upp er and lower Case) 16 x 32 disp lay inctucJes bhnk opti on 225 .00 

MTX J632SL Module (Grea l wl!h 2s&··21 SliJve sync atows texr supe1 pos111on 225 .00 

MTX 2480 Circuit Boa rd 24 :. 80 m~u1res h1gh-pe rs1s1ence pnospl'lor fP39J 395 .00 

MTX 256 "" 2 Circuit Bo ard 256 x 256 .m.:i.y gr.:i.ph 1cs (m1•t1lof es provrde calDrl 630 .00 

BOOKS 
Prooramm lng Micr ap rocesson Including an thmet1c w11h lloating pc.1 1nts $ 6.95 

Build Your Own Working Robol Busier cues wlien h-e c3n ·1 tmd t11s rood 5.95 

Telephone Accessories You Can Bu lld Remoll· nnqe r, scrambler. dialer. ans.werer . e1c 3.95 
Mas ler Handbooll; ot 100 1 Prilc: liul Ele clronlc Chtulls Almost I 1r7 mche-s ll11d; 9.95 

8astc BASIC I A grc:u 1ex1. m;111y examples Que s11on s and ans wers 7_g5 
Advan ced BAS IC Cooreltnalt c;tt!ornetry series 001ynom1.llS game s 6.95 

10 1 BA SIC Games rr1e now classic volu-me comp1leo ov D.iv10 Alli 7.50 
Wh at lo Do Atter You Hit Return G.:i.rnes t1 om 1he People s Compuler Cornoony 6.95 

CMOS Cookbook Don Lancaslet e~olams CMOS lo w-power logic 9.95 

lnl roducllon to Microcomputers Volume I A<lam Osoorne elpl,;uns the rneor,· behind micros 7.50 

lnlroduclion to Mlcrocompulers Volume II (hen he re"1ews th e cuuen1crop or micros 12.50 

80 80 ProarammlnQ lor Looic Des ion ;, whole boo on 8080 1mp1ementatmn 7.50 

68()0 Programmln a !o r Loo lc Dulan A wnole !)OOk on 6800 1mplemema11on 7.50 

Some Common BASIC Progr ams Full 01 many userul and complete prog rams 7.50 

Qty Item Price Amount -
- --  - - - - --  ,---

-

- - --r--- ----

Tota l for goods 

+ 4% Michigan Resi~en~ -
+ 4% Shippi ng and Handling 

O Please send me in fo on the new Commodore PET 2001 
computer 

Lrm1 1ed 90-csav Waria n1r 
Ae curn non-wor1;mg merchilnd1se w1 1h1n 90 days lor 1epfacemen! or re lund . Kits are wa r
ranted to De com plere wilh workltlQ components .\II items sub1ec.1to pnar sale 

+ $1 i f order·s under $20 

Total Amoun t 

Circle 398 on inquiry card. 



START 

READ 
LABC'.L 
RECORD 

WR ITE TAPE 
RECORD TO 
NEW F ILE 
UNCH ANGED 

WRITE 9999 
RECORD ON 
NEW FILE 

STOP 

READ 
KEYBOARD 
ID {KID) 

READ OLD 
TAPE RECOR D 
!TIO) 

ENTE R 
CHANGES 
FROM 
KEYBOARD 

WR ITE 
CORRECTED 

I 
I 

/ ERROR ; 

I 

OUT OF 
SEQUENCE 

YES ~ READ NEW 
>-'-'--'---...i RECORD FROM 

KEYBOARD 

WR ITE NEW 
RECORD TO 
NEW FILE 

READ NEXT 
KEYBOA RD 
10 

RECORD TO 
NEW F I LE 

Figure 3: Sequential file updating algorithm allows the copying of records, 
deleting of old records, inserting of new records, and modifications of old 
records. This is a very generally applicable method, usable whenever serial 
format records are being processed. 

gram is used for the correction of erroneous 
data in existing records, and also for adding 
records to or deleting records from the fi le. 
The logic for this program, which is shown 
in figure 3, is based on the assumption that 
the records in the file are arranged in as
cending order, based on the record identifica
tion number. It is also assumed that the 

identification numbers of the records to be 
changed, added or de leted are also en tered 
in this order. 

The crux of the update program lies in 
the comparison of the keyboard entered 
identification number and the identification 
number from the t ape record just read. 
When the tape ID is less than the keyboard 
ID , this indicates that the tape record just 
read is not to be changed . This record is 
copied to the new file exactly as it ex isted 
on the old file. 

When the tape ID is equal to the key
board ID, the tape record just read is one 
which is to be either changed or deleted. A 
keyboard entry determines which action is 
to be taken. If the record is to be changed, 
the new data items are entered from th e 
keyboard into the buffer area, directly over 
the data that was read from the old tape 
file. When the changes have been completed, 
the corrected buffer is written onto the new 
file. 

If a record is to be deleted, the program 
simply ignores the current tape record, and 
reads the next record into the buffer. The 
deleted record, therefo re , does not appea r 
on the new file. 

When the tape ID is greater than the 
keyboard ID , this means that the program 
was unable to find a record ID on the old 
file which matched the keyboard ID . There
fore, the keyboard ID represents either a 
new record , or a typing error. When a new 
record is to be added, this record is entered 
into the second buffer area in memory. The 
use of this second buffer is necessary in 
order to prevent overwriting the last ta pe 
record read, which is currently stored in the 
first buffer. After the new record is entered, 
it is written to the new file from the second 
buffer. The added record now appears in 
proper sequence on the new file, while the 
last record read from the old file has been 
preserved . Processing then continues with 
the input of another keyboard ID number. 

Whenever sequential files are processed , 
there is always a minor problem concerned 
with determining when the end of a tape 
fil e has been reached. In the program shown 
in figure 3, the old programmer's trick of 
using a dummy record with an ID number of 
all 9s is used to indicate the end of usable 
data in the tape file. The same code is used 
to signal the end of data entry from the 
keyboard. When th is technique is used, the 
user must remember to provide this dummy 
record at the time a new file is created. 

Examples 

There are many instances in wh icl1 the 
sequential file processing system outlined 
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above could be used. An obvious example is 
the Christmas card list mentioned earlier. 
This file could be created and then stored 
for use each December . By using a fairly 
simple listing program, mai ling labels could 
be generated directly from the file. Some
time in January 1 the update program could 
be run to reflect any new addresses received 
with that year's cards. Persons from whom 
cards were received for the f irst time cou ld 
be added to the file, and those from whom 
cards were not received could be deleted. 
The tape cou ld then be stored unti l the 
fol lowing December. The January update is 
chosen as a point at which the activity ratio 
could be expected to be high. More frequent 
updates are possible, if needed. 

An examp le which is not quite so obvious 
would be to use a sequentia l file as storage 
for a text editor which prepares input for an 
assembler. In this case, a record wou ld consist 
of a single line of assembly language code. 
The data items would include : line number 
(record identification), label, ope rat ion, 
address and comments. Data items for loca
tion and machine code wou ld be provided, 
but wo uld be left blank by the file creation 
program. 

After t he fi le has been created, it is 
transferred to the input cassette for process
ing by the assembler program. The assembler 
then ge nerates the location and mach ine 
code for each record in the f ile. As the ma
chine code is generated, a new file is created 
on the output cassette. This fi le is identical 
to the input file except that the data items 
for location and machine code are fi lled in 
by the assembler. Optional features in the 
assembler could provide for loadi ng the 
machine code for execution , or for creating 
a hard copy listing of the program as it is 
assembled. 

If errors are detected during assembly or 
execution, the original fi le can be corTected 
through the use of the update program. 
Since each li ne represents a record , incorrect 
lines can be changed by changing the data 
items in that record . Extraneous lines can 
be deleted, and new lines can be added, in 
their proper positions, through the process 
of deleting or adding rncords to the fi le. 

In using an assembler of this type, a 2 
pass approach is required . This technique is 
required in order to prevent unreso lved 
references at the time the machine code is 
being generated . Without prior knowledge 
of al I label locations, forward reference 
branch instructions could not be assembled 
as they are read from the inp ut tape. The 
2 pass approach offers the additiona l 
advantage of dividing the assembler into two 
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separate programs, only one of which must 
be in memory at any one time. 

A particular advantage to using sequential 
stornge with th is type assembler is that it 
allows the assembly of very large programs. 
Du e to the nature of sequential file process
ing, there is never more than one source 
language statement in the machine at any 
time. By processing the statements one at a 
time, more memo ry can be devoted to the 
assembler itself and its reference tables. In a 
machine with limited storage, this can result 
in a more elaborate assembler than would 
otherwise be poss ible . 

A fina l examp le is of a more commercial 
nature , and involves the processing of an 
accounts receivable fi le for a sma ll business. 
The basic file conta ins permanent customer 
informat io n, such as name, address, acco unt 
number, etc. It also contains data items for 
previo us balance, current balance, payments, 
and a number of charges. When the file is 
original ly created 1 these last data items are 
all set to zero. 

During the first month , an update program 
is run, using this fi le as input. The fi le is 
updated by enter ing charges for that month. 
After al l charges have been entered, the 
program computes the tota l charges and 
enters th is value as the current balance in 
the new record. The record is then written 
on the new file. When all accounts have been 
updated, a listing program is executed , using 
the new fi le as input. This listing program, in 
effect, generates the first month's statements 
fo r all customers. 

During the second and all succeeding 
months, a slightly different update program 
is used . Th is program first combines previous 
balance, payments and all old charges to 

form a new previous ba lance. Entries are 
then accepted for both payments and new 
charges. When all entries are comp leted, a 
new current balance is computed. Th e listing 
program is then used to generate customer 
state men ts for the new month . 

Arguments Against Audio Cassettes 

There are two arguments which are often 
advanced aga inst the use of audio cassettes 
in the manner outlined in the preceding 
sections. The first argument is th at leaving 
the tape drives engaged for long periods of 
time can flatten the capstans, which causes 
wow and flutter when tapes are read . In a 
system such as that proposed above, this 
wou ld not present a problem. Even when 
large files are being processed, the motors 
wou ld not be engaged for more than a few 
minutes at a time. In the case of fi le creation 
programs, where this time might extend to 



an hour or so, the tape unit is constantly 
be ing turned on and off . The probability 
of the capstan stopping in exact ly the same 
position after· each tape opera tion is qu ite 
small. Therefore, even when the capstan 
rema ins engaged for long periods of time, 
the exact position of the capstan is changing 
every few minutes. 

Additional ly, the capstan must be dis
engaged in order to remove the tape at the 
end of the program ru n. Since the tapes 
would normally be removed afte r processi ng, 
th is would seem to preclude leaving the 
capstan engaged in the same position for 
a pro longed duration. For those people who 
are absentmind ed, the fi le processing pro
grams could include a rem inder to disengage 
the capstans after processing is complete. 

The second arg ument against aud io cas
settes is their somewhat less than 100% 
re liabil ity. Occasionally, a record will be 
written onto a file which cannot be read 
back . Even with good eq ui pmen t, th is can 
so meti mes happe n. In the file processing 
system described above, this presen ts only a 
minor pmblem, since it will seldom affect 
more tha n one or two records. If a record is 
unreadable, al l the other records remain 
usable. Therefore , the tape update program 
can be used to ad d the unreadable record to 
a new fi le . Since the unreadable record does 
no t "seem" to be on the old fi le, the process 
is tr·cated as the add ition of a new record by 
the update program . Even if several such 
records must be added the problem is of 
minor pro portio ns, and represents more of 
a nui sance than a catastrophe. 

Summary 

It is read ily admitted that sequential fi les 
are not a subs ti tute for r·andom access files . 
There are, however, many appl ications in 
which the disadvantages of sequential files 
can be minimized. In these instances, a 
substan tia l amount of fi le handling can be 
performed with very satisfactory resu lts. In 
cases wh ere disk files are not ava il able, 
sequential files may be the only means of 
providing facil ities for processing large 
volumes of data . Even in systems where 
dis k f iles are avai lable, the judicious use 
of sequencial fi les can ass ist in conservi ng che 
more ex pensive d isk sto rage facilit ies. 

Th e software req uired to su pport a se 
quential file system is co nsiderably less 
complex than that req uired by a disk file 
processing system, and the hardware costs 
are minimal. All in all, sequential files can 
provide a great dea l of data processing 
capab ility ac abo ut one tenth the cost of a 
single disk storage device.• 
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Friction $ 1149 OO 
Feed. . . • 
Tractor 1279 OO 
Feed . .. .. • 
RS 232C 
Serial 26O OO
Interface . . . • 

---· 

ADM 2A TERMINAL 
• 1920 character display (24 x 80) 
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• 10 key numeric pad 
• Single key edit operations ADM 2A 
• Page, field or line edit Assembled ··· 
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and much more 

OKIDATA MODEL 22 • 125 lines per minute 
LINE PRINTER 132-column print line 
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character sizes 
__J; • 12 IPS paper slew 

/ "'] Trac tor Feed .. . . $2249.00 
RS 232C Serial Interface ... 379.00 

SYNCHRO·SOUND 


• 132 column printing 
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• Full keyboard 
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SYNCHRO·SOUND 

ENTERPRISES, INC. 

CENTRONICS 
703 SERIAL 
PRINTER 

•Low 
cost 
of ownership 

• Bidirectional logic seeking printing 
•M icroprocessor electronics $ 2395 OO 
•Exce llent print quality • 

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

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

brightness levels 
• RS232 and 

current loop 
and much more 

With 22 Slot 
Mother Board 

$619.95 

Assembled . ... $1149.00 Kit also available 

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

and much more 

Assembled . . .. 

$1659.00 

We carry a full line of the following: TDL, 
Cent ronics , Seals, Hazeltine, Micropol is, 
Hayden, IMSAI , Cromemco, 
Compuco lor, lcom, Lear Siegler, Okidata, 
DEC, Javelin, North Star, Peripheral Vis ion . 
Same day delivery and shipping on most 
items. Fu l l modern repair facilities on 
premises for complete servicing of 
everything we sell. 

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

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

KSR with Keyboard . ... .. .. $1695.00 
Receive only version 

.-:.--~=·' ~595.00 

• Fully IBM 3740 media 
and format compatible 

• Full formatter 
and controller 
built-in 

ICOM Model FD 3712 
Dual Drive System 

$2795.00 

SPECIAL BUYS 
Sorac IQ 120 Video Terminal Kit ... .. . .. $959 .00 
DEC LA 180 Printer ... . . .. . ...... . .. . 2769 .00 
Compucolor 8001 Co lor Computer .. . ... 2595 .00 
ICOM Microfloppy System .. . ... .... ... 989 .00 
North Star Microf loppy Disk Kit .... . .... 599 .00 
2708 Eproms . .... ... .. . . . ..... . . .. . .. 27.95 

• Javelin9" VideoMonitor ........... . . . . 159.95 
Livermore Modem Model 76 ... . . . .. . .. . 299 .00 
Sol 20 with So los Kit (limi ted supp ly) ..... 999 .00 
Micropolis Model 1053MOD 2 . .. . ..... 1799.00 
IM SAI AP44-44 Col. Printer Kit . ...... . .. 329 .00 
TDL Xi tan Alpha 1 Computer Kit .... . ... .699 .00 

SYNCHRO-SOUND ENTERPRISES. INC. 
The Computer People 
193-25 Jamaica Avenue, 
Jamaica, New York 11423 
212/468-7067 TWX: 710-582-5886 
Hours 9-4 daily Visit our new showroom 
and Saturday Working units on display 
Dept. BB BankAmericard • Master Charge 
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C : A Language for Microprocessors? 


J Gregory Madden 

JGM Development L abs 

POB 2345 
West L afayette IN 47906 

I wou ld first like to congratulate Peter 
Skye for his work on the high level langu age 
project! The inte rest created by his letters 
in recent BYTEs has he lped to prod th e 
emergence of a high level language. PL/ I 
is a fa ir ly popular language, and a good 
choice as an in itial high level machine in
dependen t language. But what about other 
la nguages? Is there perhaps one which 
might be a better cho ice7 Let's ta ke a 
brief loo k . . .. 

Enter FORTRANBASICSNOBOLP ASCALCOBOL RPGCAPLALGOLPLI. 

FORTRA N is a prehistoric beast from 
the 1950s, and though it has the highest 
"l iteracy rate" of any language in BYTE 's 
1976 survey , it is rather limi ted in its capa
bi lities. BASIC is also popu lar. There are 
plenty of BAS IC interpreter·s around and its 
capabi lities (or, rather, lack thereof) are eve n 
less sufferable th an FO RTRA N 's . Perhaps 
a BAS\C co mpi ler comb in ed with an inter
pre ter wo uld be very helpfu l to speed up 
debugged progra ms, bu t let's cont inue. 
PASCAL is a reasonab le ca ndid ate. CO BOL 
would be fu n to imp lement and it has a 
fairly h igh literacy rate ; however, it is aw
ful ly wordy. Source programs take up lots 
of space and for microcomputers it is not 
a very good choice . ALGOL might be 
reasonab le. As for RPG , FORMAC and 
TRAC, I know little abou t these langu ages; 
however, I don't be lieve they have any 
maj or advantages over others. 
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Enter C 

Wh at about this stra nge creatu re ca ll ed 
C which has been vaguely menti oned here 
and the re? Where did it come from, where 
is it going, and what's it all about? 

C is a high leve l language based on an 
earlier language ca lled B. It was written 
by several bri lliant people • at the Bell Tele
phon e Laboratories at Mu rray Hil l NJ 
sometime around 1974. It is designed to 
run under the Unix operating system (a lso 
designed and written by these peop le) on 
a Digital Equipm ent Corporat ion PDP-1 ·1/45 
thru 11/70 series machine. It now also ru ns 
on IBM equ ipmen t and is being rewritte n 
for Interd ata machines. The C users' 
rumor mill also ment ions something abou t 
PDP -10 versions in the fut ure. My purpose 
in writi ng th is art icle is to co nvey the 
fl avo r of C and suggest its uti lity as a mode 
of expression fo r personal comput ing. 

The language C offers a user the fol low
in g feat ures: 

• 	 Control stl"U ctures which permit a flow 
of control by using the language, 
rather th an having to program around 
the language. 

• 	 Exp ressions that eliminate most tem
porary vari ables and tr ivi al statements, 
result ing in shorte r, cle<mer code. 

• 	 Pointers and character vari ab les to do 
nonnumeric problems simp ly . 

• 	 Stl"Uctures to enab le easy im plemen ta
tion of comp lica ted data concept . 

Wh at does all of this mean? Basical ly, 
programm ing in C is easy, fun, and 
pro babl y resu lts in the fewes t lin es of com
prehensib le code per program of any ge neral 
purpose programm ing language . 

* K en Thompson and Denis Rich ie. 
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mnemonic C rep description 

BS \b backspace 
NL \ n newline 
CR \ r carriage return 
HT \ t tab 
add \ add octal byte 
\ \ backslash 

Into the Briny Deep 

Wh at's C made of? Let's take a look at 
some of the basic constructs of the I anguage 
to see what makes it tick. 

Each section of the C program consists 
of what we will cal l a function, something 
like a FORTRAN function. Even the main 
program is a function with the name main. 
The format is as follows: 

main( ) { 
statements 

Arguments may be passed to a function by 
pl aci ng them between the parentheses in the 
definition and references to the function . C 
uses a call by value technique, rather than 
call by address for fu nction arguments. This 
means that if a function changes the value of 
an argumen t variable, it does so only for th at 
particul ar function call. How is this done? 
All variables in a function are stored on the 
stack rather than being assigned fixed loca
tions. This means that storage space for 
variables is only all ocated while they are 
being used, and is freed when control returns 
from a function. There are of course 
methods for changing the value of variables 
in the calling fu nction during execution of 
the called function, but these methods are 
explicit exceptions to the call by value ru le. 
Any C function can be used as a subpro
gram as well as its possible use as a main 
program. The example used main as a name, 
but as in many languages, there is a free dom 
to pick and choose descriptive names for C 
functions. 

Varia bles are the usual: integer, character, 
floating point and double precision floating 
point. C variables are declared as in 
FORTRAN by a statement of the form: 

type var] , var2, .... ; 

Where type may be: int, char, float or 
double. Variables may be made to stick 
around (ie: storage is allocated perm ane ntly 
rather th an temporarily using the stack) if 
the word static is included before type in 
the declaration. Then the value will not 
change between functio n calls unless 
explicitly modified. No1·mally, variables 
are dyn amically alloca ted space on entry to 
a fu nction. 

All variables must be declared in C, and 
declarations must precede executable state
ments. State ments are ended with a semi
colon (;) to indicate to the compi ler what is 
the logical end of a statement. 

IOin C 

10 is done with basically two system 
supplied functions called getchar

0 
and 

putchar. Each gets or puts one ch aracter 
from standard input or output; getchar is 
normally used by equating a variable of type 
char to it: 

c =getchar ( ); 

The variable c wi ll have the ASCII value of 
the next character available from the input 
file; putchar is normally used by giving it the 
variable to print: 

putchar (c); 

The ASCII va lue of c would be output to 
the output file. The argument to putchar 
could be a single ASCII character: 

putchar ('a'); 

in which case the character "a" will be out
put to the output file. 

printf is another useful built-in function, 
similar to the FORTRAN WRITE and 
FORMAT statements. It actually calls 
putchar to do the I0. Its arguments are a 
string of characters in quotes, fol lowed by 
the variables to be printed. In the string, 
format specifiers consist of a percent sign 
followed by an optional field size, followed 
by a letter indicating the format to output 
as: d for a decimal number, o for an octal 
number, h for a hex num ber, s for an ASCII 
string and c for a single character: 

printf( 
"The value of c is: %d" 
,c); 

If the new line is desired, it must be speci

fied by putting a '\n' in the string at the 

appropriate point : 


printf( 

"The string is %s, and the value of a is %d.\n" 

,string,a); 


This inserts a carriage return and line feed 

when the '\ n' is scanned during execution. 


Special Characters 


A note is in order before we go on about 
special characters in C. How does one 
represe nt a carriage return or a tab, or a line 
feed, etc? In general, anytime you want a 
special character, it can be generated by a 
backslash fo ll owed by a single nonnumeric 
character. New line is '\n', tab is '\t', end of 
file is '\O' (equivalent to 0). Also any ASCII 
character can be formed with a backslash 
and a 3 digit number: \040 is a space, 
etc. Th is enables all characters to be avail 
able for relational tests and use in com
putation . 
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SOFTWARE -- TSC 

TEXT EDITING SYSTEM: This 6800 editor is TSC MNEMONIC ASSEMBLER: Another 6800 resident assem
unlike any other micro editor. As well as the usual bler? Yes! But this one is many times faster than others due to a very 
features, it also includes; content oriented commands, efficient symbol handler. All the standard motorola options included as well 
local and global commands, block move and copy, as psuedo ops. It is very modular making it quite easy to adapt to most 
append and overlay features. as well as very com· systems. SK 
prehensive string manipulators. SK SL68-26 MANClAL & SOURCE LISTING $23.50 

CT68-8 OPTIONAL CASSEITE $6,95SL68-24 MANClAL & SOURCE LISTING $23.50 
PT68-9 OPTIONAL PAPER TAPE 	 $8.00CT68-7 OPTIONAL CASSETTE $6.95 

PT68-6 OPTIONAL PAPER TAPE $8.00 	 DISASSEMBLER FOR 6800: Now one that is reasonably priced 
and includes the source listing! 
SL68-27 MANClAL & SOURCE LISTING $9.00

TEXT PROCESSING SYSTEM: A great PT68-7 OPTIONAL PAPER TAPE $4.00 
companion to the TSC editor. The processor will 
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SPACE VOYAGE: A full blown 

CT68-9 OPTIONAL CASSETTE $6.95 
SL68-29 MANClAL & SOURCE LISTING $ 32.00 

Star Trek program written in 8080and 
6800 assembler language. Runs 
much faster than similar BASIC ver

TSC 6800 ARITHMETIC ROUTINES sions and requ ires about I / S of the 
SOAP: A very fast, 4 byte binary, noating point package. Includes memory! Each game is different as 
integer and conversion routines as well. you try to save the federation using 

your phasers. photon torpedoes, and 
SL68-25 	 $ 10.00 shields. Searching out the menacing 
FLOATING POINT PACKAGE: A BCD math package with 9 Klingons is accomplished using the 
digits or precision. short and long range scanners as well 
SL684 $6.50 as moving about by firing the warp 

engines. Beware of sudden attacks. SCIENTIFIC FUNCTIONS: Requires SL684 and provides all 
space storms, supernovas, and other scientific functions including SIN. TAN. LOG, LN, HYPSIN, and others. 
unexpected events. This game is verySL68-20 	 $ J0.00 
addicting! 4K 

SL68-5 6800 SOURCE 
DlAGNOSTICS FOR 6800: LISTING $ 12.00 
No system is complete without a set of CT68-1 OPTIONAL 
diagnostic programs. Includes S memory CASSETTE S6.95 
tests. serial 1/0 tests, parallel 1/0 tests. plus SL80.9 8080 SOURCE 
others. LISTING $ 12.00 
SL68·23 SOURCE LISTING St 0.00 PT80.1 OPTIONAL PAPER 

TAPE $7.00 
MICRO BASIC PLUS: The best 
small BASIC available for 6800. In just 3 \.:1 
K. a complete interpreter including GOSUB, 6800 MUL Tl-USER SYSTEM! IF THEN, FOR NEXT, DIM, ON GOTO and 

Now you can have 4 simultaneous users. all running BASIC. and in· 
GOSUB, READ DATA. plus the functions 

dependently! Give your micro the power of a large mainframe. Applica· 
RND, SPC. TAB. EXP. and ABS. Five full 

lions include: a great educational tool, small business applications such as
digit integer math is supported. 

multi station inventory system, industrial computer power expanding the 
SL68-19 MANUAL & SOURCE personal computer system, . .. etc. The system is presently available only 

LISTING S 15.95 for the SWTPC 6800 computer system and will support cassettes, fioppy 
CT68-5 OPTIONAL discs. and a printer. For complete details of the multi -user system. write for 

CASSETTE $6.95 our 4 page brochure. 

PT68-5 OPTIONAL PAPER MUB-68 $ 129.95 
TAPE $6.00 

ALL SOFTWARE CONTAINS: Complete commented source listing, users manual with 
complete instructions, printed hex dump. sorted symbol table, and sample output 

PROGRAM-OF-THE-MONTH CLUB. TM $2.00 for a one year membership. No obligations! 

HOW TO ORDER: All orders should include check or money order. Add 3% for postage and SJ .00 for 
handling for orders under $] 0.00. Send 2SC for complete TSC software catalog. 

Circle 403 on inquiry card. 

TECHNICAL SYSTEMS CONSULTANTS, INC. 
Box 2574 W. Lafayette, IN. 47906 



The If Statement 

The C if statement is of the format: 

if (expression) statement 

where statement may be any C stateme nt, 
and expression may be any statement which 
has a value. The expression is true if its value 
is nonzero. 

C relat ional operators may be selected from the foll owing list : 

equa l to != not equal to 

> greater th an < less th an 

>= greater than or equal to <= less than or equal to 

&& logical and logical or 

logical not 

Relational operators may be combined in 
any way, along with parentheses, to produce 
an expression. 

The statement portion of the if may be 
any valid C statement, or combination of 
statements. The statement may be made 
arbitrari ly complicated by enclosing a set 
of stateme nts in braces, j } . These braces 
are sim il ar to the BEGIN and END state
ments of several othe r languages. 

The if may be assoc iated with an else 
statement, which may also have an 
arbitrar ily complex statement fol lowing it. 
Multiple elses can be used to construct logic 
that branches one of several ways: 

if (expression) statement 
else if (expression) statement 
else if (expression) statement 

While Statement 

The while statement sets up a loop, 
whose general format is: 

while (expression) statement 

The expression is evaluated and if its value 
is true (not zero) does the statement and 
then starts again. The statement may of 
course be arbitrarily complex as in the if 
statement. Note that the statement is exe
cuted zero times if expression initially evalu
ates to zero. 

Arithmetic 

Arithmetic statements use the usual 
operators : +, - , * and I along with% which 
is the remainder (or "mod" operator in 
other languages). The syntax is a variable 
followed by an equal sign followed by an 
expression using the above operators. Mu l
tiple equivalences may occur on one line, 
an economy of notation which can be use
ful. 
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a = b = c = d = 25 * 2 I {c + 1); 

One interesting feature is that when a 
variable is set equal to itself pl us somethi ng, 
the statement may be abbrev iated: 

a= a+ 5; is equivalent to: 
a= +5; 

Note that no space follows the equal sign in 
this form. In genera l the statement may be 
arbitrarily complex; however, note that one 
cannot assume a parenthesis, etc, in front 
of the implied variable. 

Another very interesting feature is th at 
any time a variable is used, it may have a 
prefix or a suffix of ++ or - - . The ++ 
means increment, the - - means dec rement. 
If used as a prefix, the operation is done 
before the variable is used; if used as a suffix 
the operation is done after the variable is 
used. 

These features help make C the supreme 
pleasure it is to use. They do however have a 
detracting feature: one must be wary when 
composing a statement lest it do someth ing 
unintended! 

Note that an if or while statement's 
expression may be a simple eq uivalence or it 
may contai n cal ls to other functions ! This 
can r·esult in some of the cleanest, nicest 
code you have ever seen. It does sometimes 
take a minute to fathom the meaning of a 
statement, however, and it is easy to forget 
the double equals in an if test, resulting in an 
equivalence! 

As an example, le t 's wr ilc .1 program tu convert 
J fil ~ into luwc r case : 

main(): 
char c; 
while((c = getchar( )) I = '\0 '): 

if( 'A' <= c && c < = 'Z') pu1char (c + 'a' - 'A' ); 
else pu1char (c); 

The program gets a character and assigns 
its value to the va ri able c. If the character is 
not zero (end of file, ie : \0) it executes the if 
statement. This checks to see if the character 
is upper case, and if so, converts it to lower 
case and outputs it. Otherwise it is already in 
lower case, and is output as is. The program 
continues with the next iteration of the 
while. 

The Case and Switch Statements: 

Another terribly usefu l C sta temen t 
group contains the case and switch state
ments. They are used to replace tests of mul 
tiple options with if statements like: 

if(c ='a') ... 

else if(c == 'b') . . . 

else . ... 
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The format of a is: 

switch (variable) { 
case 'a': 

statements; 
break; 


case 'b': 

statements; 
break; 

default: 
statements; 

~ 
The case statements label the various actions 
wanted; default is done if none of the other 
cases are satisfied. The default statement is 
optional. The break statement causes execu
tion to continue with the next statement 
following the switch gro up . The break state
ments are optional, and if not used, execu
tion falls th rough to the next case con di ti on, 
wh ich is often useful. 

break may also be used with for an d 
while statements, caus ing an immed ia te exit 
from the loop. (A continue statement may 
also be used to cause the next iteration of 
the loop to be started, in a for or while 
statement.) 

Arrays 

Arrays in C may be multidimensional 
and are subscripted by using square brackets. 
Array ind exes begin at zero. Typical array 
declarations are : 

int x[10]; 
int xy(lO] [20]; 

This exam pl e creates an array x, with ten 
elements, and an array xy with 200 
elements. Subscripts can be arbitrary integer 
expressions. 

Character Arrays (C Strings) 

Character arrays in C are strings of 
ASC II characters term in ated by a zero byte. 
This makes string handling simple. For 
example, when printing a character string 
using the prin tf fo rmat %s, printf prin ts the 
characters un til it fi nds a zero byte . 

Other Statements of Interest 

The for stateme nt is a generalized while 
of the fo rmat: · 

for {initialization,- expression; 
increment) statement 

where a typica l example might be: 

for(i=O; array [i) = getchar( ); i++) ; 
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whi ch copies characters from the input 
file in to array, until getchar finds a zero 
byte . The for is usual ly used when a variable 
must be initiali zed before it is used and then 
modified in a regular way ecrch time the loop 
is reiterated. 

Structures, Pointers, Pointers to Pointers, 
Pointers to _.. 

81-iefly, a structure in C is a grouping of 
data declared as follows: 

struct { 
variable declarations 

H 
initialization section 


\ structure-name,

where the initialization section is optiona l. A 
structure member is referred to by: 

structure-name .member 

where member is one of the variable 
declarations of the declaration. Structures 
may be made to be arrays by fol lowing the 
structure- name with the array size in 
brackets. Note that the whole structure can 
be passed as an argument to a fu nction, a 
feature most useful when compl icated link
ages are required. 

Po in ters are another way to refer to a 
member of a structure . Pointers in C are 
declared by preceding the variable name in 
the declaration with one or two (or mo1·e if 
you're a masochist) asterisks. One * means 
the variable is used as a pointer to some
th ing, two *s mean the variable is used as a 
pointer to a pointer {typica ll y a pointer to 
an array of pointers) . The address of a vari
ab le can be had in an expression by using the 
unary operator & in front of th e variab le. 
Pointe rs are usuall y used to "walk" along 
arrays efficiently . In fact, an array name 
represents the address of the zeroth 
element of the array, so it cannot be used on 
the left side of an ex pression, since you can't 
change the address of something by assigning 
to it. 

The Crux of the Matter 

It is difficu lt to learn much about a 
lang uage by reading about it ; I have on ly 
briefly skimmed the most impor tant features 
of C in an effort to enab le those who are 
not fam ili ar with the language and are 
looking for a bette r high level language to 
gain some insight into it. It seems to take a 
bit of working with the langu age in order to 
be able to experience and understand th e 
fu ll power of it and to be able to effectively 
utili ze that power. 
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All of this is of no use to microprocessor 
users un less it can be implemented on a 
microprocessor. C was designed with the 
PDP 11 /45 hardware direclly in mind, and it 
takes advantage of the indexed addressing 
mode and the increment and decrement 
instructions. It turns out that most C state
ments result in about three machine code 
instructions! 

The power of this language becomes more 
apparent with several notes. The Unix 
operati ng system was originally written in 
assembly language. During the summer of 
1973, it was rewritten in C. A number of 
features were added including mu ltipro
gramming and the abi lity Lo share ree ntrant 
code among several user programs. The size 
of the new system was about one third 
greater than the assemb ly language version. 
The programmers "considered this increase 
in size quite acceptable." Several benchmark 
programs written to compare the Digital 
Equipment Corporation's IAS operating 
system BASIC and FORTRAN with the 
Uni x C langu age gave results which placed 
C roughly ten times faster than FORTRAN 
and more than 15 times faster than the 
BASIC. 

Why not PL/I? 

I don't wish to put down PL/I, since it 
certain ly is a useful language and has its 
place; however, I would like to make a few 
comments in closing. 

Spec ial characte rs are fine and fun, but 
create all kinds of problems when trying to 
implement them; for example, few terminals 
have many of the special symbols resu lting 
in all kinds of weird esca pe sequences to get 
them. Unfortunately many keyboards in use 
are not even ful l ASC II. Hardware to do 5 
by 7 matrix printing tends never to get bui lt 
by the builder and most of the special sym
bols have no ASCII value. (On a personal 
note : I have met with the most amazi ng 
resistance to the idea of expanding ASCI I 
to eight bits. People will nearly resort to 
physical violence against the idea. But why 
not? Most machines use eight bits anyway, 
and parity [how often is it real ly used ?] can 
be implemented vertical ly instead of 
horizontally . Greek character·s seem to be 
the rage [though how often have you used 
them?] so why not implement 256 char
acters? I can see the mail now . . . ) 

Mr Skye notes that he wil l update 
PL/SKYE as one might a dictionary. Have 
you looked at the size of the Random 
House Dictionary lately? It is all very well to 
intend that it won't be too big, but doing it 
is very much the question. What is too big? 
That depends on your system. As memory 
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prices go down, too wil l the "big" threshold 
continue to go up and up. At this time, too 
big for a disk operating system seems to be 
about 16 to 32 K with perhaps four or five 
overlays (and th at is very big). while on a 
tape system, too big is 16 K and th at is very 
small if the program is to be in core, too. 

What to do, what to do... Well, you 
probably shou ldn't be running a high level 
language with a tape operating system unless 
it is a block oriented system (like the Digital 
Group Phi Deck system when implemented 
like a disk). So, perh aps we could set a limit 
a t between 16 to 24 K for the compiler 
itself, leavi ng room for several 512 byte 
blocks for 10 in a 20 to 32 K system. 

As for writing the comp iler in its own 
language , that is the only way to go. 

Relocatable code i a must; and with 
index registers it becomes very simple. Here 
is where the processor becomes important. 
We really need a processor with indexed and 
relative addressing modes. That looks like 
the Z-80 processor (scream, rant, rave ... ). 
That does not however mean that it could 
not be implemented on a 6800, 6502, 8080, 
Micro-NOVA or whatever. Actually it turns 
out to be relatively easy to rewrite the code 
generation portion of a compi ler to run on 
another mac hine, though at some ex pense 
in speed. (Can you imagine C on a Turing 
machine?} 

10? Yes, 10 should be complete ly dev ice 
independent. But that should be the 
concern of the operating system. Simply 
write your operating system in C, making 
it device independent. Actually, it is best to 
design the 10 routines to be function (sub
routine} calls in the compiler code, so the 
user can change it to suit his or her needs. 

This brings up an interesting point. How 
does one distribute the code? It can' t be in 
C source code; one can't run that. I hate 
binary object code since it is so machine and 
device dependent. Well , everyone should 
have an assemb ler for their machine, so why 
no t have the compi ler (or at least a version} 
generate machine source code. The 10 
sections of this can be modified if necessary 
using a text editor, asse mbled with the users' 
assembler and then it's ready to run. It 
turns out that it's not qui te that si mple, if 
you think about it or try it, but it's close. 
From the n on, the compiler can compi le 
itse lf when changes are made. 

This has been just an introductory com
mentary on the virtues of what I consider an 
excel lent language which sho uld be 
adaptable to th e range and scope of person al 
microprocessor based systems. As for when 
and if versions for the microproce sor user 
will appear, all I can do is close with the 
statement "wait and C."• 
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Simple Approaches 

to Computer Music Synthesis 

Thomas G Schneider In order to produce a musical outp ut, we 
706 Amherst SE must at least create a pitch outpu t un der 
Albuquerque NM 87106 co ntrol. Th is is but a starting point, since 

mo re comp I icated waveform and enve lope 
generation is also use ful in music. 

Th e block diagram of a basic note and 
octave synthesis system is shown in fig ure 1. 
The top octave generator produces a sq uare 
wave whose frequency (pitch) is determined 
by data sent out on the com pu te r's data bus. 
Since the output of the top octave generator 
is a square wave, it can easi ly be divided by 
digita l circ uitry . Each time we divide the 
freq uency by two, we end up with a note 
whose pitch is o ne octave lower than the 
input freq uency . By using an ord in ary TTL 

COMPUTER 
,, 

DATA OUT eus 
' 

FO-'- zl 

, 

TOP 
OCTAVE 
GENERATOR 

SQUARE WAV E 
OUTPUT 

FO 

' 

• . OCTAVE • • 
SELECTOR • .. . 

• . - FQ .;. 2" 

Figure 1: Block diagram of a pitch synthesis subsystem for use in electronic 
music experiments under computer control. The top octave generator 
produces a repetitive digital waveform selected under computer control from 
one of 7 2 well tempered pitches. This in turn drives octave generation logic 
consisting of a chain of toggles dividing frequency by two at each stage, and a 
selector to pick which of the octave related frequencies appear in the output. 

data se lector as an octave selector, we can 
generate a mu sical sca le covering many 
octaves, and we can also produce more than 
one pitch at a time, alth ough these extra 
outputs wil l always be octave related to one 
another. Th e octave se lector can also be 
co ntrolled by data sent out on the com
puter 's data bus, giv ing us more flexibi lity . 

The octave selector can be easi ly imp le· 
mented using an n-stage divider and several 
NAN D gates. However, there are several 
methods of generating the top octave. We 
need 12 notes to produ ce a 1 octave 
chromatic scale. These no tes must be ac
curate in frequency and dr ift free in order to 
produce a true chromatic or "eq uall y 
tempered" scale usefu l in music. 

One way of synthesizi ng the top octave is 
to use a digital to analog (D/A) converter 
co ntro lling an osc ill ator. An 8 bit co nverter 
lim its both resolution and range so that we 
cann ot produce an acceptably accurate 
chromatic scale. If we use a co nverter of 10 
bits or more, resol ut ion and range are 
sui tab le, but such units are expensive and 
req ui re stab le vo ltage contro ll ed oscil lators 
fo r thi s type of app licat ion. This method of 
pitch generat ion is shown in figu re 1. The 
one nice feature of the digital to analog con
verter method is that we have a co nti nuously 
variable output freq uency. Th is perm its 
nifty freq uency sweeping effects (known as 
" portamento " or "glide" effects to the 
mus ician). 

To save money we can co nstl"Uct a rather 
crude d igita l to analog converter which, in 
conju nctio n with the voltage controlled 
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Table 7: Octal and hexa
decimal representations of 
note selections, in the low 
order bits, for these pitch 
generation circuits. 

Octal Hexadecimal 
Note Code Code 

c 000 00 
C# 001 01 
D 002 02 
D# 003 03 
E 004 04 
F 005 05 
F# 006 06 
G 007 07 
G# 010 08 
A 011 09 
A# 01 2 QA 
B 01 3 OB 

osci ll ator, will prod uce the 12 notes required 
fo r the full too octave. This method is shown 
in detai l in figu re 2. By using su rplus 10 turn 
tr impots and the vol tage control led osc illa
tor, we can construct an inexpensive top 
octave generator. However, thi method has 
its disadva ntages: tu ning the trimpots is a 
critical operation, and once the pots are 
tu ned, they can eas ily detune themselves 
because of vibration or temperature var i
ations. My present synthesize r uses thi s 
method and needs to be retuned about every 
two months or so. 

A good alternate method of generat ing 
the top oc tave is to use an integrated circuit 
top octave generator such as the MOSTE K 
MK50240P. This ch ip can be had for under 
$10 and is second-sourced by General In 
strument Corporation as t he A Y-3-0215. 

There are several advan tages to be had by 
using this chip . The chip nomina lly requires 
a 2.000240 MH z reference frequ ency which 
is approximated by the cent ral processor 
clock's circuitry of most Altair (S-100) bus 
systems. (The frequency is not exac tly 
2.000240 MHz, but will be close enough 
for this application.) This chip eliminates 
both the voltage contro ll ed osci ll ator and 
digital to ana log converter, and therefore 
puts an end to stabil ity and tuning compl ica
tions. The M K50240P generates the top 13 
notes of the well- tempered mu sic scale with 
an accu racy better than can be determined 
by the best musician. 

Hardware Considerations for 
Two Working Circuits 

The circuit used for the pitch generator, 
using the tu nab le digital to ana log converter 
wi th an Al Lair bus is shown in figu re 2. Bus 
ti ming and address decodi ng are perfo rmed 
by I Cl , IC2, and IC3. IC4 and IC5 latch and 
hold data sen t to the board on the data out 
bus. IC8 is a 4 to 16 decoder with active low 
outputs. These outputs select which 10 turn 
tr impot is selected a the bottom leg of the 
voltage divider whose top leg is resisto r R. 
These tri mpots should all have a value about 

5 R. The voltage produced by this divider is 
connec ted to the input of the voltage con
trolled osci llator_The ou tput of the voltage 
control led oscillator is d ivided by lC7. !he 
outputs of counter lC7 are gated onto the 
output bus by IC6, the quad open co llector 
NANO gates. IC8 and the voltage con tro lled 
osc il lato r comprise the top octave generator 
and IC6 and IC7 comprise the octave 
selector. 

The circuit using the MK50240 P for top 
octave ge neration is shown in fig ure 3. The 
board address, bu s timing and latch circu itry 
are iden tical ro the circuit of figure 2. The 
octave selector is also identical to the one in 
fi gure 2. The M K50240P, lC6, is a 12 V 
device and requires input signal conditioni ng 
and o utput buffer ing. The 2N2222 transistor 
and associa ted res istors bring the TTL level 
clock signal fro m the bus up to the 12 V 
level required by the MK50240P. The out
pu ts of this chip are buffe red by lC7 and 
IC8 before going to lC9 which is the data 
selector and multiplexer. The M K502 40P 
generates all the notes in the top oc tave 
simul taneou ly and IC9 se lects any one of 
these outputs dependi ng on what data is 
present at the outpu ts of IC4. Th e output of 
lC9 is then connected to the two ch ips 
(IClO and IC l 1) comprising the octave 
se lecto r. An additional vo ltage regulator, a 
7812, has been prov ided to supply the 12 V 
needed for the MK50240P. Note that for 
addit ional music channels, additional copies 
of the note selector IC9 and octave se lector 
can be dr iven off the buffered outputs of the 
MK50240P_ 

A word of caution: the audio outp ut of 
the circuits in figures 2 and 3 swings aboLJt 
2 V peak to peak and should be attenuated 
with a potentiometer befo re you p lug it into 
yo ur stereo system or amp lifier. 

Software Considerations 

From a software point of view, the 
circuits of figures 2 and 3 are iden tica l. Bo th 
circui ts have an 10 device address of 300 
octal. Outpu tti ng the prope r data to 8080 
port 300 octal will cause the synthesizer to 
audib ly produce th e note and octave(s) 
represen ted by that data . 

The synthesizer can be considered as 
having two inp ut nybbles, each nybble co n
ta in ing fou r bits. Th e least igni ficant ny bb le 
de term in es what note is to be selected and 
the most significant nybble determines what 
one of fou r possib le octave(s) is to be 
selected . One byte con tai ns al I the in
fo rmat ion neces ary to set up any note and 
octave(s). 

Bear in mind that the synthesizer wil I 
cont inue to produce the note and octave(s) 
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analog con veri er method uses a voltage contra/led osciflator with a diode resistance seleclion o f pitch. 

143 



Octal 

020 
021 
022 
023 
024 
025 
026 
027 
030 
031 
032 
033 

Hexadecimal 

10 
11 
12 
13 
14 
15 

16 

17 
18 
19 
1A 

1B 

Octal Hexadecimal 
Octave Code Code 

4 (h ighest) 020 10 

3 040 20 

2 100 40 

1 (lowest) 200 80 


you have se lected unt il you send it new data. 
To clear the synthesizer (no aud ib le outpu t) 
all you need do is output a 0 on data li nes 
D4 th ru D7, the most signifi cant nybble. 

Table 1 shows what the octal representa
t ions are for each no te in the to p octave. 
Table 2 shows the octal rep resentations fo r 
each octave. To pack these two codes in to 
one byte, they can either be added or 0 Red. 
Table 3 shows a series of codes that, when 

Table 3: Octal and hexadecimal representa
tions of the notes of a chromatic scale in the 
highest octave of this interface. Th e codes 
for any given pitch can be generated by 
adding the note code of table 7 to one or 
more of the octave codes of table 2, pro
viding a multiple freque ncy output in the 
summing resistor network of these circuits. 
In these examples, only one octave selection 
is enabled, the high octave. 

Table 2: Octal and hexadecimal notation for 
octave enabling bits sent to the in terface in 
the high order nybble of the 8 bit word. 
Note that one or more of the octaves may be 
enabled simultaneously simply by adding the 
codes together (or using a logical OR). 

moved to port 300 octal in sequence, will 
produce a 12 note musical scale in the 
synthesizer 's highest octave. However, if 
yo u wish to hear th is scale, yo u must insert a 
software time delay in between each note. 
Otherwise all you will hear is a very short 
"click " because of the processor's high speed 
of prog ram execut ion. If you wish to hear 
th is scale in fo ur octaves simultaneously, al l 
you need to do is keep all fou 1· bits in the 
octave enabling nybble in the high state. 

Armed with thi s in formatio n and some 
simple software ro utines, you and yo ur 
trusty computer are now capab le of synthe
sizing all of J S Bach's "B Minor Mass," to 
say nothing of the many new types of 
musical expression you no w have at your 
fin ge rtips. I myself have synthesized Hayd n's 
" Minuet in G," parts of Bach's "Toccata and 
Fugue in D Minor, " Henry Manci ni's 
" Pink Panther Theme," and " Hot Rod 
Linco ln!"• 

Send now to : 

BYTE Interface Technical Services, Inc. 

70 Main St 

Peterborough NH 03458 


The Best of BYTE, Volume I 
The volume we have all been waiting for I The answer to those unavailable early issues of 
BYTE. Best of BYTE, edited by Carl Helmers Jr and David Ahl. This 384 page book is 
packed with a majoritV of material from the first 12 issues. Included are 146 pages 
devoted to "Hardware" and how-to articles ranging from TV disp lays to joysticks to 
cassette in terfaces , along with a section devoted to kit building which desc ri bes seven 
major kits . "Software and Applications" is the other side of the coin: on-line debuggers 
to games to a complete small business accounting system is included in this 125 page 
section. A section on "Theory" examines the how and why behind the c ircu its and 
programs. "Opinion" closes the book with a look ahead , as to where this new hobby is 
heading. It is now available through BITS Inc for only $11.95 and 50 cents postage. 
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IMORE BYTES FOR YOUR BUCK • 

SK RAM . ..assembled, burnt-in, tested 

and warranted . ..only $19750 ! 


These are not kits, but completely assembled and 
tested boards, with a 1 year warranty. No soldering, 
no messing, no chance of mis-connections . .. just 
plug 'em in and you 're ready to run . The 8K RAM has 
the same features and speed as our 4K RAM (500 
nsec, no wait states) and if that isn 't fast enough 
there 's our 8K (Z) fast RAM that gives you a 250 nsec 
access time for only $217.50! 

Because of the low power memory chips used, power 
requirements are lower than many other RAM boards. 
And the 8K RAM uses less power than two 4K boards. 
All RAMs are manufactured to military specification 
MIL STD-883- C, assuring greatest control over 
reliabil ity. 

Address selection is easily accomplished by our 
Visaddress™, an easy to read switch on the board 
top. The BK board is designed to be selected as one 
of eight possible BK RAM boards present on the S-100 
bus. 

To ach ieve address selection, the top address lines 
are decoded using the Visaddress switch. The switch 
wil l then show the selected starting address of the 
RAM card . (i.e. ~ = ¢¢¢¢-1FFF, 2=2¢¢¢-3FFF, etc. 
nn the BK board). 

Both boards have fully buffered address and data 
lines, and extensive built- in noise immunity c ircuitry. 
And are plug-in compatible with the S-100 bus 
(Altair BBOO, IMSA1 BOBO, etc.) 

Quality, assembled boards at less than kit prices. But 
what else should you expect from a company whose 
prime products are electron ic test instrumentation 
and microprocessing components? 

Also available: 4K RAM; $107.00, Alpha-VDM; $107.00, 
Alpha-VDM-11 ; $145.00, Graphics-VDM: $137.00. 

Order direct by check, BankAmericard or Master 
Charge (Add $1.50 shipping, credit customers give us 
all the card numbers, please and Ohio residents add 
4112% sales tax) or contact us for more information . 
Kent-Moore Instrument Company, a subsidiary of 
Kent- Moore Corporation (founded in 1919), P.O. Box 
507, Industrial Ave., Pioneer, Ohio 43554. (419) 737
2352. Or, Kent-Moore of Canada, 246 S. Cawthra Rd. , 
Mississauga, Ontario L-A3P2, Canada. 
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Kent-Moore 
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BEGIN 
PROGRAM 

"BUG" 
PROGRAM 

GAMES 
(1,g) 

END PROGRAM 

GET PLAYER 'S NAME 
ASK IF PLAYER WANTS INSTRUCT IONS 

YES 
(0, 1) 

0 
NO 
(0,11 

BEGIN GAME 

TURNS 
(1 ,t) 

ENO GAME 

{ PRINT GAME INSTRUCTIONS 

{ SKIP 

{INITIALIZE BUG PARTS 

PLAYER 'S TURN { •••figure 2 

COMPUTER'S TURN { ••• figure 2 

Figure 7: The Warnier-Orr 
END TUAN { see fig ure 3 

diagram showing the basic 
structure of the BUG pro
gram.

{ GET NEW PLAYER'S NAME 

Structured Program Design 


David A Higgins 
Langston. Kitch and Associates Inc 
715 E 8th St 
Topeka KS 66607 

In the world of electronics, no experi
menter in his right mind would build a cir
cuit by throwing a few parts together with 
some wire and some hope, then attaching a 
line cord and plugging it in to see if it works. 
Not only are you likely to destroy some 
very expensive parts, but it is also a good 
way to get fr ied, o r at least gel a new hairdo. 

Yet, after all the tro uble that a ser·ious 
microcomputer hobbyist will take to in ure 
that his circuit is put together correctly be
fore he ever turns it on, he will in variab ly 
try to program his new computer by u ing 
a techn ique ana logous to the one above. 
That is why his program s almost never 
run right the first time, if ind eed they ever 
manage Lo ru n right at all. IL is also wl1y 
many microcomputer buffs stay up until 
odd hours of the night drinking coffee by 
the ga llon in an effort to find that one 
litt le bug. 
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But there is hope . I'm sure that nearly 
everyone involved with computers has heard 
something about structured programming in 
one form or another. It is not really a new 
technique, having been preached about for 
many years. However, the tools and meth
odologies available to design programs have 
changed radically over the years. 

In the beginning there were flowcharts, 
which looked like five -dimensional octopi 
or the corporate structure of a conglom
erate. Despite the absence of a consistent 
approach that would enable everyone to 
design a program using flowcharts , those 
programmers who did bother to work out 
their problem with a flowchart first u ually 
seemed to have more luck in getting pro
grams to run sooner and better than 
programmers who did not. 

Structuring Tools 

The development of mathem atics would 
surely have been stymied if Roman numerals 
had been retained as our number system. In 
much the ame manner, the science of 
structured program de ign would have been 
mired down if only flowcharts had been 



available for developing programs. It is not 
th at calculus is impo sible with Roman 
numerals, it's just that it's extremely dif
ficult. Thus, over the years, a number of 
design and documentation tools were devel 
oped to be tter enable a program mer to 
understand the problem before going out to 
do battle with the program. 

TOP-DOWN or GOTO-Jess programming, 
developed by Djkstra and others, was 
probably the first major attempt to olve the 
design versus coding problem. Djkstra simply 
observed th at the more GOTO that were in 
a program, the less likely it was to run 
correctly . Djkstra called such programs 
"spaghetti bowl" programs, because if you 
drew a line from each GOTO in the program 
to its destination, you ended up with a mess 
that looked like a bowl of spaghetti. He 
showed how any program could be written 
with just a few simple flow structure 
without any GOTOs. His techniques pro
duced si mple , readable code that was easy 
to test and mai ntain . So, the big push among 
de ign aficionados was to eliminate the 
GOTOs in their program ming. Although 
TOP -DOWN programming was a big advance 
ment over flowcharting, it wa just that: 
programming. It was a technique for coding 
a program, not necessarily designing it. 

Another technique, IBM 's HI PO {and 
later HIPO-DB) entered the design field 
almost by chance, being prim ar ily a docu 
mentation tool that was also being used 
for program design. The major drawback to 
HIPO techniques, besides the fact that they 
did not work well for designing a program, 
was their tendency to produce 50 pages of 
documen tation for a 3 page program. 

Warn ier-Orr Diagrams - A New Approach 

Within the last fo ur years a new tech
nique for program design has evolved from 
the work of jean-Dominque Warnier {pro
nounced warn'-yay) in France, and Kenneth 
T Orr of Langston, Kitch and Associates in 
Topeka KS. The technique has foundations 
in set theory and Boolean algebra, and ho lds 
much promise for program design appli
cations. Warn ier-Orr diagrams, as we have 
called them here in the United States, allow 
programmers to design faster than ever 
before, to code programs with little or no 
effort, and produce programs that usually 
run correctly the first time. The approach 
is not limited to small programs. Nothing 
will make a believer out of someone quicker 
than a 20 page COBOL program which runs 
correctly the first time. The Warnier-Orr 
technique stresses design over coding and 
contends that once a problem is designed, it 

TURN 

BEGIN TUAN { ROLL THE DIE 

(0,1){~"'""~"' "" """' 
ROLL • "1 " 

(0.11 8 
PLAYER ALREADY HAS A BODY 

8 
(0,1) 

ROLL • "2" 
10.11 0{"""'

HAS BODY 
10.11 

0 

(0,1) 

ROLL • " 3" 
(0, 1) 0{"""' 

HAS NECK 
(0,1) 

(0,1) 

ROLL • " 4" 

8 

{ ""'."(0,11 0 
HAS HEAD 

10.1) 

0 
(0,1) 

ROLL • " 5" 
(0,1) 0{"'""'

HAS BODY 
(0,1) 

0 

(0,11 

ROLL • " 6 " 
10,ll 0{"'""' 

HAS BODY 
10 ,1) 

(0,11 

(0 ,1) 

0{""'" 

HAsiiiECK 

{ sK IP 

I0,1) 

8 
HAS HEADf'""" 


{ SKIP 

10,1){"""···
0 
2 ANTENNA 

(0,11 

{ SK IP 

(0,1) 

0{"""

HAS TAIL 

{ SKIP 

(0,1) 

0{""'" 

HAS 6 LEGS 

10, 11 

{ sKIP 

{ SKIP 

{ GIVE PLAYER A BODY 

{ SKIP 

{ GIV E PLAYER A NECK 

{ SKIP 

{ GIVE PLAYER A HEAD 

{ SKIP 

{ G IVE PLAYER AN ANTENNA 

{ SKIP 

{ GIVE PLAYER A TAIL 

{ SKIP 

{ GIVE PLAYER 1 LEG 

Figure 2: Diagram of the logic for the PLAYER and COMPUTER TURNS 
routines of the BUG program. 

does not matter what programming language 
you code it in! At Langston, Kitch and Asso
ciates, people have used the 
to program in COBOL, PL/I, 
FORTRAN , BASIC, RPG I I and 
languages. It works equally well 
them. 

Warnier-Orr Diagram 

technique 
ALGOL, 

asse mbler 
for all of 

The simplest way to learn about Warnier
Orr diagrams is to see examples of them. 
Warn ier-Orr diagrams are very easy to learn 
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If the player rolls a 4, we first find the instructions to fo ll ow for a roll of 4 and check to 
see if the player has a BUG head . If he does, we then check to s.ee whether or not the 

player already has two antennae .... 

and use; however, be forewa rned that this is 
a technique that is sometimes deceptively 
simple, but no t as trivial as it often seems. 

Let 's consider the re latively simple game 
of BUG. In thi s game th e computer rolls a 
die, once for itself and once for its oppo
nent. Each number of the die corresponds to 

HAS EITHER PLAYER COMPLETED A BUG 

COMPUTER WINS 
10.11 { 

DISPLAY 
"IWIN" 

YES I0 ,11 
END TURN 

OPPONENT WINS DISPLAY 
10.11 { " YOU WIN " 

\._DECLARE ENO OF GAME 

NO 10,11 { ao ON TO NEXT TURN 

Figure 3: Warnier-Orr diagram for the ending ofa tum or a game. 

Listing 7: A structured BASIC program that was written using the Warnier
Orr diagrams of figures 7 thru 3. This code executed correctly the first time 
even though ii was the author's first attempt at writing a BASIC program. 

10 REM BUG PROGRAM 
20 REM BEGIN PROGRAM 
30 DIM HEAD(2), BODY(2), LEGS(21, TAIL(2), ANTE(2), NECK(2), CNT(2) 
40 GOSUB 120 
50 REMGAMES(l ,G) 
60 LET EPGM=O 
70 GOSUB 200 
80 IF EPGM=O THE N GOTO 70 
90 REM END PROGRAM 
100 STOP 
110 REM BEG IN PROGRAM SUBROUTINE 
120 PR INT 'ENTER YOUR FIRST NAME' 
130 INPUT :NAME$ 
140 PRINT 'DO YOU WANT AN EXPLANATION OF THE RULES; ENTER YES 

OR NO.' 
150 INPUT ANS$ 
155 LET TEST = SCOMP ('YES' ,ANS$) 
160 IF TEST = 0 THEN GOSUB 1200 ELSE ; 
170 RETURN 
180 REM GAMES SUBROUTINE 
190 REM BEGIN GAM E 
200 GOSUB 290 
210 REM TURNS 11 ,T ) 
220 LET EGAM = 0 
230 GOSUB 390 
240 IF EGAM = 0 THEN 230 
250 REM END GAME 
260 GOSUB 1150 
270 RETURN 
280 REM BEGIN GAME SUBROUTINE 
290 LET BODY(1), BODYl2) = 0 
295 LETCNT(1),CNT(2) =O 
300 LET NECK( 1), NECK(2) = 0 
310 LETHEAD (1),H EAD(2) = 0 
320 LET ANTE(1 I , ANTE(2) = 0 
330 LET TAIUl ), TAIL(2) = 0 

a part of the BUG 's anatomy: l = BODY , 
2 = NECK, 3 = HEAD , 4 = ANTENNAE, 
5 = TA IL, and 6 = LEGS . The object of the 
game is to finish your bug before the com
puter finishes its bug. Other rules : you must 
have a body before you can have legs, a neck 
o r a ta il ; you must have a neck before you 
can have a head, and you must have a head 
befo re you can have antennae . One body, 
one neck, · one head, one tail, six legs and 
two ante nnae are needed to complete a bug . 
Figure 1 is a Warnier-Orr diagram showing 
the basic st ruc ture of the BUG program. 

The Warnier-Orr di agram is read left to 
right, top to bottom, just like conventional 
Engli sh text. The brackets enclose logical ly 
related operations, the largest of which is the 
program itself. The BUG program is com
posed of three logical sectio ns: 

• 	 The BEGIN PROGRAM section , 
where the player's name is req uested 
and there is an exp lana tion of the 
game rules. Note that the + symbol 
between the modul es YES and NO 
denotes the exclusive 0 R fu net ion, 
meaning that o ne or the other but not 
both of the modules wil I be per
fo rmed . Observe also that th is is re
flected in the number of t im es that 
each module may be performed: 0 if 
the condition is false and 1 if the 
condition is t rue. 

• 	 The process section, GAM ES, where 
the pl aying of the game actu al ly takes 
place . The ( 1,g) denotes that the sec
tion is to be performed at least o nce , 
and possi bly many (g) times . 

• 	 The END PROGRAM sec tion, which 
in this case is empty, but which 
usually contains things such as the 
closing of files, the goodbye message, 
etc. 

The rest of the brackets decompose in a 
similar fashion. The GAMES procedu re 
breaks down into the beginning of the game, 
(BEG IN GAME), the turns that each player 
takes (TURNS), and the end of the game 
(END GAME). 

Notice that logically there are things that 
only happen at the beginning of the program 
and things that only hap pen during the play
ing of the game itse lf. The Warnier-O rr di 
agrams allow you to see very eas il y jus t 
where and when a particul ar event must take 
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Whether managing accounts at the local general store or aiding in the 
development of the latest Space War, the MiniTerm Dual MiniFloppy* 
System 80/2 can do the job best. Z-80 powered , and S-100 bus 
structu red, the System 80/2 mainframe with regulated suppl ies for two 
mini f loppies· is also available without cards and drives . 

Dealer Inquiries Invited . 

..A. M1n1Term Associates, inc. 
~a-. Box 268, Bed ford , Mass . 01730 (617) 648-1200 ~...--... ""----~ 


· Mini Floppy is a registered trademark of Shugart Assocates. 

Circ le 408 on in qu iry card . 



Listing 7, continued: 

340 LET LEGS(1), LEGS(2) = 0 
350 RETURN 
360 REM TURNS SUBROUTINE 
370 REM PLA YEAS TURN 
380 REM LET PLAYER START TURN 
390 PRINT 'HIT RETURN TO ROLL DIE' 
400 INPUT A 
410 LET PLAY= 1 
420 GOSUB 520 
430 REM COMPUTERS TURN 
440 LETPLAY=2 
450 GOSUB 520 
460 REM END TURN 
470 GOSUB 1060 
480 RETURN 
490 REM TURN SUBROUTINE 

500 REM PLAY=l ;PLAY ERS TURN- PLAY=2 ;COMPUT ERS TURN 

510 REM ROLL DIE 
520 LET ROLL = FIX@ (((AND (0)) * 6 .0)) + 1 
530 PRINT : "ROLL IS A", ROLL 
540 IF ROLL = 1 THEN IF BODY (PLAY) #1 THEN GOSUB 690 ELSE; ELSE; 
550 IF ROLL=1THEN650 
560 IF ROLL =2THEN IF BODY (PLAY) =1 THEN IF NECK (PLAY) # 1 


THEN GOSUB 760 

570 IF ROLL=2 THEN 650 

580 IF ROLL= 3 THEN IF BODY (PLAY)= 1 THEN IF NECK (PLAY)= 1 


THEN IF HEAD (PLAY) #1 THEN GOSUB 820 

590 IF RO LL=3 TH EN 650 
600 IF ROLL= 4 T HEN IF HEAD (PLAY)= 1 THEN IF ANTE (PLAY) # 2 

T HEN GOSU8 880 
610 IF ROLL=4 THEN 650 
620 IF ROLL= 5 THEN IF BODY (PLAY)= 1 THEN IF TAIL (PLAY) # 1 

THEN GOSU8 940 

630 IF ROLL=5 THEN 650 

640 IF RO LL = 6 THEN IF BODY (PLAY) = 1 TH EN IF LEGS(PLA Y) 


# 6 TH EN GOSUB 1000 
650 LET A= 3 
660 RETURN 
670 REM BODY SUBROUTINE 
700 IF PLAY= 1 THEN PRINT : NAME$," 'S BUG HAS A BODY" 
710 IF PLAY= 2 THEN PRINT : "COMPUTER'S BUG HAS A BODY" 
720 LET CNT (PLAY) = 1 
730 LET BO DY (PLAY) = 1 
740 RETURN 
750 REM NECK SUBROUTINE 
760 IF PLAY= 1 THEN PRINT : NAME$," 'S BUG HAS A NECK" 
770 IF PLAY= 2 THEN PRINT: "COMPUTER'S BUG HAS A NECK" 
780 LET CNT (PLAY)= CNT (PLAY) + 1 
790 LET NECK (PLAY)= 1 
800 RETURN 
810 REM HEAD SUBROUTINE 
820 IF PLAY= 1 THEN PRINT : NAME$," 'S BUG HAS A BODY" 
830 IF PLAY= 2 THEN PRINT : "COMPUTER'S BUG HAS A BODY" 
840 LET CNT (PLAY) = CNT (PLAY) + 1 
850 LET HEAD (PLAY)= 1 
860 RETURN 
870 REM ANTENNAE SUBROUTINE 
880 LET ANTE(PLA Y) = ANTE(PLA Y) + 1 
890 IF PLAY = 1 THEN PRINT : NAME$," 'S BUG HAS ", 

ANTE (1), "ANTENNAE." 
900 IF PLAY= 2 THEN PRINT : "COMPUTER'S BUG HAS"' ANTE (2), 

"ANTENNAE. " 
910 LET CNT (PLAY) = CNT (PLAY) + 1 
920 RETURN 
930 REM TAIL SUBROUTINE 
940 IF PLAY = 1 THEN PRINT : NAME$," 'S BUG HAS A TA IL" 
950 IF PLAY= 2 THEN PRINT : "COM PUTER'S BUG HAS A TAIL" 
960 LET CNT (PLAY) = CNT (PLAY) + 1 
970 LET TAIL (PLAY)= 1 
980 RETURN 
990 REM LEGS SUBROUTINE 
1000 LET LEGS(PLA Y) = LEGS(PLA Y) + 1 

1010 IF PLAY= 1 T HEN PRINT : NAME$,"' S BUG HAS", L EGS (1)," LEGS." 

1020 IF PLAY= 2 THEN PRINT : "COMPUTER 'S BUG HAS " , LEGS (2), 


"LEGS." 

1030 LET CNT (PLAY)= CNT (PLAY)+ 1 

1040 RETURN 

1050 REM END TURN SUBROUTINE 

1060 IFCNT(1) = 12TH EN1 090 

1070 IF CNT (2) = 12 THEN 1110 

1080 GOT01130 

1090 PRINT : NAME$," 'S BUG IS FINISHED' YOU WIN" 

1100 GOTO 1120 


place. After examining f igure 1 careful ly to 
make sure that you understand how the 
diagrams work, move on to the explanation 
of the PLAYER and COMPUTER TURNS 
section shown in figure 2. 

In figure 2, we have represented the logic 
for each of the players' turns during the 
game. At the beginning of each turn, the die 
is rolled to determine the part of the BUG's 
body that the player may receive. Wh atever 
the roll, we then have a logical path to 
follow. Again, please note that the presence 
of the Gl between each of the possible 
rolls denotes mutual exclusion, ie: on ly one 
of the path s may be selected. This partic
ular structure is known as a case statement. 

If the player rolls a 4 , we first find th e 
instructions to follow for a roll of 4 and 
check to see if the player has a BUG head. 
If he does, we then check to see whether or 
not the player already has two antennae. 
If he does, then we do nothing. /f he does 
not have two antennae yet, we give him 
one antenna. If he does no t have a BUG 
head, then again we do nothing. In a similar 
fashio n, all of the possible rol ls and their 
assoc iated procedures are explained. Now 
let's move on to the Warnier-Orr diagram for 
the end of the turn, which is shown in figure 
3. 

If either player has won the game at the 
end of a turn, the computer declares the 
winner and ends the game. If neither player 
has won, the computer does nothing and 
cycles through for another turn. 

Structured Programming 

Havi ng fully understood the problem, 
coding the BUG program is a simp le and 
straightforward process. For this particular 
example I coded the program shown in list· 
ing 1 in a version of BAS IC. 

As you can see, each bracket of the 
original Warnier-Orr diagram roughly corre
sponds to a subroutine in the finished code: 
the process GAMES, for instance, becomes 
the subroutine at line number 180 which is 
called repeatedly by the branch at Ii ne 80 
unti l EPGM equals 1, indicating that no 
more games are to be played; the process 
BEGIN PROGRAM is handled by the sub
routine at li ne 110, and so fort h. 
The resultant code is: 

• easy to read and understand 
• easy to change and maintain 
• already documented 
• logica lly correct. 

It is also a program that wil I run correct ly 
the first time, barring unforeseen syntax 
errors for those of us who can't type or 
spel I. All of this is possible because the 
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program was thorough ly designed before Listing 7, continued: 
it was even partially coded. 

Conc lusio n 

Wam ier-Orr diagrams are a giant leap in 
the right direction for structured program
ming. They represent an attitude which, for 
the first time since people have been playing 
with computers, can lead Lo consistently 
reliable software that is very easy to main
tain. Currently, most data processing de
partments spend over 80% of their time 
and effort repairing old code th at has 
suddenly gone bad. Warn ie r-Orr diagrams 
also provide the means to produce softwar·e 
of a quality that has never before been 
possible. 

If you think that you are interested in 
using Warnier-Orr diagrams to help you 
solve some of your software headaches, by 
all means try them. But as I mentioned 
above, this techniq ue looks deceptive ly 
simple, and you may not have much success. 
Understanding a diagram such as the one 
presented in th is text is one th ing; creating 
one from scratch is another. 

If you do get bogged down, please feel 
free to write us for more information . If you 
try them, like them, and think you've done 
somethi ng exciting with them, aga in feel free 
to write us and tel l us what you've done.• 

1110 PRINT : "COMPUTER'S BUG IS F INISHED, I WIN" 

1120 LET EGAM = 1 

1130 RETURN 

1140 REM END GAME SUBROUTINE 

1150 PRINT: "DOES ANYONE ELSE WANT TO PLAY" 

1160 INPUT ANS$ 

1165 LET TEST = SCOMP (ANS$, 'YES') 

1170 IF TEST # 0 THEN LET EPGM = 1 

1180 RETURN 

1190 REM EXPLANAT ION OF RULES SUBROUTINE 

1200 PRINT "THE GAME OF BUG IS PLAYED AS FOLLOWS:" 

1210 PR INT" A DI E IS ROLLED BY THE COMPUTER, AND EACH NUMBER" 

1220 PRINT " ON THE D IE CORRESPONDS TO A PART OF THE BUG'S" 

1230 PRINT " BODY : 1=BODY , 2=NECK, 3=HEAD, 4=ANTENNAE, 5=TAIL" 

1240 PRINT " 6= LEGS. YOU NEE D 1 BODY, 1 N ECK, 1 HEAD, 2 ANTENNAE " 

1250 PR INT" 1 TAIL, AND 6 LE GS TO COMPLETE A BUG." 

1260 PR INT" T H E OBJECT OF THE GAME IS TO BUILD YOUR BUG 


BEFORE" 
1270 PRINT" COMPUTER BUILDS HIS." 
1280 PRINT " - HIT RETURN WHEN YOU ARE READY TO PLAY ." 
1290 INPUT A 
1210 RETURN 
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Continued from page 20 

dise pu1·chased . We temporari ly FIX 
0 to prin t the quantity as a nondeci
mal integer and mak e reading the 
tape easier. We store the quantity 
in data memory 01, prin t, restore 
the SR-52 to FIX 2 an d HLT. 

5. 	 Key B is the Iist price of the product. 
It is stored in data memory 02 and 
printed. This time we did not use a 
HLT instruction, and we wil l see 
why in the next step. 

6. 	 Wi thout a HLT in step 5, the SR-52 
program counter automatica lly moves 
down to the nexl step. It encounters 
the command to mu ltiply AxB, 01· 
more exactly that data we stored in 
memory 01 tim es the data we stored 
in memory 02. We print thi s result 
and then sum th e resul t into data 
memory 19. Sin ce we clea red the 
SR-52 memories in our initial house
kee ping instruction, we know th at 
the initial content of data memory 
19 is zero. After al I th is we HLT. 

At 	 th is point in our flowch ar·t we are 
at 	 a manual or human dec ision po in t as 
shown by 	 the diamond . If we have more 
merchandise to price, we can go back and 
put 	in the next qu an tity A and price B. We 
would do 	 th is until we were done. Then 
we would 	 go to the A' bu tton. In our 
flowc hart this is labeled as slep 9. Pu tt ing 
A' 	 near the en d of the program may appea r 
to 	 be out of sequence, bu t the S R-52 
doesn't care. It wi II automatically go looking 
for 	 A' program ins tructions whenever that 
button is 	 pushed. My programmin g style 
says that I 	like to finish defi ning the bas ic 
user defined key fun ctio ns before getting 
invo lved in the detailed program steps. Since 
we 	 haven't defined key E yet, that wi ll be 
the 	next step. Incidentally, claiming a pro
gramming style as a reason fo r doing some
thing is an easy way of avoi ding a lot of 
"no 	win" programming arguments. If it's a 
matte r of taste, who can co mp lain ? 

Since the flowchart re presents the actual 
seq uence the user fo llows, we see that the 
A' bu tton is pushed to complete and print 
the totaling and discou nt of the list price 
merchandise. The detai ls of th is block wi ll 
be discussed below. At this poin t we are 
only concerned with what we do next. The 
diamond again indicates a manual decision. 
Do we have any net pri ce items on th is 
invo ice? If so , we will go to A again. This 
ti me, button A wi ll be associa ted with 
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quantities of the net price items. If the1·e 
are no ne t price items we will push button 
s'. This will complete the invo ice compu· 
tation. At this point in the flowchart we 
define button E. 

7. 	 Key E is the net pri ce of the merchan
dise. We will store th is price in data 
memory 05 and print the price. Again 
as in step 5, si nee we don't have a 
HLT instructio n, the SR-52 will 
automatical ly proceed to step 8. 

8. 	Th is step wil l multipl y AxE, or the 
quantity in data memo ry 01 times the 
net pri ce in data memo1·y 05. The re 
su lt is prin ted and summ ed into data 
memor·y 19. Incidenta lly, the prev ious 
va lu e of data memo1·y 19 is sto1·ed 
with the net price computatio n 
that resulted when button A' was 
push ed. The diamond after this block 
is another man ual decisio n. If there 
are more net price items go back to 
A; otherwise go on to 8 1 

• 

9. 	Th is block, at first glance, appears 
to be co mp lex. Bu t it really isn't. 
l t provides the following instruc tions: 

RCL 19 	 Recall the list price 
amount that was summed 
in to data memory 19 and 
print (PRT) the amount. 

1- C 	 Multip ly the list pri ce 
total by 1- C, the di s
count that was inputted, 
and stmed or igi nall y with 
key C. Prin t the dol la1· 
amount of the disco un t. 

- RCL 19 	 Sub tract the I ist price 
amoun t from the dis
count; "+/- "; change the 
sign since the resu It is a 
negative number and prin t 
the resu lt. Th is is the net 
price of the merchandise. 

Pap Advance the paper one 
line for format clar ity. 

STO 19 Store total net pi-ice in 
data memory 19 and HLT. 

Not so bad, was it? 
10. 	We no w defi ne the program instruc

tions for the B' button: 

Pap 	 One line of paper advance. 
RCL19 	 Recal l and print the total 

order net pr ice that has 
been summed in p1·evio us 



PRT= 

Pap, Pap, 
Pap 

11. RST 

steps in to data memory Listing 7: 	 Program listing for the SR-52 invoice program. The program is 
19. broken into sections corresponding to the flowchart of figure 2. 

+RCL D 	 Recall, add and print the 
shipping costs. 

056 .,,.,l 
055 

057 
058~u" 059 
060 

llLT 06 1 

Total th e entire ord er and 
print. 
Advance the paper three 
li nes . 
Resets the program cou nter 
back to 000. Th is pro 
gram address is th e first 
one we used in our house
kee ping steps. The pro 
gram will automatically 
execute those housekeep
ing instructions and then 
HLT. The SR-52 is now 
ready for a new invo ice 
routine. 

~ff. 
L INE.,, 

TOTAL~" 

l 
~-rs '"" 	 ® 
000 4 7 

c,n 001 25[~' 
~--

ttSICPG ;r-11. 	 00 2 5 7 
Q) 003 0 2 

U L. T 004 8 1 
00 5 4 6 
006 13;c•$TO 	 0 07 4 2 

c1scou1n 0 0 08 0 0 

0 0 09 03
l 

010 98· ~· 
• 1u111 011 99 
I ~\. l 0 12 8 1 

0 13 46 l1ST 
0 14 14 P'RICf[;Slilf'l'lhG STO 0 15 4 2 TOTAL. 

@ 0 0 16 00 DISC AMT, 

"" 
. 0 17 04 

OI B Bl NET 

The revised flowchart is now complete 
and at the same time we have defined vir
tually every program instruc t ion step. Th e 
total deve lopment of this program has been 
a very straightforward transla tion of wha t 
we wan t to accom plish in to precise terms 
understandable to our computer. 

The last programming step is to set the 
SR-52 to receive program ins tructions. A 
key marked LRN (learn ) is provided for 
this. Several other programming keys are 
also provided which dramaticall y simplify 
purring a new program into the machine. 
At this poi nt we will on ly need the LRN 
button . With the SR-52 in the LRN mode, 
we begin with the first ins truction which 
is CMs (c lear memories). We push that 
button on the keyboard . The program 
counter moves to 001 and we push the CLR 
button. The 5 R-52 stores the clear instruc
tion and the program counter moves to 002. 
We continue pushing the buttons that we 
defined in our program unti l we reach the 
last instruction which is RST. Our program 
is now stored in the machine. We take the 
SR-52 out of the learn mode by pressing 
the LRN butcon agai n. The program counter 
is manually reset to 000. Lis ting 1 shows the 
entire program list. 

We are now ready for the critical test. 
Th e RUN button is pressed and, if the dis
play is not flashi ng, there is a good chance 
rh at our program migh t work . We test it by 
pu tting in a sample ca lcul ation . If it does 
work, our tape printout would look like 
listing 2. If there are prob lems, the printer 
wi ll be a great hel p in finding the bug. 

Th e fi r t th ing that can be done is to ask 
for a list of the program steps. This outpu t 
list can be compared to the work sheet we 
used to enter the progra m. An alyzing the 
program li st shown in listing 1 is made easier 
if we mark each program address line wi th 

Listing 2: Sample printout 
of the invoice program. 

153 

" \.UL.•. ..... 

RCL 

·on 

•CL 

0 

..., 
RC' 

.,_ ...,.... 
S!O 

"'' 
'L8 L .,. .... 
•c' 

.... 
nc' 

•pn 

'tlf l.... 
[ ' RUH 

DISCOUN T 

OUAHT1TY 

LIST PRIC( 

LINE TOTAL 

OUANTITV 

1.151' PR ICg 

LINE TOTAL 

OUANTI T V 

L ISTPR ICf 

L IN£ TOTAL 

TOTAi. LIST 

01SCAUf 

NET T D T-'L 

OUMHITY 

NETPA tCf 

LINE T01'•t.. 

TOTA~ NET 

SH I P"tl~G 

INV . A'-lt 

u 62 
0 63 
06 4 
065 
066 
067 
068 
069 
070 
07 1 
072 
073 
07 4 
075 
076 
077 
0 78 
0 79 
080 
08 1 
082 
083 
084 
085 
086 
087 
088 
089 
090 
091 
09 2 

01 
95 
9 6 
44 
01 
09 
8 1 
46 
16 
99 
53 
5 3 
4 3 
01 
09 
98 
65 
53 
0 1 
75 
4 3 
00 
03 
5 4 
54 
98 
7 5 
43 
0 1 
09 
54 
94 
98 
99 
42 
01 
09 
S I 

· u 1l 

•f'1K 

OUANTll~ STO 

0 

' l•tl 

'FIX 

© 

' "" 

0 19 
020 
02 1 
022 
023 
0 2 4 
0 25 
0 26 
027 
028 
029 

46 
11 
5 7 
0 0 
4 2 
0 0 
01 
98 
57 
02 
8 1 

® 

• LHL 030 4 6 
03 1 12• 

STO 	 032 4 2LIST • 	 033 0 0f'R ICE 
03 4 02@ .... 035 9 8 
036 65' 

RCL 	 037 4 3 
038 00• 

L INE 039 01 
lOTAL 0 4 0 95 ,. 

' pr! 	 0 4 1 98 TOTAL NET, 

SU M 	 0 4 2 44 SHIPPING, 

0 4 3 DI INVOICI: 

044 09 AMT 

04;! 8 1 @ 

® 

"" 046 4 6 
0 47 15 

::10 04 8 4 2 

"" 
~;c•c 

049 0 0'PfllCE • 	 0 50 05 
0 , ' !)It OSI 98 @

052 65' 
RCL 053 4 3 
0 054 00 

the key fun ction name . [In listing 7 this is 
done with typeset notations, but in SR-52 
practice this would be done with handwrit
ten notations .. .CH/ In add ition to doing 
th is, groups of instruc tions should be 
bracketed so that they can be related to the 
flowchart in figure 2. The first three digits 
in the program list are the program counter 
ad dress. The next two di gits are the op code 
or the key codes for the SR-52 keyboard. 
If the program doesn't work, you may have 
omitted an instruction . Th e SR-52 provides 
an easy way to get to the point of omission 
so that we can insert the proper instruc
t ion . In a si mil ar way, an incorrect instruc
tio n can be omitted . 

Th e most painfu l debugging problem is 
where your progr·am logic just isn't right. 
The printer will allow you to trace and print 
the steps the program actual ly is fol lowing 
as it attempts to so lve the problem. (In 
our case, calcu late the invoice .) If you are 
not too far off, the SR-52 has the facil ities 

093 
0 9 4 
0 95 
0% 
09 7 
0 98 
099 
100 
101 
102 
103 
10 4 
10 5 
106 
107 
108 
109 

46 
17 
9 9 
43 
01 
09 
98 
85 
4 3 
0 0 
0 4 
98 
95 
98 
99 
9 9 
99 

11 0 86 
Ill 0 0 
11 2 00 
113 0 0 

0 . 60 

12 . 
5 . 63 

67 . 56 

PRT 

PRT 
PRT 
PRT 

1t: . PRT 
1. 87 PRT 

33. 66 PRT 
~ 4. PRT 

5 . 63 PRT 
12 J 4? E: ~ I 

29:2 . 6 4 
11 7 . 06 
175. 58 

1:?. . 
0 . 42 
7 . 56 

183 . 14 
2 ~·?• v v 

185 . 97 

PRT 
PRT 
PRT 

PRT 
PRT 
PRT 

PRT 
PRT 
PRT 



~ 

FOA """""'"""[
OATA 

THGUN o. 
0 . 00 

0 . 6··c" 
Dl:S.COOOl 

0 . 600 {0.60 

'-0" :? . tJ~: 
SHIPP ING {
0 2.83 

"'"" 1 
IS . 

au~~"" IS. 
18. 

18. 
' 
~4. 
34. 

34. 
3 4. 
34. 

ITEM •J . 34. 00 

"ff" 

LIST r - 63 
P'nlCL 

© 
5.63 
5 . 63 
5.63 
5 . r;:-: 

3 4 . 00,,, 
3 4 . 

© 1'3 1. 42 
19 1. 42 
19 !. 42 

19 1. 42 

tha t allow you to easi ly im plement your 
program fix. 

Listing 3 shows the printer outp ut in 
the trace mod e. Here the left di gits a1·e the 
printed eq uivalent of the S R-52 display. 
The righ t sid e data is the fu nction the SR-52 
is perform ing on the display data . 

The data show n in listing 3 is the same 
data used for the pri ntout shown in listing 2. 
Mark ing and grouping the trace data in th e 
way shown will simplify com paring the 

l'fttlQRAM 

INSTAUC T ION 
~ 

CMS 

CLR 
 TOTA\. 

LI S.lFl~ 
PF'lUCE002 

HLT 

STO 

oo:< 

OISCPRT 
,AMT 

HLT 

STO 

1) 04 

,.HLT 
FIX 0
0 [10 

(lllR!CI!"" STO 
00 1 

PRT 
F I X 
002 

HLT 
V • STOSTO 	 1~ 

00 1 
IS. 

PRT 18. PRT 

002 

x 18. FI X 
RCL 002 
001 18. 00""~"-I 
 HLT 

"!'" 
NET 

pn 1cE.
PRT 
SUM 0 
019 ... 
H T 0 

@ { RSET 
CMS 

PR T CLR 
SUM ~OH CJ. FIX""""'""' i


t4EXTAUN019 002
© o. 0 0 

HLT 	 HLT 

Listing 3: Another sample listing; this one is in trace mode. Trace mode 
outputs each program instruction and the data associated with It so you can 
check each individual program step. This Is the SR-52 's equivalent of a 
symbolic high level language In a larger machine. 
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trace output with the design flowchart 
of figure 2. Each step in th e trace shou ld 
match what you des igned in the flowchart. 
If it doesn't, th en the mach in e is bei ng 
asked to do somethi ng incorrec tly. If you1· 
fl owchart logic is faulty, rnview the S R-52 
instruction book before making corrections. 
If your flowchart design has an imp roper 
pre mise, then the calcul ator wilt indeed 
proceed with perfect logic to an improper 
result. 

Somewhere between the two "dump " 
methods, list and trace, li es the id entifica
tion to the program problem. Listing shows 
program loading mista kes and tracing wi ll 
reveal program logic errors. 

I cou ld go out on a limb with the tru th 
and say that my invoice program was up and 
running on the first pass. But seriously, with 
the deb ugging faci lities already discussed, 
it wasn't too difficult to find and correct 
the prnblem a1·eas. 

After the program has been debugged, 
you should make a new program list. Any 
flowchart changes that wern necessary 
should also be documented. lf you don't 
do this docum entatio n, you wil l fi nd that 
your memory wil l fail you mise1·abl y if you 
want to modify the program sometime in 
the future. The up-to-date li st wil l also let 
yo u reproduce the program in case the 
magn etic prog1·am card ever becomes 
unusable. 

Table 7: Functions of the user defined keys 
in the invoice program. 

Key Name Assignment when Button is Pushed 

A 	 Data entered on key is t he quantity 
of the merchandise purchased. 

B 	 Data entered is the suggested fist 
price of the merchandise. (Used 
with A.) 

C 	 Data entered is the customers' 
discount. 

D 	 Data entered is the shipping charge 
for the order. 

E 	 Data entered is the' net price (no 
discount) of the second category of 
merchandise. (Button A is also 
used with E.) 

A' 	 This is the second function use of 
A. When pressed 'it tells the SR-52 
to total the list price items, com
pute and subtract the discount and 
leave the net amount. 

B' 	 This is the second function use of 
B. When pressed it tells · the SR-52 
to add the total of the net price 
items, if anv, to the resuhs obtain· 
ad when A' was pushed. It then 
adds the shipping cost and results 
in the total for the order. 

ltfM1'1 . 
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12. 
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!" 
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You .should al so write the user instru c

tions at this time. Table 2 shows the user 
 S tep
ins tru ctions for the invoice program . It is 
also he lp ful to the user if you attach a copy 
of a sample printout. The blank spaces on 1a 

the magnetic program card should also be 2 

filled. 
3

This invoice program, while being rel a
tively simple, is certain ly not a triv ial pro 4 

gram. It does involve many of the basic 5 

programming philosophies that would be 
applicabl e to writing a program fo r any 
system. With the prices of hand held calcu la 6 

tor contin uing to drop as they have in the 
past, the SR-52 and companion printer are 
not a bad way to get into the intricacies 
of computers . At the time of this writing, 
the comb ination can be bought for about 7 

8$400. Th e fact that the SR-52 can be con 
nected to the real life world (the printer), 
does hold a possible promise that a com 9 
puter interface to the SR-52 might come 
along someday. 

For those who have an SR-52 and need 
an invo ice program, a listing of the program 
discussed in this article is provided in listing 
·1. The program uses 110 program steps, 
less than half of the total SR-52 capacity. Table 

Procedure Press Display 

Load "A" side of card CLR 2nd READ Goes blank then 0 

run 
Enter discount (see note below) c Discount amt 

printed 
Enter shipping D Shipping amt 
I tern quantity A Oty p rinted 

Total list price of item B Individual and 
Price prin ted 
Repeat 4 and 5 until all 

total price printed 

Lis t price i terns entered 

Total of I ist i terns 2nd A' 
Prints list tota l 
Discou nt, net on list 
If there are net price 
items do 7 and 8 other
wise go to step 9 

Enter item quantity A Oty printed 

Enter net item price E Individual and 
Total net price printed 
Repeat 7 and 8 until done 

total pr ice printed 

Net total printed, 2nd B' 
Then shipping and 
Invoice toial printed 

Note : For 40% customers, enter .6 ; 
For 50% customers, enter .5 ; 
For 50+10+10, enter .405. 

2: User instructions for the invoice program. It is always necessary 
This will allow space to modify the program (for peace of mind) to write out these instructions, otherwise you may forget 
to meet your specific needs.• how to use a program. 

LONG ISLAND 
COME SEE WHAT 

A 11 REAL" 
COMPUTER STORE 

LOOKS LIKE 

MICROCOMPUTERS PERIPHERALS 
ll.ASAl8080 ACCESSORIES 
BYTE·8 MEMORY EXPANSION 
SWTP MP68 COLOR TV GRAPHICS 
CROMEMCO LEAR SIEGLER AOM 3 
PROCESSOR TECH PAPER TAPE READER 

INTERFACES (KITS or ASSEMBLED UNITS) 

PROGRAMS AND SOFTWARE 
VARIOUS BASICS - TIN Y. 4K . 8K and 12K 

FOCAL - DOS - GAMES - BUSINESS APPLICATION S 

ALSO AVAILAB LE APPLE I CASSETTES FLOPPIES 
MODEMS TERMINALS DEC. WRITERS 

BUSINESS APPLICATION INQUIRES INVITED 
SYSTEM DEMONSTRA TIONS AND LITERATURE I MAGAZINES 

(@\ 
~ 

Byte Shop Eas1, In c. 
27-21 Hemp5tead Turnpike 
Levittown, Long Island 
(516) 731 811 6 

Two blocks east of Wantagh Pkwy. 
HOURS TUES thr u FRIDAY 12 · 9 

SATUAOAY 10 5 

!. 

PRESENTS: 

A 16K STATIC RAM 5525 
16KKIT 

FOR THE S·100 BUS 

Uses 1"'3 new Intel 21 111 <1K S1a1lc RAM (which wlll also bo bull! by Mo1oro1a. S1gne1 lcs. 
Falrclllld, National, T.I., Syneriek, NEC, lntersil , and Fujitsu, etc.) Fca1uros complete 
stal lc opcnulon (No rehesh or clocked chip selflCI) , sottware protect, paging. Individually 
add,essuble AK blocks, completely buflerod a.dd 1ess ana da1a lines. fully socketed 
Aval lilble wl1h BK 01 1GK of memory. 
P1lces: SK kll · $295; 16K ki l . S525: SK OKDM SIOI'\ kil S250 16K assembled and 1es1ed . $5.95 

S-100 BUS TERMINATING CARD s 25 K1T 
Absorbs nolse. overshoot . ringmg. 1eflect1on P1a1ce11hru holes, gold olated fmoers 

EXTENDER CARD FOREASYTROUBLESHOOTING s16 m 
Wllh jumpors In powef supply fines for current measurement Low prollte so card can 
1emnln jn 1he mochlnc wllh !he co1Je1 on. With edge connector, gold fingers. 

PLASTIC KEYBOARD ENCLOSURE 
Btenk moldod ABS plastic onclosur-o 101 uso w11n keyboard , ccin trols. modem, e1c. Sizo · 
131~ x 11 v, x2 'h . PRICES: Blank onclosuro · $20 Wi1n cutout ror k&ybOard a ... ailabl@ ltom 
Radio Shec11.. otc. · S27 

p,ices shown mclude U.S. st11pplng . C3shlers checi< or M .0 . proternd. P@tsonal check may 
doliiy IShippmg 3 weeks. Add S3 lor C.O.O: Purchase Order~ add 4~-'o • 001 30. Ulan 
le&ldOOIS add 4.75% . 

O!GllAl l':l rrn 5YSTEr.1S BOX 12 12. OREM. UTAH 84057 
1.11 1 ..... 2-4 h. 911• o ..... O-•~ (BO O) -4 5)- 14..u : 1.. u1.1r. t ..11 ( eo1J 214 · 1102 
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Computer Information Arrangement 


A,B 

c.o 

E,F,G 

H,1,J,K,L 

M,N,O 

P,O,R 

S,T 

U,V,W,X,Y,Z 

MEMORY 
BUFFER 

2 

4 

5 

6 

B 

9 

10 

II 

12 

13 

14 

15 

16 

MASTERINPUT 
FILECASSETTE 

TAPE 

Figure 7: This is a basic diagram showing the input arrangement for the in
formation retrieval system. The text is entered from a keyboard into a buffer 
area, and sorted alphabetically. In the example the three text strings start 
with S, D and K. When a certain buffer area is filled the information it 
contains is dumped to an input cassette tape. The information on the tape is 
sorted in alphabetical order. When any one tape is filled, or an updated 
master file is desired, the input tape is added to the master file. 

David Holladay 
225 Lakelawn Pl 
Madison WI 53703 

An examination of the small system com
puter field might lead the observer to take a 
limited view of the potenti al uses of sma ll 
systems. This is unfortunate, because a com
puter, even a small one, can do more than 
play games or make lights blink. 

One general appl ication of computers is 
the information retrieval system. A classic 
goal of information retrieval is the con· 
struction of a system that absorbs the con
tents of books and can answer questions 
concerning the information contained in 
them. This goal has been un approachab le in 
even the largest of computer systems. The 
best approach is to put the burden of intelli· 
gence on the user's shou lders and make use 
of the computer's bookeeping ability. This 
red uces the program to a large scale sorting 
system tai lored to a microcomputer's capa
bil ities. 

Small systems have limitations in memory 
size, data transfer rates and throughput. To 
cope with these limitations, I propose a mass 
information hand ling system called the Com· 
puter Informat ion Arrangement, or CIA. 
The basic hardware required for this system 
includes a processor, 8 to 16 K bytes of 
programmable memory, keyboard, TV inter· 
face and several cassette interfaces with a 
data rate of at least 300 bps. One cassette 
drive has to be con troll ab le by the computer 
in a manner beyond that of sim pie motor 
control. 

The main sto rage memory for the huge 
data base is magnetic tape. Tape is slow and 
serial , meaning that only the information 
physically located near the tape head can be 
dealt with. However, it is cheap. For the 
moment, our data base wi ll be a dictionary, 
ie : a list of definitions sorted alp habetically 
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Building a better computer 

wasn't easy. But we did it. 


Introducing the MSI 6800 Computer System 

When we set out to build the new MSI 6800 Com
puter System, we knew we had our work cut out for 
us. It had to be at least as good as the now famous 
MS! FD-8 Floppy Disk Memory System which is also 
pictured below. So, the first thing we did was analyze 
all the problems and drawbacks we had encountered 
with other 6800 systems, and then put our engineers 
to work on solutions. The objective: Build a better 
computer. 

We started with power 
supply. We had big ideas, so 
we used a hefty 18 amp pow
er supply. You can run full 
memory and several peripher
als without the worry of run
ning out of juice. We also put 
it in the front of the cabinet 
so it's out of the way. 

The next step was the 
CPU Board. A separate baud 
rate generator with strap
pable c loc k outputs allows 
any comb ination of baud 
rates up to 9600. A separate 
strappable system clock is 
available and allows CPU 
speeds of up to 2 MHz. The 
new MSI monitor is MIK 
BUG software compatible, so 
you will never have a prob
lem with programs. Addi 
tional PROM sockets are 
available for your own spe
cial routines and to expand 
the monitor. The CPU also 
contains a single step capa
bi lity for debugging software. 

When we go t to the Mo ther Board, we really 
made progress. It has 14 slots to give you plenty of 
room to expand your system to full memory capabil
ity, and is compatible with SS-50 bus architecture. 
Heavy duty bus lines are low impedance, low noise, 
and provide trouble-free operation. 

With all this power and potential, the interface 
had to be something special. So instead of an inter
face address in the middle of memory, we put it at the 
top _ . _ which gives you a full 56K of continuous 
memory. Interfaces are strappable so they may be 
placed at any address. An interface adapter board is 
compatible with all existing SS-50 circuit boards and 
interface cards. All MS! interface cards communicate 
wi th the rear panel via a short ribbon cable which ter
minates with a DB-25 connector. All baud rate selec
tion and other strappable options are brought to the 
connector so they may be automatically selected by 
whatever plug is inserted into the appropriate inter
face connector. Straps may also be installed on the 
circuit board. 

To complete the system, we used an MSI 8K 
Memory Board which employs low power 2102 RAM 
memory chips and is configured to allow battery 
back-up power capability. A DIP switch unit allows 
quick selection of a starting address of the board at 
any 8K increment of memory. 

If you're one of those people who understands 
the technical stuff, by now you'll agree the MSI 6800 
is a better computer. If you're one who does not un

derstand it yet, you'll be more 
interested in what the system 
can do _ . . play games, con
duct research and educa
tional projects, control lab 
instruments, business appli
cations, or just about any
thing else you might dream 
up that a microcomputer can 
do. The point is . . . the MSI 
6800 will do it better_ 

The MS! 6800 Computer 
System is available in either 
kit form or wired and tested. 
Either way, you get a cabinet, 
power supply, CPU board , 
Mother board, Interface 
board, Memory board, docu
mentation, instructions, sche
matics, and a programming 
manual. Everything you need. 

There is more to say 
about the MS! 6800 than 
space permits. We suggest 
you send for more informa
tion which includes our free 
catalog of microcomputer 
products. 

Building a better computer was not easy. Becom
ing the number one seller will be. 

See the MSI 6800 Computer System at Personal 
Computing '77 - Atlantic City. 

220 West Cedar • Olathe, Kansas 66061 
913/ 764-3273 • TWX 910 749 6403 (MS! OLAT) 

OODDOO DDDDDOOOO OOOOOOODO 
0 Midwest Scientific Instruments 
0 220 W. Cedar, Olathe, Kansas 66061 
D 
0 NAME 
D ADDRESS 
0 

CITY
D ___________ ZJP ____STATE0 
D 

0011077 
Circle 411 on inqu iry card . 



by keyword. If the dictionary is closely 
packed on the tape, it wi ll be difficult to 
add to it without shifting half of the data 
base. It would be more logical to spread 
out the entries on the whole tape to avoid 
later space problems. Unless the tape is 
getting full, the proper position of an entry 
is solely a function of keyword. 

If entries are to be added in an efficient 
manner, close attention must be paid to 
differing data rates. A human can type two 
to five characters (bytes) per second, while a 
computer can take things on or off tape 
much faster. The typical personal computer 
can interna ll y manipulate at least 250,000 
bytes per second when programmed with an 
assembler. A video disp lay can depict about 
1,000 characters at a time, and can refresh 
itself 30 or 60 times a second, depending on 
the way the display handles the interlace. 
It will be the objective of the CIA system to 
put information onto the cassette tape in 
sorted order as fast as the user can type in 
the unsorted data. The user can therefore 
type the definition of "best" and of 
"machine" into our imaginary dictionary, 
and the computer wi ll place both in their 
proper places on the tape. 

A large part of main memory (at least 4 K 
bytes) is used as a buffer. As new data is 
typed in, it is added to the buffer and sorted 
on keyword. This sorting can be done by 
rearrangin g the data in the buffer in se· 
quential order. An alternative is to keep 
items in unsorted order and maintain two 
pointers for each item, one pointing to the 
location of the item wh ich is next in sorted 
order, the other pointing to the previous 
item in sorted order. The second system 
eliminates unn ecessary searching in memory, 
but involves longer and trickier program
ming. 

As the memory buffe r accumulates data, 
it is important to keep track of how it is 
filling up. The alphabet is divided into 
eight sections for accounting purposes . The 
first section may be for words starting with 
A or B, etc. Eight counters keep track of 
how many bytes are taken up in the buffer 
by different ranges of the alphabet. When 
one counter exceeds certa in limits, the 
cassette is moved to the region of tape 
corresponding to that range of the alphabet. 
Next, the data held in the buffer is trans· 
ferred onto the tape in the proper locatio n. 
Obviously the data would then be erased 
from the memory buffer to make room for 
more data. The end resu lt is a cassette tape 
containing sorted information which 
generated at the same rate that the user 
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is typing in the unsorted data (see figure 1). 
If the data is sorted as fast as it can be put 
in, what would be the advantage of greater 
throughput? The system works just as fast 
as it has to. 

Notice how general the system is. It can 
be used to make huge mailing Iis ts, keep 
track of books in a library, and so on. It 
has two principle limitations in addition to 
speed, size and the simple nature of the data 
that it can hand le. 

What can you do whe n you fill up a 
cassette? (It may take a while, since it is 
possible to fit as many as 500,000 characters 
on a digital cassette tape.) You could main
tain a maste r set of 26 tapes, one for each 
letter of the alphabet. Once your tape is fu ll, 
it would be merged with the master file, an 
unwieldy process at best. This procedure 
would mean putting master tape # 1 in one 
cassette machine, your input cassette in 
another, and starting the merging program. 
After a whi le, the computer could signal that 
it had put al I of the A en tr ies on to master 
tape # 1. Then you would take out tape #1, 
replace it with tape #2, and so on, up to 
tape #26. This process would happen rarely 
(or as ofte n as you wou ld require an up-to
date master file}. But imagine how much 
data your system cou ld hold. A friend of 
mine pointed out that if you were mechani
cally inclined, you could automate cassette 
manipulation. It would be a cross between a 
jukebox and large scale automated mass 
memory with media manipulation 
mechanisms. An automatic multi megabyte 
memory system for a few thousand do ll ars 
would be most impressive. 

The question of data bases is a bit tricky. 
Data can be abstract, highly interrelated, and 
difficult to categorize . Your data wil l be 
interrelated in ways th at the data base 
cannot show or represent. There are two 
approaches to follow . One way is to design 
very abstract data structures that show 
relat ionships inherently. The other is to 
maintain the simple dictionary alphabetic 
system, and add several cross-reference 
pointers. An example wou ld be "Kennedy, 
Jack ie : see Onassis, Jackie." By pursuing 
all the pointers listed under a keyword, and 
checki ng out al l the pointers listed there, a 
tree structure is developed. A multi-cassette 
data system implies a significant amount of 
tape manipu lation, unless you have built the 
jukebox system. 

Although a pointer system is a bit crude, 
it can be handled automatically. The 
fol lowing example illustrates a typica l 
entry. The original data entry: "Beethoven, 



Ludwig van, Symphony Number 3 (The 
Eroica)" would be filed under "Beethoven, 
Ludwig van". If the user wants to generate 
the cross reference pointer "Eroica 
Symphony, see Beethoven, Ludwig van", 
a special character· could be typed before 
"Beethoven, Ludwig van" which the 
program would recognize . The program 
could then add "Eroica Symphony, see 
Beethoven, Ludwig van" to the text buffer. 
Th is would insure that the pointer and the 
data match, eliminating a problem with 
typographical errors. 

Later, if it is necessary to eliminate the 
entry, you would know that the cross
reference pointer is also in memory because 
of the existance of the special character. 
Other special functions can be implemented 
by special characters, such as labeling the 
data source of facilitating tabular data. This 
is left as an exercise for the re ader. The 
power of this information handli ng system is 
limited mainly by the size of programs that 
can be stored in memory, and by the speed 
of the tape recorder. 

The Computer Informat ion Arrangement 
needs five separate programs to work 
properly. Note that it is not necessary for 
more tha n one to be in memory at any time. 
Program 1, the input program, is the biggest 
and most difficu lt. It accepts characters 
from the keyboard, edits them, adds the 
cross-reference, puts them in the buffer, 
recognizes when the tape machine is idle 
or part of the alphabet range is getting full 
in the buffer, and spreads the data on the 
input cassette by means of a linear hashing 
formula. It may be necessary for the tape 
recorder to be control led by a separate 
microprocessor and 1 K bytes of program
mable memory shared by both processors, 
because of ti ming considerations. The 
second one is the merge program, which 
merges the input tape with the master set 
of cassettes. The third program, called the 
clean up, goes through tapes, "unbunches" 
data, and straightens out any local area that 
gets "out of sort." The fourth program is the 
display program. The user can tell it to 
display the Richard Nix on file, whereupon 
it will disp lay all th e references an d pointers 
that are fi led under the keyword Nixon, 
Richard. The las t program does a crucial, 
but easily forgotten job: altering or deleting 
outdated or incorrect data from the input 
tape or from a master tape. 

The CIA is a general computer informa
tion arrangement, an answer machine, or a 
list maker. Pu t in randomly ordered data 
and it comes out neat and organized. The 
arrangement has many applications: small 

business, journalism, research, or help for 
fol ks who have trouble organizing things. 
This is the type of program which wi ll sell 
smal l systems to the world. • 

GLOSSARY 

Alphabet range : part of the contiguous alphabet 
used to decide where to store alphabetically 
sorted data . 
Buffer : section of random access memory used to 
temporarily store data unti l enough is collected to 
pass on . 
Cross reference : a notation to look elsewhere in 
the data base for more information . 
Data base : collection of information and the 
system used to organize it for use by a computer 
program. 
Entry : A b lock of data that stays together during 
the sorting routine . The end of an entry is recog
nized by a special termination character. 
F ile: Set of entries with the same keyword. 
Input tape: cassette that accepts the sorted data. 
For larger data bases it must be merged with the 
master tapes . 
Keyword : Word in an entry used to sort the entire 
entry into the data base. 
Master tapes: Set of cassettes that make up the 
entire data base. Each cassette covers a portion of 
the alphabet range . 

P.ELAY /OPTO·ISOLATOP. 
COHTP.OL DOAP.D ($117) 

This boord Is o natural for controlling 
audio systems. time lapse photog1ophy 
experiments. model trains. 1obot de· 
vices. or any application where you 
need o number of Intelligent sw itches. 8 
reed relays respond to on 8 bit wo1d 
from your computer: 8 opto·isolators ac· 
cept on 8 bit word from the outside 
world and send It bock to your machine 
for further contro l purposes. Includes 
detailed instructions ond appllcotlons 
notes. 

500 WATT COHTP.OL MODULE ($10) 
Interfaces your Relay Control Doard with power loads such as 
photofloods and motors. This module Is about the some size 
os o plug-In wall transformer and plugs Into any wall outlE't: 
on the bock Is a fE'mOIE' AC sockE't that accepts AC loads up 
to 500 Watts. Two lsolatE'd control wirE'S uoil bock to your 
computer. allowing eosy rE'mOtE' opE'ration ond keeping AC 
linE's out of you1 mochinE'. 

All kitS ore S-100 Altolr/ IMSAI compo<ible. Available by moll (ship· 
ped postpaid In the USA flam stock: Californians odd sales tax) or at 
many fine computer stores. Dealer inquires lnvhed. 

MULLEN COMPUTER BOARDS 
BOX 6214, HAYWARD, CA 94545 C4VE , 

~iY· 

"Products that makE' your computer useful" ··• 
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Chess Skill in Man and Machine edited by 
Peter W Frey, Springer-Verlag, New York, 
7977. Hardcover $74.80. 

Chess Skill in Man and Machine is a series 
of eight essays dealing with four main topics, 
two major and two minor. These topics 
include the history and rules of computer 
chess tournaments, human chess skill, de
scriptions of the techniques of computer 
chess, and fina ll y, an overview of the past, 
present and future of computer chess. The 
chapters of most interest to the computer 
chess enthusiast are those exp laining human 
chess skill and the various computer chess 
techniques. 

The first major topic is an analysis of 
chess skill in humans. Neil Charness in 
chapter 2 poses the question, "Should 
a computer be more like a human?" He 
describes the two schools of thought con
cerning this question. One school answers 
no, because computer hardware operates 
differently from the human mind and 
should therefore be operated in its most 
efficient mode, not like the human mind. 
The other school says yes, a computer 
should be li ke a human if it is to play and 
beat humans. The latter school believes 
that human thinking should be simu lated 
in order to enable the computer to capi
talize on any human miscalculations. 

Charness believes that to write a better 
chess program, the programmer has to 
understand how humans solve the problem 
of choosing the best move. "Chess-specific" 
perception is the key. Searching through a 
tree of moves which consists of every 
possible move during an entire game of 
chess is an extremely inefficient way to play 
chess. An analysis of the legal moves for 
each side to a depth of six moves during a 
single turn of a player would involve over six 
billion different combinations of moves. 

Becoming a good chess player demands 
that one learn to recognize types of posi
tions. This chess-specific perception (or 
pattern recognition) can reveal weaknesses 
for further examination, thereby cutting 
down on the number of moves to be 
examined. This method of "pruning the 
search tree" is the human method; it should 
also be the computer method. 

The second major topic deals with differ

ent theories of computer chess. Chapter 
3, written by editor Peter W Frey, intm
duces opening move theory (whether to 
store standard openings or to simply play 
them from scratch every time), machine 
representation of the chessboard (using 
either bit patterns or the "mailbox" 
method) 1 and move searching procedures. 

There seem to be two general types of 
search strategies in use today: the A type 
(looking at all legal moves and counter
moves at each position), and the B type 
(looking at only a small subset of the 
potential legal moves) . Frey prefers the 
B type strategy over the A type because 
of the number of positions to be examined. 

The B type suggests that a minimum of 
moves from any position should be eval
uated using vo n Neumann and Morgenstern's 
minimax procedure. The idea of backward 
pruning using a heuristic method is also 
covered, involving evaluation of all capturing 
moves first, and so on down a list of types 
of moves. The various search strategies are 
given in detai l in chapter 3 and are elabo
rated on in chapters 6 and 7. 

Northwestern University 's program, 
CHESS 4.5, is covered by the authors of 
that program. CHESS 4.5 is particularly 
relevant to the program mer who has a grasp 
of the theory and who is eager to design 
his or her own program. The creators of 
CHESS 4.5 discuss the ir older programs 
and the writing of their latest program. 
They discuss their particular searching 
strategy, how they came to decide upon 
their method of generating moves and 
evaluating them, and their reasons for 
reaching certain decisions. Th is discussion 
tends to bring one down from the theore
tica l level to the practical leve l of decisions 
concerning implementation of theories. 

The book begins with a retrospective of 
past computer chess tournaments and their 
rules, and ends by asking the question, "Why 
program a computer to play chess?". I think 
there are two answers to this question. A 
computer chess program to simulate human 
methods of playing will greatly aid our 
understanding of human perception, 
learning and problem solving. Secondly, 
it can be fun so lving a difficult problem in 
a creative, imagin ative way. 

Chess Skill in Man and Machine is an 
interesting book filled with the theoretical 
and the specific concerns of com pu ter chess. 
It should give readers the background to gel 
started, and its bibliograp hy should provide 
a basis for further inquiry. 

Dennis Barbour 
2 Col iseum Av 

Nashua NH 03060• 
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MODEL CC-8 $175.00 


4800 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 4800 BAUD into a UART or "Bit 
Banger PIA" - 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 speed is 3.2
11
/second nominal ; l.6 11/sec. optional. 110 volt, 60 Hz, 5 watts. 

(220 Volts on special order). Can use high quality audio cassettes (Philips Type) or 
certified data cassettes. Can be used in remote locations from a 12 Volt battery. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PRO· 
GRAM RELOADING and DATA STORAGE. Especially recommended for 6800 
systems, 6502 systems, 1800 systems and beginners with the 8080 systems. Manual 
control except for motor start/stop. 6800 or 8080 software for file or record searching 
available on request with order. Used by major computer manufacturers, Bell Tele· 
phone and U.S. Government for program reloading and field servicing. 

AVAILABILITY - Off the shelf. 

50 KILOBAUD CARTRIDGE RECORDER 
This is a self clocking (1/1) high speed recorder. Loads BASIC in under 2.0 seconds. 

Recording is done at 19.2 Kilobaud. Playback at 30 Kilobaud. File or Record search
ing is done at 50 Kilobaud and loading is automatic. Worst case access time about 2 
minutes for up to 2 megabytes on the 3M Data Cartridge. 

Tape speed 10"/sec. on record, up to 30"/sec. on playback. Records one clock track 
and one data track on each pass (2 passes). Recording is NRZ unencoded from RS232 
or TTL signals. 

This recorder requires one Parallel port for motor control, and one serial port for 
data and clock. (Cannot be used with UART's or UART boards such as the 3P+S). 
Used with USART's, ACIA's or other 1/1 clocking 1/0 devices under software control 
only. No manual controls. Software for 8080 and 6800 available. Power supply is 
built in, l lOV, 60 Hz. 220 V, 50 Hz for export. 

AVAILABILITY- 90days. MODEL 3M3A 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM TERMINAL and 
TAPE PORTS on SAME BOARD CONTROLS ONE or TWO TAPE UNITS 
(CC-8 or 3M3A) 

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal 
I/0 (RS232, 20 mA, or TTL) and the data cartridge I/0, plus the motor controlling 
parallel I/0 latches. Two kilobytes of on board ROM provide turn on and go control 
of your Altair or Imsai. NO MORE BOOTSTRAPPING. Loads and Dumps memory 
in hex on the terminal, formats tape cartridge files, has word processing and paper 
tape routines. Best of all, it has the search routines to locate files and records by 
means of six, five , and four 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 and interfaces. 

This is Revision 7 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 prepro
grammed 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 or2SIO (R) CONTROLLER cartridge inputs are RS232 level. 

$190.00 ($160.00 Kit) AVAILABILITY - Off the shelf. 

!NOW AVAILABLE: 6800 1/0 with ROM, same as ou] fNEW : SWTP bus 8085 MPU board. Use 8080software inl 
L2SJO (R) but fits SWTP bus. $190 tested. ($ 160 kit} Lvour SWP 800 system. $190 tested. ($160 kit) J 
OVERSEAS: Export Version 220 volt 50 hz. Write factory or: Megatron -Datameg, 8011 Putzbrunn, Munchen, Germany; Nippon Automation 
5-16-7 Shiba, Minato-Ku, Tokyo, Japan; Hobbydata, FACK 20012, Malmo, Sweden; G. Ashbee, 172 /field Road, London SW 10·9ag: Trin 
tronics, Ltd., 186 Queen Street W., Toronto, Ontario, Canada; EBASA, Enrique Barges 17, Barcelona 14, Spain; ARIES, 7, rue Saint Phillipe du 
Roule, 75008 Paris; Micro/em 20131, Milano, Italy; Eagle Electric, Capetown, S. Africa. 

For U.P.S . del ivery, add $3.00 Overseas and air shipments charges collect . N.J. Residents add 5% Sales Tax . WRITE or CALL for further 
information . Phone Orders on Master Charge and BankAmericard accepted. 

~ati()nal Multiplex £()rp()rati()n 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 

Circle 413 on inquiry card. 



Personal Computing Expo 

will come to New Yori<! 

PCEPERSONAL COMPUTING EXPO 


NEW YORK COLISEUM, OCTOBER 28, 29, JO, 1977 
It's a brand new show (i n the world 's biggest economic by people who work in the computer field , by com
center) specifically for manufacturers , buyers and puter learning centers, universities , personol com
those providing services to the personal computing puting clubs and thousands of others whose lives are 
enthusiast_ For the first time , this booming field will affected by computers. 
hove a New York Coliseum showcase . It is planned as More than 100,000 paid subscribers of BYTE magazine 
the largest public show of its type and will attract at  will be urged to view the exciting exhibi ts and to at
tendance from the huge population areas of Boston. tend the BYTE-sponsored lectures. Circle the dates: 
Washington , Ph iladelphia and Bal timore. October 28 , 29 , 30 - and make your plans now to be 
New York is the world's communications focal point . there when Personal Computing Expo comes to New 
the one place that will put personal computing in a York ! 

significant spotlight. New York is surrounded in depth 


11 Personal Com uting: An idea whose time has come! "* 
Tutorials by the IEEE 
Computer Society, 
Mid-Eastern Area 
Personal Computing Expo is also joined by the In 
stitu te of Electrical and Electronics Eng ineers Com 
puter Society, Mid -Eastern Area Committee , whose 
experienced staff is present ing six day-l ong 
tutorials at a modest charge . If inconvenient for 
you to attend a tutorial during the show, simply 
sign up for follow-up tutoria ls on weekends ofter 
the show. 
Whereas the lectures will provide you with in
formation , the tutorials will teach important skills 
enabling you to use your own computer at home or 
at work . 

TUITION: 
The tuition fee for the tutorial program in
cludes a one-day admission to the 
Personal Computing Expo. 

One 
Tutorial 

Two 
Tutor ials 

Three 
Tutorials 

Students {with ID) 
IEEE Members 
Non -Members 

$30 
$40 
$50 

$50 
$70 
$90 

$75 
$100 
$125 

REGISTRATION: 
In order to provide an interactive, learning environ
ment between the participants and the lecturers , 
the number of registrants is limited . Registration is 
accepted on a f irst -come, first served basis . Early 
registration is therefore suggested. Cancel lotions 
received before September 15, 1977 will receive a 
full refund. 
To register, make your check payable to the IEEE 
COMPUTER SOCIETY, and mail to : 
Daniel R. McGlynn, Ph.D. 
Tutorial Program Chairman 
IEEE Computer Society 
329 - 84th Street 
Brooklyn, N.Y. 11209 

FOR FURTHER INFORMATION: 
on the technical content of the tutorials , technical 
background suggested lo derive maximum benefit 
from the program , or information on the IEEE Com 
puter Society , call 
Cary Ringel 
Chapter Chairman 
IEEE Computer Society (212) 460-4600 

TIME AND LOCATION: 
The tutorials will be held from 10 AM to 5 PM on 
Friday and Saturday , and from noon to 5 PM on Sun
day in the New York Coliseum , at a location to be 
announced and posted . Partic ipation in the 
tutorials a lso includes a one-day admission to the 
exhibition area and other lecture programs. 

EXPO TICKETS: 
Wil l be sent to tutorial registrants about three or 
four weeks prior to the show. 

Tuition includes hand-out material, in ll"ll DAILY TUTORIALS ANDcluding text and / or hand-out materials. 
Tho,mollly>,.m•Jo""' SPONSORED LECTURES

Participants wi 11 also receive a certificate 
of participation. 
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E'1TE Exciting lectures 
· · - ~ ...... 1 _ .. -·· .. ·- J""' .,_ ,, 

sponsored by 

Personal Computing Expo is endorsed by BYTE magazine, whose staff has contacted prominent speakers 
for an exciting series of lectures. 

Visitors will l:>e able to attend these meetings free of charge. The lectures w i ll not conflict with eoch 

other el iminating the worrysome choice among several equally important topics . In addition, they will be 

repeated on the next doy to give you o second chance if you missed o topic . 

lectures ore typically 30 minutes , often with demonstrations ond on additional 15 minutes for questions . 


Portia Isaacson Ph.D• ... Saturday 11 AM and Sunday 12 Noon 
Co-owner of the Micro Store , a personal computer store, in Richardson Texas actively engaged for 12 
years in the computing field in industry and at universities. 
Member of the ACM and IEEE, and chairman of the 1977 Notional Computer Conference. 
Author of many articles in professional journals and magazines. 
Received a Ph.D . in Computer Science from the Southern Methodist University . 

1. Personal Computing: An Idea Whose Time Has Come 
A review of what hos happened so for in the personal computing field , and on outlook into future 
developments , including those in the computer assisted home. Slide demonstration . 

Sol Llbes ... Friday 6 PM and Saturday 10 AM 
President of the Amateur Computer Group of New Jersey 
Teacher of electronics and computer programming at a community college 
Author of 10 books (working on the 11th) and several hundred magazine articles in electronics and com
puting 
Received on award for "The Outstanding Amateur Computer Hobbyist of 1976" in Atlantic City by Personal 
Computing 1976 show , and BYTE. 

2. How to Get Started 
A discussion of typical home computer systems and thei r essential hardware and software components . 

John H. Diiks Ill •.. Saturday 1 PM and Sunday 2 PM 
President of Personal Computing Inc. and tradefoir director of the Personal Computing shows in Atlantic 
City in 1976ond 1977. 
Experience with various computer systems since 1962. 
Employed by Western Electric Co . Inc .. division of the Bell System. 
Member of the Amateur Computer Group of New Jersey and of the Philadelphia Area Computer Society. 
Teaches microcomputer courses in on adult evening program al a vocational school. 

3. Innovative and Unusual Computer Applications for the Home. 
Discussion of " for -out " applications of microcomputers and electronic technology for home use , such as a 
child locator and warning device , a home security system , etc. Slide demonstration . 

Robert S. Jones ... Friday 1 PM and Saturday 2 PM 
Publisher of Interface Age Magazine 
Prior experience in sales and marketing for the semiconductor industry. including Intel , Notional 
Semiconductor and Analog Devices Inc . 

4. Personal Computing for the Business Man 
Evaluating business applicat ions for micro computers , including slides showing selected applicat ions . 

Louis E. Frenzel .•. Saturday 3 PM and Sunday 3 PM 
Director of Computer Products al Heath Company, involved in the planning of new computer products . 
Prior to Heath , with McGraw Hill in product planning and design of educational electronic k i ts . 
Prior exper ience including computer engineering for eight years 
Author of several books , home study courses and numerous magazine articles in electronics and com 
puters . 
Received a BS in e lectronics from the University of Houston and a MEd from the University of Maryland 

5. How to Bufld Personal Computer Kits 
Tips for successful kit construction . Benef its of kit products for the personal com puter user . Including 
slides showing selected computer kits . 

Carl Helmers ... Friday 9 PM and Saturday 4 PM 
Editor-in -Chief and co-founder of BYTE magazine . 
Obtained computing experience as a personal way to accomplish art istic and technological goals in 
music . 
Graduated in 1970 with a BS in Physics from the Universi ty of Rochester . NY . 
Worked for several years at Intermetr ics , Inc . in Cambridge , Massachusetts on the NASA Space Shutt le 
Project . 
Pr ior to work ing with BYTE , publication of a small computer newsletter on a port-time basis . 



6. Computers and Music 
How to create music with computers. Problems of performing electronic music , music under computer 
program control and computer music in conjunction with traditional instruments. Illustrations and ex
amples from personal experience . 

Jack L. Davies ••• Friday 8 PM and Saturday 5 PM 
President of Pon Atlant ic Computer Systems GmbH , a distributor of various micro computer systems in 
Europe. 
Extensive experience in using minicomputers and microcomputers in the US 
Military Schools in Europe. Designed and developed numerous games and educational programs for 
students in these schools. 

7. Microcomputers In Education 
Discuss ion of the many possibilities of us ing microcomputer systems in schools. Effect of personal com
puters on students. 

David Fylstra ... Saturday 6 PM and Sunday 5 PM 
Member of the research staff of the Telecommunications Sciences Center at Stanford Research Institute 
for more than two years . Specialized in microcomputer software and computer simulation of speech pro
cessing systems. 
Graduated in 1974 with a BA in English and Psychology , Stanford University, Phi Beto Kappa. 
Active in the research on communication systems and devices for the deaf . 

8. Speech Analysis and Synthesis for the Amateur 
Using the personal computer as a device to analyze the acoustical foundations of speech and to formulate 
rules for the control of the speech synthesizer. 

Max Mathews Ph.D. ... Saturday 7 PM and Sunday 4 PM 
Director of Acoustical and Behavioral Research, Bell Lobs 
Author of The Technology of Computer Music. and numerous articles . 
Scientific Advisor to the Institute for Research and Coordination of Acoustics and Music (IRCAM) 
Dr . Mathews is often regarded as the "Father of Computer Music" 

9. Pure Digital and Real Time Music Synthesis 
The use cf the digital computer as a musical instrument with which composers and performers create and 
ploy music. Slide and tape demonstration. 

Carl L. Holder ... Saturday 8 PM and Sunday 6 PM 
Director of Product Management , Planning and Communications at Information Terminals Corp . for five 
years . 
Prior experience, including Memorex Corp. , in the area of magnetic media development and testing. 

10. Present and Future Storage Devices 
Survey and discussion of current devices and media, including latest technological developments like the 
charge coupled devices and magnetic bubble memories . Costs , advantages and disadvantages of these 
devices for the personal computer user. Accompanied by slides. 

DAILY TUTORIALS--------
There will be two tutorials offered each day . one aimed at those participants who hove 
little or no experience with microprocessors , and the other for those already experienced 
w i th microprocessor systems. 

BASIC COURSES 
1. 	Development of Microcomputer Systems for 

Business Use .. . Friday 1 OAM to 5PM 
Sy Ratner . Citlbonk, N.A. 
- system design concepts 
- economic efficacy of microcomputers versus large cen tralized 

computer systems 
- distributed processing definitions 
- advantages and problem areas 
- network design and arch i tecture 
- data communications ospects 
-	 case study: design of a stond -olone workstotion for data en 

try ond retrieval 

2. 	Development of Microcomputer Systems for 
Home Use . .. Saturday 1 OAM to 5PM 

Cory Ringel, Con Edison 
- survey of simple microcomputer control systems for home use 
- selection o f hordwore: IC's , boards , kits, development 

systems 
- progromming and software aids 
- interlacing : A I D and D/ A convers ion 
- examples : design of o home control system ; microcomputers 

for o music synthesizer ; computer TV gomes . 
-	 case study: use of the Motorolo 6800 in design of a microcom 

puter system 

3. 	Survey and Comparison of Microprocessors 

• • . Sunday Noon to 5PM 
Donald Lewis . Standard Microsystems Inc . and other speakers 
- definitions and distinctions between ALU -chi ps. controll er s. 

microprocessors . microcomputers 
-	 current opplications 
- microprocessor architectures (bit-slice . 4-bit , 8 -b it , 16-bit . 

minicomputer-type) 
- vendor survey 
- performance evaluation and criteria for selec tion 

INTERMEDIATE/ ADVANCED COURSES 
4. Microprocessor Interfacing . .. Friday 10AM to 5PM 

Donold Lewis . Standard M icrosystems Inc. 

- inlerface components (peripherol interloce chips , UARTS. 


etc . ) 
- interlace standards (IEEE 488, RE 232C . S-100. elc. ) 
- in terfocing lo keybaords 
- interfocing to caselle and floppy disk drives 
- in terlacing to d is play devices 
- case study: how to design o CRT termino l 

5. 	Microprocessor Programming and Software 
... Saturday 10AM to 5PM 

Donold Lewis. Standard Microsystems Inc . 
- software design : flow -charting. selling breokpoi nts. 

documentation . etc. 
- assembly languoge for the Intel 8080, 8085, Z-80. Motorola 

6800 
- instruction types and addressing techniques 
- use of the stock 
- interrupt handling and direct memory occess (OMA) 
- software development oids 
- high level languages for microcomputers 

f> . Technology Analysis and Forecast of Future 
Microprocessor Structures .. . Sunday Noon to 5PM 

Doniel R. McGlynn . U.S. Philips Corp. 
and W ill Mathys . MOS Technology Inc. 
- emergence of specialized computolionol elements (SCE) · 
- architectural evolution (stock processors. reconfigurable or · 

chilectures . multi-level logic) 
- resource monagement techn iques 
- software evolution (nano-programming , extensible instruc· 

lion sets , structured programming modules. very ·high-level 
languages) 
- evolution of semiconductor technology of microprocessors 
- microprocessor architecture at the chip level 
- case studies: design of MOS Technology 's new 8-bit and 16-bil 

processors 



Personal Computing Expo to be General Information 

produced by 
H.A. Bruno & Associates 
H.A. Bruno & Associates , Inc ., has been prominent in 
the exposition and promotion fields since 1923. Highly 
skilled in the production and promotion of consumer 
and trade shows , the company currently promotes the 
American Energy Expo , the Notional Boot Show, Auto 
Expo/ New York . Promotion assistance a lso is current
ly rendered to the Notional Computer Confe rence 
and the Triennial IFIPS Congress in 
Toronto . 
The show producer hos promoted successful shows in 
the New York Coliseum every year since the building 
opened in 1957 . Stoff personnel ore thoroughly 
fam i l iar with the building , its services , management 
and labor . 

Interesting, educational exhibits 
of Personal Micro Computers 
The lectures and tutorials ore not just theory! You will 
be able to see o multitude of micro computers . Try out 
var ious demonstrations : fascinating games , even in 
color ; small business applications ; computer produced 
speech : music; color graphics : and many more . Micro 
computers ore not only small and portable , also you 
will need only a "micro budget " to be able to toke 
them home. 

Show Hours and Admission 
Personal Computing Expo hours ore as follows : 

Friday , Oct. 28 - Noon to 10 p. m . 

Sot. Oct . 29-10 o.m . to 10 p.m. 

Sunday , Oct. 30 - Noon to 7 p .m . 

General Admission : $5 .00 (includes free BYTE lec

tures) per day._ 

Two-day Tickets : $9 .00 (advance sole only) 

Three-day tickets : $13.00 (advance sole only ) 


You may find it advantageous to purchase two or 
three-day admission tickets in advance . These ore 
ovoilble by mail only , no later than October 10, 
1977. Use coupon below. 

Group rotes (10 or more persons) qualify for $1.00 
off regular prices. Arrangements must be mode by 
moil prior to October 10, 197.7. 

Special arrangements hove been made if you 
desire to stay overnight . Our headquarters hotel , 
the Borbizon-Plaza , is located on Central Pork 
South , two blocks from Columbus Circle. Single 
rooms available at $34.00 per night; $40.00 double , 
plus fox . There's a weekend plan : $22.95 daily , plus 
tax per person , double occupancy ... includes 
breakfast (brunch on Sunday) and meal gratuities. 
Children under 14 in some room with parents , free. 

For hotel reservations and information, call toll 
free (800) 223-5493 . From New York State coil (800) 
223-5963 . 

For those traveling to New York by air, American 
Airlines offers a convenient service through ar
rangement with Personal Computing Expo. For in
formation , coll toll free (800) 433-1790 . In Texas the 
number is (800) 792-1150. From the West Coast , 
round trip fore via American is only $227 .00. 

20,000 persons ore expected to attend and view the 
more than 200 exhibits by personal computer 
manufacturers and retailers. 

Personal Computing Expo will occupy the 4th floor 
of the New York Coliseum. It is located on 59th 
Street and Columbus Circle - the geographical 
center of New York City. Garage parking in the 
building is available . 

For answers to any questions pertain ing to your at 
tendance at Personal Computing Expo, contact the 
Show Manager, Rolph Ianuzzi , at Area Code 
212/753-4920. 

Advance sale of tickets available . .• Three days '13 

Two days '9 . .. General Admission '5 


MAIL THIS CONVENIENT ORDER FORM NOW! 


Personal Computing Expo admission is $5.00 per day. Advance reservation eliminates I-----------------------------~ 

waiting in line. Order advance tickets with this coupon. Admission ticket includes access I 
to exhibits, lectures and tutorials. 

Please send me advance registration tickets for three days, Oc- 1 
tober 28-29-30. Total cost $13.00 per person. 1 
Please send me advance tickets for two days, October and I 
October . Cost is $9.00 per person. I 
Please send me advance tickets for one day, October . Cost I 
is $5.00 per person. 
Make all checks payable to PERSONAL COMPUTING EXPO, and mail to: I 
Personal Computing Expo, 78 East 56th Street, New York, N.Y. 10022. I 
Name Amount enclosed $ I 
Address I 
City State Zip _ _____-----------------------------J 




Analyze Your Car's Gas Economy with Your Computer 


John P Bauernschub 
14809 Clavel St 
Rockville MD 20853 

In a note accompanying this article, 
author Bauernschub reported: This pro
gram was developed to be displayed on 
a video monitor using the SwTPC CT-1024. 
However, I borrowed a Texas In struments 
Silent 700 to generate the listing and was 
happy at the ease of interfacing it to the 
SwTPC MC-6800 and AC-30 cassette inter
face. 

A few comments about myself. First, I 
had never put an electronic kit together 
before this. I spent six months studying the 
microcomputer market and decided on 
Southwest because they appeared to have 
"put it alt together." It was enjoyable 
and fairly straightforward assembl ing the 
kits, and they alt worked. 

How well is your car performing? Is it 
match ing the EPA mi les per gal lon ratings 
that the man ufacturer posted on it? Is it 
time for a tune-u p? Here is a sys tem that will 
produce these answers and provide a worth
whi le application for your personal com
puter. 

The first step in this system is to gather 
data . What we're out to do is automate a 
familiar procedure : anal ysis of data about 
your car. But analys is requires data. Every 
time you purchase gas, record the quantity 
and the mi leage. It helps to keep a small 
notebook in the glove compartment of your 
car for this. The system wi ll be the most 
informative if the tank is fi lled each t ime. 
However, the fill-up is not necessary every 
time since the program totals the gal lons 
and miles for an overall rate . You may also 
wish to note when you do an extraordinary 
amoun t of highway or city dr iving so you 
can ident ify its effect on you r normal miles 
per gallon. 

If you want to check your fuel perfor
mance and have not been recording deta iled 

fi ll-up data, you can recover past data from 
gas receipts (on your credit card bills) and 
get a starting mileage from a shop mainten
ance record. 

When the program is in itiated you have 
the option of displaying the instructions. 
Next you are asked for the mileage before 
the first gas purchase. This is either the 
mi leage when you first started recording the 
data or the last mileage used the previous 
time the program was run. For the greatest 
accuracy, the tank shou ld be full for the 
first and last recordings. This value is stored 
by the program in the variable L to be used 
in the final statistics, and assigned to M2 for 
the first computatio n. 

Column headings are displayed and you 
are requested to input mileage and gallons 
for the first fill after the mil eage used as the 
start. The program will then disp lay the 
mileage, the number of gallons, the number 
of miles since the last purchase and the miles 
per gallon for th is data. You are again 
prompted for miles and gal lons and the cycle 
repea ts itse If. 

If you detect an error in the most recent 
entry, you can back it out by entering a 
negative number for the next mileage an d 
zero for gallons. When this is done, the 
number of gallons for th e most recent 
entry, G4, will be subtracted from the total 
ga llon s, T, (line 370); and the most recent 
mileage variable, M2, will be set equal to the 
second most recent mileage variab le, M4. 
When you are prompted for mileage and 
ga llons again, enter the corrected amount. 
If th is is also in error, it can likewise be 
backed out. However, you can only back out 
the most recent entry. If you tried to back 
out multip le levels of entries by entering 
successive negative values for mileage, 
nothing would happen because after the f irst 
back out G4 was set to ze ro (I ine 380) and 
M2 equals M4. 
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Circle 414 on inqu iry card . 

After you have entered yo ur last data and 
are prompted for miles and gallons, enter a 
zero for each and your computer will tell 
you how many miles you drove, how many 
gallons were used, and your average miles 
per gallon . This miles per gallon figure is 
computed using the tota l ga llons and miles 
driven and not an average of each previously 
computed miles per gallon. 

This program was written for a SwTPC 
6800 and will run with either 4 K or 8 K 
BAS IC. Its output was designed to fit the 
SwTPC CT-1024 video screen and will 
therefore appear squeezed on a wider screen 
or printer. This can be adjusted by changing 
the spacing of the column headings in line 
700 and the tabs in lin e 320. The statement 
PRINT CHR$ (16) ; CHR$ (22); in lines 450, 
520 and 690 are the comp uter cu rsor 
commands (home up, erase to end of frame} 
for the CT-1024 TYT and should be changed 
or left out if some other terminal is utilized. 
Also, all REM statements can be left out at 
the risk of losing some documentation value. 

Carry th is idea forward in your computer 
to help keep track of the performance of 
your car.• 

Listing 7: The BASIC program for analysis 
of automobile mileage data. This program is 
written for the SwTPC 6800 system 's 4 K 
or 8 K BASIC interpreters, and can easily be 
adapted to any interpreter which imple
ments a minimum of decimal arithmetic and 
string output operations for formatting. This 
program is not recommended for use with 
"tiny" BASIC intetpreters. 

.:·£-11.· 
.,_, : 1 

11 11111 i::::·1 c.F·!)·;>?M:·' r:i : a:·IP '.ITE ·::.~: :H:...::=.·::.E 

HI t 1.1 FPl ~ , .1::J1.1• 1 o. t::H•JEPfl : ·: Hl• I-: • .IF' . 

1q .,? 11 i;!;°!'I -=t=~I~ l ?:':" 

Lll 3 11 P'F' l ~ l l · u1 : rF •J\ T1:J:1· · 1-.; : . 1.1-~tJ· ·· : 


11 1 ~II I' jl;l•_q .;, 

1l l ":·f• JF '1-= I ::.:J : •J f ~·2• • 


Ul-;·t• I c .;-;11 :::J : 'J l -:-":·I.• 

Ill ;"IJ _ E l I =11 


1•1?11 ~· ~1·11 . ..,. ; : 

11, ~it ] !IO•JT :'1• 1:0 

~~ ~u ~EM £~ ~ ~P ~£1 E1:r 1 a:1 

11.: 111 1c- ··1-:11 rrl£:1 -& 20 
1r.;. Z11 1c- ··1 •J T...,£•l ~. :-1) 

11,:.j: 11 !F ! I '= '·I.? l"'iEtl ;- ~ 11 

t•!. Ju IF :; : •) THE!! :"~.iJ 

11..:.~· · · --·EM : rf~£ lthiHt FOF" t :H>: 1 :i·.1r 
11.:. ": . ll ...E.1 ;>l .1 • :1.:. 
11 ,!-: ;- f1 LET ·:04;:_;. 
02;11 FEM ~-ti-~: ~£t:: :.:"1LLO!C : a··1P•JTHl I ~:~ 
r12;.1 1 _ E_T ··~ :-O: ::::-t-: · 12 

•·: I.Ill -E 1 T =1 •1::. 
L• 3: 1tl :..E T i:- •• [~n · 1 v 1'u M!C .:; •• I oo 
q _. .:. 11 cc;. 1rn Ft. f.· ~· :r·n fMEl · t.:.· : ·:; :TMf:· ....... : M ~ :TMf;·.25· : F 
It ::$ 11 _ £ 1 "12":i:"I 
11 ; 41 1 ,,(Jl!J l : : 11 

·· ~51J C£M f:H·> OJl EF·POF·: FF'UM l:JTA' 
11 ':-: 1• i::::r-1 ·:.tt1..:...an: 'T · :=.rt[• ~:=.:1 "11:...EM.::;;E •!'12 • 
11 ?. ;"t• ... ET r~ r --::. .
\1::~ u _E,T :; 4 ;11 
11~- :0•J :_Et "1 2.=IH 
lj .J.I UJ ~i:JEJ 1 ~I) 
1.1 ~1 11 ;:;EM c1:t~- : TATl.T t •:: 

t•~=t'• _:_r :·l ~ =M.:.-t.. 


1J l ::H1 l F T ::.(!THC ' ! ;'21J 
, , ,.;: ;i _£, ~~· 1 ·t T •J1111 • '·J : T•• 111 (1 

11-&50 PP l:IT ·:"4P l. •1 .0• : ·: HP•l. •~2· : 


11 1-:. 11 c·~· 1nr ·-· ,01.1 r.~avE " : r1 3 ; - ·-11 ... E: :J:r· 

1)4;"'(1 P~I: 1 r r : .. ·.;MLUJ!l : ~F •'.;M: .. 

n4 :; u "F' IttT '" FOF .:,· 1 M'v'EF N11'E :Jfu 

l1J:i._, PPJl lT p : " ..,I!.~: PEP •:.rt~Lorr · 


THE BETTER BUG TRAP 

DEBUG 

AND 


CONGUER 

Altair/IMSAI compatible board catches program bugs and 
provides timing for real -time applicat io ns. 

Four hardware breakpoint addresses. Software breakpoints 
only possible at instructions in RAM. Better Bug Trap 
breakpoints can be in ROM or RAM, and at data or 
instructions in memory, input/output channels, or stack 
locations. 

Board can stop CPU or interrupt CPU at a breakpoint. 

Real - time functions: watchdog tin.er. real-time clock (for 
time of day clock), interval timer. 

Sophisticated timesharing made possib le! 

Unique interrupt structure: generates a CA LL instruction to 
your subroutine anywhere in memory. not a AST! 

Addressed as memory. All parameters set easily by software . 

All this and more for about the price of a real -time clock 
board, but no thing else does the job of the Better Bug Trap. 

$160, assembled and tested. 2 manuals plus software. 90 day 
warranty . Shipped UPS. Del ivery from stock . 
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Mastermind has become one of the most popular 
games around these days. (Games and Puzzles magazine 
gave it their highest rating.) Among other applications, 
it is used by a number of computer companies to test 
the programming skills of potential employees. The 
game was originated by Inv/eta Plastics; Mastermind 
is a trademark of that firm. In its original form, this 
game ofskill requires a mind, but no computer. 

r1 t1M 1~ - JAN - 77 f•f'tSlC VO I 0 - 0:1 

10 R<:M MASTER MINU · co r> EHA1'ER ' 
:-io .REM conEn JN F'.:T - J I BAS I C 
110 RANnfl Mf ZE 
<\O F'R INT ' MASTER H ! N\1 GM E ' 
1 10 REM TN ITJl'\I 17.A Tl()N 
l ~O ~[M A~(6 ) r ~~ C J> , C ~ (J1 , n1 CJ) , S(J> 

l30 FOh'. J =O TO 6 
t 40 REf\J 1 A i>< J> 

l ~iO NE XT J 

160 r•t'IT" • R ' r ' flL '• ' G ~. · y · ,·n·,· ri~ · .· s · 


~ JO PRTNT ' UHT CH VERSION Cl OR ~) •; 
~:1.0 INPU T F.: 
2 40 LET R~R+5\R M R WI LL H IJSE[o I n Sllf<SCl<I F' l J: OHF' \J l ~l I ON 
:-!70 RE'.M cont SE.LECT ION 
2 BO Fil~ J=O TO 3 
290 L[T D~ C J) ~ Al(TNTCR*RNn CJ > >) 

~iOO RFM THf S AM COLOR IN MO RE Tl1AN ONf PO. Tl TON J S I rnn1 
:<30 NfXT .I 
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610 RE TL.IF.'N 

7 I 0 RFH SE'LEr.T ANO Tl\ FR G/\M ~ OR STOJ · 

770 PR rN l • AN OTHFR riMir -- Y = YF:S • N = N fJ • ; 

730 I NP LJ T R•t. 

7 'l 0 IF R~ ~ · y · Tft N ~10 
1300 r N[I 

Listing 7: Text of BASIC Mastermind Codemaker. Minor modifications may 
be required for other versions of BASIC. 

W Lloyd Milligan 
8604 Maywood Dr 
Columbia SC 29209 

Mastermind 


One of the most interesting conventional 
{ie : noncomputer) games on the market is 
"Mastermind," distribu ted by lnvicta 
Plastics, Suite 940, 200 5th Av, New York 
NY 10010, and available in many local 
stores. Mastermind involves deductive logic, 
hypothesis testing and probabilistic infer
ence. In Mastermind, the players take turns 
as "codemaker" and "codebreaker." The 
codemaker sets up a concealed row of four 
colored pegs from a set of Red, Blue, 
BRown, Green, Yellow and Orange pegs. 
It is acceptable to use the same color or 
colors more than once. In version 2, a more 
advanced game, empty Spaces are also 
permitted. (The bold face characters are 
abbreviations recogni zed by the BAS IC 
program.) 

The codebreaker has ten tries (rows) 
in which to discover the secret arrangement 
of colors in the concealed row. To input a 
row to the computer, type th e legal abbre
viation for the leftmost color on the firs t 
line, the next to left on the second line, 
and so on. After each row has been typed 
in, the program evaluates the try and types 
back the following message : 

YOU GET n BLACK AND m WHITE 
PEGS ON ROW i. 

The number of black pegs corresponds to 
the number of correct colors in correct posi 
tions, and the number of white pegs gives 
the number of correct colors in wrong posi
tions. An important rule is that no position 
in the try is counted more than once. For 
instance, if you have Gree n in columns 1 and 
3, and the secre t code has Green in 3 only, 
you get a black peg for Green in position 3 
but no white peg for Green in 1. If you fail 
to break the code in ten rows, the code
maker program will tell you the answer and 
let you play again. It helps to study a 
missed game to see where you made faulty 
deductions. 
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RUN 

HH2 19-FEB-77 BASIC VOIB-02 

HASTER HIND CODEBREAKER 
PLEASE BE PATIENT. SOHETIHES f TAKE A FEW MINUT ES ON HY HOVE 
WHICH VERSION ( I OR 2) 7 1 

HY HOVE FOR ROW I IS 
YELLOW REO YELLOW GREEN 
HOW MANY BLACK PEGS ? I 

HOW HANY WHITE PEGS 1 1 

HY HOVE FOR ROW 2 IS 
RED RED RED YELL OW 
HOW HANY BLACK PEGS 1 0 
HOW HANY WHITE PEGS 71 

MY HOVE FOR ROW 3 15 
BLUE GREEN YELLOW BL UE 
HOU HANY BLACK PEGS 1 0 
HOW HANY WHITE PEGS 12 

HY HOVE FOR ROW 4 I S 
ORE EN YEL LOW GREEN GR EEN 
HOW HANY BLACK PEGS 1 1 
HOW HANY WHI TE PEGS 71 

MY HOVE FOR ROW 5 I S 
YELLOW BLAC K GR EEN PL AC K 
HOW HANY BLACK PEGS ?J 

HY HOVE FOR ROW 6 IS 
YELLOW BLACK GREEll WHITE 
HOW MANY BLACK PEGS .. 
THANKS FOR THE GAME 

ANOTHER GAHE 1 N 

!;TOP AT LINE 900 

READY 

Listing 4: Sample run of BASIC Mastermind 
Codebreaker. Values in response to the 
queries "HOW MANY BLACK PEGS?" and 
"HOW MANY WHITE PEGS?" are typed 
by the player and correspond to correct 
colors in correct positions and correct 
colors in wrong positions in program's try. 

strategy used by the program is main 
strength calculat ion involving little concep
tual sophistication, it is nevertheless a 
powerfu lly effective strategy. Indeed it 
migh t be said that the BASIC Codebreaker 
program is a Mastermi nd Master. 

After yo u have played against both of the 
programs you may want to link the two 
programs together so they play against each 
other. It would be interesting to watch the 
computer's strategy against itself. 

Maste rmind is marketed in several fo rm s. 
MiniMastermind is identica l to Mastermind 
except that only six rows are permitted for 
completing a game. The programs are eas il y 
adapted to play any version by altering 
index variables, subscripts, etc. It is recom
mended that a playi ng set be used when 
playing agai nst the computer, as the game is 
somewhat di fficult to play in your head. 
However, paper and pencil can be used if 
no playing set is avai lable. Interesting com 
pu ter games usuall y requ ire long and com
plex programs. Mastermi nd is a logical and 
challenging game which can be programmed 
in a small system with minimum memory 
and a simp le version of BASIC.• 

Circle 415 on inqu i ry card . 

Special 5% Discount during October with this ad 

Get the Best in 

Business Data 


Processing Systems 

Accounting, Inventory, General Ledger, 

Timesharing Applications 

Also a complete line of personal computers 

and peripherals, including: 


• Processor Technology • CROMEMCO 
• IMSAI • North Star 
• Digital Group • TEI 
• Compucolor • OTC 
• TDL • Books/Magazines 

HARDWARE/SOFTWARE SUPPORT 

Our experienced staff is ready to help you 


configure the best system to suit your needs 

MAIL ORDERS WELCOME 

(We accept MasterCharge/ BankAmericard) 

THE LlJr:IPUTER RlJlJr:I 
124 H Blossom Hill Road• San Jose, CA 95123 

(408) 226-8383 

ta ITMCO U~IO 
PO BOX 91 ITHACA, N.Y. 14850 (607) 273-3271 

OUR PRICES 

REVEALED 


BOARDS 1nqulu•boU1 qu.n"IY•n4 0EM prl<lng 

Z-80 CPU $35.00 

2708/16 EPROM $25.00 

PROTOBOARD $25.00 

Bk STATIC RAM $25.00 

16/64 k DYNAMIC 
RAM $35.00 

PllASl ADO Sl.00 SHIPPINC PI A ••••• cH I PS 
Z-80 2 mHz $25.00 

4 mHz $35.00 
2708 EPROM 450 ns $20.00 
21 LD2-1 RAM 450 ns $1.30 
21F02-1 RAM 250 ns $1.50 

Circle 416 on inquiry card . 
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EYTE's Eiis 


8080 wil l be used. Euge ne Fisher, 
Lawrence Livermore Laboratory, and 
Mich ae l Maples, M and E Associates 
will head a group of mi crocomputer 
systems enginee rs, teachers and con 
sultan ts in leading the workshop. Pro· 
jec ts include a stopwatch ri mer display 
and a set point temperature controller. 
For fu rthe r info rmation on regis tra tion, 
wri te to A J St ripeika, Lawrence Live r
more Labora tory , POB 808 , Livermore 
CA 94550 . The registrat ion fee is $40 
(l unch and coffee incl ude d). Mate ri al 
will be sent ou t fo r advance study . To 
obtain max imum benefit from rhe 
tuto rial it is recomm ended th at atten
dees study the mate ri al in adva nce. Class 
will be lim itcd. • 

The Microcomputer Connection 

The 24th annual IEEE Fall Confer
ence will be held at the To wn House 
Convention Cen te r in Cedar Rapids IA 

Mult iplicatio n 

One of the appli cations of my hom e
brew 6800 based system requi res a large 
amount of comp lex number cru nching. 
A not icea ble improvement in perfo r
ma nce ca n be rea lize d by reorga nizing 
compl ex multip lica t ion. 

Conve ntion al comp lex num ber multi· 
plication of two n LI mbers requires two 
addi Lions and fou r multipl ica tions. T his 
can be re duced to tl1ree mu ltiplica ti ons 
and ive add iti ons. Brute fo rce multip li· 
ca tion yields the prod uct d irec tly as the 
c ross produ ct sum. Th at is: 

(a+jb ) {c+jd ) =(ac-bd) + j(ad +cb ) 

Ho wever, th ese produ cts ca n be ex
pa nde d by the addit io n and subt raction 
of a constant to shorten 1he computa· 
tion time. 

(a+jb) (c+jd) =(ac- bd+ad-ad) -t j(ad+cb+ac- ac) 

=((a- b) d + (c- d)a + j((a+b)c - a(c- d )) 
=(y+x) + j(x- z) 

Where: 	x =(a b) c 

y = (a-b ) d 

z =(c-d) a 


William Jackson 
24 Coldstream Dr 

Munster Ontario 
CANADA KOA 3PO• 

Music an d Poetry by Co mputer? 

The Associatio n of Comp uter Machi 
nery {A CM) in cooperation with New 
York Univers ity is prese nting a Confer 
ence on Co mputi ng In the Arts and 
Hum anit ies to be held in Warren Weaver 
Hall at New York University, October 
21 to 23 1977. The programs include: 
computer ge nerated video tape and 
film works; a conce rt of music com 
posed wi th the aid of compu ters; poetry 
by com puter; a co mpu ter fash io n show ; 
literary analysis using computers; and 
more. 

For registrat ion info rm ation , contact 
Dr Naomi Saga r, Con fe rence Ch ai r
perso n, NYU Li nguistic String Project, 
25 l Mercer St, New York NY 10012, 
{2 12) 598-22 94, ex t 5.• 

An IEEE Hands-on 
Mi crocomputer Tutoria l 

T he Nu clear and Plasma Sciences 
Society of th e IEEE , in co njun ction with 
th eir annual sy mposium, are sponsoring 
a hands-on microco mputer appli cations 
tuto rial. It wil l be held Saturday, Octo 
ber 22 1977 from 9 :00 to 5 :00 at the 
Sheraton Palace Hotel, San Franc isco. 
Th e Lu LOri al is slanted toward peop le 
with com puter backgrou nds who would 
like a hands-o n experience on ac tual pro 
blems. Su itcase trainers based on the 

400 Nor1h Washington Street. Suile 200
INTERNATIONAL DATA SYSTEMS, INC. Falls Church. Virginia 22046 USA 

Telephone (703 ) 536-7373 

5100 Bus Cards (ALTAIR /IMSAI Compallble) USES KIT PRICE 

88·SPM Clock Module Your computer keeps 11 me ol day regardless ol whal program ii is executing 
Applications Inc lude even1 logging, data entry. ham radio. etc. Provision lor 
battery backup Is included 

$96.00 

88 -UFC Frequency Counte• Module Mea su re frequenc ies up 10 600 MHz or period with 1/ t 0 microsecond resolu 
tion Compuler can moni tor lour separate inputs under sot1 warn c on trol 

$1 79.00 

BS-MODEM 

GENERAL 

Ongona te/ Answer MODEM 

PURPOSE PERIPHERALS 

Use your computer to call other compu1er systems such as large tjmesharing 
sys1ems Also allows other computer terminals 10 "dial-up" your compuler 
Auto-dialer is included so your compu1er c an call other compulers under soll 
ware control Operates al t I0. t 34 5. 150. 300, and 600 band. 

$245.00 

MCTK Moose Code To amer / Keyer Hard/ Soltware package which allows your complller 10 teach Morse Code. key your 
transminer. and send p<estored messages Uses "NEW CODE METHOD" lor training. 

$29 00 

TSM Temperaturc Sensing M od LOle Use 1110 measure 1ns1de and / or outside tempera lure lor compu1errze<1 chmate 
control syslems, etc 

$24 00 

DACB E1gh1 B11D1g1 1a1 10 
Analog Converter 

Requires one e19h1bit TIL level latched pa rallel outp ul pert. Use it 10 produce 
computer music or to dMe voltage c on trolled devices 

St 900 

Terms: Payment w ith order. Shipment prepaid. Delivery Is s1ock lo 30 days. Wr1te or call tor detalled product brochures. 
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MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL 

the Cl-812 
The Only S-100 Interface 
You May Ever Need 
On one card, you get dependable "KC
standard "/bi phase encoded cassette inter 
facing at 30, 60, 120, or 240 bytes per 
second, and full-duplex RS-232 data ex
change at 300- to 9600-baud. Kit, includ
ing instruction manual, only $89.95*. 

*Assembled and tested,[~EfHUJM] $119.95. Add 5% for 
shipping. Texas res i

PERCOM DATA COMPANY , INC. dents add 5% sales tax. PerCom 'peripherals for personal computing' 
4011 WINDSOR • GAFILANO. TEXAS 75()42 

Raster Scan Graphics 

These pictures were created by 
David Koh MD, Dept of Cardio logy 
RG-20, Univers iLy of Wash ington, 
Scanle WA 98 '195, using a homebrcw 
raster scan graphics inte rface based on 
Thomas Buschbach's artic le in the 
November 1976 BYTE, page 32. The 
circui t l1 as been modifed lO be compat
ible with the Southwest Tec hnical Pro
ducts bus and its 6800 processor signals . 
Timing signa ls arc derived from a Sout h· 
west T echnical Products CT- 1024 tcr· 
minal. Graphics and alphan umer ic char
acrers can be displayed either simu l

rep resents 5 K bytes of programmable 
me mory a t hexadecima l locations 6000 
to 73FF. T he cartoons were drawn 
freehand using a surp lus Bolt Ba ranek 
and Newman X-Y digitizer purchased 
from Delta Electronics. This un it has a 
reso lut ion of 128 by 128. For high 
resolution work, th is region can be 
moved aro und under software control 
anyw here in the disp lay area. • 

Ahem. AM I Makes a Sewing Machine 
LSI Control Chip 

T he new Singer Athena sewing 
machine features a novel LS I integrated 
circ uit that has 24 d iffe re nt patterns pe r
manently s tored in its read o nl y mem
ory. The ch ip was designed by American 
Microsystems and has a capacity of 6 K 
bytes. It also controls the sequences of 
variab le le ngt h pulses going to linear 
se rvo actuators t hat control needle and 
fabric move me n L 

The computerized appliance is here 
to stay, and we ca n look forward to 
many happy hours of digital darting and 
by tc based bast ing. • 

taneously or separately. 

Resolution is 256 by 160, w hich 


on September 29 and 30 1977. The 
topic will be "The Microcompute r Con
nection" and 12 speakers wil l de liver 
ta lks o n microcomputer applications in 
industry, governme n t and the home. 
Also featured a re product and eq uip
men t exh ib its from a va ri ety of manu
facturers. The Fall Confere nce is open 
to the publi c; th e fee is $4 for nonmem
bers, $2 for IEEE members and $1 for 
students. 

For more information, contact 
Firooz Etemad, IEEE Fa ll Confere nce, 
POB 451, Marion IA 52302.• 

The Midwest Affiliation of Computer 
Clubs' Convention 

Over 2500 people descended on 
Cleveland's Bond Court Hotel ) une 10, 
1 1 and 12 to atte nd the Mid west Affila 
tion of Computer C lubs' a nnu al conven
tion. Manufacturers we re in ab und ance 
disp layi ng the ir products. A number of 
people spoke at the technical sess ions, 
inc lu ding representat ives of Inte l and 
Texas Instrume n ts, both of whom 
unveiled new products to receptive 
audie nces . An excel le n t closed circuit 
video monitor system was a lso ava il ab le 
for those who could no t get ir110 the 
we ll -attended lectures. All in al l, it was 
a well-run and interesting co nven ti on. • 

New Micro Interfacing Workshop 

Wintek has added a 2 day " Hands o n 
Interfacing Workshop" to t heir standard 
3 d;iy "I-lands on Microprocessor Short 
Course w ith Free Take Home Micro
computer." T he new interfaci ng work
shop inc lu des ana log to digita l and 
digita l to analog co nvers ion , signa l con
ditioning, keyboard scan ning an d de 
cod ing , LED d is p lay d riv ing, rno!Or pos i
tion, velocity cont rol a nd rel ated topics. 
Tuition is $299. The fa ll 1977 sched ul e 
includes workshops in Dallas, Houston, 

(214) 276-1968 BAC/MC available. 
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Washington DC, Melbourne FL, Denver, 
Palo Alto, San Diego, Indianapolis, 
Boston, Detroi t, Chicago an d Puerto 
Rico. For more information call (317) 
742-6802 or write Wintck Corpora tion , 
902 N 9th St, Lafayette IN 47904.• 

Programming Tidbit 

The normal mode o f comparison for 

equa lity between two numbers, A and B, 
is simp ly the equ ivalent of the following 
statemen t in whatever language is used: 

IFA = BTHEN . .. . 

However, in many co ntex ts this is 
no t necessarily the test to do. Suppose 
in a pauern recog nition program, for 
instance, you mere ly wa nt to fi nd out 
if the two variab les A and B are within 
the ri gh t "ball park" of each other, which 

is t he range DELTA. The semantics of 
the test compu tation must then be 
changed, and the fi rst impulse might be 
to use the form : 

IF (A-B) < DELTA THEN . . .. 

However, what ha~pens whe n B Is 
greater than A and DELTA is a posi Live 
number? This would give a true result 
a ll the t ime, inde pendent of the true 
mag ni tude of the difference between 
the two. Since DEL TA is a positive 
number by assump t ion, we must force 
the differe n ce being checked to be a 
positive va lu e also. This is where i1 is 
handy to have a language with an abso· 
lute value functio n ABS to force a 
change of alge braic sign if its argument is 
negative. Rewri t ing this comparison 
gives: 

IF ABS (A·B) <DELTA 
THEN .... 

If your in terpreter o r compiler has no 
absol u te value func tion , al l is not lost, 
however. You can still check for a differ
ential range by coding the equivalent : 

IF ((A·B <o 
and (A·B>DELTA) 
or ((A-B) >o 
and (A-B)<DE LTA) 
T HEN . .. . 

Herc the terms and and or have been 
used for logical functions relating differ
ent arithmetic expressions and paren · 
theses are used for precedence of opera
tions. Add th is thought to you r bag of 
programm ing tricks and techniques; it 
might be quite useful. • 

IBM Selec tric Interface 

Rega rding " Inte rfacing The IBM Se
lectric Keyboard Printer" by Dan 
Fylstra, in June 1977 BYTE , page 46, 
see a letler from Beardsley Ruml on page 
32 of this issue, paragraph 4, or com · 
mcnts about: 

1. 	 Proper wir ing of IBM 73x con · 
tacts for the purpose of imple
menting cl osed loop feedback. 
Mr Ruml states that Dan's 
suggestion of a proposed 
method for implementing 
feedback will not work. (Dan's 
in terface was open loop, worst 
case timing.) 

2. 	 The IBM specified current and 
voltage used with operating 
the switches sho uld not be ig· 
nored, since above the mini
mum 10 V , l 0 mA specifica
tio n there is e nough current 
to "keep the contacts clean." • 
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Program Structure 

The BAS IC Mastermind Codemaker 
shown in listing 1 requires only 2 K bytes 
for the source code including remarks. RND 
and INT (random number and integer) are 
the only special functions used; no str ing 
functions are needed. Th is program can be 
easily modified to run under a version of 
BASIC that does not sup port string variables 
by substitut ing numbers for the color 
ab breviations. The secret row of colored 
pegs is set up by a call to the random num
ber generator in line 290. Note that for ver
sion 1 ga mes, R=6 and for version 2, R=7 
permitting the ass ignment of empty Spaces. 
Black peg responses (exact cor respon
dences) are counted from Iines 490 to 510, 
and wh ite peg responses (correct color, 
wrong position) are counted from lines 
512 to 555. 

An examp le of play against the computer 
program is given in Iis ting 2. The first row 
of input is a guess. The secon d row is 
designed to test whether there are any re
peated colors from the first try in the 
secret code. The codemaker's response 
tel ls us that one of the colors in the fi rst 
try is repeated. In row 3 we hy pothesize 
that Bl ue is the correct color in row 2 
and that Orange is the repeated color from 
row 1. The codemaker's response constitutes 
a stroke of lu ck for us as we learn that 
BRown is the correct color on row 2 an d 
that Red and Orange can be el im inated from 
row 1. In row 4 we hypothes ize that Green 
is the correct color in the first row, bu t 
alas, we are mistaken. Now only two 
arrangements are possible. We have a 50% 
chance of getting it on row 5, but fate is 
cruel. 

After playing the Codebreaker half of 
the Masterm ind game you will learn how 
to ge t the most information out of each 
move. I leave these discoveries to the 
reader. 

After trying to break the codes pro
duced by the computer our next step 
will of cou rse be to get even with it and 
see how good it is at breaking codes. 
The Mas term ind Codebreaker prog ram 
at tempts to decode input codes. A word 
of warn ing; the Codebreaker program is 
an excel lent playe r. 

Listing 2: Example of play against BASIC Mastermind Codemaker. The 
text gives an analysis of the moves. 
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Listing 3: Text of BASIC Mastermind Codebreaker. Minor modifications may 
be required for other versions of BASIC. 

HH2 19- FEB-77 BASIC VOlB-02 

10 REH HASTER HIND ' CODEB REA KER " 
2 0 REH CODED IN RT-11 BASIC 
30 RANDOHIZE 
•O OIH RtC9,J)rS ( 9rl> 
45 DIH A• <6> . B• <J >,C • <J> , D• <3> 
50 REH INITIALIZATION 
60 FOR J•O TO 6 
70 RE AD At <J> 
BO NEXT J 
90 DATA " RE0 "1 " 8LUE "r " OREEN " r " YELL0~ "1" 8LACK"r" WHI TE "r " SPACE " 

100 LET LOs O 
110 LET Lll!'O 
120 LE T L2 • 0 
130 LE T L3 • 0 
140 PRINT ' HASTER HIND CODEBREAKER " 

145 PRINT "PLEASE BE PATIENT, SOHETIHES l TAKE A FEW HIHUTES ON HY HOVE" 

150 PR INT ' WHICH VERSION < 1 OR 2 > " I 

160 INPUT V 

170 LET V• V+5 

180 REH ASSIGN COLORS AT RANDOM FOR ROW I 

190 FOR JsO TO 3 

200 LET R• <O , J>= A• <INTCV$RN D< J) l) 

:? 10 NE XT J 
220 REH START HAIN PLAY OF GAHE HERE 
?. JO REH [ IS THE ROW COUNTER 
~ 40 FOR l=O TO 9 
245 P~INT 
250 PRINT "HY HOVE FOR ROW " Itt • IS " 
260 PRINT R• Ci rO >. R, Cir l ) rRt (I• 2> •Rt<Ir3J 
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Listing 3, continued: 

~7 0 PRINT 'HOW MANY BLACK PEGS 'i 
280 INPUT 5(1,0) 
2 90 IF S<lr0, < >4 THEN 320 
300 PRINT 'HIANKS FOR THE GAME ' 
305 PRINT 
310 0 0 TO 870 
320 IF S<JoO> <> J THE N 360 
330 LET S ! J,1) • 0\REH IF 3 BLACKS THEN 0 WHITES 
3 40 GO TO 380 
360 PRINT 'HOW HANY WHITE PEGS 'i 
370 INPUT S ( J , 1 > 
380 REH GENERA TE HYPOTHESIS 
390 FOR IO=LO TO V- 1 
400 FOR l l =L 1 TO V-1 
410 FOR 12=L2 TO V-1 
420 FOR 13=L3 TO V- 1 
430 LE T Ot!Ol =At(IO) 
4~0 LET D•Cl} • At(lJ) 
450 LET Dt< 2l=At ( J2 > 
46 0 LET 0t (3) • ASCl3> 
470 RE H CHECK AL L ROWS F"ROH F !RST TO CURRENT FOR CONSI STENCY 
490 rm;· R•O TO I 
500 F'OR J=O TO 3 
5 10 LET Ct <Jl=RtCR,JJ 
520 LET Bt (JJ=O t< J> 
530 NEXT J 
540 REH USE ROW EVA l.LIATl ON SLIBROUTI NE TO CHEr.K CONSISTENCY OF 
550 REH HYPOTHESrs AGl\ INST EACll ROW 
555 LET N=O\ l.E T H•O 
560 GOSUB 9 10 
570 REM CHECK FOR AGREEMENT OF ~LACK' WH l fE r.ouN T 
580 ff N<>S<R , O> 'fH EN 700 
590 I F H<>S<R•I > THEN 700 
t.00 NEXT R 
610 REH HA KE SURE THAT HYPOTHESIS ROW !'OESNT OLIPL !CATE ROW 1 
620 ET Z=O . 
630 FOR .J= O TO J 
640 IF ~SCOr~) <)h~(J) THEN 660 
6:50 lF.:T Z=Z+ t 
660 NEXT J 
670 fF Z•4 THEN 700 
690 GO TO 820 
700 NEXT !3 
7 10 NEXT I:> 
no NEXT 1 1 
730 NEX T 10 
740 PRJ'N'f • .r HAVE REnCHEO nN IHPnSSE TN MY TIHN~!Nr.' 

7'50 F>R rN r · cmJLO YOU HAVF.: HAD~ AN t~R"nrn . 

760 GO 'fO 870 
770 LET I O:;; f O 
780 LET 1. 1=1.I 
790 LET L 2= 12 
BOO LET I 3=13+1 
8 10 REM DO NOT REC HECK ELIMINATED FOSSl ~ILITI ES 
a~o REH ASSIGN NEXT RO W 
030 FOR J~ O TC 3 
A40 LET R$<ltlrJ) =~ $C J l 
845 NE;X T ,J 
850 NEXT t 
860 PRINT • I AH STIJ HPED -- YOU wrn · 
E170 P'R J NT · ANOTHER' GAME I ; 
aso I NPIJT R• 
890 IF Rt• "Y" THEN 150 
900 S TOf· 
9 10 REH SU~ROUTINE TO EVALUATE RESPONSE 
920 REH COUNT BLACKS FIRST 
930 FOR J .I =O TO 3 
940 IF C $C Jl) <>~'(Jl> TH~N 960 
950 LET N=N+ I 
960 NEXT J I 
970 REH NOU COUNT WHITE S 
980 FOR Jl •O TO 3 
990 FOR J2=0 TO 3 
1000 IF .l! =J2 THEN 1080 
1010 IF Ct<J! > ~ Bt< JI 1 TH EN 1080 
1020 IF C S <J2>=~~<J2) TH~N 1080 
1030 JF C$(J l ><>BttJ2) THEN 1080 
1040 LET H• M+ I 
1050 LET ~•<J2 >= " X " \RE H OUHHY WRONG VALUE 
1070 GO TO 1090 
1080 NEXT J2 
1090 NEXT JI 
11 00 RETURN 
1110 STOP 
2000 END 

READY 

Strategy 

Two simple rul es determine the Code
breaker program's strategy : row 1 is a ran
dom try (a ll possible arrangements are 
equally probable); each subseq uent row is 
an arrangement which cannot be disproven 
on the basis of previous resu Its. When 
playing Mastermind the human player 
may try an arrangement which is known 
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to be incorrect in order to obtain specific 
information; this kind of strategy is not 
used by the BASIC program. 

Program Structure 

The BAS IC Mastermind Codebreaker 
shown in listing 3 requires less than 3 K 
bytes for the source code, includ ing remarks. 
RND and INT are the on ly special functions 
used . Play begins with a cal I to the random 
number generator for row l at I ine 200. 

After the program types a row it requests 
feedback information about the try. The 
number of correct colors in correct positions 
is requested at li ne 270. If there are two or 
fewer black pegs for the try, the program 
asks for the number of correct colors in 
incorrect positions at line 360. 

After receiving th is information the pro
gram constructs a tab le of al I possib le 
arrangements, one row at a time (lines 390 
to 730) . Each row is internally hypothesized 
to be the hidden code and the question is 
asked: "How many black pegs and how 
many white pegs would have been awarded 
to each try from the first to the current row 
if the hypothesis were true?" These values 
are calcu lated internal ly by the subroutine 
at lines 910 to 11 00. Th is is the same sub
routine used by the Codemaker program. 
If there is a discrepancy between the ca l
cu lated value and the actua l value awarded 
for any row, the cu rrent hypothesis is re
jected and the next row in the tab le is con
structed. The variables LO, L1, L2 and L3 
mark the program's place in the table of 
possible arrangements between tries so 
that rejected arrangements are not con
sidered again. 

Since row 1 is constructed randomly and 
therefore occupies an unknown position in 
the table, it is necessary to check each try to 
ascertain that it does not duplicate the first 
row. Th is check is conducted from I in es 610 
to 670. If the program exhausts ten tries 
without breaking the code, it prints the 
message at line 860. I would be interested 
to hear if this ever happens. 

When evaluating the program's try it is 
necessary to count black and white pegs 
carefully. If you make a mistake counting 
the number of exact or inexact correspon
dences, the program may exhaust the table 
of all possible arrangements without finding 
a possibly valid try . In this event, the mes
sage at lines 740 to 750 is printed. 

Summary 

An example of the computer's play is 
given in listing 4. Note that although the 
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~-----------------------------------__The Thinking Computer: Mind Inside 
r:iiatter by Bertram Raphael. Artificial intel · 
ligence, or Al, is the branch of computer 
science concerned with making computers 
"smarter." It is a growing, vital field that is, 
unfortunately , the subject of much popu lar 
misunderstanding . The Thinking Computer: 

Mind Inside Matter is a lucid introduction to 
Al that does much to overcome this mis· 
understanding. With a minimum of technical 
jargon , this book discusses the capabilit ies 
of modern digital computers and how they 
are being used in contemporary Al research . 
I t discusses the progress of Al . the goals, 
and the variety of current approaches to 
making the computer more intelligent. 
$6.95. 

__Projects in Sight, Sound, & Sensation 
by Mitchell Waite. Dedicated "to all space 
cowboys. " Detailed theory and practice of 
seven fascinating amateur electronics proj
ects, along with a complete and detailed ap· 
pendix on how to make PC boards. The 
projects included in this book are : The 
Syntheshape, an art generator that can be 
used to generate innumerable complex and 
beautiful patterns on the screen of an oscil· 
loscope. An electronic music box that will 
play over 3000 possible melodies when the 
lid is lifted. A way to control muscle tension 
explained in chapter 4. A muscle-wave bio· 
feedback monitor can be used to achieve 
deep relaxation. The laser-light show trans· 
fers light into fascinating patterns in a dark
ened room. Other projects include a Kirlian 
camera , a digital ESP machine, and neon
light randomizer. $5.25. 

M •.nd 


Massagers 

f BITS
roDI 

__The Great International Math On Keys 

Book, from Texas Instruments. Do you 
need a numerical algorithm fo r calculat ing 
exchange rates in a hotel on a foreign tr ip ? 
Or figuring those mysterious "points" when 
facing the sanctimon ious charisma of a 
banker at mortgage time? Th is book is a 
compendium of simple explanations and 
step by step procedures for accomplishing 
numerical solutions to numerous com· 
monly encountered si tuations in daily life. 
Each entry is character ized by a statement 
of the problem, including the elements of 
theory required, and the keystrokes needed 
to solve the problem on an algeb~aic entry 
calcu lator . This is an invaluable sourcebook 
of information for the person who is in 
clined to manipulate numbers. $4 .95. 

--------------- , 
- .- How to Solve Problems by Wayne A J 
W1ckelgren . When confronted by a problem, I 
many of us spend more t ime puzzling over I 
how to solve it than in actually doing so. This I 
book analyzes and systemat izes the basic 
methods of solving mathematical problems. I 
The methods are described in terms of a I 
modern theory derived from research in 
computer simulation of thinking. Examples 
illustrating these methods include chess 
problems, logical puzzles , and railroad 
switching problems frequently encountered 
in science and engineering . Whether your in · 
terest in solving problems is professional , 
recreat ional , or both, you will find this a 
helpful book. $6.50 softcover. 

How 10 Solve Problems 

.... . 
' : ~·-

__Chess Skill in Man and Machine edited 
by Peter W Frey . This is a most fascinating 
book, concerning itself with the when, how, 
and why of computer chess. The when de· 
scribes past ACM computer chess tourna· 
ments, with the details of more than a doz· 
en games. The how consists of the basics of 
both human chess skill and computer chess 
theory. It includes a detailed description of 
the best computer chess program to date 
(Northwestern University's CHESS 4.5). an 
end game program called PEASANT, and of 
various search strategies and heuristic com
puter chess theory which should enable one 
to write his own chess program . The book 
ends with the why concerning the contribu · 
tions, now and in the future, of computer 
chess to understanding artificial intelligence , 
human intelligence, and learning. The only 
difficulty for the hobbyist's computer chess 
program is the need for a large computer for 
the fast processing of search strategies and 
large core storage for the program and Its 
results. $14.80 hardcover . 

Send to: 

BI TS, Inc 
70 Main St 
Peterborough N H 03458 

Check payment methoo : 

111__ My check is enclosed 

' _ Bill my MC No. ______________Exp. date ---- 

!_Bi l l my BAC No. Exp . date - - --

Total fo r all books checked 
Postage, 50 cents per book 
fo r books 

Grand Total 

$ _____ 

$ _____ 

$ -----

Name 

Address 

City State Zip 

Si nature 

Prices shown subject to change. All orders prepaid. 


You mav photocopy this page if you wish to leave your BYT E intact. In unusual cases processing may exceed 30 days. 
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I Send to: Check payment method : 
I My check is enclosed 

BITS, Inc 
- - - Bil l my MC No. Exp. date _____70 Main St 

Peterborough NH 03458 !!!!!! = Bill my BAC No-. - ------------Exp. date - --- 

Total for all books checked 
Postage, 
for 

50 cents per book 
books 

Grand Total 

$ _ _ ___ 

$ _____ 
$ _____ 

Name 

Address 

City State Zip 

Signature 

Prices shown subject to change. 

You may photocopy this page if you wish to leave your BYTE intact. 

All orders prepaid. 

In unusual cases, processing may exceed 30 days. 

_ _ Game Playing With Computers by 
Donald D Spencer, published by Hayden. 
What does it mean to play games using a 
computer? Read this book to get an 
introduction into numerous recreational 
uses of the computer to program and play 
mathematical and logical games. Topics 
include numerous mathematical problems, 
casino games, board games, unusual gam
bling games, and miscellaneous logic games. 
Numerous BASIC language programs and 
listings are included to show details. $16.95. 

--Scientific Analysis on the Pocket 
Calculator by Jon M Smith, published by 
John Wiley & Sons. This book is another in 
a set of source books for mathematical 
analysis using the contemporary products of 
technology. It is oriented to the pocket 
calculator, yet it will provide you with 
algorithms and methods useful with any 
personal computer which implements the 
scientific and analytical functions found on 
a good pocket calculator. For a more 
complete description, see the book review 
on page 120 of the December 1976 BYTE; 
or order its 392 pages of detailed tech nica I 
information and review its use for yourself. 
$13.75. 

References 
and 

Robots 
froni BITS 

_ _ A Dictionary of Microcomputing by 
Philip E Burton. In the opinion of BYTE's 
editor, Carl Helmers, "This is one of the 
best designed and executed dictionaries of 
computer related terms yet seen on the 
market . It is of particular relevance to those 
individuals who want a good general 
reference to numerous technical terms, 
broadly covering hardware and software 
fields as currently practiced .." This new 
hardbound edition is part of the Garland 
Reference Library of Science and Technol 
ogy. $12.50. 

' = 
_ _Software Design for Microprocessors. 
This stand alone guide to microprocessors 
has been designed by the people at Texas 

_ _ Build Your Own Working Robot by 
David L Heiserman, published by Tab 
Books. This book will not tell you how to 
bui ld Robbie, the robot of Forbidden 
Planet, or a classical android of science 
fiction . What it will introduce you to is the 
problems of making a robot mobile device 
called Buster 111, using pre-microprocessor 
TTL integrated circuits for all logic 
functions . It is a must book for background 
reading, but much of the logic can be 
extremely simplified us ing today's micro
processor technology. Use this book as a 
first look at these problems from which you 
can build further and more elaborate 
solutions. Softbound, $5.95. 

Instruments to convey knowledge to the 
Ii rst time user of microprocessors. This 
excellent source book of computer concepts 
begins with an outline of the basic principles 
of the general purpose computer, its 
machine architecture, software, and meth
ods of addressing. It proceeds to discuss 
how to build software, what is involved in 
documenting what you've done once you've 
done it, the mechanics of programming, and 
specific examples using the Tl TMS-1000, 
TMS-8080, TMS-9900 and SBP0400 de 
signs. You'll find a thick hardcover text 
book filled with over 370 pages of useful 
information including a comprehensive 
glossary of microprocessor te rmi nology, 
among several other detailed appendices. 
$12.95. 
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Amateur Computer Club-Essex ENGLAND 

In comparison to most hobbyist groups 
the English-based Amateur Computer Club 
is an ancient giant. They are now in the ir 
fifth year and are app roaching 1000 mem
bers. Most of course are located in Great 
Bri ta in , but many I ive in other European 
countries, and some in such remote corners 
of the wor ld as Singapore and North 
Caro lina. 

Commun ica ti on is via a newsletter 
which is published six times per year and 
contains articles on hardware, software and 
other pertinent technical data . The subscrip
tion rate is .£2, although four American 
doll ars would be equally acceptable. 

A word about the club's name. When it 
was founded five years ago the only other 
compute r group they had heard of was 
Stephen Gray's Amateur Computer Society. 
At that time they had no idea that interest 
in computers would take off to the extent 
that local clu bs would become viable, so 
they th us have the distinction of be ing the 
Amateur Computer Club. 

Write Amateur Computer Club at 7 
Dordells, Bas ildon, Essex ENGLAND. 

Apple Core Computer Club 

According to Apple Core president 
jerry Starzinski, AC3 was formed in May 
of th is year, can boast 14 members, two 
comp lete SwTPC 6800 systems, two partial 
SwTPC 6800s in need of terminals, and 

various individual members look in g at some 
newer entries I ike j up iter, Compucolor and 
Apple II. 

The Apple Core Computer Clu b ho lds 
regular meetings at 7:00 PM on the last 
Wednesday of the mon th at J M Perry 
Technical I nstitute's Industr ial Science 
Building, 2011 W Washi ngton in Yakima 
WA. For more information write j erry P 
Starzinski, 220 N 2nd St # 17, Yakima WA 
98901, or cal I (509) 248-1620 between 9 
and 9:30 AM. 

A Strange and Clandestine Group 

An article by managing editor Joel Miller 
in Homebrew Computer Club's Newsletter 
has disclosed the existe nce of a new and 
potentially dangerous group of underground 
hackers. At least part 'of their covert activity 
ce nters around the publication of The Pit. 

The text of Mr Mil ler's article reads as 
fo llows: 

A few days ago, a mysteriously un
signed envelope was placed on my 
desk in the Fairchild Publications 
Department and, to my delight, it 
contained the last five issues of an 
informal underground microprocessor 
newsletter called the Effate Pit, "a 
journal for and by a small under
ground band of FB users who can't 
afford a Formulator. " An introduc
tory statement informs us that "the 
chief users. . .are engineers working for 
a major semiconductor company, " 
and that "you can't even get on the 
mailing list except by aslfing around 
in the right places. " The issues con
tained a number of very Interesting 
applications-oriented articles by such 
nefarious authors as "The Mole, " 
"Captain Midnight," "The Scrounger" 
and "Poto. " 

After a little detective work con-

Conducted by 

Peter Travisano and 
David Wozmak 

Would your club bene
fit from a write-up in 
BYTE's Clubs and News
letters section? It's easy 
enough to arrange. just 
drop a line to BYTE, 
70 Main St) Peterborough 
NH 03458, attn: Clubs 
and Newsletters, with the 
Information you'd like 
printed. Naturally, we 
can't cover every club 
every month, but we do 
make a special effort to 
mention new clubs and 
those which correspond 
regularly. 

It is important to note 
that dated material must 
be submitted three months 
In advance of the event 
due to our production 
schedule. 

Those people looking 
for a more complete listing 
of computer clubs should 
refer to January 7977 
.BYTE.• 
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STATE OF THE ART 

BOTH FORMS 

There are two forms of the "state of the art ." One form is the 
personal growth attained by most professionals who realize they 
must stay in step, intellectually, with new concepts and new 
techinques . Too often, a tragedy occurs when the professional 
neglects the second form, his career development. The fatal mis· 
take occurs when working in an environment th at provides a 
continuous paral lel to industry but neglects to provide the pro· 
fessional growth that is necessary to insure career development 
and avoid potent ia l future frustrations. To Insulate yourself 
against this happenstance, check with our professional staff . 
They wil l advise you on your career development as i t relates to 
your technical development . 

Our areas of specialization are : 

Software Development 
Computer Graphics 
Data Base 
Computer Design 
Simulation and Modeling 
Telecommu nications 
Hardware/ Software Interface 

For fu rther informat ion either call or send resume to : 

PERRI -WH ITE ASSOCIATES 
50 FRANKLIN STREET 
BOSTON, MASS. 02110 PERRI -WH ITE & ASSOCIATES, INC. 
(61 7) 423-1900 5373 W. ALABAMA PLACE 

HOUSTON, TEXAS 77056 
(7131 960-0350 

Management Consultants 

Specia lizing in Data Processing/Systems Engineering 


A ll Rep I ies Held In Strictest Confidence 


tacting my numerous informants, 
snitches, and ratfinlu scattered 
throughout the company, I finally 
made contact with The Mole, the 
newsletter's editor, who- despite my 
not knowing this wee!? 's password
was eager to talk. "A lthough F8 parts 
are easy to get here," says The Mole, 
"a lot of us are starting to fool around 
with other stuff, like the Z-80. (So 
we've) solved the problem of news
letter content by changing the name of 
the rag (to The Pi t} and moving fur
ther underground to avoid creditors 
and others of a similar interfering 
bent." 

The Pit has published articles such 
as "A Twelve IC TV Typewriter," 
"Parallel Handshake In terface From 
An ASCII Keyboard," "A Simple-But
5/ow Analog Output For The FB," 
"Dynamic RAM For The FB," "Key
pad Data Loader" among others. An 
especially interesting article by The 
Mole uses the FB as a controller for 
surplus Diab/o printer mechanisms 
that are now available on the hobby 
market. 

Thanks for the story, Joel. 
Should The Mole and his accompl ices 

care to surface, BYTE would of course be 
happy to use its good offices to spread the 
word. 

And Speaking of Home brew . .. 

Bay area hobby ists who haven't done so 
already should look into Homebrew, a inven
tive and well-established organization . Drop 
a line to Homebrew Computer Club, POB 
626 , Mounta in View CA 94042 and find 
out more. 

Nebraska Clubs 

OMAHA, the Omaha Microprocessor 
Amateur Hobbyist Association, has recently 
celebrated its first ann iversary . Club accomp
lishments to date include the financing of 
an Altair 8080, an aud io cassette interface 
and an E & L Instruments MMDl - a micro 
designed for educational and exper imental 
purposes. The group currently meets twice 
a month at Northern Natural Gas Company 
in Om aha. 

One of OMAHA's board mem bers, Lt 
Tom Sm ith, has formed a club in Bellevue 
NE ca lled MACH (no explanation of th e 
acronym was given). The club meets the 
second Tuesday of the month in the 
Com mercia l Federa l Bldg, Hwy 73-75 and 
Galvin Rd, Bell evue NE . 

Interested persons sh ou Id con tact 
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OMAHA, c/o Rita Bianchi, S&D P- 4th 
Floor, Northern Natu ral Gas, 2222 Dodge, 
Omaha NE 68102, or MACH, c/o Thomas 
Smith, 2708 Calhoun St, Bel levue NE 
68005. 

Portland Computer Society 

Portland Computer Society has recent ly 
been in touch. Meetings are held on third 
Saturdays at 1 :00 PM at Portland Com
munity College. For details write to PCS's 
new address, 3763 SE Division, Portland OR 
97202. 

Houston Amateur Microcomputer Club 

Obviously the re is strong in terest in per
sonal comput ing in the Houston area. One 
reflection of this is the growth of the 
Houston Amateur Microcomputer Club. 
Membership is now over the 100 mark, and 
according to their newsletter Nybble, they 
are prep a ring to make a significant co ntribu
tion both in Houston and nationally. Con
tact HAMC, c/o Troxel Ball ou, 3842 
Grennoch, Houston TX 77025, or ca ll (713) 
661-6806. 

Philadelphia Area Computer Society 

Like Houston and coun tless other clubs 
PACS has grown dramatically with the 
personal computing boom. The ir newsletter, 
The Data Bus, has doub led in size and im
proved in qua lity over the past fo ur month s. 
Club activity centers around the cospon
soring of the annual Trenton Computer Fes
tival, an active group pu rchase effort and a 
major club project on 6502 applica tions. 

Meetings are held on the third Saturday 
of the month at 2:00 PM at the LaSa lle 
Coll ege Science Building, 20th and Olney St, 
Ph iladelphia; workshops, co urses and su b
groups meet prior to the club meet ing, 
usually at 12:00. 

You ca n write Ph iladelphia Area Com
puter Society at POB 1954, Ph iladelphia PA 
19105, or call (215) 923-3299 or (215) 
829-6745. 

PET User Group 

A user group has been formed for people 
interested in the Commodore PET 2001 
computer. For those unf miliar with the 
PET it is a compact computer with inte
grated keyboard, CRT wi th character and 
graphics capability, cassette dr ive, 14 K 
ROM operating system including full 8 K 
BASIC, and 4 K RAM user space. 

The purpose of the PET user gro up will 
be to share and exchange applications, 

BUILD YOUR OWN 
VIDEO TERMINAL FOR 

II II 

$85 PLUS 

m1 

'.1 

I 
:J 

• 	 Serial ASCII or ll/\UDOT • 16 lines X 64 charac ters 

• 	 Fu ll X-Y Cursor control • 5100 Compatability 

• 	 128 Characters, inc luding • Operates on 7VDC unreg
upper and lower case ulated, 6.3 VAC@ 0.75 A 

The SCT-100 Single Card Terminal interfaces directly to an~ · 


cornputer or modem having seria l ASC ll or BAUDOT capabilrty 

I t requires on l y the addition of a standard A C ll keyboard, and a 

TV monitor. h is avai lable as a part ial ki t for $85.00 incl uding 

the PC board, charac ter generator RO I, and the 3870 micro

compu ter . The co1np le te SCT- 100 kit is $155.00 ($18 5.00 

prewi r ed & 1es1ed) . 

To order , call or write today . 'vlC, BAC Accepted. 


VECTl~ON P.O.Dox //20887, Dallas, Texas, 75220 
Phone (214) 350-5291 

21 START·AT·HOME 
COMPUTER BUSINESSES 

in the shoestring, start-at·home 
computer business hand book 

CONSULTING • PROGRAMMING e sOFTllARE PACKAGES • COM 
FREELANCE llRITING e SEMINARS e TAPE/DISC CLEAN ltlG 
FIELD SERVICE e SYSTE MS HOUSES e LEAS I NG 9S UPPLIES 
PUBLISH I NG e T I ME BROKERS e HAR DI/A RE DISTR I BUTORS 
SALES AGENC I ES e HEADHUNT I NG e TEMPORARY SERV I CES 
USED COMPUTERS e F INDER 'S FEES e SCRAP COMPONEN TS 
COMPUTER PRODUCTS ANO SERVICES FOR THE HOME 

P lus - - hundreds of ideas on 
moonlightin g, going full-t im e, 
lmagc building. revenue building, 
bidding, contract$, market ing, 
profe ss lanai ism, and much more . 
No career p lanning tool like It 
eve r published. Order now and if 
you 1 re not completely satisfie d , 
send It back with i n 30 days for 
a ful l and Imme diate refund.-

e s; XII rlngb ound e 113 pp. e Sl2.00 

DAT As EAR c H 730 WAU KEGAN ROAD • SUITE 108 

DEEAFIELO. ILLINOIS 60015 

Ru sh_cop I es of " Tt. e Shoestring Start -At-Hom e 
Computer Business Handbook to me rlghl away 

NAME/COMPANY~~~~~~~~~~~~~~~~ 
ADDRESS 

~~~~~~~~~~~~~~~~~-

CITY/ST ATE/ZIP

D c H EC K E N c L o s ""E""D""'o-=-sA.,...N""K.,...A,_M.,.,r""R,..,1""c...,A""'R""D-=
D~M.,...A.,,.sr.,,.E.,,.R.,...c.,...H.,...A_l\_G_E_ 

II 
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"We've Got It!!" 


programs and hardware expansion tech
niques, and to provide genera l user .feedback. 
The first year membership is $5 and will 
include the User Notes publication. Contact 
Gene Beals, POB 371, Montgomeryville PA 
18936. 

"Name the Users' Group" Contest 

A 5 year membersh ip is the priz.e in a 
" name the users' group" contest sponsored 
by computer hobbyists exchanging infor
mation on the use of Heath kits. Contestants 
should of course avoid submitting entries 
which have been registered as trademarks, 
since these will not be considered. 

Entries and requests for further informa
tion shou ld be sent to Charles A Floto, 
267 Willow St, Apt 23, New Haven CT 
06511. 

Southern Nevada 

Southern Nevada Personal Computing 
Society was formed in June of this year and 
as of this writing (July) was still in the 
embryonic stage with meeting times and 
places stil l unresolved. Membership is open 
to Clark county residents and nonresident 
stude nts of Clark County educational insti
tutions. More information shou ld be avail
able by the time this issue of BYTE r·eaches 
its readers. To learn more about SNPCS 
write 1405 Luci lee St, Las Vegas NV 89101 , 
or call (702) 642-0212. 

Hex Users 

A new Hex Users Club has been an
nounced for systems with 16 to 24 keys, 
EPA, Motorola Evaluation Kit 11, restricted 
to 6800 based systems, for now. For more 
information write to Ch ar les C Worstell, 
36012 Military Rd S, Auburn WA 98002, 
enclosing a stamped, self-addressed envelope, 
or phone (206) 927-6038. 

Inland Empire Computer Club- Spokane WA 

The Inl and Empire Computer Club is a 50 
member organization. Meeti ngs are held 
at 7 : 30 each fourth Wednesday at the 
Washington Trust Bank at 3830 E Trent. 
To f ind out more about the Inland Empire 
Computer Club write POB 1434, Spokane 
WA 99210. 

IBM 5100 Users Group 

Those interested in contacting an IBM 
1500 Users Group are invited to write 
5541 Parliament Dr, Suite 104, Virgini a 
Beach VA 23462, or call (804) 490-0154. • 

• 	 INTEGRAL MODEM 
• 	 BCD OR CORRESPONDENCE CODE 
• TABLETOP MOUNTING 
e 22"W, 22"D X 8" H, 58 LBS 
e ASCII CONVERSION AVAILABLE 
e DOCUMENTATION INCLUDED 

• 	 KEYBOARDS - ASCII 

ENCODED $40.00-$60.00 


• 	 CRT TERMINALS 
• 	 TAPE DRIVES $650.00 • PRINTERS 
• EQUIPMENT CABINETS • TRANSFORMERS 
e POWER SUPPLIES • WIRE -CABLE 

(Ali.,\ Send for a free catalog or call Bill Blaney 
~" toll free 800·256·1036. In N.H. 603·885-3705 

W(;JF1l.IJWllJE El..EC::T~(;Jrlll::S, me::. 
10 Flags ton e Dr iv•. Hudson. New Hampsh ire 03051 

Many 
Other 
Items 

Visit Our 

Store 
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Continued from page 30 

The memory management technique of 
LIL is to be as shown in figure 1. 

Objects in a program may encompass the 
following: real simple variab les, integer 
simp le variables, homogeneous arrays (real 
or in teger), strings, numerical constants, 
string constants, subprograms, functions, 
parameters, pointers and labels. 

Numerical representation has been chosen 
so as to be as flexible as possible. Integer 
values are signed magnitude binary; real 
values have a binary coded decimal (BCD) 
mantissa with excess 64 binary exponent, 
a hybrid form which lends itself to th e 
goal of memory conservation. 

At present, the only segment of LIL 
which is actually implemented (on an MCS 
6502-based KIM) is the arithmetic package, 
a mixed mode, variable word length package 
of great power and flexibility . Integer values 
may be from one to seven bytes in length; 
real values may be from two to 14 bytes 
in length. Th ese word lengths may be cur
ta il ed to sma ll er values as LIL is actually 
implemented; much depends upon the 
demands made by language features fo r 
space in zero page. 

As Mr Stavely suggests, LIL is being take n 
"one step at a time." However, it has been 
found that some of the more complex con
trol featu res planned for LIL make it 
necessary to look ahead and allow for their 
implementation without "starting from 
scratch" with each new feature. LIL is to 
have contro l features which lend themselves 
to the concept of structured programming. 

Object code, along with its accompanying 
reference table, is relocatable to any area of 
memory. Subprograms and functions may be 
compi led separately and used with different 
main programs. LIL has a COMMON state
ment through which global objects may be 
linked to a subprogram or function. All 
li nkages in LIL are to take place through 
descriptor addresses; this implies execution 
time type checking for all operations. With 
the exception of labels, any global object 
may appear in a COMMON statement, 
including constants. Thus, heavi ly used 
objects may be included in the main pro
gram's COMMON statement and be 
repeated in a COMMON statement at the 

Constant voltage power supplies 
by Parasitic Engineering. 

Give your Altair, IMSAI low as 90 volts or as high 
or custom system the as 140 volts. 12-amp kit 
power it need to keep designed for Altair 8800
your programs up and (A), $90 postpaid. Uni
running through brown- versa! 20-amp kit, $200 
outs and power fluctua postpaid. (Cal. res. add 
tions. The famous lax) . n 
Parasitic Enginering Th'J! k 
Constant Voltage Power Ill er 
Suppli es deliver fu ll out- T. .... 
put w ilh line voltages as .1.oys 

1210 10 th St., Berke ley, CA 94710 
Sec it al your loca l computer shop. 

Or place BAC/ MC orders lo 800-648-531 1. 

Tarbell 

Floppy Disc Interface 

Designed for Hobbyists and 


Systems Developers 


• 	 Plugs directly into your IMSAI or ALTAIR· and handles up 
to 4 standard single drives in daisy-chain. 

• 	 Operates at standard 250K bits per second on normal disc 
format capacity of 243K bytes. 

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

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

• 	 6-month warranty and extensive documentation. 
• 	 PRICE: Kit $190 .... . ...... . ... .. ... Assembled $265 

• ALTAIR Is a trademark/ tradename of MITS , INC . 

(~(j{A A 20620 SOU!h leopwOOd Avenue, SUIJ&P
(j_i b'" Carson. Calttomla 90746 ron c213> 538-4251 
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6800 AUTOMATIC TELEPHONE DIALER 
PROGRAM ......... . ...... $9.95 postpaid 
Have yo ur 6800 sys Iem dial your phone • Uses 
only 5 external componen ts • Stores 650 variable 
length phone numbers • Operates in less than ·1K 
bytes of memory 
Includes: Paper tape in Mikbug'g fo rmat and ob
ject code • Circu it diagram and instruc lions 
• Instru ctio ns for adapti ng to 01 her 6800 systems 

6800 TELEPHONE ANSWERING DEVICE 
PROGRAM . ............. .. $4.95 postpaid 
Have you r 6800 system answer your phone and 
reco rd messages au tomatical ly. Compatible wi th 
any 6800 system. 
In cludes : Assembly Iisting and object code • Cir
cui t diagram and instructions 

Write to: SOFTWARE EXCHANGE 

2681 PETERBORO 

W. BLOOMFIELD, MICH. 48033 

Don Lancaster's ingenius design provides software 
controllable options including: 

• Scrolling • Full performance cursor 
•Over 	2K on-screen characters with only 

3MHz bandwidth 
• Variety of line/character formats including 

16/32, 16/64 .... even 32/64 
• 	User selectable line lengths 

: TELLMEMOREI ( J 	 Send instruction manual fo r the TVT-6 Kit : 
with full opera.tion;ll deta.ils . $1 enclosed . 

: ( I SEND FREE CA'fALOG 

Name.: ------------

...-.,, Address: ____________ 
·.·:...... 
: ELECTRONICS, INC. City: Stale: Zip:_ 

~ DEPT. 10-8, 1020 W. WILSHIRE BLVD., OKLAHOMA CITY. OK 73116 ....................................... ....... ...... ...... ... . 
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beginni ng of eac h subprogram or· functio n. 
The COMMON statement of LIL is to ~ost 
ze ro additional bytes, no matter how 
lengthy the statement, with a max imum of 
256 commo n ob jects. 

The concept of which Mr Stavely speak-; 
seems to be idea l for the limi ted resources 
of the microcomputer. Th is is the software 
sim ul ated compiler, much in the same 
manner th at all arithme tic operations more 
comp lex than sing le byte addition o r sub
traction must be software simul ated . 

As Mr Stavely rightly points out, the 
obj ect code of programs may be shared 
between owners of different brand micro· 
computers; al I th at is necessary is that each 
person have a loader and interp reter which 
defines the proper "abstract mach ine." 
This is an exc iting co ncept which bodes 
well for those microcomputer· owners who 
wish to estab li sh a shared program network, 
and in terchange id eas abo ut the abstract 
machi ne. 

LIL is simp ly one version 	of the abstract 
mach ine . However, the concept of control 
bytes in the code see ms to be a very general 
idea which wou ld be usefu l for any abstract 
machine. A control byte is to appear as the 
first item of executab le 	code (d iscounting 
a 	 fe w overhead bytes such as ~· num ber of 
bytes in code"). and contro l bytes are to 
appear afte r each 8 uni t subdivision of 
code, or after each EN D OF STATEMENT, 
wh ichever comes first. The interpreter is 
to pick up control bytes 	"on the fly" as it 
executes the code. A copy of the control 
byte is rotated left each time the program 
coun te r is incremen ted; thu s, by exami ning 
bi t 7 of the copy of the contro l byte, the 
interpreter ca n determine whe ther the nex t 
unit of code is a 2 byte add ress or a 1 byte 
offset. In LIL , END OF STATEMENT is a 
routine which checks for 	ce rtain valid con
ditions, then turn s control back over to the 
program monitor wh ich loads the next 
contro l byte and prnceeds merr il y upon its 
way . Upon encountering code such as 
WHILE .. . , the program counter and current 
state of the control byte are pushed onto the 
hardwa re stack for preservation; by later 
popp ing this data off the hardware stack 
and restoring the values of the program 
cou nter and control byte, execut ion is 
returned to WH ILE .. .. 

Mr Stavely's artic le conta ins a most inter
esting concept which ho ld s the prnm ise of 
tru ly high leve l programming languages for 
the microcomp uter, as well as portabil ity of 
code fro m one brand of machine to another. 

Please let us see more such st im ula ting 
discussion of software concepts in the pages 
of BYTE. • 



by Rod nay Zaks. Ref . C201 $6.95 
THE BOOK (MICROPROCESSORS: from chips to systems) 

This book is pased on the author's experience in teaching microprocessors 
to more than 2000 persons during the past 5 years, both In a professional, and 

in a unjversi ty env ironment. The seminars have received the highest ratings for 
their educational and technical value, and have been taught worldwide. 

This step by step book stresses: 
1. How to assemble a comp lete system 
2. Design tra.de-offs : advantages, disadvantages, prob lems, costs. 
About 250 pa!:JeS, over 70 illustrat ions. Available August 1977 

CONTENTS 
A comprehensive introduction to all the essential aspects of microprocessors and microcomputers: 

Technical l11trod11ctio11 I LSI Tecli11ologies I /11I C'nin l Architect11re of a Microprocesso r I System Componen ts I 
The Microprocessor Families I Microprocessor Programming I Aµplicatio11s of Microprocessors I 811ilding a System 

I Prod11ct Development 1 Design Aids I Microprocessor Selt>c tio11 I Evo lut io11 and Perspectives . 

THE AUTHOR 
Dr. Rodnay Zaks has been responsible for the design of industrial mic roprocessor systems since their inception 

In 1972. He is the author of 11 educational books in the fie ld and more than 20 scientific publicati ons. 

CASSETTES 
The 2 basic microprocessor courses are now available on casset tes. Each cou rse includes 2 cassettes (2 1/z hours} and 
a special book: 

S1 - An Introduction to Microprocessors ....... . .. .. .. ...... ... ..... . .... .. . . ......... . ..... . .. $29.95 
S2 - Programming Microprocessors ......... . ..... . .................... . ...... . ............ . ... $29.95 

OTHER BOOKS 
• MICROPROCESSOR ENCYCLOPEDIA 

2 complete reference books, containing manufacturers· data and description of operation for every m icroprocessor. 
A necessary tool for any comparat ive evaluation. 
EB . 8 BITS MICROPROCESSORS: Am 9080, AMI 6800, EA 9002, Fairchild F8, GI LP 8000, Intel 8080 A, lntersil 6100, 
Mos Tech 650 X, Mostek 3880, 3850, M 6800, NS 8P80 A, SC/M P, RCA CDP 1802, PPS-8, Signetics 2650, TMS 8080, 
Western Digital MCP 1600, Zilog Z-80 ......... . ............... . . ..................... . ............ . . ... . ........ $29.95 
ES · BIT SLICES: AMD 2901 , Fa irch ild Macrologic , Intel 3000. MMI 5701, Motorola M 2900, M 10800, NS IMP, 
Signetics 8X02, 3000, Tl SBP 0400 . .......... .. ....... ... . .... . .... . .. ............ ....... . .... . ....... . ......... $18.00 

• IMO - Internationa l Microprocessor Dictionary 
10 Languages: English - German - French - Spanish - Italian - Swedish - Norwegian - Danish - Hungarian 
-Polish . 30 Pages ..................... .. .. ....... .. ..................................................... ... .. .. $1.95 

• ACR·Microcomputer Acronyms - 4-Page guide to abbreviations . .... . .... . ....................... .. .. .. . .. $1.00 

• SEMINAR BOOKS (condensed notes) 

B2 · Mic rocomputer programmi ng ... .. .. ..... ..... ... .. ... . ........................ . ........ . .... .. . $39.95 

B3 · Mili ta ry microprocessor systems . .... . .. . .... ..... .. ........... ... ......... . . . ... ............ .. $39.95 

85 . Bit Sl ice .................... .. .. .................. .............. . .. ... . . ....... .. ..... . . $39.95 

86 · Industrial microprocessor systems.. .. .. . ..... . . .. .. ........... ... ... . ....... . ........ . . . ..... .. $39.95 

87 · Microprocessor interfac ing techn iques . ... . ... ...... .. . . . .. ..... ....... .. .... . . . ..... . .. . .. . .... $39.95 


IN-HOUSE TRAINING 
SYBEX is independent from manufacturers and provides in-house training and education on all the above topics, 
as well as on specialized microprocessor techniques. 

AVAILABLE SOON: 
Microprocessor programming techniques (with 8080 and 6800 examples) . . .. .... ... ............ . . . ... . ........... $7.95


............•.............................................•...... 

ORDER FORM 	 TO ORDER 

D Send me 
Name 

Handling (fou rth-class rate}: no ....... copies of ..... . ... = $ .... . .. . 
 charge. Faster del ivery: $1.40 one Position book, $0.90 each additional one . 
($2.50 overseas) 

.......cop ies of .. ....... = .... ..... . 

Company _ ... ....copies of ......... _ ... . . .... . 1. 	Fill attached coupon, or send P.O . 


2. Enclose paymen t (prices are for Address 	 Subtotal U.S. only). In California, add tax. 
In Cali forn ia, add tax 	 + ..... .. . . . 3. Mail to SYBEX Inc, Publicat ions 

Dept , 2161 Shattuck Ave, Berkeley,
Postage and Handli ng Ca 94704. Tel : (415) 848-8233. 

Telex: 33631 1 o;ru~ 711· TOTAL 
Jn Europe: SYBEX · Europe, 313 rue 
Lecou rbe, 75015 Paris, France 

Paymen t included: D check D P.O. D money order D ot her ______ Tel : (1)8282502, Telex: 200858 
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AskEYTE 

WHO HAS T HE MOST STORAGE? 

I read your April 1977 article, "A 
Software Controlled 1200 bps A ud io 
T ape In terface," page 40, and found it 
extremely refresh ing to find magazine 
people really practicing low cost hard
ware methods with " nice" software. IL 
rea lly surprised me to see a machine 
state diagram . However, the most inter
es t ing commen t is that abou t a 3M tape 
controlle r and drive. I am no t really 
in terested in working the electronics out 
from scratch as you are. But, like so 
many of yo ur readers, I am very much 
in terested in having a 9 track N RZ I 
peripheral for my machine. My main 
in terest is the huge software avai lab il i ty 
from "big machines." For me, this soft 
ware is accessible to run on my machine. 
I certainl y would be interested in co n· 
structing the in terface hardware for a 9 
track drive and woul d like to see som e 
information on th at subj ec t. My machine 
at present is a Z-80 with 128 K of 
memory. Soon , like no w that the pr ice is 
right, fast fixed po in t mu l tiply and 
divi de is avai lable an d the micropro· 
cessor is now a decen1 minicomputer in 
performance. T he next thing for me 
logical ly is multiprocessing when I add 
the other 128 K bytes. 

R Plem ich 
307 Hatten 

Mt Prospect IL 60056 

With a main mem ory region of that 

size, you need at least a 9 track drive or 
a mu/tip/alter hard surface disk. Here is 
on in terest ing and informal contest: let 
each reader w/10 reads this note send in a 
postcard giving the amount of memory 
presently integrated (ie : plugged in, 
chec/1ed out and used as a programming 
resource) in his or her sys tem. Give a 
short description of the system in use as 
we// as the type of memory technology 
brol1en down by regions in address 
space. Address your cards to BYTE 
Memory Census, 70 Main St, Peter
borough NH 03458. • 

10,000,000,000 BITS 

Cou ld you tell me whe n I might 
expect to be able to pu rchase a Philips/ 
MCA opt ica l vi deo disk system w ith 
write and read capabilities suitab le for 
use with a microcomputer? 

Jack M Mann Jr 
105 Yosem ite Dr 

Oxnard CA 93030 

Rare circumstance falls in you r favor. 
It happens that I sat next to Dr Jerry S 
Sullivan of Philips Laboratories 011 a 
plane flight from New York City to San 
Francisco April 79. We were both go
ing 10 Monterey CA to attend che 7977 
IEEE Asilomar workshop on micro
processors. One of the topics of the 
wide-ranging conversation was the appli· 
cat ion of video disk technology in a 
meaningful way t o personal computing. 
The enticeme/1/ is there: if a writing 
method could be achieved we'd have a 
media cost of $5 to $ 70 per disk with 
perhaps 70 billion (7010) bits. jerry 
could not predict an exact dace of 
course, buc Philips is indeed working on 
the concept of a field programmable 
dig/ta/ version of the disl1. It is con
ceivable that such a device might be 

ready within the next five years. The 
Philips/MCA video disk which is sup
posed to be 011 the morkel sometime 
this year is a read only device which will 
only be available programmed with 
movies and o ther visual materials. Func
tionally a digital version of the disl1 
is similar to a fusible linl1 read only 
memory or on ASR 33 paper tape with 
rubout: you ca11 only write the informa
tion once. But with 1070 bits per disk 
and inexpensive disks, there is plenty of 
space to allow rewriting of files and up
dating by overwriting with t he logical 
equivalent of "rubouts." Cost is an open 
question at this time, or course . . . CH.• 

TA KING STOCK 

want a small computer. I need it for 
stock market research. I can wangle the 
money. I 'm satisfied I c1n learn to pro 
gram. But how can J ge t stock market 
data in to my memory? Are there se rvices 
th at provide stock market data for rhat 
purpose? Do you buy it on tapes? On 
disks? Can you tie your own computer 
into someone else's data book through a 
te leph one connection? 

Shouldn 't a greenhorn locate h is data 
source fi rst before he ca n decide what 
type of computer will be best fo r him? 
Why don 't I eve r see any ads for data 
sources? 

Charles M Larson 
Investment Consultant 
11513 Havenwood Dr 

Whittier CA 90606 

It is a good point that one should tie 
do wn the data source before assuming 
one can use it. Without any knowledge 
of the charges and con trac lllol arrange
ments, I do observe that the stock brok
erage office which is located in our 
office building in Peterborough uses 

CANADIANS! 
Eliminate the Customs Hassles. 
Save Money and get Canadian 
Warranties on IMSAI and S-1 00 
compatible products. 

IMSAI 8080 KIT $ 838.00 
ASS. $1 163.00 

(Can . Duty & Fed. Tax Included). 


AUTHORIZED DEALER 


Send $1.00 for complete IMSAI 

Catalog. 

We will develop complete applica

tion systems. 

Contact us for further information. 


Rotundra ~ 
Cybernetics -
Box 1448, Calgary. Al ta. T2P 2H9 

Phone (403) 283-8076 

COMPUTER MART 
OF 

NEW HAMPSHIRE 

DEALERS FOR 

TDL ICOM IMSAI 


DIGIT AL GROUP 

KIM-1 


SOFTWARE INCLUDES: 
8K BASIC EXT. BASIC 
TEXT EDITOR DISK BASIC 

WORD PROCESSOR 
MACRO-ASSEMBLER 

170 MAIN STREET NASHUA 
(603) 883-2386 

If Yo~ ~ 11. I'. Go1•6- To t'I A/(E. Yo1.tll. 
.f':cottT .fot.Tu.»5' x• £ b? You KE.IHLY1 
Ow l :i:..,.. T'o 'to~nuf' To GE.r rt.1 o!J 
[11€ ~d.$ ~~~&t.~.....,~. 

'>lff l \IH !>TE. IJ ALU A'C LE Tx " L LEU»~~ .. 
THE. Tbd'" of "f'llE. T«.~bE Tl!E.. l/llt:b uJ/I)? 
l~AO..:I r .. Till' eo... f ...T' of Yo•• Eih.Y OIPJ:~· 

Llf1.t'"'1 \.Ull<L{. OTIIE«." L"'o." 'TllE ~All( 
THr • f'~1i~~ L lfo.,.lo M*'oRI f:E V$11lS 

Tl!tc.U ;l/E//J:J?. 8EI...._ /,Vll<l./ICuf.y.,.,-
1\~ !>ol.. 1.tTE l Y 6 u Ao.A.sf•et> o• '(o ... fof.,..r !!ltk. 
SEllJD ./J / '(!ff. P~.. :j,!~ ft.~A ff. 11"• 
!IA11'b~.... lo E t>? ~onu.xo,..~ ls b. rT"·&! 

1516$"$~-$'""' 
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COMPUTER AGE 

999 S.W. 40th Avenue {441) 

Plantation, Florida 333 17 
(305) 791-8080 

We ' 11t! got whill vou wan1 •• OFF THE SHELF. ... 

Wt!- 'W go1 Computers and Kiu : SOL·20. C'omemco Z·2, 
Polv1norph1c Svsrnms. ond more.•• 

AN'O·Peripfierals and Accessories such a.s Floppy Disks, 
~ols Memories, Cromemco Boilrd1.. Proceno1 Technology 
Soard\, Kevboii!lrd'J, PROM Programmers. CUTS, Prin ters , 
TV Monllori, CAT'S, Assemblers, Bilsics, Faurnn IV Hor 
8080 and Z.SOl, ALL the magazines. Ch ips, e1c. eu: .. ... 

AND-We've Mpeciallv go1 pl'op1e w1tt't anw.-ers who are 
w1tling to help you design and build your complete 
ws1em or help you gel up and running . • . . Svstitms are 
on displ.1'f lor voo to get HANDS· ON experience. 

WE SERVICE WHAT WE SELL 

Whether your Ideas include your own sy Stem develop· 
merH or Turnkey Applica1ions•.•• We can help vou . ••• 

Stop tlv and see our " AFFORDABLE COMPUTER 
SYSTEMS AND COMPONENTS FOR HOME 
AND BUSINESS .. 
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5V @ 8.5A ·12V@2A 
•12V @ 2.SA •180V@150ma 
•30V @ 200ma (unregulated) 
·6.2V @ 25ma (no adj . pot) 

Brand new. made by CDC for 
microprocessor lerminals. l10VAC 
on. regulated and ad1ustable DC 
ou1pu1s. Overvoltage prolected •5. 
-12. Power status signal. Fan_ 
Schematic. OJ19ina1 llsl S600+. 
From stock , UPS paid , cuslom foam 
box. guaranteed 550.00 

ELECTRAVALUE INDUSTRIAL 

BOX 464 


Cedar Knolls . NJ 07927 

(20t ) 267·1\17 


BARGAIN 
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Wa~hi ngton D.C.'s 

Newest Computer Store 


Intelligent 
Business 

Machines. Inc. 

Cromemco, I MSAI, 

TD L, Adm inistrato r I, 


SEALS, DIP Ch ips, etc. 


Come see us at 


938 Ellsworth Dr. 

Silver Spring, MD 20910 


301-565-2711 
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*
BABDAll: IBM CARDS 
54.50 each 

., .*. ** 
Tiley come pri111ed in beige 011 a navy 
1:s!Jirt with a11 i11delible pen 10 punch 
your own message! Now about equa
tions? Maxwell's, Legendre, Cauchy, 
Sc/Jrodi11ger or Ei11srei11. We /Jave those 
on shirts. roo. How about a flip -flop or a11 
analog circuit, a Shakespeare so1111e1 or 011 
11-R diagram. rile periodic table, or a 
Chopin £ 111cle, l/e111e or Chloropily ll 
molecular diagra111s, the Krebs cycle, rite 
Carbo11-Nirroge11 lJ'cle, early Earth geolo
gy or Frog a11ato111y. the lwma11 cirC11 /a ro
ry sysre111, a Ve1111 diagra111 or a sm1cr11red 
flowchart. Si:es, S.M.l and Xl. /11cl11de 
50 cems pst & lid/. Circle reader card or 
write for free i//usrrared catalogue. 

OUTER PRODUCTS Oept N Box 88 

LAFAYETTE HILL, PA. 19444 


Circle 434 on inqui ry card. 

TYSON'S CORNER. VIRGINIA 
(WASHINGTON. D.C AREA) 

THE 

COMPUTER SYSTEMS 

STORE 


"Specializing in Systems" 

FEATURING: 

Pro:~s~oi Tcchno'09v Lem S1t.~ r 

POI/ Mo1ph1c;: DEC 

01ab10 SWTPC 

E L Sea1!. 

vec1or Grapr.cs D1g11a1 GrOllP 

l1pp!e TDL 

CROMEMCO Book5 Magazmc~ 


COMPUTERS FOR HOME SCHOOL & SMALL BUSIN SS 
Out Stall , .. ll !p you se1ec111om 1he- oes1 °' {!:<IC:t'I manulac· 
1u1er 10 complc!o lhe sys1om OOS'I Sutic-a 10 your nceas 

~cs s SPECIAL: LEAR·SIECLER ADM 3A 

~ CDffiPUTEF\ SYSTEms STDFIE 

1984 CHAIN BRIDGE ROAD McLEAN. VA 22 t 0 t 
TELEPHONE (703) 821 ·6333 

OPENING SOON 
AL £XAN0RIA VA • N0Rf0U< VA • BALTIMOA.E MO • ORLMiDO fl.A 
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- COMING SOON 
S K II\ TE CPR0\1 00/\Rll (HOS) 

l' H,\ L [NCOOUJ (. I\ SI.TT[ INTER r ALL Wi n t 

l'ROGR,\MMAliU E Rl /\L PORT DU/\L RE · 

COROER lARBE I L 01 KC METHOD SUP PORTCD . 

110S l'ROl.RMIMl:R 
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/\BL[ SI.ND SAS[ roR t Nl"O. 

ELECTRONIC 

DISCOUNT SALES 


138 N. Slst STREET. MESA. ARIZONA 85207 

Circle 440 on inquiry card. 

SIX PORT 1/0 CONTROLLER 
• 	 Program Control of Ports 
• 	 S100 Buss Compat ib le 
• 	 Parallel 1/0 
• 	 Single Printed Circu i t Board 

$149.00 

VIDEO SYSTEM 
• 	 30 x 64 Display - 1920 Char. 
• 	 128 Character Buffer 
• 	 1 µsec Read I Write Time 
• 	 Extensive Software Provided 
• 	 Programmable Oisplay A !tribute 

Characters 
$349.00 

Available in Kits or Assembled 

BankAmericard and Master Charge 


Accepted 

Dealer or Club Discounts Available 


IOR 
Box 28823 Dallas, Texas 75228 

Circle 435 on inquiry card . 

COMPLETE MICRO 

BUSINESS SYSTEMS 


AI R, Mailing Labels, G/L, Pay 

roll , A /P, etc . 

plus 
Lear Siegler $ 749 .95 

ADM-3A kit 
IMSAI 8080 kit $ 599.95 

Centronics Business $1145.00 
Prin te r (1 32 columns) 

i•IM?l#i 
DISC/3 COMPANY 

1840 LINCOLN BLVD. 


SANTA MONI CA, CALIF. 90404 

(213) 451-8911 


Circle 438 on inquiry card. 

SWTPC Buslnm Programs 

Mith P1cke91. 5 bv te mantis!a, 1 byte exponP.nt 
11'h digi t accuracv . Fonran tvl}B for matting Umcgar . 
Float Ing Point and free Formoutlng on both 
rcmd and wr i 1c] S25.00 

Lener Writing Editor. No hnc nu111be.rs needed. Subset 
oi Honeywell's 1648 T1rne Sharing Edi101_525.00 

Payroll. Phone tor detalls. 

Accounts Recelvable. Phonll for detai ls. 

Stock Club - Mark&ting halu1tlon. This is the saml'.l 
program used by Custom Compurnr SeNices to provide 
accounting for clul>s belonging 10 thti Na1ion11I 
Aswciauon of Investment Clubs. 

Disk Bued SWTPC Buslneu Sv11em1. Phone lor dernils. 

D~!~:~~:~~~~T~~oe~~,~~~I. ~~r~l~t.i~~~.Percom. 
To Ordor: Include 3% Postage. llllnois residents add 

5% sales tax. 

AAA Chicago Computer Center 

3007~ W. Wa'llelend Awcmue 


Chic.ago, IL 60618 

(3121 539-5833 (3 PM - 6 PM! 


Circle 441 on inquiry card. 
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telecommunications equipment supplied 
by G TE Sylvania wi fh a number of 
differen1 video terminals and printers. 
I r is all pretty scondard communications 
equipment, although the size of the GTE 
equipmenr case in the hall (a full height 
79 inch rock cabinet) suggests a dedi
cated m inicomputer as rhe local sateflile 
of a network. Based on this observation, 
it should in p rincip le be technologically 
feasible for you to hong onto a stocf1 
market wire and accumulate data via on 
RS-232 port and modem as ir is gener
ated day by day. There is also a whole 
host of stock marker analysis firms, 
many of whom may offer some form of 
machine readable data as a by-product. 
Consult the adver tisements in the Wa ll 
Street Jo u rnal or Barron's. ff any readers 
can help by providing specifics in answer 
to Mr Larson's reques t, p lease write so 
that we con make the data availabl e. 
Once the source of data is better de· 
toiled, it is possible to make some more 
specific commen ts. 

As for why you don 't see any adver
tisements for data sources, perhaps it is 
because none thought of sefling the data 
before. Perhaps your letter will help 
create a market.• 

WHERE DO I START? 

am cu rren t ly a co ll ege student en
rolled al a co m m uni ty co ll ege. I have 
several issues of you r m agazine and have 
been readi ng abou t a ll the sm all systems 
of computers. I am very inte rested in 
o wn ing and o perati ng a sma ll comp u te r 
system exce p t for one th ing: how much 
do I need to know to set one up? Spec i· 
fically, how much digital electronics, 
electronic assem bly, co m pu ter science 
and progra m ming kn owledge do I need? 
Assu m ing I need a lot o this type of 
knowledge, how long migh t it take me 
to master it so I can set u p my system? 

I inten d to use my comp u ter for 

games, ma thematical mode ling, digital 
to analog devices and sim ulation. I 
would love to set up d system Lo do all 
these th ings, bul I don't want to wait 
unti l I have a bachelor 's degree in com
pu ter sc ience to do i l. I wou ld greatly 
appreciate any guidance you cou ld give 
me on what k ind of knowle dge or ex· 
perie nce I would need in order to set u p 
a worka ble sys tem. 

J ohn Graffio 
1094 Q ua il Creek Rd 
Fa ll broo k CA 92 0 28 

The m1111mum "ser up" time for a 
personal computer, by for, is through 
purchase of an "appliance" compute r 
which comes ready 10 use, in the some 
manner as 11 stereo receiver comes ready 
to use. In lhis category are the latest 
calculators (such as 1he bri lliant new 
SR -59 from Texas fmtruments with its 
pr inter and ROM oft wore attachmen ts), 
or true general purpose compute rs such 
as the Apple- II , Commodore PET 200 7, 
or No1,ol 760. All of these come com
plete and assembled. If you want kits, 
those products ronge in complexity from 
simple peripherals to complete systems. 
Kits naturally tol~e more time to get 
into operation and debug. Kits such as 
the Heathkit computer products assume 
no in i tial fomiliarit>' with elect ronics, 
and pro11ide 1£/lorial materials to get the 
user into operation. • 

CONY ERS IONS ? 

As a newcomer to the fie ld of com· 
pu ters, I am iusl beg inning to understand 
lhe hardware , bul my software problems 
still exis1 en masse. Whi le thinki ng hexa
decimal is n ice, I have been brought up 
thi nking in a base 10 nume ral system 
(whatever that is?). I know not whether 
this is an extremely simple and trivial or 
a vastly comp lex quest ion, but te ll me, 

how does o ne get all those rows of 1 s 
and Os in to grou ps of our BCD bits' I 
can understa nd ac tua lly cou n ting up to 

the number with a high frequency 
counter (eight 7490s in BCD formal 
pa rall e led by eight 7490s in bi nary 
format driven by a 10 MH z c lock). some 
comp lex software method that appl ies 
tables, or eve n successively subtract ing 
out exponen ts of 10. Bu t I figure some 
geni us, somew here, has as algorithm. Can 
yo u help me? 

. Wh it Smith 
606 Brookwood Ln 

Goldsboro NC 2 75 30 

Conversion of a binary number to a 
decimal number was presented in some 
detail for the 8080 processor in on 
article entitl ed " How to Do a Number of 
Conversions" by Jomes Brown on page 
50 of our September 19 76 issue of 
BYTE. There is no magical short cut 
with most p rocessors: you compare the 
integer successively wi1h values of 10 
raised to various powers (stored in a 
table of binary numbers) and derive 
each digit of the converted BCD number 
from the binary by successi11e subtroc
rion of the appropriate power of 10 (or 
division if you ha"e such on your pro
cessor). Conversion of the BCD form 10 

on external ASCII representation is 
easier, and con be done by adding the 
hexadecimal constonl 30 to each 4 bit 
BCD digit value, giving an 8 bit ASCII 
value from hexadecimal 30 to 39, which 
pril1fs as the character l'Ol11es 0 to 9 
respective ly. Co1werting BCD inputs or 
ASCII inputs 10 binary internal forms 
is fairly simple as well : for each succes
sive digit entered, multiply rhe previous 
entry sum by 70 (add the old .,a/ue to 
the sum ten times for a less than optimal 
brute force technique). then add the new 
en try (carefully limited to values from 
0 to 9) to the previous entry sum giving 
the new entry sum.• 

APPLE ll's 
Available at 

Computer 
Playground 
• Demonstrations 
• Ren tals 
• Ga mes 
• Color Graphics 
• Repair and Service 
• Also see the KIM-1 system 

6789 Westminster Ave. 
Westminster, CA 92683 
Phone 714-898-8330 

Microcomputer 

systems, peripherals. custom 
programs tor business. service. 
sound counsel on equipment 
selection . 

We stock IMSAI, ICOM, . 
Technical Design Labs, Vector 
Graphics, Heuristics. and other 
lines, and provide business 
packages and engineering 
design. 

Microtex, Inc:. 
Microcomputer specialists 
(713) 780-7477 /9305 -D Harwin 
Houston. Texas 77036 

::-:::-
:::= IT'S A GREAT BIG COMPUTER WORLD :: 
.._ But You On ly Need _:... 

*"THE COMPUTE R CO RNE R..,..-- • SOL - A New Dawn Is Hcre1 
0 1MSA I 8080 

• POLY - 88 
• TDL Z-80 

• Memories & IJO Board s 

• Computer Book Service 
• Magnetic Tnpe'S & Disks 

• Full L ine o f MagazinC!'s 
• Brain Games & Puzzles 

• Workshops & Club Information 

Vi•i t THE COMPUTER CORNE R lot 
all your compurer needs_ Stop In and 
browse - you "ll l ike our person<ll ser"Vk e. 

THE COMPUlER CORNER 
Wh111t !>John' M.111 UOfk'' Lev•I 

100 Hamilton Avl!'nue 
Wh11e Plnln1. N1tw York 10001 

t11L lg l 41 WHY DATA --+t
...,+- Amp le P.:it iclng -+if.

/ 10-G 0.lily & ~lurcby ...,..,. 

/;IH *f *-~' ¥°t't ff . * -~'" , 
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South Florida 

S UNNY C OMPUTER 

S TORES, INC 

South Fl orida's First Computer Store 

WE CARRY : 

•	 ALPHA MICRO SYSTEMS, 
MICRO FILE, PROCESSOR 
TECHN O LOGY . IMSA I 

•BOOKS. MAGAZINES, NEWS
PAPERS 

•	 FULLSERVICE 
• SOFTWARE 
•	 WRITE OR PHONE US FOR 

PRICES 
MORE TH AN JUST A TOY 

Monday 12 noon - 9 pm 

Tues.-Fri. 10- 6 


UNIVERSITY SHOPPING CENTER 
1238A SOUTH DIXIE HIGHWAY 

CORAL GABLES, FLA. 33146 
(305) 661 ·6042 

Ci rcle 445 on inquiry carcJ. 

THE PROM SETTER 

READ/WRITE 


1702A and 2708 

ALTAIR / IMSA I COMPATIBLE 


NO EXTER AL POWER SU PPLY 


LET YOUR COMPUTER 

DO IT ALL 


SOFTWARE I Cl.l IOED 

Doubles as an fl Bil Para llr.11 10 


KIT COMPLETE - $210 

ASSEMBLED - $375 


Dl·:UVEH)' LESS 'l'llA fill Dl\YS 

SZERLIP ENTERPRISES 
1414 W . 2 :i~llh STREET 

HARBOR CITY . CA. !'.10710 
C;dil'. R r. .~ . Add fi " ., Sa lPs Tax 

Ci rcle 448 on inqui ry carcl. 

B't'TE SHOP. 

the affordable computer store 

7825 BIRD ROAD OF 
(305) 264 -2983 MIAMI
DIAL 264 -BYTE 

WE HELP YOU GET YOUR SYSTEM 
UP AND RUNNING. 

IMSAl8080 MEMORY EXPANSION 

BVTE-8 COLOR TV GRAPHICS 

SWTP MP68 LEAR SIEGLER AOM 3 

CAOMEMCO PAPER TAPE READER 

PROCESSOR TECH 
INTERFACES (KITS or ASSEMBLED UNITS) 

IN FORT LAUDERDALE 

1044 E Oakland Pk Blvd 

(305) 561 -2983 

Circle 45 1 on 111qu i ry carcl. 
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Circle 446 on i nqu iry card . 

• computer • 
• depot inc~ .M. • 

3515 W. 70th St re et 
Min neapol is MN 55435 

612-927-5601 

Upper Midwest 

Headquarte rs 


• 
for 

• 
• PROCESSOR TECHNOLOGY, IMSAI, • 
• POLYMORPHIC SYSTEMS. DIGITAL • 
• GROUP, CROMEMCO , VECTOR • 
• GRAPHICS, TDL, SEALS. TARBELL, • 

MICRO DESIGNS, NORTH STAR, 

• NATIONAL SEMI - CONDUCTOR , • 

• FAIRCHILD SEMI- CONDUCTOR , • 

• MOSTEK, E & L INSTRU MENTS, • 

• SAMS, TAB, HAYDEN , WILEY , • 


MC- GRAW HILL 


• Catalog Free •c40• .. .............. ........ ... .... ....• 


Circle 449 on inqu iry card . 
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THE GAME WITH THE BRAIN 
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Compu ter Cre at ions I nc . 
11 8 Wo s 2od StHe l ; Reno 1 Nevafl .1: 8q5(.) I 

Circle 452 on onqu 11 v ca1·d . 

BASIC BUSINESS SOFTWARE 

Disc Sort $195 
Interactive system generates customized job
stream sort module for sequential or random 
files. 

Correspondence Processor $195 
Manipulates text and name/ address disc files 
with prompts and error checking . Verv easy 
to use. 

Key-to-Disc $195 
Interactive svstem generates custom module 
with user defined CAT/disc formats, validity 
checks and automatic entry duplicate or in. 
crement. 

Supplied on diskene with user manual and pro 
gram documentat ion. See your Altair dealer 
or contact us. 

THE SOFTWARE STORE 

706 Chippewa Square Marquene M l 49855 


M aster Charge · 906/228-7622 · VISA 


Circle 44 7 on inql•iry card . 

ECONOMY 
TERMINALS 

Circle 450 on inq uiry card. 

CONNECTICUT 'S LARGEST 

JltV COMPUTER STDltE 
DECWR ITE R II - 51750 00 


W/ RS232C INTERF ACE 

lflShl QO..t8 n·~F fl('Mfl'I f.fl''PllTI n 

HH )(11/\N SY~U ' i'i 

S\'. !JI 11800 S\'SIP,lS 

V[C"TOH C!Rl\fl ll lfS 

Non TH SIAR 1,11~1 r I 0 1'1'\ 

ff XA S tNS r nu ~.llNl5 r"A l r:U l h lni tE 

rr 14KIN II Mi n IH\ I /\ t l,l MlN1\ l!o. 

~ 	 •fl OHl[ Fl uNrs or ~m-1H\Gor.1ru11 H:-> 
/\NO fl( Rl rHt.nA LS 

FA L L SPEC I AL 	 BK STl\ l l(. nA\~ 


2!.tQn,, J\CCfSS 

S 100 C(l~1Pl\1HH I 
ASS· ~ ·m I IJ 
Rtl~l\lf{} If·,; ff\0 80 llRS 
I Vf AR ~"AIHtA:l.lT\ 

5200 00 

COMJ'UH. BUS IN(SS 1-'ACKJHJr IA VA ILABL r NOWI 

A4'CrnJNl5 HI t.:l IVAl:l.LI IHI I IN\. f·c'C"tmr~ IS 
f•l\Vl\llll l'AVFHll l ANll INVI Nllll~'t

lll 'il f",Nrr1. c;nr1r n ANO r11 mm.u. 111\ H~.;r1i 

ov 1or rO R Tl lN[ •.nn lll l~ I Nl~~i ,\NAlY~ J ::; 

J7 1•1 \'11-IHNF."I' l\V(f\IU[ • ~ IA.Ml"ll:N . Cl • 17,031 :t'B l M S:'l 
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E..Z-HOOK 

E·Z Hooks navt! lli!en de\1gn~ anod l.cld tm1i:d \hrou g" 111e 1ndusirv 10 S3\ e 
tome ;ana rn oncv ' " i:ommet r. 1:11 111e-c1 r omc Otod i.ic11on and (IHvu: 1ng Th~ 
sp 11n9.1oad ed hoo ~ ;,u.:w;;h~ l nmtv _ v1.:t so uennv •t \VIII no1 dam;iigc compon @Our Quality Is Best! 
e n1 - lreM hand s who le ta 11ng 01,11 !1blv 4:0ni.11ue1W and fu ll y 1nsu tiltl!d 10 ;i 
1o1 n9le c on t<JC I P Ott'l l auu f1n 9 u ue 1ead •ngs Mt('l\ e•.K l• ng 1~1Jor ;u or v and 
, p oce age compu111 r tet:hno lo!rf rcqu+remen 1~ AVAILABLE IN 10 RE i MA 
COL.ORS Ft ed . l)l.1e~ . blue. !recn. 01a9ntt. vtll ow, whue, v1ole1 , b cOWf\ 

o- 9ray 

MICROHOOK ~ 
.)(M M"c:ro ' 4oi:i k 11 75"' lo n g 

< 1 11r11m l lgr d1H. c1.1 11 IC iHhn g 

Paunou. n o o lo.\olOS 10 ae11c:ue 1.. 1t n 
...-n ci1 0 ,., .,, 11n1 .1 n c1 l•.,,t,tr .:tljla m.av 
durn 111 g1t compon11r11 S 80 ti• 

Soec1ly CQfor . ORDER PIN XM 

XM·S M ICRO HOOK SET rtnch rll lK 1 u rod. b l•c1t. . ulue, ;•111111n, 
0•.1n ; v. v • llow, w n 11• , b ro •..,n, "' o h.i t ;anrl 'iiJ' l'\il Mocro Hoo i. l At t li•t 1ow be a lifetime
P" c:: " you c•"' a flo •O mo• ~ II"•" o n l!' t..i l 

PETCOMPLETE SET 1101 MICRO HOOKS S7.95'lj MODEL 2001 	 investment 
PET 
MODEL 2001SPEC IFICATI ONS 

Jumper wuh X·100W 01 i.1i;111~1UNS Ll'l"l l 18 I J , 1G I 7 , 1.4 

Mini Hooks c. 
wr it.tit "" '11< $595.00 

Order No. Length Pr ice MEMORY 
l!o\\l •.....-.1 .. 1( 16 1( (Jf' l I ~ •.0 toJ2~ OPT. BK RAM204 12W 12 " SI.GO 
HOM l• l""fl• n 1 OU<',.•! •~h U +-"11 l• K 

204 2 4 W 21t .. I .CO 
11 .. l'I ASIC"'' "'"' ""' 

Sptt,fy coltu, .. ,.~......, ......... ONLY $795.00 

1.., 1>...111-ou-c ,.,..,,.,, - I ' ....,.......,,... ' ......~.,. ..,..... ,.,.. 


VIDEO DISP LAV UNIT 
!) I~ ... t •>r •n<JIUl •Oh Cl41 • 1000 Lh_., IJ•IO'"Y 4\1 fOI fl'( ~ '""\ • 6 • 8 llO I macru Igo

Jumper with X-100W M ini 
+<J•«t"'\ .1+-d l"""''"•>l)<I\ •""'''!I.I • '°.il<I i.; oui.·1 11 t• om t.1u 1orn "'' "'" '" • \'b"' '"' ( \l"O•Wolli 

Hook OrcJer No. Length '" ,.. •l•ll"l'""""" • ~"•"'" 1..111 "'• n,,..,...,.,,, • "" ''"'"""""'St;ll .-n..• l>'g•Xl"< 1•u • 
20 1XM :t:io · KEYBOARD 

Price :; I ' n ·U.- • J dHS:I IJ ~ .. ... • ,\• Gol A.SC ll en..,,..,.,, , ,.,,.,,~tlf,. - 1110..t , ,. ,,, • c.a1u.1n o1 u~ tr 

,.....,,.. • ._ h , °""t • A• 6-4 4•"1#1"<.ll"'ll +r'°1\0I '••Iii <11.i•.cl•• I .K.te".o'r 1, .,... lo.•~ tlO:t•O t .....lfl I Ill$1 40 
S.•1•11 Co,.uf>f C'""' .,t"ll ,._ • E O·'"'~ 01.11..ct"t '""' t •OH .i•Od~lt'1 •Utt 

CASsenE STOR AGE 
..... . ,.,...ndMll ....u• d ·.... M:h~ ••11..••ng •1"•-"llf' d .llot U'COtt•V • Modot•ftl d•·~· '°" 11<0ft6t 

•r• ..t••1· tv 111 ' """' Cl '"t .., 1;1 '"-G' ll ,,....,,,.., ll14ff ttl:)ou- +mm..,.+l 't "" Of Q.11~1"1;11'1 ,.,ct 
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OPERATING SYSTEM 

M INI HOOK 
I 

X100W Mini Hook (2 . 2 5 '" 10 "'01 
c o mb1 m11 •u i90d c o n s 1ru c 1lo n _ ml n+u 
ture ~Lrti a no Finoe• -• l: • Hvoo A c il on 
fo • 1tH 1ho bvs1 1011 conricc1ooo\ 
Hoo1rt 1\ l• •go u11o ugh to r c c m p 0'1!Jllt 
t<11 1tch v et • •n•11 enough 10 941 1 1111 0 
l •g.h l p l l)C O'lo $ _75 c:. 

:~i:: 'v ORDER PIN X100W 

Jumper X ·100W Mini Hook 
to Stacking Banana Plug 

Order No. Leng1~ Price 
20 1W J 2 " SI :1 5 

~·;~·= 
EXTRA LONG M IN I HOOK 
Xt. I M m l Hoa " 15.0' ' lo n g! comll lnos a ll 1t'1 11 P 'Ovcn 1..-itu ••' 0 1 1t'le X 100\V 5..iilf>Olll"'-'"* '"°'......."9h • \'l«""....,1~ilfr ¥C..,, l•hol1 IV • f=1IP ~tl...... l+ tt 00of<.ll ·.,. 

w 11h •n oicU • to n g b O<l v. It wi ll m • 't e ~ltt , •ho n h ell 1tr.i co n,, ecl •o n • on ,,..,1 ,~ ,. • C...110< '0"'1'~ ,,.,, ,w '~ ..na •tt.>1•c1 ..ho(flto ""'ll•• BASI C contro l • C.0•11• l oMo 
card r•ck• • .,d lrflOugh dMO wu •" O n eu u o 10 '1 " ORDER P/N Xl·1 ,......,..,......,.,.,hon· tiASIC • I•~" ,..,>ctom ••1om1t)O!• ..,,..,~ ! "·"",... ~'·"'°"""" "'Q-" 

Speedy color S 1 7 $ INPUT/O U TPU1 
IM'U T t1ur1•u11-------------------------J A> ,,,..,_., I 0 itOO•lfd , •.,..,.... l[ll" i!Ji o't\1"'"'"" 1 •M,.. 1.-('t .-.t1•01 ;tllow. 100 m.,111p11 •tt1••1 

q<."" I U••·U~~ • A l I u ...,tl,....h •. 111' ~·rwu ' · ~ 001··~ · ·"!1 \ ~ It...... '°''...." • s.....,..,, <ll • •llol. 

JUMPER. XL· l MINI HOOK TO STACKING BANANA PLUG '"'' I 0 ' ' ' " G C1 · ll"nm,....n • l.i , I•'""" I·"• •d•I '"" ,o1~1, 1v • F !.r • • I~ • 110 11..1c1.. r1 ~ II°"' 
' "' fi"!i l t - • l>at•hO" "'°''" ·ttl•l•·Qo'HI Do• I>"! ...~,

Order No. Length IJASll. IN l ( AP!t[ILll 
20 1XL 1 :l2 ' l • l•~••l'"d Bl'. HASIC • lA1,..4•U 1• ll.t'•,·o•• !tL..' ' "' ' ' 'Al fn;jl<><>• flAS IC 1,1,ro.-it9" • $1oon9' . ·n r.. 
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NEW from FLUKE · MODE L 8020A 

THE DMM FOR THE PROF ESSIONAL 

• 2 00 H• Bil nerv l,.1f • 
• 26 A111n9es lor 7 Funct1oni 
• 200 0 Ca i.i nt A esolu1ton 
• Hi gh Low Powtt• Ohms 
• 	 Au1ou110 a n d Auto 

ool e r 1t v 
• 	MOV -pro1ected 10 6000V 

n galn'll h 1d<:t en rrnn1lon l\ 
aud 01o1o r fo:id protct: t •o n 

to J OO V A C 
• 0 10<10 To1t F unct io n 
• 	 Conduc1 a nc e Func t •O n 

CIHtCks loaka;o 14!'S l Sl.ll l'I C8 

10 10,000 me9 onrn' 
• Su:c HWL 17. lx l ,4• 1. 8 

''" ONLY 
418 Oi.:8 611: 4.5 

cml S169 .00 
• Woi: lgtH 13 Oz . 

NEW from CSC 
MA)( 100 
r!U:O COU-"41 1! H 

. 10 H1 TU 100MH r 

e D Oo011 Acc111,.ey 

e r.- L [O 0.•pl~'o' 

' ..,, ....,. •""~D" IV• ·~~· ...•'I>'• tt• 
•• .• ··· - ··· -ci 1~•·t l' 0- . .......... ' .............~·· , . .. 

• <J ...c • "D'"""'°"'~w'" ""~"'" 
Fn 11111ncv C fmu 1t ro~ 1 it' R.1t1qt 10 HI 10 100 '.IHt ••1u 1•n1ut11 
r 10 Mil l l'f#•Cll Ci•rt h 1nt 1 U(_ i:: 1n 1tt fht I ~ llftclh1hlMI l hrOUQI 

u111 t1 tiio , • .,~, A!cur.iirv I count · l ol!'>f'8111 1rro1 

l n111o11 Ch1..C1t mhc1 lin~id111o ~ir I M~ ~'''~ • Uot1t ~ ·.. !16 !Jf Co1t tt.tt l 
O• H110l\I" I"' Ca11111 l111q AC Solle WJ d Stti l•1Mly 30 mYKr.is, 
II) U t so t.1H 1, 100 •., v fll.lS so M~1 10 8DMH1 , JOO 1:0VRMS, eo 
M H1 •~t .thovu f,Uum.im lnpu 1·20D V f>t ~ , 10 MHt 5ll01it HICIV 
Pr·• ~ . ~00 ~, , KH 1, 7~ v Ji n 1 KH:1 Ul r.' H1, !tW PtJ ~ 10 Miii 
~ m:l • IMJvf 
l11 lt•n•l l1m• 8•H Ch • K IH •llo« fl f(l .., 11~ ~ l !il"9S~5 r.111 1 Ll~Ul l 

uic1ll.il(l! Sor1.1thh l\' • 3Pit•n ~ 1~11 C 1r. rnmn Ad1mt 1""11I I 
ll{U11 lf"fl•lltrJ!urr S11t1•htv e~uri th4n D111p n11°r: . 01 1;1 S011 t 
,,1.n•u111n1Aq1" QA311 100~111 lyu1 

M AX 100 S134.9E 

O'TtiE A CSC PRO DUCTS 

SOCKt rs ANO th 1SS rR 1ft$ f'RO TOStJllROS 
.......... ~-" t-• • 1t. !ft!'lt•1·•~ ., , ~.., ANO CXP(Ra.tCN H R& 
............ IJ ,, h t ~ti\·~ '-'"'.... :; ...." (1.,1 ;1 ,.,.;1 ,._,,C.,n.•tl 

"V""I"•• !f' l f"•• t"f•!,. lll>!'l,l., l flt'~!c:<I "' '·"'"' " Jw"""... ' ' 
"dlQO 1'i9~.,. ·~ 

•!11011) 1 ~'"•'.· ~...... ,.u 1 -.••t1 •-• 
01 • :SSi:1< • otl .. 
Ot .1 18 &,., 

') I ;J',:) Sflf • ll• 
 .. 
(,!';1 '!.89... ., : oo 
OT l l~S.., ,. 1 PRO TO CU ,. 
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01es :. ...: u 1 ",, '" 1'(:11, I I<~·<' 


Ot i$$oc · -• 
 .. "' PC.• • 1'4 , . ' • "0' "" PC.a.Q .i.cl 1.1· 13 rt,. 

QUITE PORTABLE 
VERY AFFORDABLE 

Jumper with XM AND UNBELIEVABLY 
Micro Hook~ VERSATILEOrder No. length 
204 >'. M· 12 ' 12" the PET 
2 0 4 )1.M. 2 .4 ' 1 4 " 

computer 
may very well 

s 1 ca !> P[t l'. ~<'11 f>()t<r "llif'l'"¥+d 

SAMS BOOKS 
TTL CO OtC.BOO t< 
N a 21 0 3 5 $8 .9~ 


IC OP A M P C 0 0K800K 

No, 20969 S'Z-9~ 


T V TV PEW~ 1T ER CO O K DOO K 

No 2t :l1 3 SS - 9~ 


C-M OS COOICBOOK 
No .2 1398 S9.9 ti 
T R A NSIS T O R SUDS T ITU TION 
H AN DBOO K , 15 H'I Ed 
No 2 1169 S4 . !i0 
TR ANS ISTOR SP E C MANU Al. , 71h ti-
No 2 1, 08 $ 5 .95 
S f M IC ON OUCTO R R EPl. AC t; C'iV IOE 
N0 2 10 92 S3 !J5 
BU ll.OINC ANO IN$ l ALLtNG 
EL ECTR O N IC INT RUSION Al.AAMS 
No.20929 $ 4 .50 
UN DERST A ND IN G IC OP AM PS 
N o .208 5 5 Sl .95 
HOW T O US E IC LO GI C £L[0.t E TS, 
2nd Eo 
No.2 108 1 S4 SO 

UN D E R S T A NDING CM OS 1C'\ 

No2 11 29 S4 9!> 


BUILD A WORK ING DPM IN 1/ 2 
HOU R WITH THESE COMPLETE 
EVALUATION KITS. 
Teu thcs n o w Q:l f U lor vour'f.l!tf w ith 
l ntC r'11l ' 1 lo~v C:O'l l Q r OIOtypmg 'i;it'f. . CO!TI 

p l1Ho with A I D con... cttcr ono LCO d11plav 

( fol 1h o 7 10 6 ) O t L E O d1$j) IO'I/ (tot the!' 
11on . K i a prov1do all rna 1o u :.1s , In c lud ing 

PC b o ard , for 11 functioning P ll"c l mc l ('r , 

ICL7106EV (LCD) S29.95 

ICL7107EV !LED) S24.95 

CAPAC ITORS 
SOV CERAMIC DISC Sl .00 P er Packa g11 

5pl 9 /pkg 300ol 7/Pk9 .004 7mtd 9 /p Jcg 
1 5~1 9 fpk" J JOpl 1't>lo:g .005mld 9 /pkg 
25ot 9 fp kg 390pl 7/okg .Ol m1 d 9/pkg 
27 ~• 1 9/ok:9 HQpl 7/p"-g .015mld 8 /ol.. g 
4 71>! 8 / n'kg 5601, 1 7fpkg 02mld 8Jpkg 
68pl 8/1,kg 680ur 7/plcg .0 22mro 8/pt..@ 
IOOpl Bl t, S..9 .OO lm ld 9/pl.:g .03m ld 8 /11kg 
150111 8 /p'<g .OO JSmld 9 /pkg .0 39m id 7/ukg 
22Qpl BIPk.9 ,0 022mld 9 /pkg .047mld 7(pk.g 
27()1)1 7/ J.Jkg .OOJm ld 9 /pkg . l m ld 6 fpkg 

PLESSEY PO L YESTE R MINI BOX 

MF V S MF V S MF V S 
001 1000 14 .0 17 630 14 15 100 20 
00 12 1000 14 .01 5 400 15 1 ~ 100 '2 1 
00 15 10 0 0 14 0 18 4 00 15 22 100 23 
0018 1000 14 0 22 400 1 6 "11 100 2 6 
002 2 1000 14 0 2 7 .10 0 15 J J 10 0 3 0 
001 1 10 00 14 0 3:'.J 2SO 15 39 10 0 3 J 
OOJ J 1000 14 O:l9 25 0 15 4/ 100 36 
0039 630 14 0 4 7 250 15 56 100 44 
004 7 630 14 0 5 6 250 I ~ 6 8 100 tl1 
0056 6 30 1<1 0 68 250 15 8,. 100 5 4 

.0068 6 3 0 14 08 2 2 s o n 1 o 100 60 
0081 0. 30 1 <1 1 100 17 
0 1 530 14 12 100 1e 

MATSUO DIPPED TANTALUM 
MF V $ MF V S M F" v • 

1 
I S 
22 

:'.JS 
JS 
35 

~~ 
33 

; ~ 
3 J 

;~ 
35 

33 
.JO 
4 "2 

10 .0 
15 0 
15 0 

JS 
2 0 
3 5 

90 
J S 

I J2 
JJ J S 33 4 1 35 t1 'S 22 a 16 .15 
4 7 JS 33 6 8 \ G 40 :.13 0 20 I l:!' 
6 9 

1 0 
35 
35 

3 3 
J 3 

6 .8 J S 
100 16 

•1 5 
.n 

47 0 
Ge o 

2 0 
16 

I 5:.l 
I G:i 

1 5 3 5 40 100 25 4 5 

1% MICA 500V 
51 PF .29 220 PF .41 1500 PF .GO 
62 PF .29 240 PF .46 2000 PF .90 
7S PF .29 300 PF .50 2200 PF .94 
82 PF .29 390 PF SO 4700PF 1.80 

100 PF .30 410 PF .50 SIOOPF 1.80 
120 PF .32 620 PF .52 10000 PF J .60 
I SO PF .JS 820 PF .S3 
180PF.4 1 IOOOPF .60 

ALUMINUM EL ECTROLYTIC ! RAD IA L LEADI 

RESISTOR ASSORTMENTS 

DIODES 
IN9 14 10/ 1.00 
IN4002 10/1 .00 
I N4003 10/1 .00 
IN4004 I 0/ 1.00 
IN4005 10/1 . 10 
IN4006 10/ 1.20 
IN4007 10/ 1.20 

l;•cA •non m •nt <on 1• +n1 5 PCI • .111: 11 o • 10 o olf • • f!A I " • '1o1•1 

\1 • 11.1•• on c lutl •ll .1•• 1hown '"!Oh m \ ! 


~W.5% 150 PC"\ IOU\I••.$1.'15 / ~W.S% 150 pa toun . - .Sl.85 

Ais1 ,1 : 10. ' ' 1 ~ 18 11 ' 1 J J , 7.1 4 7 ~6 on"' 

Au1.2 . 68 _ 81 10 0_ 11 0 _ 150, 18 0 :n o 27 0 J '.JO 3 9 0 0 1i m 

An1 .3 . •110 S60 680 . 8 20 o " m , '"' · I l K I 5K 1 81( ·, 11(. 111<. 

Anl ,4 ' J J o<. J 9 1( 4 l i.:. 5 6 1( . li 81( 8 ~'K _ l OK 12!C H11<. 18 11. 

An1 .5 : no< , 2 71( J JK 391(. 471(. 56 ot;. 68K 84' 1< 100K 120K 

Au1 .ti : 1501( , 1ao1<. . 210 1( 21 01t JJ OI(. J90K ..llOI(. 5 601C (i801': 


870 K 
Aut . 7. 1M I ) M , I ~M 1 SM l1M l ' "-' l lM 3 9 M 4 7M 5 6M 

• • , , ._. A.uon m e"'I No I U ot'\n l •ncl ..111 !i lit.1 1 
An1 .BR ;lAlt , • .,. ,, otl\O•l •U• n a ..b-O~ ot l 

·. w s •. J!)O 11-C ' IQl•I $10 ,95 ',W 5•. J !;.0 .-.u 101• 1 $11 ,55 

http:f,Uum.im
http:Acc111,.ey
http:00of<.ll
http:c.a1u.1n


HYBRID 
AUDIO 
POWER 

AMPLIF IERS 

comere1.il .}l'l(J 1nd1JS· 

foUll p.owet 1e11eL 

• Mul11-ou1po~t. linE>ilr ;im1Jhf1ers tor 
111.&)I apf>l 1Ct1Caf1C1'1S. 

• Les~ 1han 0 .5 !1'. t1.a rmon 1c d1-s: tori mn a1 

• 112 dB rl!!1Ponse from 20 co 100.000 li1 , 

• 	 Rugged. compae r ;and l151r11we•9llt packa9M . 

• 	 Bui11 ~ 1 1') cmre n..t l1m1ti ng lor Sl-IOSOG .and C'lf1c 11m 1 heal 
r~d1~ t1ng connruct1on 

TYPI CA L CONNECTIONS 
Sl -I OSOG WITH SPLIT SUPPLY 

SANKEN Se11es S l-IOOOCi 3mpl1hci•s LE FT
OHt.' selt~conta 1 ned pQw~r hybrid ;)rl~· 

p lihe r'!. des igned ror Ht~F1. 1-!ert!o. 
mius 1 c:1J~ lnJ.Humen ts, publ ic addfe'S-s 
wuem$ Und o ther audio appl 1c.111or,s . 
The iJrnpJ.11e1s hBVI!! Qu.;,11-complt· 
rn~n r.;ir y c:liJn 8 OU1PUI The CHtu•t 
1!111PIDVi f l 11)<.h 1p ! l;Jr'IS•stOr S. w1tt1 RIGHT 
h1g: t1 111111111 1.ul•tv and Cl3'U•YCl l W cti1ci 
~ower uan~1nors. w 1t t1 e:icc!!lllen t sec· 
on.du1 t:m~akdown s.1 qm91h Burlt-in. 
currenc l1n'll11ria is i::i rov1de-d for Sl 
10~00 an:.! t1ll d1!11 1 ic~s C:illn. be OPll!r • 
aUtt! 1t Qfl' ~ ~1 n!]lt' or ~pl 11 i::iowl!'r u 

110 ·· '" 

(] .. '" 
,..., • •~ · 

@"::~;~;~~OG [10Woutpul ) •. . $ 6.90 {J'"'(,o ~.-"' 
Sl - 1020G !20Woutput) .. SIJ .95· ~ .1Sl-iOSOG 150W ou1pu1] . ,, $26.BO ' i.oc 

Da1.g, Shcc11 wl11\ Aopt ica11on Notes - $0.50 1
• .. .. :~ · : ~: 11 ' 

MICROPROCESSOR 
CRYSTA LS 

' F.fU!()Ul:NCY HO LDER PAR T PR ICE 
IMl-1.d NUM8EA 

I 00 HCJJ CYIA S8.55 

200 HCJJ CY2A 6.71" 

J.nGs HC33 CYJB •1 .BO 

4,00 HClS CY.JA 4 .BO 

•l,11 .:,ld HC18 CY4C 4 .BO 

; 00 HC1 S CY7A '1.BO MOTOROLA'S EDUCATOR II 
sr.K'ili t-tCIS C..:Y5B d.80 M ICROCOMPUTER HEP KIT 
~ - 7143 HC18 CB5C ·1 .80 • MD1D•D l l) MGSOO 'l~"'"r.'.ll l OliitV 

6.00 HC1B CYGS 4 ,80 • Te-t.l ·IH·ycu bui ld •n ll'.ll~V 51!.!IH 11orrn;1111v 1;1ni;i 

o,..on 1119.nuc111tilv 
10.00 HCla CYT2A 4,J5 • C<l•nc letc l y Wlf CDl\1:111 11 (.'(I '"''I'• 1~ 11 u.11h, C ;Jil)1fl~I 

l•I :.H8H3 HCIS CY 1'1A 4.J5 
Gr:1 u,v· rt•cl m r/11.• fascinatmy 

~vo11d of Mre.ro Comp~r11:11 S169.95
1500 HCl8 CY15A 4_35 

18.00 HC'8 CYl9A 4 ,35 	 foro11 f11 

20 .00 HCl8 CY22A 7.20 EDUCATOR 11 
n .lla.1 HCJa CY236 .1 _35 POWER SUPPLY KIT 

27 00 HC18 CY27A fj 35 	 • 5 V ;. 1 1) i\1111.n 

• 01...,11111m:1 "IHN:• h (..• llv 'o•3200 1-1 c1a CY30B 4 .35 
El..luC;fltOf 11 M1c rO(:O<nVoU1• 

MI CROP l~OCESSOrt Si $UPl'0Ri CIRCUITS ·-"'"'=--~ <• ' • Compr••le 1<•1 all p11r11, 
•BQ~Q.'1. •'\'.1tl~JH 11C .......ao:uJCN .... 00 

C:80tl:t)'\ CIJ:i!.1 , .. :JO W•QO;>(iCH ... !.O S29 95 
cnu,•·, 13 .io 
cno~ JJ 50 ;:.i6; 	 I ~·~~ =~ : ~: l !~~ r-:==~:--:====----------i 
ll'tn•i •I .JO ")10,. I ~C 
l>l:f;~ IJ ll '!J!.. :?~~ ... I 4 QC) 1":;110) I 
~Jl ~H. .) 'JO 2~;>~ V J 40 J JO 
,,....., ,11n.. Pc r.:1u ..1.J.J'll -111)0 PJll I 1 ;J 10 
II.fin(; 3'JO '.B1:1EiiU J rn 1>21 1 2 1"0 
AMl.l~~f!Jl4" 11 :"0 

7•11~ 5N 20 1.:inlN 1 'JO7·1'ilN 22 1~ LSIJON S·I NLS?.'58N 1 10 7.llHG .:ii 7.151..:0 li2 
7~!>1N 22 Mt.17N 74LS92N 80 NLS260N .1.1 1·i H 101 41 74:; 11.i 1 80 NC91)N I JG 

7400N 	 frlC99N lo\ 00SO 74'i4JN :?IO

SERIES M~48N 70 7il 25 1N 1 80 HlS93N 00 NH 1 0~ <17 7·151$3 i :w
1>1591'1: LS 	 MU2G11\1 190 NC93N I JG 

7.i1QON NIS(JN 50 	 1il'78N J .Ill) 7•1LS9SN I()() 7·IH10J ,17 1.1 s1s-i. 2 10Hi MUON 22 7'1LS2G(iN 12 7•1C9SN I 80 
7401N N70N ·t'S 7-lt51 N 10 14i1'9N 1 10 MLS96N I 2• 1-1Ui1'3~. 266 7.\1-11(16 48 NS1$1 lijO 74C107~J 1 90 
1'102-N >G 74?7N ,14 7•11S.2N 10 7.1;:9JN 90 NLSl07N ·IG 1-lLS'.?BIN 760 7•1H10S •18 NS1$8 180 7•1C 1S.IN :J 8:! 
1·10JN 1G f.17JN -1 7 1'1 l!jJN 10 NLS109N 711 LS281N l 00 1.is1Go .) GO 7•1C 15'1N 5 70 

'" 7'1798N 1 ·11) 

7-1~N n N74N 4? M l~N 10 NJGSN S.0 NLSl 12N '" &1 7·l I. S?'DON 1 70 i'-IS11.i1 J Go 711C15711J J <1:1' 
741}SN 2J ';Mi''5N 60 '14 155N 10 74L 'S 7ALS1 llN M 7'I LS?9JN I JG ,.1s1 n 1..t oo MClGON jl(M74$ 
NOUN JG 747GN GO 	 7,1 Jr,GN 10 'o1LS 1 1'1rN MLS299N 6 1'l 1t1SJ7·1 700 J'1C16\N :1 ().I 

741571\1 10 74l.SOON l6 7dLS 123N I 10 •IG 1"1S175 1007'10i'N JG MSON 80 	 "' NLSJ[)SN 10 7•1500 1<1CIG'2N 20•1 
]<l08N M81N 1 60 	 'M IS8N 30 7•1lSOIN •\.! 7·1l5 125N 00 NLSl61N 70 7Jl!:rH r& ,.1s11e 236 1~CIG:JN io-1 
7409~j 76 J.IS2N 1 4() MIGON ::io 7AL$0:2N 3:? '•ILS 1l2N l·M 7<1L~J'.MI\: ) 21 NSO'.' .1.1 NS179 :i':lb NC16'1N I 84J 
7•110N 7.1 M83N 22 1•110 1N 1 70 7~1LSO:)N 32 7·1LS 1l6N 7·1LSJ1St'1 82 NS03 11ISHU 600 NC165N I 80 

7JL$0.IN 

'" 
7411 7·184N I 2(1 7-1 162N 1 80 36 7•tLS l JSN 90"' '•1L.S378N 160 N SO.I SO 7ilSH3:t "),:ii MC11JN 1 GO. 
IJl:'N J8 7o!l63N 1 -10 7•l LS0!;'JN ll 7·1LS1J9N 99 SO M S 189 J 70 " N85N t :!0 Nt.S3S1N 4 56 1.1sos 7•1C1 MN I GU 

7'116-1N I ·10 7"1LSl8GN 7"! M SM 74C17UN 1 Gf17413~ M.ASN 4J 	 7C.LSOSN 36 J4LSl <l5N IG-1 ·1·1 7·151'(1-1 100 
711LS09N' •1-1 ~ALSM8N1'1 14N 110 7489N 1 20 	 J ·l S JG 1'1SH'J;;j ?00 i'llCICJ2N 2'0•1 "" i'rll6'5N 1 ~O 	 'MLS.3901\l ? IS 7·•SOD 

7410N N90N 56 	 7ti LSION :n lilLSl!HN 88 711SHl(i :•Gf17•116GN 1.5-0 7·1LS670N 3 95 MS10 ,111 111c 19 ::u11 3 M 
7•H7N ,," N'!l 1N 80 71: 167N 3 90 1'1LS1 1flf 3:? 1•1LS15JN BB MS11 .-u MS19 ·1 'J CiG 7"1C22JN ::>4.J.1 
7420N 22 N'02N !j8 "1l70N :!OO 7llLS15N •M 711LS15tiN 150 1'1Slb 111s2is1 1 eo 74C'!l011'11 1 0074H
7'11 11\l 78 N9JN 62 	 7.:! LS20N 3:? 7•11....SIS7N 88 .1<1 7'1S2'5J 19'Nl73N 1 60 MS::'O NC907N 1 00 
7~2:?~ 58 N"94tl: SB M l MN 90 1'4 7•1L.S1581'\t 99 ]1IHOI l2 MS:Jl NC903N 1 0074LS21N 

1"::'2J~ M95N' 00 7ollLS2:.'4'11 •M 711LS1GON 1 '2& NH().I .:~ ~~ ~~~~ ~ ~b 
7il25N 71196N 8{) 7.'IL'S:?GN 33 1-lLSlGIN I 25 7•1H00 G(I 7'1$2G(I SO 

l " N17'5N 	 I 20 l? MS2:? NC90·1N I IJU 
7•l17GN 1 10 	 J? MSJO NC90GN I 00 
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Digi tal Research Offers New 
Mi crocomputer Software 

[IIJlllTlll l\fff/lU:il---··--·- --

.A 
Piskette 

CP/M is a floppy disk operating 
sys tem desig ned for use with IBM com
patible floppy disk computer sys tems 
which employ the Intel 8080 processor. 
Functions of this software package in
c lude named dynam ic fi les, program 
edit ing, assembly, deb uggi ng, batch proc
ess ing, and instantaneous program load 
ing. CP/M ca n be adaptable to any 8080 
or Z-80 com puter system with a l least 
16 K by tes of mai n memory and o ne or 
two IBM compatible disk drives. Pri ce 
for a complete CP/M sys tem in object 
for m with documenta tion is $70; doc
umenta tion (set of six manua ls) alo ne is 
$25. For fu rt her info rmation, co n tact 
Digital Research, POB 579, Pacific Grove 
CA 93950. • 

Circle 597 on inqui ry carcl. 

Tychon In troduces New 8080 
Editor/Assembler 

Tychon's new co-res ident editor/ 
asse m bler, ca lled T EA, is designed fo r 
use with 8080 systems and incorporates 
some useful fea tu res. The program re 
sides in 5 K bytes of memory, and can 
accep t ei ther octal or hexadecimal val 
ues. The switch from o ne numbe r base 
to the other ca n be made at any t ime 
th ro ugh keyboard commands. 

TEA can be re located in memory 
using a built-in reloca tor feature. T he 
price is $35 for a paper tape version of 
TEA pl us the user's manual. The pro
gram is also available loaded in to I 702A 
or 2708 programmab le read on ly mem
ory in tegrated circ uits. 

or more informa tion , write ro 
Tychon In c, POB 242, Blacksburg VA 
24060.• 

Circle 598 oo inqui ry card. 

BLOS and ZAPS 

BLOS (rhymes with gloss) and 
ZAPS arc two opera ting systems an
nounced by Algor ithmics fo r the 8080 
and the Z-80 respectively. Th ey a rc 
direct ly loadable o n Digital Gro up sys
tems via cassette. BLOS req uires 12 K 
and ZA PS, 13 K of rnemory. ZA PS 
asse mbles al l Z-80 instru ctions; BLOS 
assemb les o nly ins tructions execu tab le 
by the 8080. BLOS and ZA PS are 
identica l othe rwise . Programs written 
in the 8080 subset are transferable 
from o ne sys tem to lhe other. 

T he tex t editor within BLOS and 
ZAPS is mu ch like those used on time
sharing sys tems. Beca use it is a full 
contex t editor, no line numbers a rc 
required . You may edit any of up to 16 
fi les in memory. Only the ac tual data 
bytes a rc stored . Editor commands 
include input, insert, delele , replace, 
change, glo bal cha nge, up, down, top, 
bo ttom, string sea rch , pr int and print 
cu rre nt line number. 

The asse mblers feature user-defined 
commands, switchab le number bases, 
an d a fu ll set of casse tte opera tions. 

Co ntact Algo rithm ics In c, POB 56, 
Newton Upper Falls MA 02164.• 

Circle 599 on inquiry card. 

A Microprocessor Development Ki t 

Aivex Inc has a new product that 
shoul d be of interest to th ose who work 
with the PDP-11 computer: the MAX-11 
conversion kit. The package, which con
ve rts a PDP-11 into a microprocessor 
deve lopment system, consists of a c ross 
assemb le r, simulator and PROM pro
grammer. Th e c ross assem ble r is sa id to 
feature a user defin ed macro lib ra ry, 
local symbols, sym bol ic cross reference, 
li sting co ntrol s and con di tio nal assem
bly. T he simulator features eight break 
points, single s tep with trace, ex ternal 
device simulation, interrupt simu lat ion 
and rea l tim e cycle coun ter. The pro
grammer acce pts data fro m a PDP-11 
di sk through an RS -232C interface. The 
kit is present ly avai lable in 4040 , 8080 
and 6800 versions. T he price for the 
sim ulator plus assem bler is $1250; the 
progammer is $23 00. 

Co ntact Aivex Inc, 6 Preston Ct, 
Bedford MA 01730, (617) 275-2333. 

Ctrclo 600 on Inquiry card. 

A Hardware a nd Software Catalog 

TDL's new ca ta log featu res a variety 
o f ha rdw are and software products, 
including the Z-16 memory mod ule, 
a 16 K byte static programma bl e 
memory card. Maxi m um access time 
is 200 ns , and the kit price is $574. 

Also desc ribed is the XITAN se ri es 
of mai nfra mes and the Zapp lc monitor 
and text editor. A relocating macro · 
assembler is offered a long with several 
BASIC pac kages an d d isk software. 

For a free co py of the catal og, con
tact Technica l Design Labs Inc, Resea rch 
Park, Bldg H, 1101 State Rd, Prince
ton NJ 08540 (609) 921-032 1.• 

190 

An In-Depth So ftware Package 

Sublogic Company of Culver City 
CA has announced 3D graphics for m icro
compute rs. The Sublogic 3 D micro
graphics package allows the user 10 

view two-dimensio nal perspective projec
tions of three -dimensional scenes from 
any location in space. Driving and flying 
simula tions, a rti stic pro ject ions, design 
projectio ns, engi neering analysis and 
advanced games are some of the 
applications. 

Two versions of th e graphics package 
are offered: a minimal sub set BASI C 
vers ion for ge neral purpose slow speed 
graphics o n any microcomputer system, 
and a 6800 assembly language version 
with dyna mi c graphic capabi lities for 
advanced simul atio n and complex 
graphics. 

Adaptat io n instructio ns, program list
ings, a pplicat ions, interface and testing 
information are su pplied with eac h 
package. Th e BAS IC version cos ts $22; 
the 6800 package is p riced slightly 
h igher. Dea ler inquiries are welcome. 
For further informat ion co ntact Sub 
logic, POB 3442, Cu lver City CA 
90230. • 

Circle 602 Of' inquiry carcl. 

LSM Engineering's New Text 
Edito r and Operating System 

Need a text editor or an operating 
system for your computer? LSM Engi
nee ring, POB 3243, Orange CA 92665, 
now offe rs both of these items. 

EDI T is a tex t editor designed to ed it 
source files for BASIC, FORTRAN , as
sem bly language, e tc, wh ich u tili ze the 
standard 96 character ASCII se t. Source 
fil es can be manipulated by charac ter, 
string, line and page to create addi tions, 
insertions, replacements and deletions Lo 
text. 

LSM's Small Operating System , 
called SOS, has comma nd s for saving, 
load ing and ver ifyi ng data blocks in 
conju nction with a Tarbell cassette in ter
face, as well as memory fil l, memory 
block trans fer, block verify and memory 
dump routines. SOS resides in 2 K bytes 
of read only memory and is supp li ed 
with a commented source listi ng and 
informat ion to enable the user to patcl1 
in up to four new keyboard commands 
without reassem bly. 

EDIT is avai lab le for $22.50 on 
Tarbel l block form casse tte or pape r 
tape, and SOS costs $15 on Tarbel l 
block form cassene. • 

Circle 603 on inQ01rv ca rd . 
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ELECTRONICS 
P. 0 . Box 401247, Garland. Texas 75040 (214) 271-2461 

16K E-PROM CARD $69.95 (KIT) 
S-100 ( IMSAl / ALTAIR) BUSS COMPATIBLE IMAGINE HAVING 16K 

OF SOFI'WARE ON LINE AT ALL TIME! 

KIT FEATURES: 
J. Double sided PC Board with solder mask and silk screen and 

Gold plated con tact fingers . 
2. Selectab le wa it states. USES 
3. All address lines and data lines buffered! 
4. All socket. included . 
5. On card regul ators. 

DEALER INQUIRES INVITED 
KIT INCLUDES ALL PARTS AND SOCKETS! (EXCEPT 2708's) 

SPECIAL OFFER: Our 2708's (650 NS) are $12.95 when purchased with above kit. 
ADD$2S FOR 

ASSEMBLED AND TESTED 

2708 1KX8 
.EPROMS 

2708 

Pri me new units from a major U.S. mfg . 
650 N. S. access time. Equivalent to four 
l 702A · in one package! 

GOCNG INTO 
BUSlNESS 

SALE ! 
$15.75 each 

SK LOW POWER RAM KIT 

$149.00 
(Kit of All 
Parts and 
Sockets) 

(S-100 BUSS COMPATIBLE) 
The last word in RAM Kits. Uses 2IL02-l 
RAM 's. All address and data lines fully 
buffe red . PC Board is solder masked and silk 
creened and has gold plated contacts. Four 

regul a tors with heatsinks included. 
ADD $3Q FOR ASSEMBLED AND TESTED 

OPCOA LED READOUT 
SLA- .1 Common Anode. .33 In . 
character ize. The original 
high efficiency LED display. 

$.75 each 
4 FOR $2.SO 

74IC OP AMPS 
MINI DIP. Prime New 

Units . Has compu ter 
MFG house number. 

12 FOR $2 

DISC CAPACITORS 
. l MFD 16 V. P.C. Leads 

Most Popular Val ue! 
P.C. Leads . By Sprague. 

20 FOR SI 

TANTALUM CAPACITOR 
I MFD . 35 V. Kemet. Ax ial 

Lead . Best Value. 
IO FOR $1 

T. I. ASCII CHARACTER GENERATOR 

TMS 4103 JC. 28 PIN CER DIP. 
Has seven bit COLUMN Output 
for u e with Matrix hard copy 
devices. With specs. $3.50 

MOTOROLA 780SR 
VOLTAGE REGULATOR 

Sa me as standard 7805 except 
750 MA OUTPUT . T0-220 . 
SVDC OUTPUT. 

$ .44 each 10 FOR $3.95 

100 FOR $15 

NATIONAL SEMI. 
MA1003 CAR CLOCK 

Not a kit. Complete tested 
module. Works on 12 VDC, 
has on board t ime base. 
Sold by others at $24.95 . 
Big .30" Bright Green 
Digits. Same as used by 
Detroit in new cars . 

$19.95 
EDGE CONNECTOR - SI.SO 

Z - 80 PROGRAMMING MANUAL TRW POWER DARLINGTON 
By MOSTEK. the major Z - 80 second source. The most de tailed explanation 15 AMP 500V NPN . $2 Each 
ever on the worki ngs of the Z - 80 CPU CHIPS . At least one full page on each 1----m._G_H_S_P_E_E_D_S_C_R-----tl 

of the 158 z - 80 instructions . A MUST reference manual for any user of the T0-66 5 AMP 250 PIV . By Hutson. 
z - BO. 300 pages. Just off the press! A D.R.C. exclusive! $12.9~ $.69 Each 

TERMS: ORDERS UNDER $15 ADD $.75. NO C.0.D. WE ACCEPT VISA AND MASTER CHARGE 
CARDS. MONEY BACK GUARANTEE ON ALL ITEMS. TEXAS RESIDENTS ADD 5 % SALES TAX. 

Circle 455 on inquiry card. 
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A New Plot ter for Microcomputers 

Axiom Corp has introd uced a com· 
pact graphic plotter, cal led the EX-810, 
which is designed to operate with micro
computers. The unit prints 8,192 dots 
per second with up to 512 dots per row. 
It can function as an 80 col umn alp ha
numeri c printer with a speed of 160 
characters per second . 

The EX-810 is designed to be dri ven 
by an 8 bit microprocessor and is 
equipped with a TTL compatible co n· 
troller which takes care of a ll the in ter· 
nal timi ng functions necessary to dr ive 
the printhead and advance the paper. 
Printout is initiated by a single inpu t 
command which causes the eight track 
non-impact printhead to move across the 
printing fie ld in approximately 240 ms. 
Margin and printhead position marker 
signals a re fed back to the microcom
puter and may be used to synchro nize 
an eight bit scanning raster to the print· 
head driver inp ut. The user can vary the 
horizontal do t resolutio n by ge nerating 
an external tim ing cycle for the input 
raster. 

The EX-810 is a self-contained unit 
with case power supp ly, paper holder, 
infrared low paper detector and bell. 
The dimensions are 9.625 by 4 by 
10.875 inches (24.45 by 10.16 by 
27.62 cm). and 5 inch (12.7 cm) wide 
e lectrosensitive paper is used for prin
ting. Applicat ions include pri n ting 
forms, tickets, logos, maps , pictures and 
charts. 

The price is $795 in single quantities . 
OEM discounts are availab le. 

Contact Simon Harriso n, vice presi
dent of marketi ng, Axiom Corporation, 
5932 San Fernando Rd, Glendale CA 
91202. (213) 245-9244.• 

Circle 604 on inquiry card. 

EPA Micro-68a Computer Now 
Available in Kit Form 

Programmable Gain Ampli fier Card National 's New 16 Bit Microcomputer : 
the IMP-16L 

The Signal Laboratories Inc Program· 
mable Gain Amplifier card (PGA) is a 
Zilog Z80 MCB compatible accessory 
offering two channe ls of com puter con
tro lled amp lification. Each channel has 
fi ltered and unfi ltered o utputs. Under 
control or the Z80 MCB, the gai n of 
each cha nn el may vary from unity 
(0 db) thru 54 db (70 db optional) in 
2 db increments, with gai n accuracy of 
0.1 % (0.01 % o ptional). Sim ilarly, the 
Z80 MCB may se lect any o ne o f eight 
user-selectab le bandwidths for each 
channel's filtered output. Unfiltered out
puts are 3 db down a t 50 KH z. The 
Programmab le Gain Amplifier (PGA) 
is one of a fami ly of Z ilog Z80 MCB 
compatib le accessory cards avai lab le 
from Signal Laboratories Inc, 202 N 
State Col lege Blvd, Orange CA 92668. 
Price for quantities under ten is $395, 
ava il ab le from stock.• 

Circle 605 on inctuiry card. 

A State(ment) of Flux 

There are many sources of informa· 
t ion availab le to the experim ente r which 
teac h the art of sol dering, but few of 
these sources give a detailed explanatio n 
of th e meta llurgy and physics invo lved 
in the process. M W Dutton Compa ny, 
Consumer Produ cts Division, 350 Kin
sley Av, POB 6205, Providence RI 
02940 , has bridged the so ld er gap with 
a we ll-written brochure entitled "Dun· 
ton's Nokorode Soldering Guide." Topics 
covered incl ud e the composition of 
solder, so lder alloy phase di agrams, 
mechanical properties of solder and a 
d iscussion of so lder flux. The broc hure 
is free for the ask ing. • 

Circle 606 on inqu iry ca rd , 

Anyone looking for an alternative to 
the many existing 8 bit word microcom
puters will be interested in National 
Sem iconductor's new 16 bit microcom· 
puter cal led the IMP·16L. The unit has a 
h igh speed asynchro nous bus and a data 
controlle r that a llows direct memory 
access (DMA) data transfer rates of up to 

16 million bps. It comes comp lete with 
4 K by 16 bits of programmable memory 
expanda bl e to 64 K by 16 bits. A 20 mA 
interface is also provided. 

There are 60 general purpose instruc· 
tions, incl uding mu ltiply, divide, double 
precisio n add and subtract, and nu· 
merous bit oriented instructions. A con· 
trol read only memory is also provided 
in two different versions to speed calcu 
lations. 

T he IMP-l 6L has four general p ur
pose registers and a 16 word last-in-firsL
out stack. 10 li nes include eight general 
purpose flags, one genera l interrupt, one 
vectored interrupt, a nd four gene ral pur· 
pose jump condi tion inputs. Cycle time 
is 1.4 µs. Tyoical register to register 
addi tion time is 4.9 µs, and memory to 
memory add it ion time is 8.4 µs. One 
direct memory access transfer takes 
1.05 µs. 

Software support includes diagnos tic 
routines, a resident assemble r, plus a 
variety of cross-assemb lers. The system's 
architecture permits the in sta llation of 
up to three central processing units 
(CPUs) for multiprocessing. The unit 
costs $825 and up, depending on mem
ory size and options, and is avai lab le 
eithe r from dist r ibutors or directly from 
the manufacturer. For more info rma
tion, write to Nat iona l Semicond uctor, 
2900 Semiconductor Dr, Santa Clara CA 
95051. • 

Circle 607 on inquiry card. 

Electronic Product Associates Inc, 
115 7 Vega St, San Diego CA 92110, has 
announced the Micro·68 computer kit 

for $385, which in cludes power supply 
and ca bine t. 

This compute r kit comes complete 
with 16 key hexa decim al keyboard and 
6 cha rac te r hexadec imal display . It uses 
the Motorola 6800 processor design. 
Sockets are provided for 768 bytes of 
volatile programmable memory ( 128 
words suppli ed with kit). The MON-1 
key board operating system is supplied 
in PROM fo rm so that the computer is 
ready to run upon completio n of con
struction. Commands incl ude inspect 
and change, load user's program, ru n 

user's program, insert break points a nd 
save stack. Sixteen bits of 10 arc pro
vided to the side connector, while the 
main bus is accessible a t the front con· 
nector. Fu ll bus bu fferi ng provisions 
are provided on the board. A piggyback 
Te letype/video display/audio cassette 
adapter is avai lab le. 

The Micro-68a is fu ll y compatibl e 
with the Micro-68b for later upgrading 
into a larger system and is availab le 
from stock.• 

Circle 608 on inQu•rv card. 
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Features, service, price! 

• • • and a selection of 5-100 compatible kits to match . 


8Kx8 ECOllOl'a111 ll 'M· 
sin41E kit $163.SIJ 

3 kils·21JK of ll1ElllOrYI· $1JSO 
Conf.igured as t....-o sepa rate 11K b l ocks for maximum flexibility. lndividunl 
protect for each b locki provides in t errupt if write a ttempt i s 111at!e into 
1>rotectcd b lock . Buffered data in ~ address in, and outputs. Tri - state 
outputs. Guaran t eed under l . S ,, and faster thun ·150 ns. Use with I woit 
s t:tt c ( l ogic implemented on bourd ) with 11 MHz Z- 8 0 . Writ es on either JiWlf 
or Mh"R JTTI , your choice. l..01<1' power Schottky support ICs. Lot s of bypass 
ca1>s. Socb.ccs for a l 1 ICs . l.cgcndcd, so l der ma sked double- s ided board . 

Al.SO: 	 BK F.CONOIW4 l I , assembled, tested , worronted for I year . . , . $188.50 
4K F.CONORAM in kit forn." .............. " ... " .. ..... " ... $100 . 00 
4K ECONORAM , assemb l ed , test ed, warranted for l ycur ... . ... $120 . 00 

AcTivE TERMiNATOR 
Ptugs in t o any 5-IOCJ Mothcrl>oard 1ooihosc bu ss lacks active t e rm i. nntjons . 
Cleans up noise , crosstalk , overshoot, a nd otho.r buss problems tha t cn n 
sc ramble data unpredictnbly. 

(PIJ
powe• 

•D1>1>I~ 


St()
Provides a \olell-regu l ntcd SV @4A • 
.. 1 2 v ~~A., - l 2V9~A. ond odjustable 
negative bio s voltugc . Crowbar 
overvoltngc pro t ec t ion keeps 1Ml'I. 
frona getting zapped. Compact con
s truction. Rccommcndc<l for bench 
work as we 11 ns powering sma 11 
omputer sys tc111s . 

MOTHERBOARD $90 

... also 18 SLOTS $124 

Inc l udes all edge connectors , p l us ac tive tenninntions t o minimize cross· 
talk, noi sc, over shoot, and r.i nging tha t may be present with untcnn i no.eccl 
husscs. !;xcc llcnt for s t nnd :tlonc sys tem, or add on to existing sys tems. 

BOBO SOFTWARE BOARD $265 

Cots you ~\.,..ll)' from talking to your 8080 jn machine lnngunge by gjving 
cd l tor, us~cmblc r, irnd monitor rout i nes programmed in f;ltOM . Low power. 

Unprogr:immcd EROM boards arc 3Jso avai l able; use for custom routines. Do 
tl1e programmi ng yourself or take advantage of our progrnr.im ing services. 
2K (smnl l c r ) ECONOROM J p m ............................ $J 9S. 00 
4 K (busic) ECONOROM rr trn ........... ...... ...... .... ... $ 25 0 . 0 0 
SK (larger) EC ONOROM JlD1l .............................. $ 3S 0 . 00 

W@ G1~©© ©J~@Qu-~~~Q@ Q~@©@ ©Q~@u- ~~ru@ ~u-@©J~@Q© ~ 

Thel'AJ:i•nderBuss~ This 20 slot motherboar d, thnt M II 0 . I !IR I V¥U i ncludes 311 edge connccto1·s, l s _ 
designed to function i n •v•n the most •dv•r•e •lcctric.11 •n•ironments. U en pto ISO ator e ay 
Inc ludes active tcrminnt ion circuitry and double -sided board .. ·. - ..... $ 154 B d $117oar 8 recd relays respond to an 8 bit word 

sent by your computer ; also, opto-iso
lnrors :u:ccpt an 8 bit word from the out s ide world and send i t to yourThe Speakeasy~ comptitor for han<l s haki ng Qr ful'thcr contro l . Comes with npplicat lons 

~lore than a c assette i nterface : 

hnndJ c s 3 cassette 1/0 ch anne ls, 


but a l so hru RS-232/rclctypc i nterface, 8 bit parnllel port with hnnJ shak notes irncl dctn.i l cJ instruc t ions . Typica l uses include 11odel raj t rond 

i ng signa l s .. . ond includes integr a l RAM :rnd ROM to drive it .al l .... . . . $ 120 i ntel 1 i1~ cnt switching, audi o switching, burglar 31.'.lnnS . etc. 

Mullen Extender Board $35 
This i ntegra l front panel /CPUMorrow Front Panel Al l o..,•s yo ll to troubleshoot and inspect boords outside of the system in 

and prog,ranrning flexib"ility, thank s to the abil ity to exa~j ne and :l lt e r 
cnrd offers maximum debugging 

que s tion . Intcgroil l ogic probe us es 3 different col or ed LEDs to indi
mcl:lory , l/0 ports , and mor e while you r pr ogram is running .. ...... . . .. . .$2 50 cate hi, lo, and pulse . Specia l edge connector makes for easy clip 

l ead probing C l e ad identification. Non·skid probe. 

TERMS: Pleas~ n l l o ~· up to 5'\ for s hip  One of the reason s we can offer these 
ping, more for power su p p ly; ex~ess re kit s for s u c h rea s ona b le pri ces i s t l13 t 
funded. rrices good thro ugh e nd of mag  we do a bjg bu s in ess in p ~ rt 5 . .. f a r too 
azin e co \ c r month. Cal ifo rnian s nJd t3:<. mnny p3rt s , inf;"lct, to l ls tin11nad 
COOS ac~cpted with s tr eet addre ss . For tliis s i ze. Out if )'O u 01rc lookin g for®@@@@(ID~

BankAmerica rd 9

/\' l SAS/ Mast c r e h a rgc*o r de r s 	 a soulce of DB -2 5 connect o r s , edge conBil l GODBOUT ELECTRONICS 
(S I S min) col 1 41 5 -5 62 -06 3 6 , 24 hOuTS· 	 n ec t o rs , and mor1.L .. send for our flyer .BOX 2355. OAKLAND AIRPORT. CA 94614 

Circle 456 on in qu i rv card . 
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NEW EPROM PROGRAMMER 
for 2708's and 2716's 

The new low cost PP-2708/16 PROM programmer from OAE Is the only 
programmer with all these features: 

• 	No complex in terface to wire, just plug the programmer into 
a 2708 memory socket and clip one wire to the "wait" bussl 

• Driving software is short and simple! 

• 	10 turn cermet trimmers for precision voltage and pu lse width 
adjustment' 

• DC to DC switch ing regu lator 

•Anodized extruded aluminum case for table top operat ion 
• Zero Insertlon force socket 

• 2 programmers for the price of 1 

Programs both the popular 2708 (1024x8) and the new TMS 2716 (2048x8) 
EPROM's! 2 

The OAE PP-2708/16 module turns your computer Into a powerfu l fu l l 
featu re PROM programmer. OAE's exclusive Interfacing technique makes 
it a snap: simply plug the PP-2708116 Into a 2708 read only socket. A short 
software rou ti ne sends data over the address l ines lo program the PROM. 

SAVE $50.00. For a limlled time we are sel li ng the assembled , 
tested and aligned unit at the kit price! Only $249.00 3 

1
Let us know whose PROM' s you are using and we wi ll align ou r program mer lor 

optimum date retenllon and longest PROM Ille . 
2
Al so available is our Model PP·2716 programmer lor lnlel's unlQue 2716 EPROM . Same 

LOW PRICE. 
3
1nclude $3.50 lor domestic shipping and handl ing . Cal i fo rn ia residents Inc lude 6 % ta •. 

NEW LOCATION! 

* SPECIAL * OAE 
Oliver Audio Engineering, Inc. 

TMS 2708'5 AT COST 676 Wesl Wilson Avenue 

ONLY $19.95 EACH Glendale, CA 91203 
(213) 240-0080 

Circle 457 on inquiry card . 	 194 

PROM PROGRAMMI NG ; From Hex or Octal 
listing : 2708s 1$16), 1702As IS5 l. From Hex / 
Octal paper tope : 2708s (S8l. 1702As IS41. You 
supply the PROM. 48 h our u..1 rnaround , Quant ity 
discount : 1 to 3 PROMs 0%, 4 to 7 PRO Ms 10%, 
8 to 11 PROMs 15%, 12 or more 20%. They can 
all be different . I also have a low 1702A• at $6 
each . HS Corbin, 11704 Ibsen Dr. Rockville MD 
20852. 13011 881 -7571 . 

FOR SALE : Honeywel l keypunch keyboa rd 
(..-eed·switched keys). No enclosu re or electron ics, 
$20. Rich ard Sims, 64 Charlesgate E Apt 75, 
Boston MA 022 15. 

FOR SALE: 1 absolu tely brand new IMSAI 8080 
system . 12 K memory. Also brand new 33 ASR 
and Panaso nic tape recorder. All working and 
tot al l y unused. Call toll f ree 18001 221·2628 or 
wri1e Berna rd Rome. 375 Park Av, New York NY 
10022. 

FOR SALE : Computer Automation 216 mini, 
comple te and work ing with 8 K core, 16 bit 
processor, ITY Zoma controll er, and misi:ellaneou111: 
e lectron ics. In terfaced to Dr Suding 11 00 ba uc1 
cassette, softwa re included : assemble r, edito r. 
de bug, loaders, plus miscella neous dlagnosi ics. 
May conside r 1rade up or down . Ric h Adamson, 
1517 Lucia, Fai rmon t MN 56031 . 1507) 235-6321 . 

FOR SA LE : 3M OC300A darn cartridges wh ich 
work in the IBM 5 100, TEKRO NI X, DEC and 
similar equipmen t .a t a club pr ice or Sl 8 per daHI 
cartridge plus rhe cost ol postage . IBM 5100 Users 
Group, c/o HITS Inc, 5541 Parl iamen t Or, Suite 
104, Virgi nia Beach VA 23462. (804 1490 ·0154. 

FOR SA LE : Computer softw are 10 pr in 1 signs. 
Print long horizo ntal signs in la rge block letters . 
Outpu l lette rs a re 100 print charact ers. high by 
50 prin t li nes w id e .a nd are pr inted with charac· 
ters. ol 1hot letter. Complete p rogra m source 
te )(l li sting and insuuctions. Progra m is wriuen 
in PUI and is 517 s tate me nts long . Send only 
5 1? ce n ts plus 33 ce nts for ma iling. Dav id Sli gar, 
7091 Pickway Or, Cincinnati OH 45238. 

WANTED: Copies of book Compurer! by J A Titus 
as publ ished circa 1974 by Radio·Elecrronics Maga· 
zlne. Also a ny 01h e r li terature on 8008 m ic ropro· 
processor ci rcu its. pri n ted ci rcuits layou ts , ere. AC 
Acto n. POB 31, Midland Ml 48640. 

WANTED: BYTE issues November 1975 and 
April, May 1976. Will pay al mosi any price for 
well preserved copies. Se nd price and condi ti o n 
in formation co Chris Suiter, RR 2 Bo)( 370 , 
Collinsv il le IL 62234 . (618) 344 ·6552 

WANTED: I have a Dig1al POP-8/m computer, and 
would lfke t o buy a ny or all of the fo ll owing OP· 
tions: MM8·E 4 K core $200, MM8·EIJ 8 K co re 
$400, MP8-E memory parity $200, K L8·E se rial 
in terface S150, DK8·EA line clock $100 . OK8·EC 
prog clock $150, KE S·E ex tended a rit h me tic unit 
S1 50 , I am wi lli ng to bargain. T J Miles. 3970 
Saan ich Rd, Vic to ri a BC CANA DA VB X· 1Y6 . 
(604) 4 79-1752. 

FOR SALE : SwTPC PR-40 al phanumeric printer . 
Unit is a'5'5embled. tes ted, a nd adjusted . Used nine 
mont hs without p roblerns. All doc:umenta1ion and 
four rolls of paper tape provided, S350. Also one 
T VT 1 with two pages of memory, keyboard , 
UART cas.se tte tape 10, comput er control in rnr
fa ce . Al l contained in case . All docu me nrnt ion 
incl uded. S200 . Ca ll or w rite Gary L Dickman, 
POB 41, Colby KS 67701 . 19131 462 -3439 alter 
6 PM CST. 

FOR SALE: BAS IC language prog ram of 
Monopoly . Takes care of al l bookkeeping and 
property detail far this p opu la r board game. Play 
Monopoly be tween friends . Make deals an.d bank · 
rup t your o ppo nen ts. Runs in 22 K o f ptogra mma· 
ble memory. Wri tten in Darn Genernl's 12 K 
BAS IC. Doc um enta tion S6 , paper tape $12 . 
Char les A Love ll, 4837 Clybourn Av, N 
Holl ywood CA 9 1601 . 

FOR SALE: Teletype Model 32 ASA, complete. 
in good condition, S300 plus shippi ng. BYTE 
issues 14 , 15. 16 for S3 each. Paul Enrighc 2460C 
Waolani. Honolu lu H I 968 17. 

FOR SALE : Assembled SwTPC CT -1024 TVT2 
with comput er con trol led cursor, less power 
supply. S200. Assembl ed SwTPC TVT CT· L 
board. S15. Assembled IMS UCRI cassette Inter
face. S40 . Tarbell cassette tapes of 2 K MINO L 
2.2 la Tiny BASICI or 8 K EMPL 1.0 la micro 
AP L for the 8080 1, $10 luser"s man ual Included). 
Erik Mueller, 36 Homestead Ln, Roosevelt NJ 
08555. 1609) 448·2605. 

FOR SALE : SwTPC CT·l 024 with ASC II key
board , miem ory boa rd , power supp ly, and paralle l 
in terface for $ 150 . K lM -1 wl1h homemade po wer 
su pply S200. Mike-2 8008 computer with com· 
mercial power supply . 2 K of RAM and Y;i K of 
ROM for $200. Alan Fe ldman. 1114 Cameron Av, 
LaCrosse WI 54601. 16081 782-1921. 

FOR SALE : K IM 1 IMOSI computer boa rd 
mounte d In cabine t with built in power s.upplies. 
Excellent condition, $220. Roge r Cox, 4327 N 
Chestnut , '#18, Colorado Spr ings CO 80907 . 

WANTED TO BUY: Hewle tt -Packard 9830A 
calcu lator, 4 K word m emory preferred. Als o, 
matrix ROM, stri ngs ROM , m.ass memory ROM, 
and 9866A or 9871 A printer. Consoli doted Papers 
Inc. POB 50 , Wisconsin Rapids WI 54 494 , A1t n : 
Purchas ing Dept. 

FOR SA LE : NAT IONAL SC/MP LCDS Develop· 
me n t Sys tem. Used once. Perrect condition , in 
o ri gina l factory cart o n . In cludes CPU card, LCDS, 
al l manuals, S400. MC Devine, 31 Crestview Dr, 
Woster'l y RI 0289 1. 14011 596·7718. 

FO R SALE : Several now \2 V stepping motors, 
with specs for $25. IHoy don part • 9904 112 
05001L Th ese are normally sold for $49 in sin gle 
q uan ti 1ies. Appli cations for steppi ng motors 
include robo ts, pri n ters, XY plotters, NC machlnes, 
perisu1l 1ic pumps, e1c. Mahesh K Stiah, 4240 
Clarendon, µ63, Chicago IL 606 13. 

WA NT E D: Contact wi1h persons who have ;:i 

serious p rson.:i l interest 111 using a m icroco mpu ter 
for stock and commorlin,• market inves1ment pur· 
1>oses. If covariance is morn than ius1 (l nother word 
to you, sand o brier no te of your dP.sirns, qu ali· 
rica1 io ns and market nxperience/involvemt'n t to 
J Will iams, 241 5 A nsdel Ct, Roston VA 22091. An 
associat ion is bei ng formed . 

6500: I li ave 1us t bough 1 an ECD Corporation 
Mic roMi nd (based on 1hc 6500 microprocessor 
fami ly) and wou ld like to get in touch wi1h otlier 
people who h::.ve rnce n1 ly bough• thi s system to 
exc hange rio tes. problems. software, e tc. I wo uld 
apprec iate anyone who w~shes. to (and 1hi s inc ludes 
any 6500 fam ily users, too ) getting in touch wirh 
me to exchange addresses and, hopel ully, inf orma· 
rion. Gregg Williams, 3439 Sou thern, :f7. Memphis 
TN 381 11. 

FOR SALE: Five MITS 4 K dynamic memory 
boards. A ll in working order and run BAS IC. $90 
each . 1 ACR, work ing, 585. Ono ALTA IR 88000 . 
Has all powe..- modifica1ions including lar9c capac· 
ito r. 14 edge con nectors in mother boa rd. $500 . 
Danny L Quinton, POB 23496, Emory University , 
A tlan ta GA 30322 . 



SUPPORT DEVICES 

8212 4.00 
8214 12.95 
8216 5.25 
8224 6.00 
8228 9.25 
8238 8.20 
8251 12.00 
8253 28.00 
8255 12.00 
8257 22.00 
8259 22.00 

6800 SUPPORT 

681 0P 6.00 
6820P 8.00 
6828P 9.60 
-6834P 21 .95 
6850P 12.00 
6852P 17.00 
6860P 15.00 
6862P 18.00 
6880P 2.70 

zao 
SUPPORT DEVICES 

3881 15.95 
3882 15.95 

F·B SUPPORT DEVICES 

3851 14.95 
3852 14.95 

FLOPPY 

DISC CONTROLLER 

PD372D 65.00 
1771 69.95 

DYNAMIC RAMS 

4140 (16P) 5.50 
11 03(16P) 1.50 
2104 (16P) 6.50 
21078 (22P) 4.50 
21078-4 (22P) 4.00 
TM54050 ( 1 BP) 4.50 
TM54060 (22P) 4.50 
4096 (16P) 5.50 
MM5262 (22P) 3.00 
MM5270 (18P) 5.00 
MM5280 (22P) 6.00 

STATIC RAMS 

31L01 2.00 
91L11A 4.25 
91L1 2A 4.25 
1101A 1.00 
2101 3.00 
2102 (105) 1.25 
2102-1 (5.00N5) 1.50 
2M1A-4 4.45 
2112A-4 3.00 
250 18 1.45 
3107 2.95 

•4200A (250N5) 	 13.75 
4100 (200N5) 11 .95 

•4904 	 20 .00 
5101 20 .00 
74C89 3.00 
745201 4.75 
91L02A 2.00 
7489 2.25 
8225 1.50 
8599 1.50 
82509 9.00 

•Limited supply. 

IMSAllALTAIR S-100 

MICROCOMPUTER 

MISC OTHER 

COMPONENTS 

NH0025CN 1.75 
NH0026CN 3.00 
NBT20 4.00 
N826 3.25 
N8T97 1.45 
74367 1.00 
DM8098 1.00 
1488 1.95 
1489 1.95 
3205 6.20 
D'·J207A 2.50 
C-3404 3.95 
P-3408A 6.75 
P-420 1 4.95 
MM-5320 7.50 
MM-5369 2.00 
DM-8 1 JO 3.00 
DM -8131 2.50 
DM·8831 2.50 
DM-8833 2.50 
DM-8835 2.50 
5N74L5367 1.00 
5N74L5368 1.00 

MICROPROCESSOR'S 

F-8 
Z-80 
Z-BOA 
CDP1802DC 
AM290 1 
6502 
6800 
8008-1 
8080A 
80808 

COMPATIBLE 

JADEZ8QKIT 

-with PROVISIONS for 
ONBOARD 2708 and POWER ON JUMP 

$135.00 EA. 


Elecrronics for the Hobbyist and Experimenter 

5351 WEST 144th STREET 
LAWNDAL E, CA LI FO RNIA 90260 

(2 13) 679-3313 

Discounts avai lable at OEM quanti ties. Add $1.25 

for sh ipping. Californ ia residents add 6% sales tax . 

19.95 
36.95 
49.95 
29 .50 
22 .95 
24 .95 
24.95 

8.75 
15.95 
16.95 

SHIFT REGISTERS 

DYNAMIC 

1404AN 
2405 
2505K 

SHIFT REGISTERS 

STATIC 

MM506 
2509K 

3.00 
4.95 
3.00 

.89 
1.00 

251 88 3.95 
2533V 2.00 
TM53002 1.00 
TM53112 3.95 
MM5058 2.00 

FI FO 

334 1A 6.75 
28 12-D 11 .95 

KEYBOARD CHIPS 

AY5-2376 14.95 
AY5 -3600 14.95 

TV GAME CHIPS 

TM5 1955 (6 Games) 
10.95 

A Y55-8500 (6 Games) 

1702A 
1702AL 
2704 
2708 
2716 
3601 
5203AO 

10.95 

!lilL!... 
5·2350 13.50 
IM-6403 10.80 
TM5-6011 (T l) 6.25 
TR -1602A (WO ) 6.25 

UARTS 

AYS-1013 6.75 
AY5-1014A 9.95 

CHARACTER 

GENERATORS 

2513 6.75 
2513 6.75 
3257 18.00 
MCM6571 10.80 
MCM6571A 10.80 
MCM6572 10.80 
MCM6581 8.75 

WAVEFORM 

GENERATOR 

8038 4.50 
MC4024 2.75 
566 2.00 

PROM'S 
5.00 5204AO 10.00 
7.00 6834 21.95 

20.00 6834-1 16.95 
24 .00 82S23B 4.00 
75.00 82S129B 4.25 
4.50 82238 4.00 
7.00 

smnm1\1tn1 

BK STATIC RAM BOARD 


250ns. 209.95 

350ns. 199.95 

450ns. 189.95


* WILL WORK WITH NO FRONT PANEL * FULL DOCUMENTATION* FULLY BUFFERED* S100 DESIGN* * ADEOUATEL Y BYPASSED 
LOW POWER SCHOTTKY SUPPORT IC'S 

KIT 
$169.95 
$149.95 
$139.95 

250ns. 

350ns. 

450ns. 


Circle 458 on inquiry card. 
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Cha nnel F additional cartr idges 

ZENERS - DIODES - RECTIFIERS 
tYl'f VO Ln W ftft ltl rYP[ VOL Tl W 
1ff7"6 3.3 IOOmm 4n 00 IN4t;m 60JPIY I AMP 
1NIS1A S 1 4<0'!I 411 00 IN.4006 800 9'\I l AMP 
1N7S2 S8 400m '1100 1N4007 1~PIYIAPil.l1 

1N15J 6 2 4DOm 4tt OD 1Nl6QO 50 Xll)n 
um. &a 4Dl)n <lfl OD 1NU 41 7S 11)n 
IN9S9 12 400rn ltl 00 1N0$.1 lS 10m 
1Ni6S8 IS 4iODin 4n 00 1N430$ IS 2!1rn 
INS232 5 6 .!Ollm 21 IN41J.I .56 lw 

,IllCl 
1011 o:i 
1011 00 
l011 OD 
6JlllO 

151100 
1:1:11 00 
20!1 00 

18,. 

,. SN741 07frt .39 SH14111H 6 00 
SN7431ff 31 $N74121 H $N74181N J .95 CHANNEL[[)'"-:-;:,::;::u;;:~pllon WIRE WRAP WIRE - 30 AWG 
SN7Q7N SN7' 122N " SH7<11 90N • Au1oma1ic l imeand scorekeeplng 25h mm.S1 25 50 h S1.95 100 h S2.95 1000 h S15.00..,,,.. _,." SKT41 2.JN ·" SNWilN ..,. "' I'll ;jl • Banory· lree ACoporalion SPECIFY COLOR - Wnile· Yellow-Red · Green· Blue · Slack 
$H744GH " SH7·'126H SN741t3N ... SJf7439N " SNJ.02SH ... S!f14192H " !!.i $159 95 . Ou•lcontrots wl1h B·wayaction WIRE DISPENSER -WD-JO
Stf14'1N .." SN741 32N ...·"' $N7419AN 1.'5 
SN1« ?H SH741 J6."I SN7'1tiff • : ~~~-~.:~?u~,~~":.;":iJ:~;i~~!~~~ • 50 11. roll 30 AWG KYNAR wtre wrap wire $3.45 ea. 
SH74"3N SHUHIH -" SH74199N ,_,,...,.... " " '" "' 

SH74U2N SN74197N • fact ory warranty : ~:s~~ ~~ ~~~~!~ol;ng~peclty Blue·YeU ow ·Wh ite·Reo
SK74.4!iN " SH7U.ON '·"' SH7419&N I.TS·" 
$H1U 6N " SN141'4N '·"' SH741 99N l.7S<IO 
5874A7N " SHW45N us SN741COH .... 
SNW&.'C " 5N74U7N 235 SH7• 279N ..·26" t oo ,.,SNU50N SH704.IN SN742:5 1N 
SH7• S1N SN741 50N 1 00,. SN142&4N '" 
SN74Sl!f SN10~1H ~74285N 000 
SHI<"" " 20 SH74153N ... SN7U67N 

20% Dls.caum lor 100 Combined 7400's " 
" 

74CUINCO<llOO CMOS 
14CCQHC0<001 " 	 " 

." 1S ""... " """"' COCOC> "' ""°'" 74C l0N " '-" COC001 l!O 1<(20N ""°"' '"' 	 " " ""°'' 74C30N ,,, " """"CDtG10 " ,.st """'' "' 74C42N ·" 
COC.11 C0404~ 74C73N 

COC.12 '"' 
"""'' '" ,. a)4Q50 " 74C74 l lS 
C04.(] 1J COCO!\ " 74C90N 
C041)1g ,. COC.Sl 74C9SN 100 
C04017 COC0'9 9-95 74C101N 
(0.1011 SS co- 32' 74C1S1 "' 

" '" "'' 
,,,..,. ... "' co.... 

'" 
74C15-t '" 1.75 •OO 

CO'® ., 74C157 
CO<OlO 74Cl60 ""°'' '" .. '" '"""' " COol07t 7•C161 "'I !O 	 32' 

l:0'025 a>coa1 "... 74Cl6l JDO 
$311>" """'' CO<SOI 74C t&4 3.25 


004$11 1.!0'·" 74Ct7J 
'°""' cocoa " COtS1 5 74C19J '°'°'' 	 '"' 
COC.2' CO~ll ~ 7.CClti '" '"' '" 

"COCll:lO C04S20 2.10 MCIOU 
MC1 4S66 300 MCl4016 '" 	 ...'" 

'" 	 "'"'"" .. LINEAR LM 145&C ..._,, ,,, 1HS134 g 2 SCOm 21 IN.C7J5 &1 h • """""LM30 1H 	 l.Mt4t6N .. ,.LM301CN' LM.J10'"'' N ,,, UU 5S6V ,., FCS 8000A - 3\1 Dion - .8.. Otspt•i HP 5082·730D Serles - Multi-Digit IHS235 fl SCO?I 2& UU736 &I 1• 
IH52l6 1 S 5m'rl 21 IH-1738 81 1wLM31JN 3-25 LM ll12.H " H!WI H ""'VHM1111. 1111 to1an & uni pm knct1ca1Dt • \1" ht. • Common Cathode Rtd 1""-!16 25 ~ li rl 00 IN4741 11 1-. "111lMJOCH 100" l.M3'7N • 00 LM211 1N ,.. 10""""" 	 "' 

139 LM2901N ;Q,I~;:·~~ ~~:.';,~;! • 3·5 ro lls (ri 5 mils/second $ ~:-- IN&SI 150 7m 6'1 00 IM 7'4 IS lw II.79 	 )S AMP ...1t'415A 180 Him 11100 IH11S3 SOPN 

lM- 100" LMle lN 1.1'1 lMJD6SN 

""""" " """'" .... LM3003 '"...LM3D7CN LMlOOCN ,,./l:j22§11 a1 o mu m r••DI• ~· • 7segmen1Monolllhlc ~: .!9 .J9 1fMODI 50 ffl I AMP l?JI 00 INJI~ IDOPrV 35AAll' 

1N'°°2 100 PIV 1 AMP 1211 OD INl115 ISCPIY lSAMPlMJOaCH 100 1.M382N ..." .ssr~~.,...h' Q.l rt't11 • Dip P.atkaoe 4~it 99 .as
f ROUT EW • FSCllODO 	 1N40Ckl 200'PfV I AMP 12i1 00 INH86 200 pry JS AMP ...LM309H 110 NE.SOIX 8 00 LM3905H "' "'"""' '"' SPECIAL &'Mfl.ULtt<Ol(ln., 10 hrs 5 0lgrl 1. 19 .99 l NID(M 600 PN 1 AMP 1VID:I !NIIMI 400PIV 3!i~ lOO 


lM ltOCH 

lM309K ... NE-SIDA 6 00 LM.l909 '" 

NESl lH 3.00 '·" $4.95 EA . :,~.~;",i'~;·· ''' TV GAME CHIP SET - S14·95 SCR AND FW BRIDGE RECTIFIERSNE.Sl61 6.00 MC!OOIV 100l MJ1 l H "'.. ""'"" '" 
• MAXIMUM FOAWAAO • Fa u tud wal llQt' imp Includes AV -3·8500·1 Ch.Ip and 2.010 mhz crystal C360 IM@ «OV SCA $1 '515 
OUAAENT - 25 rM t..5 'tOh.s (2.010 ciyt;!l l - $1.95 N/AY·l·8500· 1chlp- $1 3.95 11.) CllM lSA@lfSJV SCA , QS 

lM311N NES40l 6.00 LM7S25N 
LMl tn: 111 lM7SlSN ....-"'" 
LMJ lllCH l !O 80388 '"' ,_.. ... 

NU<Oe ,. !~ SOL~~':.;'All - LOWPROFILEITINI SOCKETS >• "" ~~'?'.!. ., :::(/:J!' !"BAIDCEREC 1 :l1:'311N 1 JO ··- " .. l·l.t 1 50 100I 35 ··- 7SIS1CN 39LMJ10K-S NES618 "'"'"' ••• IS H • ~ n:i·~ ' l5 J1 J6 MOAH0-1 12A@lOCV FWllRIOC(.REC l lts.LM320K·S.2 S.'00 "' 7$4S2'CN 39 1tp111..... ' " "n ;r ~ ,.....,.,..., X:: ~ ~~ ~ ........ --,.. --"":-""- ::--... ---''""'1'"'R""'A"'N""s'"1,..s1_0_R_s ,;. ..:..."-	 :~ , -... '-"LM320K·12 '"1.n """' HU65H .... 7S453CN .39 
LMJ 20IHS ,,, NU6SH 1.75 7S4S4CN .39 1&p1n 63 62 61.._.LM32'0T·S l.2S 7$491CN 71 ll!n "31 ~ :; SOLOERTAIL STANDARD j Tl NI -'<loin ra: ~~~= = !!~: ~= ! ~~c.3LMJ2CIT·U NE561'H ... 1$< 02CIC ·""' l~· ' 0: ,,!00 11100'HJ!M ~~Q;I1.:Q111 S ULM 320T·8 1.75 NU81V 1.!0 7S4 94CH 
LM32QT·12 us LM10JCN ... llCA UICE.Aft 

'" 	 " 1lipm JO " ~ - ~= s1;: ,: 8t :Niif 1~: 0) ' M 1Gi lt.UOJ • i lOO-,. " .. .. 	 ~= ,... ., " " lD 4Dp1n 159 1'5 :~ :~ ~~~= H~E .,.,. ~= ~~~:LMJ20l·15 1,15 LM709H WOil 
l M321>1·1!1 1.75 ....... ,. """23 '" 
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LMJ2.l l(.!i LM 711N CA30li " lp11t
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LM339N 110 WO.! 150 1•,. 

'
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WIRE WRAP CENTERTimebancf~Rl/NtNK.O l.ffltl 
HOBBY-WRAP TOOL·BW-630t LCO-Watches 

Men 's !t Ladlas -~ eaneiy Opera1ed 1s11e Cl 
• • Weighs ONLY II Ounces• Solid Slale 

• • Wraps 30 AWG W11e on10 
second. monlh &day 

• Displays hour. minute. 
$34, 95 Slandard OIP Soclte1s 1.025 mcl11,,.._.TCli:ts. WM\1 wlih, 111.w1.ft r« lldua"'' • Complett wrlh built-in bill and sleeve• Free set ol replacemenl 

ICIH Y1tl11W • / rtl"I , uuo
balteries 

• Choose LEO or LCD s1yl es ::::;:==='="'==:::; 1 WIRE-WRAP KIT - WK-2-W 
• One year laclory warranfy WRAP o ST. RIP o UNWRAP ~~·~ 

1UJ1 W.11• • ""K•lt'l Ut.115 
TCLM Y1lln • 1"1c11st Ut .115 

WI 

• Toot tor JO AWG Wire _.. \, 

• Rollol 50 Ft WMe or 81ue30 AWG Wite ·.~ l\ 
• 	 50 pcs each r . 2· . 3" & • • teng1hs - ' 

p1e ·stnppe<S w1re @ 
$11 .95 	 . 

TUS W'lli l1e • ll1rlP si4.• 
nu r111 ow •lt1t•• m.• ,. "7 WIRE WRAP TOOL WSU ·JO 

_.,. WRAP • STRIP • UNWRAP · SS.95 

http:111.w1.ft
http:MP6!i.11
http:N/AY�l�8500�1chlp-$13.95
http:SH704.IN


- _,._~~ CRYSTALS . ~, -
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Piirl"M" ·  F11~ U lf1ty Cn1JSty t 1~ 
cv1.:. 1coo Mt-11 HC.lJ u .ss.9s 
cm 1 000 MHI Hrn u SI.ii 
iCY~ . Of '2 CllO MHz fiCJJ IU SI 9SI 
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8()80A CPU $19.95 6226 Sy-s 1em Ccmuolter · Bus D11ve1 S10.95 
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IMSAI Offers New Microcomputer with 
One Megabyte Memory Capacity 

The new IMSAI 8080 Megabyte 
Micro is one manufacturer's answe r 
to the eve r inc reasing need fo r more 
programmab le memory space in m icro· 
computers. T he u ni t's chass is has the 
capacity for one mil lion bytes of pro· 
grammab le memory. The problem of 
addressi ng th is much memory is so lved 
by using a total of 20 add ress lines. 
Memory mod ul es may be pu rchased in 
units of 16 K, 32 K or 64 K bytes of 
dynamic programma ble memory. 

The heart of the memory cont ro l 
logic is the Intell ige nt Memory Ma nager/ 
In te rru p t ( IMM) board , whi ch provides 
wri te pro tect fo r each 1 K byte block of 
programma ble memory, read protect io n, 
fully vectored inte rr upts, and time o f 
day cloc k. Memory expa nsion is imple · 
rnented by in creasing t he number o f 
address li nes from sixtee n to twenty, and 
us ing a fo rm of block switching to 
co nt rol the fou r added lines. T he ex te nd · 
ed ad dress space is d ivided in to 64 16 K 
by te blocks of whi ch four may be 
o n-li ne at a ny o ne ti me. T he "sw itch" is 
imple mented by defining a map wh ich 
assoc iates a stale for address lines 16 
t hro ugh 19 with each s ta te of address 
lines 12 thro ug h ·15, The map defaults to 
0000 out for a ll states of add ress lines 1 2 
t hrough 15 when the system is reset. It is 
modified and maintained under software 
co ntro l. 

For more information, write to 
Michael Stone, IMSAI Manufa cturing 
Corporation, 14860 Wicks Blvd, San 
Leandro CA 9 4577. • 

Circle 57' on inquiry card. 

Perso na l Computing Company 

Introduces ACl-33 Cassette Interface 


T he ACl-33 is an au dio casse tte 
interface designed prim a ri ly fo r the 
Southwest Technica l Products Co r po· 
ration SwTPC 6800, t he co n trol inter · 
face and a termina l. The uni t wi ll also 
ope rate with any RS-232 term inal an d 
com puter ser ial 10 which can sup ply 
+5 V and ± 12 V for the RS-232 in ter
face . When used with t he SwTPC, the 
AC l-33 supports a ll Fu nc ti o ns or the 
co ntrol interface. 

The ACl-33 uses the selF-clocking 
redundant Mancheste r scheme of en
cod ing, sometimes cal led the "Byte 
S tandard . " The two log ic st ates used for 
encoding are represented by I 200 Hz 
and 2400 Hz frequencies whic h are 
wr itten o n to and read fro m th e tape. 

Priced at $59 .95 for an assembled 
model, th e interface is availa bl e from 
Perso nal Com put ing Compa ny, 3321 
Towerwood Dr, Suite 101, Dallas 
TX 75234 .• 

Circ le 5 72 oo inquiry card. 

MARQU IS , a New Video Display Unit 
from Dataview 

The MARQU IS, anno un ced by Dota· 
view Inc, 23A Dana St, Malden MA 
02148, is a new video display un it 
featuring both 20 mA curren t loop and 
RS-232 in terfaci ng capabil it y. T he user 
can select a ny o f l 5 d ifferent d ata 
tra nsmiss ion rates ranging from 50 to 
9600 bps. Fu ll or ha lf duplex ope ra t ion 
and parity ge nera t ion are included and 
are swi tch selectable. The unit disp lays 
80 up pe r case charac ters per lin e, using a 
5 by 7 dot matrix. Cha racters a rc taken 
from a 64 cha racter ASCII set. • 

Circle 573 on inquiry curd. 
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A 3 Base Triple Play 

Texas In strume nts ' new Tl Prog ram· 
me r ca lcu la to r cou ld be a boon for the 
long sufferi ng programmer: it performs 
a rithmetic in octa l, hexa decimal and 
decimal, and ca n be used to co nvert 
au tomatical ly f rom o ne of these bases to 
any other. 

Typical app lica"tions of t his calc ulator 
incl ude convert ing memory addresses 
from hexadecimal to dec imal , ca lcu lat ing 
rela t ive address locat ion s a nd so o n. 
Expressions may have mixed bases 
within them, and parentheses may be 
nested up to fou r deep. Negative 
num bers arc disp layed in t wo's comple· 
rne n t form in both rhe hexa decimal and 
octal bases: a one's complement key is 
also included. 

A particular ly usefu l fea ture on this 
un it is its ability Lo perform b it by bi t 
ope rat ions on hexadecima l or octal 
num bers, includ ing AND, OR , exclus ive 
OR and SHIFT opera t ions. 

The Tl Programme r sells for $49. 95 
comple te with 8 dig it LED display, 
recha rgeable battery, AC adap te r and 
carryi ng case, and is being offered 
in itia lly by ma il o nly from the company. 
For more information, write Texas 
Ins trumen ts Inc, Inq uiry Answeri ng 
Service, POB 5012, M/S 84 (Attn: TIP) , 
Dallas TX 75222. • 

Circ le 574 on Inquiry c~rd . 

News of Interest to "Co mputors" 

SE I Pub lica tio ns has annou nced a 
new mont h ly man agement repor t cal led 
the Small Business Computor . The 
term "cornp utor " was coi ned by the 
compa ny to describe the man who com· 
putes , rather t han the machine. T he 
report is to be in ncwsletlcr formal with 
no adver ti sing. Its goal is to educate and 
assist small b us inessmen and women in 
the use of com puters, corn puting and 
data processing as t hey a ppl y to smal l 
businesses. 

Sam pl e ar t icles include " Motorcycles 
and Micros : Retail Success Story," 
"Conirol of Computer Based Informa
t io n Systems," and "Com pu1er Con
su lt an ts: Wh o Needs T hem?". 

More information ca n be obtained 
by writing to SEI Pub licat ions, POB 145 , 
Newington CT 06 11 1. • 

Circ le 575 on Inquiry card. 
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PDR-27 GEIGER COUNTER 

Just released by the US Navy San Diego. They appear to be in excellent 
condition and come in fitted aluminum carrying case not shown. Batteries 
easily obtained except for 1.5 mercury cells which you can substitute with 
external AA cells, 4 ranges from 0.5 to 500 mr/hr, detects beta & gamma 
rays. Visual indication and if phonesa are purchased, audio as well. With 
no facilities to test, we are selling "as is" visually OK, with schematic. 

Phones $5.00 Inst. Book $5.00 PDR-27 $35.00 

TOUCH TONE ENCODER KIT $12.95 

Simply solder the chip to the PC board on back of the touch pad. It's done. 
Add 9 volt battery, small speaker, and you have touch tone audio output. 

CHARACTER GENERATOR Cl-IIPTO Cl-ITO 'E ENCODER CHIP 
Compatib le w i th Bel l sy stem, no cry stal required . Idea l Mem ory is 5 12x5 produces 64 f ive by seven ASC I I 
for repeat ers & w/specs. $6 .00 characters. New m ater ial w/data 56 .00 

I 

; 

I l 

I 

I 

IT• We provide specs and instructions. 

IR VIEWER $199.00 COMPLETE 

Custom made with manufacturers guarantee. Complete with built-in 
light source. Permits viewing in total darkness. Operates from 6 volt 
lantern battery. Great for scientific experimentation, viewing birds, 
animals, ciminal detection, just plain snooping. (We cannot ship to 
Calif. residents. SPL-21 $199.00 

SPECTRA FLAT TWIST ii
50 conductor , 28 gauge , 7 strands/ I• 

·' 
conductor made by Spectra . Two con· 
ductors are paired & twisted and the flat 
ribbon made up of 25 pairs to give total 
of 50 conductor. May be peeled off in 
pairs if desired . Made twisted to cut down 
on "cross talk ." Ideal for sandwiching PC 
boards allowing fie xi bil ity and working 
on both sides of the boards . Cost orig· 
inally $13 .00/ft 
SP-324 -A $1 .00/ft . 10 ft /$9.00 

SP-234 -A $1.00 ft 50 cond. 10 ft/$9.00 
SP-234-B .90 ft 32 cond. 10 ft /$8.00 

Please add sh ipp ing cost on abo ve. M inimum order $ 70 

FREE CATALOG SP-9 NOW READY 
P.O. Box 62, E. Lynn, Massachusetts 01904 

SP·149·B $12.95 

WIRE WRAP WIRE 
TEFZEL blue # 30 Reg. price 
$13 .28/ 100 ft . Our price 100 ft $2.00; 
500 ft $7 .50. 

MULTI COLORED SPECTRA WIRE 
Footage 10' 50' 100' 

8 Cond. #24 $2.50 9.00 15.00 
12 22 3.00 11 .00 18.00 
14 22 3.50 13.00 21 .00 
24 #24 5.00 20.00 30.00 
29 22 7.50 28.00 45.00 

Great savings as these are about 1/4 
book pri ces. Al I fresh & new. 

199 Circle 460 on inquiry card. 
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Power for Your MicroprocessorA New Alta ir Tha t looks Different A New Way to Label In tegrated 
Circuit Pins 

Minicomputer Press has announced
help e limin ate wiring e rrors .• 

forthcoming publication of t he first of
Industrial Users: Upgrade MDS-800 to 

Circle 577 on inquiry card. severa l new periodicals devoted Lo
Develop Z-80 Code 

minicomputer end users in business, 
industry and the home. Minicomputer 

8080, 8080A, 8085 and Z-80 micro Workbook is devoted to th e interests 

processors, the Z-80-SAM enables an o f eng ineers, educators and professionals 

MDS ·800 to support and deve lop both who are familiar with data manipulation 

8080 and Zilog Z-80 software. The and computer concepts, but who need a 

Z-80-SAM contains a s ingle board and pe riodical that in tegrates the two a reas 

associated software and firmware. The together in a meaningful way. For more 

SAM microcomputer boa rd supplants information, contact Charles Moore As 

the co rresponding M DS-800 board. sociates, POB 6, Stump Rd, South· 

Besides the hardware board, Z-80 ampton PA 18966. • 

SAM system monitor programmable read Cirdc 579 on inquiry card. 
onl y memory (PROM) f irmware replaces 
corresponding MDS-800 read only mem

The new A ltai r Turnkey microcom
puter is a significant departure in appear
ance rrom the rest of the Altair line. The 
front panel is virtually bl ank , sporting 
only two toggle switches, five LED 
indicators , and a key operated power 
switch. All the funct iona l units of this 
Turnkey model o f the 8800b are con 
tained on one c ircuit board ca lled the 
Turnkey Module boa rd ; this in cludes the 
central processing unit (CPU). program
mab le memory, sense switches and ser ial 
10. A ll th e hardware for this mode l is 
compatible with preceding Altair com
puters. 

The Turnkey Module boa rd consists 
of a serial 10 channe l that can operate a 
variety o f peripheral de vices, plus 1 K 
byte of programmable memory and pro
visions for another 1 K bytes of pro
grammable read only memory and logic 
for the power-on-start feat u re. 

The available software includes a 
multipurpose bootstrap loader and 
monitor, both resident in the program
mable read only memory. The 8800b 
is software compatible with the rest 
of the Altair line . For more informa
tion, contact MITS, 2450 Alamo SE, 
Albuquerque NM 87106. • 

Circle 576 on inquiry card. 

ory (ROM) firmware (on monitor ROM 
board). 

The Z-80-SAM extends the useful life 
of th e capital in vestment 8080 users 
have in the ir MDS-800 system while 
enabling the user to utilize the faster, 
more efficient Z-80 microprocessor in 
future hardware/software development . 

Enhanced deb ugg ing capability is 
afforded by hardware features such as 
display LEDs and si ngle cyc le switch 
which a ll ow the use r to freeze the 
MDS-800 data bus, examine the bus 

200 

co ntents, and single step the program. 
The Z-80-SAM is priced a t $ 149 5 in 

single unit quantities which inclu des the 
Z-80 microcomputer board, monitor 

ROM board, and Z-80 SAM assembler on 
diskette. 

For more information, contact 
Douglas B Ke lley, director of sa les and 
marketing, Relational Memory Systems 
Inc (RELMS). POB 6719, Santa Ciara 
CA 95150. • 

Circle 580 on inquiry c:ard. 

For desi gners wanting t he ad dit io nal 
capabi lit y of the Zilog Z-80 processor, 
bu t who presently have Inte l MDS-800 
hardware and 8080 software, Rela tional 
Memory Systems Inc (RE LM S) 
announces the Z-80 System Ad aptor 
Module, Z-80-SAM. Completely hard
ware a nd software compatible with the 
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Here is an efficie nt method for label
ing dual in line (D IP) integrated circuit 
pins on the p in side of printed circuit 
boards: Ad tech Inc, POB 10415, 
Honolulu HI 968 16, has annou nced 
DIP-1 DIP Pin Out La bels. The labels, 
which come in a var ie t y of sizes from 8 
pin Lo 4 0 pin, arc printed o n an BY, by 
1 I inch sheet of c lear mylar with 
adhesive backing. The accompanying re
production illustrates a portion o f the 
sheet. Each label is imp ri nted w ith th e 
appropriate pin out pattern. The user 
cu ts o u t the desired labe l a nd presses it 
o nto the c ircuit board . Each BY, by 11 
inch sheet cos ts $5.95, postpaid, in the 
US. This technique can save a significant 
amount of Lime by cutting down on 
wir ing e rrors and speeding up t rouble
shooting. We h ighly recommend this 
technique for prototyping, having used a 
crude manua l approximation for years to 

Century Industries, POB 348, Blue 
Bell PA 19422, has announced a new 
power supply kit called the Mighty 
4000, designed for use with microproces
sors. The unit features four regulated 
and short circuit protected outputs: 
+5 V al 5.5 A and - 5 V al 2.2 A (both 
fixed output). +5Vat1 .9 A to +12 Vat 
3.3 A, and +12 Vat 0.23 A 10 +28 Vat 
0.33 A. 

The supply is 10.66 by 4.43 by 3.80 
inches (27.07 by 11 .25 by 9.65 cm) a nd 
weighs 8 .5 pounds. The price of the k it 
is $99; it is also avai lable assembled for 
$129. • 

Circle 578 on inquiry caret 

New Minicomputer Periodical Offered 
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Bal ly Int rodu ces New Program mable 
Game Unit 

The new Bal ly Professional Ar· 
cade home TV enterta inment cente r 
is a well-enginee red examp le of the new 
bree d of programmable game mod ules 
which use microprocessors for logic an d 
control fu nc tions. 

The un it feat ures a printing key board 
calc ul ator and can generate video games 
in color. The games are stored on cas· 
settes; users can change games when 
desired by simp ly plugging a differe n t 
casselle into the fro nt of the unit. A 
large variety of games is ava ilable , in· 
elud ing Checkmate, Dodgem, Seawolf, 
ten nis, elementary math dril ls and 
poker; up to four players can partici· 
pate. All games come com pl ete with 
soun d effects and music . 

The uni t se ll s fo r $299, which in· 
elu des two game cassettes. Co ntac t 
Robert E Wiles, director of marketing, 
consumer prod ucts, Midway Ma nufac
turi ng Corporation, 10750 Gran d Av, 
Fra n kli n Park IL 60131.• 

Circle 581 on inqu1rv card . 

OAE Announces New 
PROM Progra mmer 

Tu rn You r Microco rnput.cr Into a 

Prog ram mab le Scient ific Ca lculator 


From Artisan Elec tro nic , 5 Eas t 
ma ns Rd , Parsipa nny NJ 07054, comes 
news of a new microc alculator called the 
Mode l 85. This new un it is the si ng le 
board equ ivalen t of a hand held scien· 
tific calcu lator but without a keyboard 
or case, des igned to in terface direc tly to 
a microcomputer. 

In struction en try to the micro ca l· 
cu lator Model 85 is under micropro· 
cessor software control . The Model 85 
accepts instructions, prov ides a means to 
detect busy status, and o u tp u t the fu ll 
14 digi t display bac k to the microproces· 
sor for storage or d isplay. 

Sortwa re fo r co ntro lli ng the Model 
85 in bo th a read and write mode 
requires less than 256 bytes of micro· 
processor system memory . 

The Model 85 ha scientific calcula· 
tion capabilities for h.md ling scientific, 
engi neering, mathematical or sta ti t ical 
problems. Pro bl em solving capabi lity 
includes tra nsce ndental funct ions, such 
as logarithms, si nes and tange nts; pola r 
to recta ngular coord inate conversions for 
handling co mplex arithmetic, vec tor; 
mul tip le storage registers, se lecting 
opera ting mode an d also cons tants for 1T 

and e are provided as we ll as four metric 
to English unit constan ts for conversions 
be tween inches and ce n timeters, liters to 
gal lons, and so on. Statisticdl routines 
arc also prov ided for calcu lation of 
means and standard dev iatio ns. The pr ice 
is $189. • 

C1u:le 583 on 1nc1u11y C<HCI. 

Ana log Input Modu le 

Burr-Brown has announced their new 
MP20, a microprocessor compatib le ana· 
log input which co nsists of a 16 chan· 
ne l analog mu lt ip lexer, high ga in instru· 
mentation amplifier, 8 bit analog to 
digital converter. plus all necessary ad· 
dress , da ta and control bus in lerfaces. 

The MP20 is timing and logi c level 
co rnpaLiblc with the 8080A and the 
8008 pro cc sors. No ex 1ernal logic is 
needed. Gain an d offset arc in tc rna ll\' 
laser trimmed, e li minating 1l1c need ror 
externa l acl iustmen ts. Absolute accuracy 
is better th an - 0.4% on th e _5 V or 0 ro 
+5 V ranges. 

Low level signals such as thermo· 
couple outputs can also be hand led 
directly wi t h reduced accmacy. The 
instrumentation amplifier can be pro· 
grammcd with a single external resisto r 
to provide input signal ranges as low as 
±10 mV ful l sca le. 

In actual use, the MP20 is treated as 
memory. Each analog input channel oc· 
cu pies one memory location. Any 
memory refe rence instru ctio n can be 
L1sed 10 access data. Thus, one LDA 
instruction will input data from one 
channel to the accumu lator . Two adja
cent input channe ls can even be ac· 
quired with one LI-I LO instruct ion. 
The MP20 can also be inter face d as 10. 

Power requireme nts for the uni t are 
±15 V DC an d +5 VDC. The price is $195 
in sing le unit quanti ties. Contact C R 
Teeple, p rodu ct manager, Burr-Brown, 
In terna tiona l Airport Ind ustria l Park, 
Tucson AZ 85734 .• 

Citcle 585 on inquiry c..ir-cl 

OAE's new programmable rea d o nl y 
memory (PROM) programmer sho uld be 
of inte rest to the experimenter. This is 
the PP 2708/'l 6, designed to program the 
2708 and the 2716 PROMs which arc 
available from a variety of sources. A 
paral lel interface is used to co nnect the 
unit to any microcompu ter; an internal 
address unit is built in to the un it, p lus 
rimi ng and control logic and DC to 
DC power conversio n from unregulated 
8 VDC input. 

The PP 2708/"l 6 comes co mple te 
with a black anodized alum inum case, 5 
foot ribbon cable with connectors, and 
software. The price is $249 for the ki t, 
or $299 fo r the assem bled and tested 
uni t. Co nt3C t Oliver Audio Engineeri ng 
Inc, 7330 Laurel Canyon Blvd, Nort h 
Ho ll ywood CA 91605 .• 

Circle 582 on inQu11·y card . 

lnnovex Introduces New Series 400 
Flop py Di sk Drives 

lnnovex Inc, 75 Wiggins Av, Bedford 
MA 01730, has announced rhe ir new 
ser ies 400 floppy di k drives which 
feature au tomat ic head un load and step· 
per motor timeo uts , bidireClio nal write 
protec t, six LED activity in d ica tors, ,1nd 
50 pin ribbon ca ble o r twi led pair 
interfaci ng ca pability. 

Both the Model 4 10, which is soft 
secto red and IBM compatib le, and the 
Mode l 4 20, wh ich is hard sectored, 
provide single and double densit y record· 
ing capability. A proprict ry data sepa· 
rator design is sa id to offer imp roved 
da ta integrity margi ns in comparison 
with other avai lab le units. 

Pr ices for the lnnovcx Series 400 
start .H $575 in single qu ant ities. Con
tact lnnovcx for further informa tion. • 
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S.D. SALES co. P.O. BOX 28810 -B DALLAS, TEXAS 75228 

* lmsai - Altair "A" Compatible Kits * 
Dealer inqu iries welcome on these items: 

Z-80 CPU BOARD 4K LOW POWER RAM 
From Hrn '>time people who b rough1 you 1he $89.95 4K RAM K IT , We wcfO nol 1he l 1tS" f 
10 uuroduc.e an lm11:u /Ahalr comp1111hle Z 80 C:nd , bl.It we do lcol 1h;tt 011rs has th e host 
de:sig11 and qm1ll1y for llu! lowes1 price! Th o :idv~ ne" fe<1 11.1res ol tho Z-80 !l lleh as ll " 

tucp .1111ded 5111 o f 158 f n,1 rnct1on~. 8080A soltwarc comp;11ib1l11V. and operat ion from a 
single 5VDC supply , a re :ill well known . Wh:H rn" ko11 oLn cnrd d1fl orc n1 ir; 1h1 ex tr .- C.(Jre we 
took 1n t he h . .udw:ire d<.'\lgn . The CPU c:ud will :i lw .:. y ~ stop on nn M 1 sl lllc . We 011 l so 
ven~r .:ue TRUE S YNC on c:ud, to int:uht !lu:u th ~ r011 o f our sy st e m fu m; t io ns propcirly , 
Dynrurnc me 1nory rnlresh 1md NM I ri r111 huught ou t fo1 you r ustt. 9 eh ovci it OJ 1101, not ;i ll 
ol uur com11e11toro; have gone1 10 th u cx tr:1 trouble of flo111y this . A~ ,1 lways 1his kll includes 
~1tl p rHtS, :di suc::kot.s, and com ploUt 1ns tfU Ctions for ease of assomh lv . Because of om pan 
1ncpimo nce w11h OUJ 4K k 11 we suggeu 1hat you order rrnr ly . AU orden w ill be shipped on 
a s tr ic1 hist comf! f,,..., sC?rved hn•is. Kit mclud~ Zdog MBnu;:d and all parts . K11 $1upp etl 
wfth 2 MHZ crvsrnts . 

Z- 80 Chip & Manual - S49.95 ; Add S5 .00 for Z - 80A 
Z-80 Manual  57 .50 Se1>;nately . 

Complete kit - $149. 

IMSAI AND ALTAIR 8080 PLUG IN COMPATIB LE. USES LOW 

POWER STATIC 21L02 - 1 500ns. RAM's. FULLY BUFFERED, 
DRASTICALLY REDUCED POWER CONSUMPTION, ON BOARD 
REGU LATED, ALL SOCKETS ANO PARTS INCLUDED. OUAL· 
ITV PLATED THROUGH PC BOARD. For 250 ns RAM's add $10. 

THE WHOLE 
WORKS 

$89.95 
kit 

NEW! DESIGN CONSOLETTE KIT - $89.95 
S. I> . S:llc·~ ;111 110111a· c.·~ the i11c.·\pc.·11, ivc.• way to hc :11 the win· wr:tp ju ngll·. Our late.•\ ( k ir !.!ivc.·, y ou 12..J soltlc.•r less quil·k cunncct 1t;~ rmi11als. enough 
fur <•ighl 16 pin IC s and provid'" 50 '1' t·m11 mon ln1s- n1:11ri \ . II:" rt•gnl:tl l'd +5VllC and +/ I 5V llC. :tll al I 1\ MI'. Vollagc regulaliu 11 al 100%. 
Also iiu: lm Je, ;-1 pul ...e ~rner;1fol' \:11'i;1hll· from IOh 1 l o 50mht anti .0 1 'l'l" . to 100 11:111 0 ..;ccond~ . Gencr~• lor ou lput is +SV. In ki r fonn onl y and 
i11d11d t•..; all parls . soc:kl•ls : fronl pand mt•:1s11n'!-o 71., .. ,xi .. ··. and h:1nlwa rC" . casC' not avai l:1hk'. 

HOME KIT CAR/BOAT KIT tyvJJ1 

$34.9 5 9tffttl 
~ f./J fOUA E:ruu,f 

MUSICAL HORN 
Musu:al Ho rn kll Im c:;<i r. boat m home . Pl ay s any 1uiu; fr o rn Mozan 10 Led Zeppe lin . 
Ch.11lge 11.uUl"i. ;n second <.; c:omrl c te <oohd s t.l i e alec; l1ou~ c.s , SwnctJard Or C: u 510n\ t lu les 
i1v;11 IJ1bll1 111 $6.95 ll!ach. IYou s upp ly 1he shee t music - we SUIJl>ly alac; l ron1Cs fo r yout 
l;wo11 10 lon!:". I One ~ong -.u 1>plled wnh pdginal order . St:ilndard 1unes ;wa• lilb lo ; DI X IE 
- eves OF TEXAS - ON WISCONSIN - YANKEE DOODLE DANDY - NOTRE 
DAME F IGHT SONC PI NK PANTHER - AGG IE WAR SONG - ANCHOR S 
AWAY - N EV ER ON SU N DAY - OR IOGE OVER AIVER QUI - CANOY MAN 
S11mdi11d 2 •nc:h 8 ohm speil k t::r ~1Jppl 1t:d. Power ho1 11 . v11ilnb le for car/boal kit . 

$26.90 
Kil in cludes s 1:nwk111r whkh op<rrillOS 
frorn your door hell . When door bell 
1$ p1.15hed vour tavodH1 woe is play(l'd , 
C;:ir/boil t kil im;ludes sp t:1akv1 whleh 
openw :s ftorn c:u/boa1 horrl ring. 
Allow 4 weeks. delivef"V on both kits. 

olihtiJ.ti Qaa!d.iiifI 
$9.95 kit 

6 DIGIT ALARM CLOCK KIT 
We m.idc a t .mt il~hc ku even bettet. Redesigned w uke adva1u:1ye o( the l.1 ces1 :ulv:.tnees Ii' IC l@Chnology , Foi1 l1ircs : li1ron1x Duill y, .. displays. Mos1ek 
50 ;"!$0 o;. uper c;: loc k c;: h 1p_ s rnght 1.C. s.ournont driver , SC A di911 drivers.. Grea 1ly s implif ied constrllC l1 0fl. Mor e rcllnble 3nd Us1er to build . K11mc;:ludas41ll 
necL>Ss.ary pan:i: £excep1 case L Fo 1 P.C .. hoard . dd $3.0 0 : A C XFMA add S l .50. Do not c;:o11fus.e wnh Non -Alarm kits s.old bv our compe11tiorr.! Eln'l"'lln.,u~ 

1he hassle - avoid 1hc SJ 1d 1 NEWI WITH JUMBO LED READOUTS! 

. P.C . LEAD DISC CAP 
J OOOM Frl ~ UDl ~WI fCH 

POWER 
RES ISTOR 

150HM 
25W 

RESISTOR DIO D9:S THERM ISTORS ASSORTMENT1N4148/lN914r 1u 1•1 C .ic ~ 
R:a t ia d J~ WV DC Up 
ri 11ht ~ I V I ~ wH t1 PC 
l!!.Hh. Mi:)} I p o pu l ;H '>l.jJ l 
UIJ 10 1 ll O IJll ~ •~ I ~ 

A~'>IH ll 'l'I Cll l 
Ou • llC!> 1 1..(!llC • lnc;:hJl)C\ 
lllrn 1,Hufll! ,llf'IO ~!.l•lfl.>• O 
\. 1 1. ll ~ , ~ i11 •1 1 r:r .11 nd 1111.111 • 
on•,111 00 "'"l ~ /\H new 

ASSORTMENT 

100/$2. MEPCO-NEW! P .C. Leadio. A1 re~"'' 
' 4W 5i;, 10'',. PC 10 c-lilfete nt vJlue:.. 
lt!;Kh A IJOO d m1 io; <1f l .5K OHM I r\Ch.tilf.S. .00 I , .0 1 • .05

BY 
CLAROSTAT 

v.1 lu•''>' Sl>'!Co3I ! 1Nl\002 IA 
100 PIV 

,,ius 0 1he r u::ind:l<d 
v-311,1(:$, 

4/$1.00 12/$1.00 75<!: ea. 200/$2. 40/$1. 5/$1.00 60/$1.00 

AMD-1702A 
flUlfe 1ad.IJll.1.f ?ruiriw.4e * Spwd! * 

FACTORY PRIME! 
21L02-1 

3.5795~5 
MHZ Time 

Base Crystal 

FACTORY PRIME UNITS! BRANO NEW ! 
1.5 Micro -Seconds Access Time. 

$1.25 

10/$40. $4.95 ea. 
28 PIN SOCKETS 

3 for S1.00 

fllol\'\ 
£.tflO"IJ £.I>OS IC 's from XEROX 

ics 1\c soi\.~£.o -. 
i\.'-'- \~c;,1'£.C . 
f\l' 7-100 9c 

7-l02 9c 
7404 9c 
7-106 I l e 
7407 11 c 
7.J IO 9c 
7-116 13c 
7420 - 9c 

CALL IN YOUR BANK
AMER ICARD OR MASTER 
CHARGE ORDER IN ON OUR 
CO NTINENTAL UN ITED STATES 
TOLL FREE WATTS LINE : 

> >

1402 A Shif1 Regulator  50c 
MH0025CN - 55c 

7430  9c 
7-1 40 9c 
7437 - lOc 
7438 - IOc 
7451 9c 
7474 - 16c 
7475 - 2-l c 
7486 - 16c 

H93  26c 
7-1121 - 22c 
7-1 123 - 32c 
74 15 1 - 9c 
74 15 5 - 22c 
74 193 35c 
8233 - 3Sc 
lnic l - 1302 - 45c 

Tex.is Rcsi dc111 s CJ ll Collcc1: 

214/ 271- 0022 

1-800- 527- 3460 

11 .000 MFD 
50WVDC 

Computer Grade Cap 
S3.00 coch 

39MFD 
16 V Mnllory 
Electrolytic 
15 for $1 .00 

Nol only ,ir e out RAM'S faster lhan ., speedlng bullot but 1ho-v 
are now very low powe• . We "'' pleased to offer pri me new 
21L02· l Low Power a nd Super F.as i RAM's.. Allows you 10 
STRET CH your powe• sup ply t.mhet .nnd a t 1he ~mu tlmtt luup 
lhc wai l l"ight off ! 

500ns 8/$12.95 
250ns 8/$15.95 

MK50397-SB.95 
S.O. Salns Exclu sive ! Eh1psod 11mu IC , $pecu1lly modified -s ix dlgit counler c ircuit to mea~uro 
59 min., 5 9 sec .• 991100 s.,c . Pe rfec1 for d ntk room 1im e rs, ch ess 1imefS or env 1lmin9 a ppllca1ions. 
Su pplied whh cl r1 1 ~1 shee t a11d appllc.11 1ions. 

MOS 6 Digit Up/Down Counter 
40 PIN DIP . Eve ryth ing you ove r wanted in a counter ch ip . Features: Direct LEO se9men 1drlvn, 
single powqr supply 112 VOC TVPE ). 'ix d ec.ndes up/dow1~ . pro ·lol'lldnb le coun1e1. $1lparMe w e · 
loadable c ompare regis tef' wi th compare ou1 -pu1. BCD and seven segmeru outputs , imemRI scrrn 
oscilla1or, CMOS compil tib le, lending ze10 bl:inklng . 1MHZ. count inpu t frequency . 

$12.95 
TERMS: 

1Tto1W.f 'Bade 
G(J,()MJ1}.u/ 

NO COD'S. TEXAS RESIDENTS 
ADD 5% SALES TAX . ADD 5% 
OF ORDER FOR POSTAGE & 
HANDLING. ORDERS UNDER 
$10.00 ADD 75c. FORE IGN 
ORDERS  U.S. FUNDS ONLY! 

Orders over $15. Choose $1. FREE MERCHANDISE! 

Ci rcle 462 on inquiry card. 



Nybbli ng Thin ly S liced Bytes 

Texas Instrumen ts has an nou nced a 
new set of 4 bit sli ce microcomputer 
circuitry which will be of great inte rest 
to exper imenters wanting to try their 
hands at designing a microco mpu ter 
from scratch. 

The S48 l chip se t is a new series 
of Schottky TTL microprogrammable 
bu ilding block in tegrated circuits wh ich 
are said to offer up to ten ti mes the 
th roughput of co nvent iona l microproces· 
so rs. 

The S481 ch ip set can select and 
operate on two operands, gene rate stat us 
and store results in 100 ns. The set 
consists of one or more 4 bit sli ce 
processors, one or more 4 bit slice 
contro ll ers, an appropriate n u mber of 
field programmable logic arrays ( F P LAs), 
and a var iety of Schottky programmable 
read o nly memories and programmable 
memories. 

The experime n te r ca n choose word 
size to be an y mu ltiple of four, maki ng 
th is a very versatile system . T he numbe r 
of general purpose reg is ters which can be 
created is lim ited o nl y by the n umber of 
direct ly access ible memory loca t ions. A 
memory to memory system places the 
register fi le function in main memory; 
this system can be des ig ned to handle 
in terrupts or context switches fas ter 
than convent ional register to memory 
systems. 

For more in formation, contact Texas 
Instruments Inc, Inqu iry Answeri ng 
Service, POB 5012, M/S 308 (Attn : 
S481). Da ll as TX 75222. • 

Circle 586 on inquiry card . 

Period ica l Guide for Co m puterists 

The Periodical Guide for Com
puterists is a new 20 page book that 
indexes over 1000 pe rsonal compu ti ng 
articles from 15 magaz ines (inc lud ing 
BYTE) for the per iod from January thru 
Decem ber 1976. T he art icles arc indexed 
under more than 100 su b ject categories. 
Indexed are magazine artic les, letters 
from readers, book reviews and editoria ls 
from both ho b byist and professio nal 
pub lications. 

The books are available from E Berg 
Publ ications, 1360 SW 199th Ct, Aloha 
O R 97005, for $2.50 each , postpaid, a nd 
also from local compute r stores. • 

Circle 587 on inquiry card. 

A New Produ ct Gu ide fro m RCA 

RCA has announced the MPG -180, a 
new 40 page guide ro thei r COSMAC 
family of microprocessor produ c ts. 
Hardware produc ts descr ibed include the 
CD Pl 800 series of CMOS integrated 
circu its. This se ries features central proc
essi ng u nits (CPUs), progra mmable 
memories, read only memories, 10 cir· 
cuits and interfacing circuitry. The 
MPG-180 describes the CDP1802 micro· 
processor and covers its fea tures, archi
tecture, ratings, charac teris tics, timing 
d iag ram and instruction summary. 

Amon g the additional items 
described are a Micro tutor which teaches 
programm ing techniques, a floppy disk 
sys tem, a binary arithmetic package, 
timesha re soft ware developme n t pack· 
ages and a cross- re fe re nce guide to other 
man u ractu rcrs' integra ted c ircuits . 

The free MPG-180 prod uct guide 
may be obtained by writing to RCA 
Solid State Div is ion, POB 3200, 
Somervil le NJ 088 76. • 

Circle 588 oti inqu11v carcl. 

Is Your Co mputer Syste m Half-Baked? 

We received the following informa · 
tion from The Computer Center Inc, 
321 Pac ific Av, San Francisco CA 94 1 11: 
A new Microcomputer Recipe Book is 
availab le free fro m the Computer Cen
te r, lis ting everyth ing from soup Lo nu ts 
tha t you need to put together your own 
microcomputer operat ing system for 
personal, bus iness or sc ientific use. Items 
listed unde r " Ingredien ts" incl ude com · 
puters, semico nductor a nd floppy di s k 
memories, video displays and pri n ters. 
Sugges ted men us for com plete sys tems 
range from the " B IG MAC ," a simp le 
8080-based comp ute r used in con
junction with the fam ily TV set to the 
"Beef Wellington," wh ich includes a 
Processor Technology Sol-20 micro
computer, dual floppy disk drives, 
a DECwriter 11 printer an d a video 
monitor. Technica l books deali ng with 
hardwa re design, softwa re devel opment 
and "How To Do It " books a rc also 
offered.• 

Cin:;le 589 on inquiry card. 
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A Hand Hel d 4 Cha nnel Logic 
Analyzer 

A problem with multicha nne l digital 
log ic analyzers for most computer ex· 
perimentcrs is cost. Digita l Broadcast 
Systems Inc, 4306 Governors Dr, Hunts· 
ville AL 35805, has provided a relatively 
low cost solution to th is problem with 
t heir new 45-B Logic Analyl.Cr. The 45-B 
is a hand held instrument whi c h auaches 
to any conventional si ngle trace oscillo
scope havi ng an externa l trigger to pro
d uce fo u r simultaneous digital wave· 
forms. A typical application would be LO 

display the clock from a given circuit 
on o ne cha n nel. and selected logic gate 
inputs and outputs on the other three 
cha nnels. Complete instructions arc 
printed on the analyze r itse lf. 

T he unit can be used with TTL, OT L, 
RTL or CMOS logic families. Two poten· 
tiome ters co nt ro l waveform amplitude 
and multip lexed disp lay rate; once these 
contro ls are set , the scope time base 
con t rol operates normally. The price, 
including a 9 V battery and AC adapter, 
is $149.95. • 

Co ntine ntal S pecialties' New Cata log 

Cont inental Specia ~ties Corpora t ion, 
44 Kendall St, POB 1942, New Haven 
CT 06509, have announced their new ·16 
page catalog. It contains a vari e ty of 
breadboarding ai ds such as integra ted 
circuit test clips , solder less breadboards 
(so me with self-contained power sup· 
plies}. and logic probes. A line of instru
menta tion is a lso featured, including a 
function gene rator, RC brid ge a nd pulse 
generator. There is a question an d 
answe r sect ion in back of the ca ta log 
which answers frequently asked bread · 
boarding questions. The catalog is free. • 

C1JClf 59) on 1nqu1rv c.ord 

A New Floppy from Oigita I Systems 

Digital Systems announces a new 
floppy disk system feat uri ng Shugan 
Associates drives and Digital Systems 
FDC-1 control ler. Disk formatting is 
IBM compatible, and diskette initia liza
tion capabi lity is provided. The Digital 
Resea rch CP/M disk operating sys tem 
software is available as an option, as is 
an Altair bus compatible int erface. The 
price for the assembled and tested unit 
is $1845. Contact Digital Systems, 
60 17 Margarido Dr, Oa kla nd CA 
94618. • 
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UNIVERSAL 4K 
MEMORY BOARD KIT$7450 

This memory board may be used with the 
FB and with minor modifications may be used 
with KIM·1J.1p. 

32-2102·1 static RAM 's, 16 address lines, 
8 data lines in, 8 data lines out, al l buffered. On· 
board decoding for any 4 of 64 pages, standard 
44 pin , .156" buss. 

;/?Uli l:lK l:: N~OM 
:'~:1"2Sl~\flCS1111 TRE6 
;:i~iJCllhR/\CTER GEN 
) 5 1.H-Hf. x ;;:;i Bl r sr.: 
2H>::' I 1074' l:t l lll\M 
!J:?Ji4t '1~ tlYi', A~.llt.: ~lAr11 

5'20'2A UV rnoM 
I IOIA 256 l) IT FU~M . , 
2'10 18 • s '1 .:>5 
MK•100BP • , S 1 95 
17fl:;tA U\I l"~OM S. •UJ~ 
'J;ifll1 i1to., I H{)",1 SlO 95 
A't5101JUAA T ... _, S695 
~TU11[--;Ji'17iTi'UHN"fJ~ 
100, 500 . 1K ,i'K .5K.l01<,25K,1.JOI<, IOOK. 
100K,500 1Mt"ll S 75 e.aic ti , 31$ 2,00 
' ,lutl1 h..1.t'\ f•l1'.' F·uls~:m1i.111u i::.uw•1~ 
Jc11n .•vl,•)' IG- • 1 

.... ·R ' ' l' JL s.cJ 100 
1~ 10t ~lltr.lhrm S1~l'.I lS,.1 00 
L1'o~t1 -'t:T1 v.'\t{ IJ Sr.;k j.
rr..1 1$;: :ooov 1 ,., s 1 10 

TRANSISTOR SPECIALS 
:r,J•·:B!i !;FI NS· r r_t fiG s 9~ 
:'N370 'U"IJ S• ru ::l St GO 
, r.• ,,., pr. 41• r,f '!i: J~ 

:•:.,1•10: 1r,•• :!ii 101 5 !(l(J 
r~LO~G ' , I•', S i 0 J ('l.11 l111111c111 $ I 10 
7"'JliriHG 1·~. 1> S1 10 l)J ti S 1 00 
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NEW COMPUTER INTERFACE BOARD KIT 

Our new computer kit allows you to interface constantly connecting and disconnecting your

serial TIL to RS 232 and RS 232 to TIL. There terminals. 
are four of these supplied with the kit, so you Example: Out store to printer - Voltage 
can run up to four devices on one TIL or four 	 requirement + 5V and ± 5V or ± 12 V depend$4900 
separate TIL to RS 232 devices. 	 ing on your RS 232 device. 

Typical use: You can use your computer We supply - board, connectors, documen
ports to run an RS 232 printer, video terminal 	 tation and components. Sorry, we do not supply
and two other RS 232 devices at once, without 	 case or power supply. 

WHERE IT MAKES SENSE, MAY BE USED WITH ANY 8080, 6800, zao or F8 COMPUTER 

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT 

This power supp ly kit features a high frequency torroid transformer with switching 

transistors in order to save space and weight. 115V 60 cycle primary. The outputs 
 $7900with local regu lators are 5V to 10A, in one amp increments, - 5V at 1A, ± 12V at 1A 
regulators supplied 6 340T-5 su pplied. 

FS EVALUATION BOARD KIT 
WITH EXPANSION CAPABILITIES 

A fantastic bargain for only 

with the following fea tures: 
 $9900• 	 20 ma or RS 232 in terface 
• 	64K addressing range 
• 	 Program control timers • 64 Byte registe r 
• 	 1K of on-board static • Bui lt-i n priority interrupts 

memory • Documentation 
• 	 Built in clock generator • Uses Fai rbug PSU 
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The A 242A feat ures:A 	 New Printed Circuit Board for the Acoustic Coup ler 

100% GUARANTEE! ! Electrolabs 
We guarantoo lhe products w e t:cll 
Full refund or replacement for anv 
unn cisfoc::tory produc;t re curned wilh 

:~a~~adi~vc5c~tfi f;~~cf~~~~ ~r~~~~~~e~:~d 
~h ipped fr-e~h from refrlgeralod stOr aga. 
ond our ICs work properly! 

POB 6721, Stanford, CA94305 

~;g~c~~:~~0S~~.;>i~e1s:5u~~~Pcfe"v~~~:: ~':Id 
EQuipment '!iCOt in response to each inqu iry 
and o rder . Colli for Quan lity and specin l 
group di$courH programs. 

Exper imenter 

Midgard Electronics In c, 26 Walnul 
St, Wate rtown MA 02172, has an noun 
ced 1he UMB, an cxpoxy glass boa rd 
with 1380 pl ated through holes in a two
sided foil pattern. There are fou r power 
dis tri buli o ns, and pad spacing is 0.1 inch 
(0.254 cm). 

All four power distribu1ions a re 
bused to each in tegrated circu it posi tio n 
to p rovide short inte rconnection dis
tances . A reverse foil pattern minimizes 
cha rac teristic impedances. 

The UMB wil l accomodate all dual in 
line integra ted circuit packages as we ll as 
discre te components. Ex terior connec
tio n is provided by a 22 pin edge co n
nector compatible with the Ampheno l 
type 225-222 1-101 connector. Th e pri ce 
is $17 .1 5 in quantities of one to six. 

Circle 593 on 1nqu1rv corrt 

• 

Anderson Jacobson annou nces the 

new A 242A acoustic coupler which 
operates at data rates up to 450 bps 
in the send mode. 

A New Business Software a nd 
Hardware Package 

Computer Mart of New Jersey Inc, 
501 Rt 27, lse lin NJ 08830, has annou nced 
a new business oriented small computer 
system. It stores information o n floppy 
disks for random access, and features 
both video disp lay and hard copy prin t
ing of business repons. A custom soft
ware package Jl lows the user to com
municate in simple Eng li sh phrases . 
Contact lhc Computer Mart for further 
de tai ls. • 

Circle 595 on inqu iry card 

• 	 Flush mounted acoustic cups to 
lock in handset. 

• 	 A vibration isola tion tech nique 
utilizing direct microphone hand
set coupling. 

• 	 Quartz crystal control o f both 
transmitter and receiver . 

• 	 A carrier detector designed 10 
sense valid data regardless of the 
carrie r level. 

• 	 RS-232 and 20 mA inte rfaces pro
vided. 

• 	 A rubber foot design for vibration 
isolat io n. 

The A 242A is priced at $365 in si ngle 
quantities . Con tact Anderson j acobson 
Inc, 521 Charcot Av, San Jose CA 
95131, (408) 263-8520 . • 

Circle 594 o,, 1nqLarv carer 

A Lower Case Chara cter Kit 

Northern Valley Systems an noun ces 
th e LCOI, an ADM-3 lower case option 
kit. Th is kit will allow Lear Siegler's 
ADM-3 and ADM-3A video disp lay 
terminals to display lower case characters 
with no modifications to the PC board . 
The kit inc ludes refresh memory c l1 ips 
as well as a cus tom programmed charac 
ter genera to r. It can be installed in ap 
proximate ly ten minutes. The price is 
$27.50; dea ler and group purchase 
discounts are available. 

The LCOl is avai lab le from Northern 
Valley Systems, POB 68 7, Englewood, 
NJ 07631.• 

Cucl 596 on 1nqm rv co rd 

LS "103 1 8 dccadiB counter & ?seg. driver 
all on ono 40 ,:ln chip. Uses +5 only 15 .95 
{includes schcrn ~Hft and t1pp , no10) 

~:U~3~4g~p~~g~ ~r.~g'1.e,S~~n~o1~~~s ~ :~~ 
MM7 4C 926N 4dccade counter/driver 5 95 
MM5058N/2533V 1024 Static S:A: 10 / 9 :95 

TANTALUM CAPACITOR SPECIAL: 22u Fd/35VDC 10/3 .99 
Thoso 81'0 CSRl3 type and offer excellent b ypass , f iller and couµll ng 
podormanco out to GHz . frequencies Perlec t for mcmoty and d1911al . 

Y," 	 VIDEO TAPE Bv majo< US Mon u focture" but NOT 12.99 
~:~;i~~e;ot 0:~:~11~~e::e~~.ar;;~~e~t~~ ~ar::h"f~trh~~:e~~ur 10/1 19.95 
ploy on So ny , G :E:, Pann~onlc and all othOr' Monochromo 3nd co lo r 
EIA J stand;;trd machines . Call for prices on si201 10 fl1 Sony Porrnoack, 
and for other lengths. Our bu lk purchase rnakos this offer possible. 
Spl ico- F ree, and shippecl 1n an attrac d1,10 permanon 1 b lack plastic storage 
bO><. Y1" format is the h ighest performance per dollar . Norma ll y $22.95. 
APL Programming language selectric printer balls 29.00 

VADIC Modem Cards. Complete, rcqLiiring onl y ±. 12V, +5V, .rnd 
22 pm connectors for Bcll 103 Ori •./Answer service: 79.95 

SMOKE DETECTORS Savo yow !Ho, your lab, your computor . 
Mfg. by BRK. We think th11t this is the most reliable unit on the market . 

Snmo 3'.i _the or'e demon-str111ed on TV for Pit1way by William Conrad. 

In addition, lhis. unit will func tlon for more 1hlln .a ye<Jr on 11n 

ine xpensive 9V c.e ll , in contran TO many 01hors requiring :i 5 . 29 .95 

7 dol lll r- battery . Nationally advert ised at $39 .95. Speci fy bauery or 110V. 


TRICK OR TREAT! ! 

For each C2716, or TMS2716 
purchased before 1 , Jan . 1978 
we will donate S2.00 to UNlCE F 
in your name, and issue you an 415-321-5601 

LIN EAR 
LM 323K 5 .95 
LM309K 0 .99 
LM317K 2 . 95 
LM375N Xt.ol Osc . Ckt. 2 . 75 

MEMORY 
MCM68 10L 1 2 95 
2 1 L02 · 1 I 25 
934110C 1 00 
C31078 1 00 
C2 1 14 19 00 
uP04 11 D 4 13SnS 3 95 

b 1 Storage Media er a lffi. manurac•ured by 
Information Terminals Corp. 

Min i Disks 5 Por Box . En. Box : 10 8oxos, Ett : 50 Boxes, Ea : 

M0525 1 CSoh Scc tod 29 .95 26 .95 24 .25 
M0525· 10 (Hard Sector : 10 Holes) 29 .95 26.95 2 4 .95 
M052 5 16 (Hard Secrnr : 16 Holes) 29.95 26.95 24 .95 

Flexible Disks 2 Per Pkg. 

F034· 1000 (Soft Sector IBM Std. I 11.95 10.49 9.49 
FD32 1000 (HiJrd Secrnr , 1nner) 12 .49 11.29 10. 19 
F065-1000 (Hatd Sector . Outer) 12.49 11 .29 10. 19 

Flippy Disks 10 Per Box: 

F034·2000 (Soft, IBM) 89 .30 8 0 .30 72.30 
F03 2 -2000 I Hilrd , Inner) 93 .80 8 4 ,40 75.90 
F 065 2000 ( Hard, Outetl 93 .80 e4 .40 75.90 
Digi t-a l Casseues 2 Per Pkg. 
1 150 For oll " Kansas City " and 01hc1 d igl1al t"Ocorc:ling with audio dcck1 . 

8 .9 0 B.50 7,49 
R·300 D igital O lrQCt 11 .99 10.99 9 .99 

equal amoun t in credit lowards 
your 1978 purchases. 

CPUs, Support , & PROMs 
Z -80 39.00 
BOBOA 11 .95 
8X3001 55 .00 
8228 7. 29 
82 16 2 .39 
AY5 1013 4 .95 
8223 PROM SPECIAL 10l9.95 
uP0371 0 CaUC!llO Cnul . 49 .00 
u PD3720 F loppy Cnlr l. 52.00 
82$2708 70nS. Pin for P 29.95

• 
 Removab le Magnetic 

UVEPROMS 

C27 16 5V Only 59.00 
TMS2716 3 Supplies . 49.00 
C2708 Indus. Std.  18.95 
C2708 1650nSec.I t4 .9S 
Cl702A 2K 4.95 
C1702 2.25 
MM52030 2K 2.95 
MM52040 4K 9.95 

Circle 464 on inqui ry card. 	 206 



I A TOTALLY NEW CONCEPT! SAVES TIME AND MONEY! MAKES YOUR JOB EASIER! I 
I A powerful new tool for every serious 8080 user - professional and novice alike. II ....; -=-:-:-:~~-.~~ Priceless timesaver for engineers, technicians, and programmers. Saves time and I 

money in the lab, on the production line, or in the field. 
I Convenient pocket size - 33/a by 73/.i inches - gives quick and easy access to all vital II reference data. No more ~earching here and there for codes, instructions, or definitions. I 

It's all there - at your finger tips - everything you need to successfully use the 8080A I
I and - Intel's new 8085 microprocessor. 
I Features cross listing, for rapid assembly and disassembly, of MACHINE CODES and I 

MNEMONICS • Concise description of 8080 and 8085 OPERATIONS, SIGNALS, II PINOUTS, and INSTRUCTIONS • Convenient cross conversion of OCTAL, 
I HEXIDECIMAL, DECIMAL, ASCII, and EBCDIC codes• Easy-to-read tables of powers I
I of two, eight, and sixteen ... and much more . . . I 

Sturdy • Handsome • Easy-to-use • Data Packed II Your timesaver will give many years of professional service. 
I $12.95 each (plus postage & California sales tax) - 25% discount for 4 or more. I 
I MoneyBack Guarantee: You must be fully satisfied or simply return the guide within 15 days for full and prompt refund. I 

II URBAN INSTRUMENTS • 4014 CODYROAD . DEPARTMENT C1. • .. . •. . --BANKAMERICARD. =· 
SHERMAN OAKS • CALIFORNIA 91403 

I PLEASE SEND 8080 timesavers to: CHECKJM.o. ENCLOSED o BANKAMERICARD o MASTER CHARGE D I 
NAME ' ... . ... ............... .... ..... ' ' .... ' . . ' ... ' . ' ... ' ' . ' . . . I
I CARD NUMBER ....... .. ......................... . . . ....... •.... . . .. 
I STREET ... . .. . . ... . .... .......... ' .... ' .... .. ... .... ' . ' . . . . . . . . I 


I CITY . . . .. . . . . .. . .. .. .. . . . . . .. .. .. .. . . . . . . . . . . . . .. . . . . . . GOOD THAU ..... " .. ' .. .. 4 DIGITS ABOVE NAME (MASTER CHARGE) I 

L:T~------~-~z~--·~·~·~·~.:.G;T:E·~~~------~~~~·J 


~c~ BOARDS 

MB-1 MK-8 Computer RAM, (not S-100), 4KX8, uses 2102 
lype RAMs, PCBD only . . . . .$22 
MB-3 1702A EROM.Board, 4KX8. S-100, switchable ad· 
dress and wait cycles. kit less PROMS . . .$65 
MB-4 Bas1c 4KX8 ram. uses 2102 type rams. may be ex
panded to 8KX8 with piggybacking. S-100 buss. PC 
board .. . . . . . . . .. . . . .$30 
MB-6 Basic 8KX8 ram uses 2102 type rams. memory pro· 
tec t rn 256 10 SK 5W1tchable S· 100 buss PCBO .$35 
M~ 2708 EROM board, S· 100, 8KX8 or t 6KX8 kit without 
PROMS .$85 

t0-2 S·100, 8 bl! parallel t/Opon. %of board is for kludging. 
Kit $55 PCBO .$30 
VB-1 64X 16 video board, upper lower case Greek. com· 
pos11e and paralle l video with software, S-100. 
Kil $189 00 PCBO ..$35 
SP 1Music synthesizer board, S-100, computer controller 
wa ve lorms. 9 octaves . lV rms 17% d1slort1on, includes 
sohware k11 . . .$250 
Altair Compatible Mother Board. 11 x 11Y2 x Yo" 
Board only $45 With 15 connectors .$105 
Extender Board full size Board only ..$9 
With connector $13.50 
Sohd state music Cybercom boards are high quahly glass 
board w11h gold finger contac1s. All boards are check for 
shoris Kits onty have solder mask 90 day guarantee on 
Cybercom kits 

NEWI All IC's, sockets & hardware for WAMEGO MEM-1 
includes prime 2102AL·4's $144 
Order PCBO separately below 

Specl.i 2102AL-4 I K x l ram 113 less power than 21 L02 
type rams. with power down, prime from NEC. Ea . 2.00: 32 
ea. 1.80; 64 ea. 1.70: 126 ea. 1.60; 256 ea. 1.50. 

9080A AMO 8080A (Prime) 
82121745412 Prime 
8214 Prrme 
8216 Prime 
8224 Prime 
8228 Prone 
8251 Prrme 
8255 Prune 
1702A-6 AMO 4 702A Prime 
TMS-601 1 UART Prime 
2513 Char Gen Upper Prime 
2513 Char Gen Lower Prime 
·1702A Inlet Nol Prime 

20.00 
4.00 
8 30 
4 95 
5.00 
8.90 

14 50 
14.50 
6.00 
695 

11 00 
11 00 
4 00 

74LOO 25 
74L01 .25 
74L02 25 
74L03 25 
74L04 30 
74L05 40 
74L06 30 
74L08 .40 
74L09 40 
74Ll0 30 
74L20 35 
74L26 40 
74L30 40 
74L32 45 
74L42 1 50 
74L51 .35 
74L54 45 
74L55 35 
74L71 30 
74L73 55 
74L74 55 
74L75 l 20 
74L78 90 
74LB5 1 40 
74L86 75 
74L89 3.50 
74L90 1 50 
74L91 1 50 
74L93 1 70 
74 L95 1 70 
74L98 2.80 
74L 123 l 50 
74Ll64 2.50 
74L 165 2 50 
74L192 l 25 
74L193 l 20 
MH0026 2 95 
MC1488 1 50 

74LSOO .40 
74LS01 .50 
74LS02 40 
74LS03 40 
74LS04 45 
74LS05 45 
74LS08 40 
74LS 10 40 
74LS12 55 
74LS20 40 
74LS22 45 
74LS27 45 
74LS30 40 
74LS37 60 
74LS38 60 
74LS42 l 50 
74LS51 40 
74LS54 45 
74LS55 40 
74LS73 65 
74LS74 65 
74LS76 65 
74LS151 1 55 
74LS 174 2 20 
74LS175 I 95 
74LS192 2 85 
25010 1.25 
25028 3 00 
2507V I 25 
25 10A 200 
25 17V 1 25 
25 198 2 BO 
25328 2 80 
2533V 2 80 
OM8131 250 
N8263 350 
MC 1489 I 50 
0MBB37 I 50 

1101 l 25 
1103 l 25 
2101 4 50 
2111·1 3.75 
2112 4 50 
2602 l 60 
4002-1 7 50 
4002-2 7 so 
MM5262 1 00 
7489 2 00 
74200 4 95 
74C89 3 00 
82506 2 00 
82S07 2.00 
82S17 200 
8223 2 50 
82S23 3 00 
82Sl23 300 
82Sl26 3 50 
82Sl29 3.50 
82S130 3.95 
82S131 39$ 
IM5600 2 50 
IM5610 250 
tM5603 3 00 
IM5604 3.50 
IM5623 3 00 
fM5624 3 50 
MMl6330 2.50 
OM8573 4 50 
OM8574 5.50 
OM8575 4 50 
DM8576 4 50 
OM8577 3.50 
OM8578 4 00 
2.4576 MH Z 
XTAL 7 20 

8T10 
8T13 
8T16 
8T20 
8T24 
8T26 
8T34 
8T37 
8T38 
8T80 

2.00 
2.50 
2.00 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

8T97 2.00 
8T110 2.00 
5309 8.00 
5312 4.00 
5313 4.00 
5320 5.95 
5554 1.90 
5556 2.50 
5055 1.60 
MC4044 2.25 

BOL97 
81L22 
82L23 
85L51 
85L52 
85L63 
86L70 
86L75 
86L99 
88L12 

1.50 
150 
1 90 
2.50 
2.50 
1.25 
1 50 
1 90 
3 50 
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419 Portofino Drive 
San Carlos, California 94070 

Please send for IC. Xistor 
and Computer parts list. 

WAMECO INC. 

MEM-1 llKX8 lully bulfered. S-100. uses 2102 type rams. 
PCBC .. . . ......... . $30 
Mother Bo•rd 12 slol. terminated, S-100. board onfy$35 
10% discount on 10 or more ol WAMEGO PC BO 1n any 
combination 

Check or money o'der onty II you a1e nol a regular cuslomer and your 
order 1s large please send oilher a cashier"s cteck or a postal morey 
0tder. otherwise lhere will be a delay of two weeks for the check to 
clear. All items post paid In 1he U.S. Gallf. resident.s add 6~ tax 
Money back 30 day guaranree. We canno l accepl rel urned IC"s that 
have been soldered lo. Prices subJecl to chaoge w11hout notice. $1 D 
minimum order. $1 .00 Mrvlce charge on orders leaa !hen $10. 



TtJ ~l! I fun het i11formrJ1ion Otl l il t! p rodvc1s ot/Vt.rtlstd ;,, 8 YTE, fill uul 1h~ rt:odf!r 
St'rvice cord wi th your name and addre ss. Thf!n circle lht! appropridtf! numbtrY for tilt! 
odvertlictrs y ov setec r from thlt list . Add o 9 cent ttump to 1he cord, tht!n drop /1 111 tl1t 
mull. Nu t on/)1 do y ou 9uin fnformutlon, lwt 011r Od"Crtlser1 are tncouroged lo use thf 
m11rJ11: rpluc~ provld~d by B YTE. This helps us bri119 you a bigger 8 YTF.. 

r:eader Reader Reader 
Service Page Service Page Service Page 
Number Number Number Number Number Number 

441 AAA Chicago Computer Center p. 185 360 Extensys p. 31 354 PERCOMP 78 p . 5 
382 Alpha Digital p . 82 419 Floto, Charles p . 177 387 Peripheral Vision p. 99 
454 Ancrona pp. 188, 189 456 Godbout p . 193 420 Perri-White Assoc p. 178 
391 Anderson Jacobson p. 107 • Hayden Books p. 135 361 Per-Sci p . 69.357 Apple pp. 14, 15, 16 394 Heath pp. 112, 113 Personal Computing Expo pp . 162-165.378 Artec Electronics p . 73 389 Heuristics p . 103 PolyMorphic Systems p . 7 
446 AVTAR Systems p . 187 372 Information Terminal s p . 51 355 Processor Tech pp. 8, 9, 10, 52, 53 
383 BITS pp . 83, 144, 151 , 175, 176 371 Integral Data Systems p. 49 368 Quantronics p. 45.392 BPI p. 109 439 Intell igent Busi ness Machines p . 185 Radio Shack of Fort Worth p . 43 
409 Byte Shop East p . 155 417 International Data Systems p. 172 406 R HS Marketing p. 139 
451 Syte Shop of Miami p . 187 435 IORp. 185 430 Rotundra Cybernetics p. 184. BYTE Subscription p. 93 416 Ithaca Audio p. 171 377 Scelbi Computer Consult ing p . 121 .374 Canada Systems p. 59 458 Jade p. 195 Scientifi c Research pp. 44, 63 
388 CMC Marketing Corp p. 101 352 James Electronics Cover IV 462 S D Sales p. 203 
398 Compumart Inc p . 123 459 James Electronics pp. 196, 197 376 Seals Electronics p. 67 
363 Computal ker p . 36 395 John Fluke Mfg p. 117 381 Smoke Signal Broadcasting p. 81 
433 Computer Age p. 185 453 JVR Computer Store p. 187 427 Sottware Exchange p. 182 
444 Computer Corner p . 186 407 Kent·Moore p. 145 375 Software Records p . 61 
452 Computer Creations p. 187 460 Meshna p . 199 447 The Software Store p . 187 
449 Computer Depot P. 187 380 MicroAids p. 80 364 Solid State Music p . 37 
400 Computer Enterprises p. 127 414 Micronics p . 167 463 Solid State Sales p . 205 
356 Compute rland pp. 12, 13 397 Micro Peri pherals p. 33 445 Sunny Computer Store p. 187 
431 Computer Mart of NH p . 184 390 Micropolis p . 105 350 SWTPC Cover 11 
442 Computer Playground p. 186 369 Microware Systems Corp p . 47 429 Sybex p. 183 
415 Computer Room p. 171 443 Microtex Inc p . 186 401 Synchro Sound pp. 128, 129 
437 Computer Systems Store p . 185 465 Mikos p. 207 448 Szerl ip Enterprises p. 187 
353 Cromemco pp. 1, 2 408 MiniTerm p. 149 426 Tarbell Electronics p . 181 
379 Databyte p. 75 461 Morrow's Micro Stuff p. 201 373 Technical Design Labs p. 57 
423 Data Search p. 179 421 mpi p. 178 403 Technical System Consultants p. 133 
396 Digi tal Group p. 119 411 MSI p. 157 402 Technico Inc p. 131 
410 Digital Micro Systems p. 155 412 Mullen Elect ronic Boards p . 159 388 TElp. 101 
438 Disc3p. 185 413 National Mul ti plex p , 161 362 Texas Instruments pp. 34, 35 
455 DRC p . 191 359 North Star Computer pp . 21, 77 358 TLF p. 17 
351 ECO Cover Ill 384 Objecti ve Design p . 85 466 Urban Instruments p. 207 
450 Economy Term inals p . 187 365 Oh io Scient i f ic pp. 38, 39, 40, 41 393 Vector Electronics p. 111 
386 E & L Instruments p. 97 457 Oliver Audio Electronics p . 194 385 Vector Graphic p. 85 
432 EDP Professionals p. 184 399 Osbo rne & Associates p . 125 422 Vectren p. 179 
436 Electravalue p. 185 434 Outer Products p. 185 424 Worldwide p. 180 
464 E lectrolabs p. 206 428 PAIA Engineering p . 182 405 Ximedia p. 137 
425 Electron ic Control Technology p. 180 418 Parasitic Engineering pp. 174. 181 370 Xybek p. 47 
440 Electronic Discount Sal es p. 185 . Per Com Data pp. 11 , 1 73 

•Rf!odu Jervict /nqolrit•J 1101 10/lclttd. Currt1pond dlrt!Ct/y wllJt company. 

July BOMBworks -ARTICLE PAGE 
The results of the Ju ly 1977 BOMBNUMBER ARTICLE NUMBER 

voting found the winner to be James R 
1 Jenkins : How to Write an Application Program 18 Baddie's "Speech Recognition for a Personal 
2 Borrmann: Relocatability and the Long Branch 26 Computer System," page 64. James' article 
3 Duda : Othello, A New Ancient Game 60 placed first in the voting by BYTE readers, 
4 Wimble: An APL Interpreter for Microcomputers, Part 3 64 at a distance of 1.75 standard deviations 
5 Chung: An 8080 Simulator 70 above the mean vote for 14 articles in the 
6 Kruglinski : How to Implement Space War 86 July voting. Second place was a tie between 
7 Smith : Fundamentals of Sequential File Processing 114 W Douglas Maurer's "How to Pick Up a
8 Madden: C: A Language for Microprocessors? 130 

Dropped Bit, " page 72, and Robert9 Schneider: Simple Approaches to Computer Music Synthesis 140 
Grappel 's "Give Your Micro a Megabyte,"10 Higgins: Structured Program Design 146 

11 Holladay: Computer Information Arrangement 156 page 78. Bonus checks of $100, $50 and 
12 Bauerschnub: Analyze Your Car's Gas Economy with Your Computer 166 $50 were sent to au thors Boddie, Maurer 
13 Milligan: Mastermind 168 and Grappe! respectively.• 
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WERE OUT OF OUR MINDS! 

OUR MICROMINO COMPUTOR HAS MET 

WITH SUCH CONSUMER ENTHUSIASM 

THAT WERE BUSY F'ARING DOWN 

A SIX MONTH PILE OF ORDERS.. . . 


PLEASE BE PATIENT. ... IT'LL BE WORTH IT! 

FOR INFORMATION ON MICROMINO CALL (617)661-4400 

EtD> ECO CORP
196 BROADWAY, CAMBRIDGE 

MASS. 02139 


INNOVATIONS IN ELECTRONICS 


Circle 351 on inqui ry card. 

I 
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