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COMPUTER

E-Iile-': 6800 svstem

aalr2 MULTI-USER SYSTEM

| EJTI'! MINIFLORRY
|

OISK sysTtem

OPERATES - Up to 4 terminals running INDEPENDENT programs
HARDWARE TIME SHARE - Requires no modifications to computer
IDEAL FOR - Al multi-terminal applications

The SWTPC multi-user system converts our standard 6800
single user computer into a multi-user time share system
that may be operated with up to four terminals. The four
terminals operate independently and may be running four
different programs.

No modifications to the computer are necessary, you sim-
ply plug in the multi-user board and add an interface for
each additional terminal.

The multi-user system is ideal for program training, multi-
station business applications and for computer aided in-
struction (CAl). Speed reduction from a single user system
is negligible because all switching is done in hardware.

Multi-user BASIC, suitable for program instruction and sim-
ple business applications, is included with the multi-user

1

board. An 8K disc BASIC is also available for systems in
which disc drives are used. This software has a complete
nine digit floating point math package, full string features
and data files.

For computer aided instruction applications, a full feature
version of PILOT is available. It includes math operators,
misspelling match features and all other proposed for the
ANSI| standard version. The 6800 multi-user system is just
as economical, but far more flexible and powerful than
mu ltiple small machines for CAl applications.

MUB-68 Multi-User Board and BASIC Software
Assembledand tested. . . ... ...... ... ..., $150.00
1 $129.95

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216

Circie 350 on inquiry card.
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Mode! Z-2

Up to 512K of RAM/ROM

Z-2D
@v@pxlrcré/5rcmz

& Cromemco

Model Z-2D
One or two disks
Up to 512K of RAM/ROM
Up to 184K of disk

_2-2D
Compureryseem_,

A

3 3 Ao o
&l Crome :

System Two
Dual disk
Up to 512K of RAM/ROM
Up to 184K eof disk

Fill your computer needs

with the industry’s

most professional microcomputers

#1 IN RELIABILITY

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

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

Your range of choice includes
our advanced System Three with
up to four 8” disk drives. Or choose
from the System Two and Z-2D with
5" drives. Then for ROM-based work
there’'s the Z2. Each of these com-
puters further offers up to ¥2 mega-
byte of RAM (or ROM).

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

e Z2-80A microprocessor — oper-
ates at 250 nano second cycle
time — nearly twice the speed of
most others.

*Rated in The 1977 Computer Store
Survey by Image Resources, Westlake
Village, CA.

Circle 80 on inquiry card.

Up to 512 kilobytes of RAM and
1 megabyte of disk storage

System Three
Two to four disks
Up to 512K of RAM/ROM
Up to 1 megabyte of disk

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

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

i n ¢ o r p o r a t e d
Specialists in computers and peripherals
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400

e Cromemco card support of more

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

® The industry’s most professional

software support, including FOR-
TRAN IV, 16K Disk-Extended
BASIC, 2-80 Macro Assembler,
Cromemco Multi-User Operating
System — and more coming.

® Rugged, professional all-metal

construction for rack (or bench
or floor cabinet) mounting. Cab-
inets available.

FOR TODAY AND TOMORROW

Cromemco computers will meet
your needs now and in the future
because of their unquestioned tech-
nical leadership, professionalism
and enormous expandability.

See them today at your dealer.

There’s no substitute for getting
the best.

see next
page
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Anchorage, AK 99502
ALASKA DlVERSIFlED OIGITAL
West Hoteco e
(907) 171-6311

Hunssile, AL 35808

UTERLAND OF HUNTSVILLE
Soro Umv:mly Drive, N.W.
(205) 539- uoo

° LineRock, AR 72206
MPUTER PRODUCIS UNLIMITED
$512 Sauth Brondw
{501) 371-0449

Phoenix, AZ 85013

BYTE SHOP OF PHOENIX
4 W. Camelback Rq

{602] 7650065

Phoenix, AZ 85021

COMPUTER RESEARCH CORP.
2225 W. Min. View Road — No.
(602) 943- a1|9

Phoen ix, AZ 85029
COMPUTER WORLD
2230 West Larkspur
(602) 9438925

Tucson, Arizona 85716
BYTE SHOP OF TUCSON

2612 East Broad way
{602) 3274579

® Carson, CA W 746
SUNSNINE COMPUTER COMPANY
20710 Snull) I.upwnod Avenue
{213) 327.

® Citrus N:ipm, CA 95610
P SACRAMENTO
8001 Grten back Line
(916) 961-BY

€1 Cerrito, CA 94530
COMPUTERLAND EL CERRITO
11074 San Pablo Aven ue

(415) 233.5010

®Fountain Valley, CA 92708
ADVENTURES IN COMPUTING
8756 Warner Avenue
{714) 8484388

Fresn 0, CA 93703

BYTE SHOP OF FRESNO
3139 €. Mekinley Avenve
(209) 18:

Hayward, CA 945
DMPUTERLAND OF HAYWARD

22634 Foothill Boulevard

(415) 538.

Hun tington Beach, CA 92647

ALGOR"NM PERSONAL COMPUTERS
61 Rhine Drive

(714) 51 aolo

Inglewo od, CA 90302

COMPUTERLAND OF W. LOS ANGELES
6840 La Cienega Boulevard

(213) 776 !Olﬂ

Lawnd ale, CA 9206

BYTE $1107 OF LAWNDALE
508 Hawthorne Boulevard

{213) 371 1-:1\

® Loomis, CA 95650
KINGM( ONV ENTERPRISES INC

9900 Ki
{916) 9nu|ss

Los Angeles, CA 900:

KNERICAN RECORDER COMPANY
1655 Sawtelc Boulevard

(213) 4 zoe

MenloPark, CA 94025
COMPUTADATA Pkocissan SERVICE
2225 Sharon Road - No.

Mision Vielo, CA 82630

COMPUTERLAND SADDLEBACK VLY
24001 ViaF abrican te —

(47700131

Moraga, CA 34556
ACCOUNTING BY COMPUTER
1161 Larch Ave.
(415) 3761730

. Mmmuin Vitw, CA 94040

061 E: c.m.nn Rnl
(415) 969. )IG

Orange, CA 92661

COMPUTER MART
633-BWsst Katela Boulevard
{714) 6331

Palo Alto, CA 94306
BYTE SHOP PALO ALTO
2221 €l Camino Real
(415) 327-8080

Palo Alto, CA 94301
MICROTECN EXPORTS
912 CowperStreet
{415) 3281712

Pasadena, CA 91101
BYTE SHOP PASADENA
496 South Lake Avenue
(213) 6843371

Placerville, CA 95667

GRANITE BUSINESS SYSTEMS
670 Pleasant Valley Road

(916) 6261161

Sacramento, CA 55816
MICROCOMPUTER APPLICATIONS SYS

2322 Capital Aven ue

(916)4)34914

San Diega, CA 9221

comur:aunnor SAN DIEGO
4233 Con voy Streer

(714) 5609912

San Diego, CA 9211
THE COMPUTER CENTER
8205 Ranson Road

(714) 292 5302

San Francisco, CA 941
COMPUTERLAND or SAN FRANCISCO
117 Fremont Street
(415) 546.1592

San Fancixo, CA 9410;
1HE COMPUTER STORE OF S.F.
1093 Mission Street
(us)m 0640

San Fumluo CA 94118
THE NETWORK:

495 Third Aven ue — No. 8
315) 2210112

®DENOTES 'SYSTEM THREE' DEALER

BYTE July 1978

SEE YOUR LOCAL DEALER

San Jose, CA 9512,

BYTE SHOP 43 ol SAN JOSE
2626 Un ion Avenue

(408) 3774685

Sin Jose, CA 9512
e eoipuTER ROOM
124-H Blossom Hill Roxd
{408) 226.8383

San Jose, CA 95132

(aau) 2626

San Leandro, CA 945
COMPUTERLAND coRPOanN
14400 Catalina Shreet
(415) 3959361

®San Mateo, Casai0n
COMPUTER TERMINAL
09 S. San MateoOrive
(415) 347.9894

®Sania Ann CA 92705
ADVANCED MICROCOMPUTER PROD.
1310 Em Edinteg
{114) 5

Santa Cta ra, CA 95051

'm[ BYTE SHOP OF SANTA CLARA
00 El Camino Real

(408) 2494221

Santa Monica, CA 90401
THE COMPUTER STORE
820 Broadway

(213) 4510713

Sunnyvale, CA 94086
BYTE INDUSTRIES
930 W. Maude

(415) 739.8000

© Sun nyvale, CA 94086
RECREATIONAL COMPUTER CENTER
1324 South Mary Aven ue
(408) 732:3108

Tustin, CA 92680
COMPUTERLAND OF TUSTIN
03 West First Stree

(714] 544042

Van Nuys, CA
COMPUTER COMPONENTS
5848 Sepulveda Boulevard

Walnu1 Creek, CA 94596

BYTE SHOP COMPUTERS OF DIABLO VLY
2989 N. Main Strect

(415) 9336252

Englewoad, CO 8

BYTE SHOP OF ARAPAnocouNw
3463 South Acoma Stree

(303) 7616322

Farfeld, CT 0643
COMPUTERLAND OF nmnuu
2475 Black Rock Turn

(203) 374- 221

sor Locks, CT 0609
THE CompuTeR STORE
63 South Main Sueet
(203) 6270188

Newark, DE 1971
COMPUTERLAND OF NEWCASTLE CITY
/.3t0 Shopping Cen ter

Kirkwaod Highway

(302) 738- 9555

Ft. Laude:.

BVTEOF P LAUDERDALE
1044 E. lelmd Pack Blvd,
(305) 5612983

Ft. Lauderdale, FL 33312

COMPUTERS FOR YOU, INC.
08 W. Broward Biwd.

(305) 581 5945

FC Meyers, FL 33901
MICRO COMPUTER SYSTEMS, INC.

12800 U5 41 South
{813) 4813376

Plantation, FL 33317

COMPUTER AGE
1400 S.W. 70th Avenue

(305) 79|-soao

® Lampa. FL L 33609
WACRD COMPUTER SYSTEMS
1445, Dale Mabry Avenue
(813) 3794225

® Atlanta, GA 3034
ATLANTA COMPUTER MART
5091-| B Bu!otd Highway
(404) 45,0647

Marietta, GA 3006
EDUCATIONAL DATA SERVICES
79 Oxford Road

® Haiku, Maui, HI 96708
Al

9671
CAPACITY,IRC.
r.0. B,

{3081 575 zs)o

®Horaluk, Wi veats

ACT COMPUTERS
508 5 Royal Hawaian, Ste. 07
{808) 373-2151

Kailua, Oahu, M| 96734
MICROCOMPUTER ENTERPRISES
1450 Mokulua Drive

(808) 2613281

Atington Heights, L 60004
COMPUTERLAND ARLINGTON HTS,
50 East Rand Road

(312) 2556488

Champaign, 1L 61820
BYTE SHOP CHAMPAIGN
1602 5. Neil Street

217) 352- qu

cmumluos 2
NSON & BRATTON, INC.

ST61'S Milard Avenos

(312) 7356200

Liste, IL 60532

COMPUTER & CONTROL AFFILIATE
4315 Azalea, No. 401

(312) 9686548

Lombard, IL 60148

MIDWEST MICROCOMPUTERS, INC.
708 South Main Stree

(312) 49s- 9559

Naperville, IL 60540
ILLINI MICROCOMPUTERS
612 East Ogden Aven ue
(312) 4208813

Niles, IL 60648
COMPUTERLAND NILES

waukee Avenue
(le) 967-1714

0ak Lawn, IL 60453
COMPUTERLAND OF OAK LAWN
10935 South Cicero Aven ue

312) 422-808¢

Rockford, Wen
IMPERIAL coMPUT[R SYSTEMS
2105 — 23rd Ave
(815) 226.8200

S{hzumbuvl. IL 6019!

ATA DOMAIN SCNAIJMIJLIRG
16| 2 East Alyonquin Road
{312) 397.8700

©Blgomington, IN 47401
DATA DOMAIN
406 South College Aven ue
(812) 3343607

o Fartanne, ‘N 46805
TA DOMAIN OF FORT WAYNE
2605 EanrS e Boulrard
219) 4847611

Ind Impollh N 46268

DATA DOMAIN OF INDIANAPOLIS
10.1 Ml:h\m Road
(317) 2513139

West Lafayerte, IN 4
DATA DOVIAIN OF WEST LAFAYETTE
219 West Columbia

(317) 743 3951

Mission, KS 66202
COMPUTER CENTER
815 Johnson Drive

(913) 432:2583

Overhnd Park, KS 662
RSONA| LCOMPUHRCENTEu INC,

SE19W, 95 S
(913) 649. 5941

Lexingten, KY 050

DATA DOMAIN OF szmcron
506.1/2 Euclid Aven

(606) 2333346

Louisville, KY 40222
COMPUTERLAND OF LOUISVILLE
813-B Lyndon Lane

(502) 425.8308

Louiswlle, KY 40220
DATA DOMAIN OF LOUISVILLE

3028 Hunsinges Lane

{502) 4565242

Louisyille, KY 40206
PRAGMATECH

2310 Meltwood Avenue
(502} 895-1230

®Burlington, MA 01803
THE COMPUTER STORE
120 Cambridye Sreet

(617} 272.8770

Concurd, MA 07742
TRAIL EQUIPMENT COMPANY

lain
(617) 3698643

Coltege Park, MD 20740
INY[I.LIGENY BUSINESS MACHINES

7338 Baltimore, Avenue, Suite 200
(301) 779- 799!

.Plkemllz MD 21208
IODULAR SYSTEMS, INC.
1005 Seven Mile Lan e
(30!) 4846322

Rockville, MD 21
COMPUTER WORKSHOP
1776 East Jefferson

(301) 468.0463

Rockville, MD 20855

COMPUTERLAND OF GAITHERSBURG
16065 Frederick Road, Route 355

{301) 94!—7576

Silver s,..n;. D 2090

& & ENGINEERING, INC.
9318 Worth Aven ue

(301) 5893779

Tawmn, MDD 21 204
MPUTERS ETC.

l} -A Allegheny Avenue

(301) 296.0520

Ann Arbor, Mi 48104

NEWMAN COMPUTER EXCIIANGE
1250 North Maln Street

(3 13} 9944445

Ann Arbor, M 48

e COMpUTER STORE
310 East Washingion
{313)995.7616

Ann Arhor, M1 48104

UNITED MICRDSYSTEMS CORP.
2601 Suu(l- Sulz Street

{3131 66

®Berrien Springs, M1 49103
THEABACUS
Route No. 1, Box 193 (Niles Avenuc)
(616) 429.3034

Grand Rapids, Mt 49508
]EPSAN GROUP K

4706 Morningside Drive, S.E.
(616) 698-9057

Royal Oak, MI 48073

COMPUTER MART OF ROYAL 0AK
1800 West 14 Mile Roxd

(313) 576-0300

Edina, MN $5435
COMPUTER DEPOT, INC.
3515 West 701h Street
i612) 9275601

Chesterfield, MO 63017

COMPUTER SYSTEMS CTR ST. LOUIS
13461 Oibe Boulevard

(314) 576 sozo

Lake St. me, MO 63367
DATA DYNAMICS, INC.
1000 Lake Sain1 Biwd., Ste. 324
(314) 625. 2400

Nashua, NH 03060

coMl’U!ERLANDDr NASHUA
419 Amherst

(603) 889 sz)ﬂ

Hoboken, N | 07030

HOBOKEN COMPUTER WORKS
No. 20 Huison Place

(201) 4201644

®(iin, N) 08830
COMPUTER MART OF NEW JERSEY
503 RouteNo
{201) nwsoo

Morristown, NJ 0796

COMPUTEKI.ANDOF MORRISTOWN
De Hart Street

(zm) 5394077

Ren o, NV 89502
BYTE SHOP OF RENO
4104 Kieuzke Lane
(702) 826-8080

Buifalo, NY 14150
COMPUTERLAND OF BUFFALO
1612 Niagara Falls Boolevard
(716) 8366511

© Buftalo, NY 14226
CORSON COMPUTER CORP., INC
3834 Main Swrect
(716) 8320662

De Wire, NY 13214
COMPUTER ENTERPRISES,
3470 Erie Houlevard East
(315) 446 1254

Hewiett, NY 11577
LOUIS SCHAEFFER
319 Hamitton Avenue
(516) 3741286

®liollis, NY uul
SYNCHRO-SOUND ENTERPRISES
193-25 Jamaica Avenue
(212) 468 1061

tnaca, NY 14850
COMPUTERLAND OF ITHACA
525 Eim

(607) m.um

New York cuy‘ NY 10016
BYTE SHOP E.

BOE Sansieet
(212) 8894204

Rochester, NY 14609
COMPUTER HOUSE, INC
721 Atlan tic Avenue
(716) 654.9238

© Cincinnati, OH 45409
DIGITAL DESIG

7694 Camargo Rd. [Madiera)

(513) 5616133

Cmcmmn OH 45202
CENTURY SHOP

Sky
(sn)rm 211

Columbus, o1 320
MIDWESTERN DIGITAL ELECTRONICS

80 West Lane Avenue, Suite 1)

(614) 294.2991

©Dayton , OH 45409
DATA DOMAIN OF DAYTON
1932 Brown Street

(513) 2237348

Kent, OH 44240

omo MICRO SYSTEMS
233 South Water Street
(216) 678. 5202

Maylield Heights, O 44124
COMPUTERLAND OF CLEVELAND EAST
1288 Som Cen ter Road

(216) 461.1200

Oklahoma City, OK 73106
HIGH TECHNOLOGY
1611 Nocthwest 2d Street
(405) 5283008

Beaverton, OR 9700

BYTE SHOP OF HEAVERTCIN
3482 S.W. Cedar Hills Boulevard
{503) 644-2687

Eugene, OR 9740

REAL OREGON COMPUTER CO.
205 West Tenth Sireet, P.O. Box 52
{503) 484.1040

* Iuatin, OR "97062
REATIVE SYSTEMS
n S.W. Nyherg Road
(503) 638-8406

Altison Park. PA 15101
R. DON KRIGGER
9380 Springfeld Drive
{412) 3644945

Hun tington V;IItv‘ PA 19006
MARKETLINE SYSTEMS, INC.
2337 Philmont Avenue

(215) 9414670

King of Prussis, A 19406

COMPUTER MART OF PENNSYLVANIA
550 Je KaibPike (Route 202)

(215) 2652540

lebum\

CS
7150 McNight Road

Warwick, R1 02886
COMPUTER POWER, INC.
1500 Post Road

(401) 7384477

Columhia, SC 29205

BYTE SHOP OF COLUMBIA
2018 Green Street

(803) 771.7824

Memphis, TN 38101

COMPUTER STORE
2162 Courttand Place
(901) 2741938

Nashville, TN 37206
COMPUTER WORLO
625 Main Street
(615) 2445094

o i) N 3721
SURYA CORPORATION
755 Nolensville Roay
(615) 8345638

Amarillo, TX 79109
COMPUTER CORNER, INC
1800 South Geargia Sr., No. 3
(806) 353-4194

© Austin, TX 78731
COMPUTERS'N THINGS

2825 HancockDrive
1512) 453.5970

@ Corpus Christi, TX 78411

MICRO SYSTEMS SERVICES, INC
5301 Everhart, spm H—P.0. Box 6535
(512) 55545

. Dalln, TX 75243

51 Keystan Fark, 13933 North Centol
(214) 234391

®Houstan, TX 77057
compursumn OF S.W. HOUSTON
439 Westh cimer
(1| 3) 9770909

® Houston , TX 77006
COMPUTERTEX
2300 Richmond Aven ue
(113) 5266934

Houston , TX 71016

INTERACTIVE COMPUTERS
7646-1/2 Dashwood, P.O. Box 36584
(713)977.7037

i n ¢ o r p o r a t e d
Specialists in computers and peripherals
280 BERNARDO AVE., MOUNTAIN VIEW, CA e (415) 964-7400

®Houstan, TX 77098
THEMOS
1853 Richmond Aven ue
(713) 527.8008
Lubbock, TX 79412
COMPUTER MART OF W. TEXAS
06 D Avenue, Q
(aos} 765- 1134

Richardson, TX 75080
THEMICROSTORE

634 South Central Expressway
(214) 231-1096

Provo, UT 84601

THE COMPUTER WORKS

735 South StateStreet, P.O. Box N
{801) 373.7522

Alexand ria, VA 22304
COMPUTERS PLUS, INC.
678S. Pickent Sueet
(703) 151-5656

MeLean, VA 22101
COMPUTER SYSTEMS STORE
1984 Chain BridgeRoad

(703) 821-8333

Seattle, WA 98115

THE RETAIL COMPUTER STORE
410N E. 72nd Stree

(206) 5244101

®Appleton, Wi 54911
SOUND WORLD, INC.
015 W. Wisconsin Avenue
(4-4) 7347698

Madison, Wi 53711

TH[ MADISON COMPUTER STORE
Monroe Sueet

(6osl 255.5552

Mitwauhee, W1 53208
MILWAUKEE COMPUTER STORE
4710 WestNortlr Aven ue

(414) 4454280

.Rxmz Wi 53408
OLORTRON TV
SO Lathrop Avenue
(414 637.2003

© INTERNATIONAL o

Carnegie, Vict. Australia
SONTROM INSTRUMENTS
17 Arawatta Streel
5600358

Croydon, Vict,, Australia, 3136
COMPUTER ART & EDUCATION
2 Stephen Crescent

Peah ran, Vicloria, Austratia, 3181
GEMINI MICRO COMPUTERS
.0. Box 99

WestPerih, 6005, W. Aust'l
AUSTRALIAN COMPUTER PRODUCTS
1300 Hay Street

(09 3226497

*A.2401 Fihamend, Aunca
KREBSG! B.0i4
lhlnhur[n Snabt 34
022326818223

Calgary, Alberta, Canada
ROBO-TRONICS

09.16 Avenue N.W.
{403) 282 9<96

Montreal, Oucb« Can. H38 39
FUTUR BYTE,

1191 Phillips Squalt

(514) 8513120

Toronto, Ont., Can. M4G 385
COMPUTER MART, LTD.
1543 Bayview Aven ue

(416) 484 9708

Toronto, Gnt. Can. MSR 1A

FIRST CANADIAN COMPU'IEK STORE
44 Eglinton Avenue West

{416 483 g

Can. MSY 121
TRlN'lllONI(S LTD.

6 Queen Street West
(us) 598.0260

Calgary, Alta., Can. T2 479
THHE COMPUTER SHOP
3518 Eifhucenth Sueet, SH.
403) 243.0301

© Little Paxton, Huntingdon, Cambs
Cambs., Engtand PEI94N)
COMART LIMITED
24A Market Square
0480215005

Paris 75017, France
COMPUTER BOUTIQUE
149 Avenue de Wagram

Chiyoda-Ky, Tokyo 101, Japan
BYTE SHOP SOGOH

166 Sotokand a

03 2551984

Kashiwa cu» cmb. w 277, Japan
BELLKEY TEC.
5-9,2.Chome Kan

Tokyo 106, fapan
m CoRPORATION

4333 Chome, Ropongi, Minatoka
03)5852333

*Mesicols, u F. Mexico
INTELE.
PR, D Los atos 70
(905) 516 9970

TESPhiphes
MS CO!

ISION
150Amorsn lo s- & Pasy Rn
Legaspl Village

10052 Smckholm 29, Sweden
DATORISERING KONSULT AB

4053 Basel, Switzerland
EUREX, INC

Beinwller Str. 13
061-357069

#8003 Zurich, Switzerland
COMICRO AG
Badenersease 260

®44itrup 4400, Munster, W. Germ
BASIS MICROCOMPUTER VERTRIEB
Von Flotow Strabe §
02501-4800

W. Germ.
BIGITRONIC€0MPUYERSVS1EME
gu 31" Doppefieche 3-5

1
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KIMER: A KIM-1 TIMER
Software—Baker

THE AXIOM EX800 PRINTER: A User's Report
Product Description—Bosen

THE Z2-80 IN PARALLEL
Hardware—Loewer

CONTROLLING DC MOTORS
Hardware—Walton

BUILD A KEYBOARD FUNCTION DECODER
Hardware—Ciarcia

A HIGH LEVEL LANGUAGE FOR 8 BIT MACHINES
Software—Williams-Conley

HOW TO GET YOUR TARBELL GOING
Hardware—Weinstein

Background

TOP-DOWN MODULAR PROGRAMMING
Software—Hearn

WHO'S AFRAID OF DYNAMIC MEMORIES?
Memory Design Tutorial—Hauck

ANTIQUE MECHANICAL COMPUTERS, Part 1: Early Automata
History—Williams

THE FIRST TEN YEARS OF AMATEUR COMPUTING
History—Libes

A SHORT HISTORY OF COMPUTING
History—Reid-Green

HOW TO CHOOSE A MICROPROCESSOR
Architecture—Frenzel

Nucleus

In This BYTE
Some Thoughts About Modems
Letters
The Second West Coast Computer Faire
Clubs, Newsletters
Languages Forum: BASIC to Assembly Language Linkage
Technical Forum: Fooling with the Stack Pointer
More on Varistors
Book Reviews
BYTE's Bits
BYTE's Bugs
Programming Quickies: Beating North Star-MITS Incompatibility
College Sports Report
Event Queue
What's New?
Unclassified Ads
BOMB
Reader Service
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This month’s cover shows Bab-
bage’s 1822 difference engine, a device
designed to calculate values in mathe-
matical tables. Charles Babbage was
one of the earlier pioneers in the field
of computational machinery, whose
work paved the way for later break-
throughs in computing.

In This BUTE

One way to demonstrate your
KIM-1 computer is to use it as a clock.
Robert Baker’s article KIMER: A
KIM-1 Timer shows you how to
display hours, minutes and seconds
on the computer’s LED display. The
program can also be used as a timer.

page 12

Heat sensitive aluminized paper is
the key ingredient in Axiom’s unusual
EX800 printer. Find out about one
user’s reactions to this peripheral in
The Axiom EXB800 Printer: A User’s

Report by R | Bosen. page 28

Transforming the goal ““l want thus
and so function” into a program which
performs that function is an act of
design. Albert D Hearn provides the
novice programmer with some back-
ground philosophy about design of
personalized programs in his article
entitled Modular Programming.

page 32

Are you afraid of dynamic mem-
ories? Let author Lane T Hauck
remove some of the mysteries about
these devices in Who's Afraid Of
Dynamic Memories? The greatest
potential of the dynamic memory for
the experimenter is its low price;
reading the article should prove to be a
“refreshing’’ experience. page 42

Dr James M Williams takes readers
on a fascinating tour of early experi-
ments in automata in his article
Antique Mechanical Computers, Part
1: Early Automata. Read about Vau-
canson’s mechanical duck and the
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other miraculous pre-19th century
devices that foreshadowed today’s
computers. page 48
Today more and more design
engineers are introducing parallel
processing into computer systems to
improve throughput rates. With the
advent of inexpensive microprocessors,
experimenters can now investigate this
fascinating area. Find out more by
reading Robert Loewer’s The Z-80
in Parallel. page 60
When did personal computing really
begin? Was it 1974 or 19717 The sur-
prising answer is 1966. Sol Libes’ The
First Ten Years of Amateur Comput-
ing traces the growth of this rapidly
growing field over the past decade,

and gives credit to the true pioneers.
page 64

The ability to control DC motors
allows you to imagine applications
from games to robotics. Robert L
Walton describes a simple method of
shaft position control in his article,

Controlling DC Motors. page 72
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Have you ever wondered how this
business of computing ever got
started? And just what were the major
developments and discoveries that
made the computer industry what it is
today? Well, take A Short History of
Computing course by reading the
article by Keith S Reid-Green. [t
provides a perspective on the antece-
dents of today’s developments in the

field of computing. page 84

If you would like to turn your
printer or other peripheral on and off
from your computer keyboard, Steve
Ciarcia describes a simple way to do
it with an EROM in Ciarcia’s Circuit
Cellar: Build a Keyboard Function
Decoder. page 98

How do | choose a microprocessor
for personal computing? In some
respects the problem is analogous to
attempting to choose between a V-8
and a V-6 automobile engine of the
same horsepower: both make the
car go and most users couldn’t care
less about the type of engine so long
as the car gets them to their desired
destinations. Similar considerations
apply in the choice of a personal
computer product based on the
microprocessor it contains. Who
cares what microprocessor the prod-
uct contains, so long as it accom-
plishes a certain minimum level of
function with respect to systems
and applications software? Lou
Frenzel of the Heath Company gives
some thoughts on How to Choose a
Microprocessor in an article in this
issue. page 124

Thinking of writing your own high
level language interpreter for your
home computer? If so, Ted Williams’
and Steve Conley’s article, A High
Level Language for 8 Bit Machines,
will supply you with an overview of
one such implementation. The lan-
guage that they develop is suitable for
use as both an interpreter or a

compiler. page 152

If you own a Tarbell cassette inter-
face, read How to Get Your Tarbell
Going. Author Larry Weinstein ex-
plains how the unit works and gives

some suggestions for improving
performance. page 162




The Ultimate Turn-on

On/off control erywhere-
by computer over the AC wiring

Now it's simple and economical
to control AC devices remotely from
an S-100 or Apple Il computer.
Mountain Hardware's new Introl™
system delivers on/off commands
over the existing AC lines — so you
don' have to string a foot of wire!

Controlat any AC outlet. The
Introl system impresses a code-
modulated 50 KHz control signal
on the house wiring. Then decodes
the signal at any outlet to switch
AC devices on and off. You can
control lights, refrigerators, TVs,
solenoid valves, sprinklers, burglar
alarms —and many other things we
leave to your fertile imagination.
With the addition of input sensors
to your computer system, you can
automatically control variables such
as temperature and soil moisture.

Here's how it works. You plug
in a single AC Controller board at
the computer bus and connect the
AC Interface Adapter to any con-
venient 115 VAC outlet. The AC
Controller is now connected to
address as many as 64 channels
remotely. But it's completely isolated

from the 115v power, so there's no
chance of short or shock.

At any outlet where you seek
control, plugina Dual Channel AC
Remote. Then plug one or two
devices to be controlled into the
box. Every AC remote has two
independent 500 watt channels.
When commanded by the computer,
the Dual Channel AC Remote turns
the devices on and off independ-
ently When polled by the compu-
ter, the Dual Channel AC Remote
sends a signal back, telling the
computer the status of each device.
Bidirectional communication pro-
vides error free operation.

Simple programuning. You write
your control program in BASIC or
Assembler language. Software sub-
routines for the control programs
come with the equipment — along
with complete documentation. With
your computer, you can program
on/off commands at any day and
time using our optional Clock
boards for S-100 or Apple Il com-
puters. A self contained power
source assures fail safe operation.

Modest prices. The Introl
Remote Control System consists of
one AC Controller, either S-100 or
Apple I], and one Dual Channel AC
Remote. It costs $329 completely
assembled and tested. Additional
Dual Channel AC Remotes are $0.

The 100,000 Day Clock for
S-100's costs $219 assembled and
tested. The Apple Clock costs $179
assembled and tested.

All prices are f.0.b. Scotts Valley,
CA. Prices are USA Domestic. Cal-
ifornia residents add 6% sales tax.

Where to find it. The Introl
System cannow be found at compu-
ter shops throughout the U.S. and
Canada. Drop by and ask for a dem-
onstration. Mountain Hardware,
Inc., 5523 Scotts Valley Dr., Scotts
Valley, CA 95066. (408)438-4734.

Dual Channel AC Remote

AC Controller (S-100)

Circle 260 on inquiry card. BYTE July 1978 5

ﬁ Mountain Hardware



By Carl Helmers

Acticles Policy

BYTL Publications Inc is continuully
seeRing quality manuscripts written by
individuals who are applying personal
computer systems, designing such sys-
tems, or who have knowledge which
will prove useful to our readers. For
a more informal description of pro-
cedures and requirements, potential
authors should send a self-addressed,
stamped envelope to BYTE Authors'
Guide, 70 Main St, Peterborough NH
03458.

Articles which are accepted are
purchased with a rate of $45 per pub-
lished page, based on technical quality
and suitability for the intended reader-
ship. As to articles appearing in BYTE
magazine, each month, the authors of
the two leading articles in the reader
poll (BYTE's Ongoing Monitor Box or
“BOMB") are presented with bonus
checks of $100 and $50. Unsolicited
materials should be accompanied by
full name and address, as well as return
postage.®
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Some Thoughts About Modems

In the June 1978 issue of BYTE, on pages
103 and 104, we printed a short report on
activities of Ward Christensen and Randy
Suess of the Chicago Area Computer Hobby-
ist Exchange (or CACHE). These two gentle-
men have implemented a sort of public
bulletin board in the form of a computer
system which answers the phone through an
auto answer modem, determines the data
rate of the caller's modem, generates an
interactive self-documenting conversation,
and is able to store messages on a floppy
disk. [For those who missed the original
notice, the phone number to call is (312)
528-7141. You will need a Bell 103 style
modem running in originate mode at 110 or
300 bps.]

Another very active input is the continu-
ing activity of the PCNET committee on the
West Coast, which will sooner or later get
around to defining a protocol appropriate to
a number of users talking to each other. |
also received considerable inspiration from a
memo on Telemail put out by Ken Bowles
of the University of California at San Diego.
All these inputs add up to this present ex-
ploration of the state of modem technology
as applied to the personal computer.

If you look into the technology of tele-
communications, it is easy to get turned off
by timesharing. After all, what reason is
there to have your own computer if it is not
to avoid all that accounting and bill paying
on an hourly basis which is use of a time-
sharing account? Isn’t it better to pay a
lump sum and have a self-contained com-
puter which runs without any outside ties?
This view of identity between timesharing to
a big computer and telecommunications in
general has been a somewhat erroneous con-
clusion in my world view for several years.

The conclusion is easy to arrive at, since
virtually all use of moderately large com-
puters is done by timesharing telecommuni-
cations facilities. But viewpoints change

when an open mind is maintained. The
demonstration provided by the gentlemen of
CACHE is a key input which sent me on an
intellectual excursion into simple, easily im-
plementable uses of the small computer with
the phone network. The ideas which come
from these thoughts are oriented towards a
small integer number of people communi-
cating with one another. These ideas are the
kind which can be implemented whenever
two or a few people share a common goal
and live far enough away from one another
to make telecommunications via their per-
sonal computers a useful practice in lieu of
physical travel. The technology is present
and fairly inexpensive, so there is no reason
why it should not be used. And, as readers
will find in the form of future articles in the
magazine, the technology /s being used. Now
let’s turn to two characteristic models of
modems and what they can do for their
owners.

Simple Communications:

Two Computers + Two People + One
Phone Line + Acoustic Couplers

One of the simplest of models to imple-
ment in this sphere of computer to com-
puter data communications is duplex trans-
mission through the phone with similar
modems at each end. For example, let us
suppose that two readers are each the owner
of a personal system with a spare serial port
talking RS-232 levels to an acoustic modem.
Further, let’s suppose that they want to talk
to one another using digital techniques to
send words by way of the phone line. An
ordinary telephone of the household variety
is their link to each other via the phone net-
work. A simple program model for conversa-
tions carried out through a typewriter style
terminal keyboard with a display of mes-

Continued on page 104



Look To The North Star HORIZON Computer.

HORIZON™_ 3 complete, high-performance microprocessor
system with integrated floppy disk memory. HORIZON s
attractive, professionally engineered, and ideal for business,
educational and personal applicaticns.

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

WHAT ABOUT PERFORMANCE?

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

AND SOFTWARE, TOO

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

EXPAND YOUR HORIZON

Also available —Hardware floating point board (FPB); addi-
tional 16K memory boards with parity option. Add a second
disk drive and you have HORIZON-2. Economical serial and
parallel 1/0 ports may be installed on the motherboard. Many
widely available 5-100 bus peripheral boards can be added to
HORIZON.

QUALITY AT THE RIGHT PRICE
HORIZON processor board, RAM, FPB and MICRO DISK SYS-
TEM can be bought separately for either Z80 or 8080 S-100 bus
systems.
HORIZON-1 $1599 kit; $1899 assembled.
HORIZON-2 $1999 kit; $2349 assembled.

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

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

NorTH STar & CoMPUTERS
2547 Ninth Street « Berkeley, California 94710 « (415) 549-0858
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Sol Terminal Computer

The answerisa

It’s the serious
solution to the
small computer
question.

Sol Systems are the key to effective, economical
small computer power. Sol Systems give you the force of a
powerful general purpose computer, the problem solving
capability of high level languages and the operational simplicity
of everyday office equipment.

From the ground up, Sol Systems were designed to do
a complete job without adding a load of costly extras. In fact,
when you compare the “everything included” price of
a quality, field proven Sol System with anything else on the
market, you'll be happily surprised to find out how little
the extra performance and convenience costs.

For example, complete Sol Systems with 16,384 bytes
of RAM memory start at less than $2500*% Expanded systems
with 49,152 bytes of RAM memory, 1.5 million bytes of
on-line disk memory, disk operating system and Extended
Disk BASIC cost less than 38000* Both systems are fully
assembled, burned-in, tested and ready to go.

Sol Compatibility

Sol Systems feature the S-100 bus for pin-to-pin
compatibility with a wide variety of add-on devices such as
voice input and computer graphics. Standard Sol
parallel and serial interfaces will drive moststandard printers,
modems and other peripherals.

A word about languages

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

Take alook at our exclusive Extended BASIC as an example.
In cassette form, this BASIC features string and advanced

*U.S. prices only.
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file handling, special screen commands, timed input, complete
matrix, logarithmic and trigonometric functions, exponen-
tial numbers, 8 digit precision and square root. The language
handles serial access files, provides tape rewind and
offers cursor control for graphics capability.

The disk version has all the number crunching talents
of the cassette BASIC plus instant access to data and programs
on floppy disks. It includes random as well as sequential
files and a unique ability to update sequential data in place.

Processor Technology FORTRAN is similar to FORTRAN IV
and has a full set of extensions designed for the “stand alone”
computer environment. Thousands of special application
programs available through books and periodicals have already
been written in this well established language.

Processor Technology PILOT is an excellent language
for teachers. Itisastring-oriented language designed expressly
forinteractive applications such as programmed instruction,
drill and testing.

No wonder we call it the serious solution
to the small computer question.
It’s the small computer system to do the general ledger and

stem.

the payroll. Solve engineering and scientific problems.
Use it for word processing. Program it for computer aided
instruction. Use it anywhere you want versatile

computer power!

Sold and serviced only by the best dealers.

Sol Systems are sold and serviced by an outstanding group
of conveniently located computer stores throughout the
United States and Canada. They are also available in Australia,
Europe, the United Kingdom, Central America. South
America. Japan and Singapore.

For more information contact your nearest dealer listed on
the following page. Or write Department B, Processor
Technology Corporation. 7100 Johnson Industrial Drive.
Pleasanton, CA 94566. Phone (415) 829-2600.

Circle 305 on inquiry card.
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See Sol at dll these fine
computer centers.

ALABAMA
Birmingham . ........ ICP— Computerland
(205) 979-0707
CALIFORNIA
CostaMesa.............. Orange County
Computer Center (714) 646-0221
Hayward.. ............... The Byte Shop
(415) 537-2983
Hayward............... Computerland of
Hayward (415) 538-8080
Lawndale . ............... The Byte Shop
(213) 371-2421
Modesto. . ............. Computer Magic
(209) 527-5156
Mountain View............... Digital Deli
(415) 961-2670
SanRafael............... The Byte Shop
(415) 457-9311
Tarzana............ Byte Shop of Tarzana
(213) 343-3919
WalnutCreek............. The Byte Shop
(415) 933-6252
COLORADO )
Boulder................. The Byte Shop
(303) 444-6550
Denver.................. The Byte Shop
(303) 399-8995
FLORIDA
Ft. Lauderdale. . ........... Byte Shop of
Ft. Lauderdale (305) 561-2983
Miami............... Byte Shop of Miami
(305) 264-2983
Tampa. ................. Microcomputer
Systems Inc. (813) 879-4301
GEORGIA
Atlanta............ Atlanta Computer Mart
(404) 455-0647
ILLINOIS
Schaumburg. . ......... The Data Domain
(312) 397-8700
IOWA
Davenport........... The Computer Store

of Davenport (319) 386-3330

Processor’
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MARYLAND
Towson................. Computers, Etc.
(301) 296-0520
MICHIGAN
AnnArbor.........The Computer Store of
Ann Arbor (313) 995-7616
MINNESOTA
Minneapolis. . .......... Computer Depot
(612) 927-5601
NEVADA
ReNO. ::wswssiviw. - - . Byte Shop of Reno
(702) 826-8080
NEW JERSEY
Cherry Hill.......... Computer Emporium
(609) 667-7555
Iselin.............. The Computer Mart of
New Jersey (201) 283-0600
NEW YORK
Endwell .............. The Computer Tree
(607) 748-1223
New York.......... The Computer Mart of
New York (212) 686-7923
White Plains . . ............ The Computer

Corner (914) 949-3282
NORTH CAROLINA

Raleigh................. ROMs 'N' RAMs
(919) 781-0003

OHIO

Akron............. Basic Computer Shop
(216) 867-0808
Columbus . s s s 5w - - The Byte Shop
(614) 486-7761
Dayton................ Computer Mart of
Dayton (513) 296-1248

OREGON
Beaverton.......... Byte Shop Computer
Store (503) 644-2486
Eugene.............. .. The Real Oregon
Computer Co. (503) 484-1040
Portland............ Byte Shop Computer

Store (503) 223-3496
RHODE ISLAND
Warwick............ Computer Power, Inc.
(401) 738-4477
SOUTH CAROLINA

Columbia. ............... The Byte Shop
(803) 771-7824

TENNESSEE
Kingsport............... Microproducts &
Systems (615) 245-8081
TEXAS
Arlington................. Computer Port
(817) 469-1502
Houston...........Interactive Computers
(713) 772-5257
Lubbock. ....... Neighborhood Computer
Store (806) 797-1468
VIRGINIA
McLean.......... The Computer Systems
Store (703) 821-8333
WASHINGTON
Bellevue........... Byte Shop Computer
Store (206) 746-0651
WISCONSIN
Madison.......... The Madison Computer
Store (608) 255-5552
Milwaukee.. . .. .. ... ...The Milwaukee

Computer Store (414) 259-9140

WASHINGTON, D.C.

Washington, D.C............. Georgetown
Computer Store (202) 362-2127

CANADA

London, Ontario........... The Computer
Circuit Ltd. (519) 672-9370
Toronto, Ortario............... Computer
Mart Ltd. (416) 484-9708
Vancouver, B.C...........Basic Computer
Group Ltd. (604) 736-7474
Vancouver, BC..........Pacific Computer
Store (604) 438-3282
AUSTRALIA
Victoria.......... ... Sontron Instruments
(03) 569.7867
PHILIPPINES
SandJuan, MetroManila. . ... .. Integrated
Computer Systems, Inc.
JAPAN
Tokyo.............. Moon base Shinjuku

(03)375-5078.5079

Circle 305 on inquiry card.
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DESIGNERS BEWARE: SOME 2716
CONFUSION

| just came across a very untidy situ-
ation involving read only memory num-
bers which may be of interest to a great
number of readers. We are all familiar by
now with the advantages of the 2716
erasable read only memory; however,
everyone should be aware that while the
Intel version (and possibly others) re-
quires only a single +5 V supply, Texas
Instruments makes a similar device with
identical memory organization, number
TMS2716 that requires +5 V and +12 V
supplies. This part is designed to be pin
compatible with the older 2708s. Texas
Instruments has another part labeled
TMS2516 which is pin compatible with
an Intel type 2716, requiring only a
+5 V supply. While this is assuredly
somewhat bizarre, there seems to be
argument amongst the two companies as
to who claimed the name 2716 first. It
is definitely something that many will be
in need to be aware of.

David Marke

Solar Dynamics Ltd

3904 Warehouse Row, Suite C
Austin TX 78704

HOW TOSTAY IN CIRCULATION

| was somewhat astonished (an un-
derstatement) to find, wrapped in the
splendor of the March 1978 (I think)
plain brown BYTE wrapper, an April
1978 Playboy. Now don't get me wrong,
| enjoy looking at lovely ladies; in fact
it is one of my most time consuming
hobbies. However, | can pick up Hef’s
rag anywhere in Ottawa, and right now
my computer needs more tips on oper-
ating than | do. So, if you would, I'd
appreciate an issue of BYTE that
matches the enclosed mailing sticker.
Thank you.

Kevin Szabo

Box 86, Hillcrest Dr

RR #1, Manotick

Ontario CANADA KOA 2NO

WHERE TO GET TECO

Carl Helmers' editorial in the March
1978 BYTE, page 6, was interesting to
me, since the LSI-11 can run the RT11
operating system, for which there is a
version of real TECO (a superset of the
old PDP6/PDP10 TECO) with most or
all of the features he wants, plus ability
to use floppies, etc. Sources for said
TECO are available from DECUS for a
minimal charge. I've worked on the

Continued on page 120
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KIMER: A KIM-1 Timer

Listing 1: Combination digital clock and timer program written for the MOS
Technology KIM-1 computer. The LED readout is used to display hours,
minutes and seconds.

12

Address Hexadecimal
Code
00 00 00
01 00
02 00

02 00 A5 00

02 02 85 FB

02 04 A5 01

02 06 85 FA
02 08 A9 00

02 0A 85 F9

02 OC 8D 03 17
02 OF A9 04

02 1 85 02

02 13 A2 20
02 15 CA

02 16 DO FD
02 18 A9 F1
02 1A 8D OF 17
02 1D 20 1F 1F
02 20 2C 07 17
02 23 10 F8
02 25 C6 02

02 27 DO EA

02 29 F8

02 2A 18

02 2B A0 00
02 2D A5 F9
02 2F 69 01
02 31 85 F9
02 33 C9 60
02 35 FO 04
02 37 A2 19
02 39 DO 23
02 3B 84 F9
02 3D 18

02 3E A5 FA
02 40 69 01
02 42 85 FA
02 44 C9 60
02 46 FO 04
02 48 A2 14
02 4A DO 12
02 4C 84 FA
02 4E A2 10
02 50 18

02 51 A5 FB
02 53 69 01
02 55 85 FB
02 57 C9 24
02 59 DO 03
02 5B 84 FB
02 5D CA

02 5E D8

02 5F A9 04
02 61 85 02
02 63 4C 15 02

July 1978 @ BYTE Publications Inc

Label

SETHR:
SETMIN:
CNTR:

START:

TIMER:
DELAY:

WAIT:

MIN:

HRS:

SET:

Op Code

#o0
#00
#00

LDA SETHR
STA POINTH
LDA SETMIN
STA POINTL
LDA #00
STA INH
STA 1703
LDA #04
STA CNTR
LDX #20
DEX

BNE DELAY
LDA #F1
STA 170F
JSR SCANDS
BIT 1707
BPL WAIT
DEC CNTR
BNE TIMER

SED
cLC

LDY #00
LDA INH
ADC #o1
STA INH
CMP #60
BEQ MIN
LDX #19
BNE SET
STY INH
cLC

LDA POINTL
ADC #01
STA POINTL
CMP #80
BEQ HRS
LDX #14
BNE SET
STY POINTL
LDX #10
cLC

LDA POINTH
ADC #01
STA POINTH
CMP #24
BNE SET
STY POINTH
DEX

CLD

LDA #o4
STA CNTR
JMP DELAY

Comments

Set starting time.

Set PB7 as input.
Set timer loop count.

Timer calibration.

Start timer.

Display current time.
Wait for timer interrupt.

Decrement counter.
Finish second timeout.

Set decimal mode.
Clear carry.

Get seconds.
Add 1.

Check if next minute.
Branch if yes.
Set delay count.

Wait for next timer start.

Clear seconds.

Get minutes.
Add 1.

Check if next hour.
Branch if yes.
Set delay count.

Wait for next timer start.

Clear minutes.
Set delay count.

Get hours digits.
Add 1.

Check if next day.
Branch if not.

Clear hours.

Adjust delay count.
Clear decimal mode.
Reset loop count.

Start next cycle.

Robert Baker
15 Windsor Dr
Atco NJ 08004

This short program converts your KIM-1
into a 24 hour digital clock and illustrates
the use of the built-in timer for long time
delays, and the use of instruction loops for
shorter delays. The 7 segment displays
are used for output, and are used in con-
junction with one of the routines in the read
only memory which drives them.

To use the internal timer, 10 pin PB7
of 6530-003 must be set as an input pin to
allow testing of the timer interrupt. This is
accomplished by setting bit 7 of the direc-
tion register (location 1703) to O before
using the timer. The timer is started by
loading it with the desired delay count, and
the address used determines the timer
frequency and whether or not to enable the
timer interrupt. Bits O and 1 of the address
select the timer frequency as 1, 8, 64, or
1024 us per timer count while bit 3 enables
the timer interrupt if set to 1.

This clock program uses the internal
timer for a time delay of approximately
250 ms. After four time delays (1 second),
the current time is incremented by 1 and
the timing cycle continues. Whenever the
time count is being incremented, instruction
timing delays are added where needed to
keep all time delays constant for whatever
program route is taken. An additional
instruction delay is added within the 1
second timer to calibrate the timer to
exactly 1 second. If your system clock is
slightly slower or faster, you may have to
adjust the timer count (location 0219) for
about 1 ms increments and the calibration
count (location 0214) for 4 us increments.

To set the clock, enter the desired start-
ing time hours in location 0000 and minutes
in location 0001. To start the clock, set the
program starting address (0200) and depress
“GO” at the desired starting time (as set
in locations 0000 and 0001). If the starting
time is set as 0000 (hours and minutes), the
program can be used to measure elapsed
times for special applications by using the
“ST” button to stop the program. For even
fancier applications, you can add testing of
an external switch to start and stop the
clock. If you would rather have a 12 hour
clock, simply change the contents of loca-
tion 0258 from 24 to 12.m



The 8813 was built with you, the professional, in mind.
It quickly and easily processes cost estimates, payrolls,
accounts, inventory, patient/client records and much
more. You can write reports, briefs, and proposals on
the 8813’s typewriter keyboard, see them on the video
screen, and instantly correct, revise, or print them.

Usingthe 8813, one person can process what would
normally require many secretaries, several bookkeepers,
and a great deal of time. And data storage takes a small
fraction of the space used by previous methods.

PolyMorphic
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You don’t need to learn complicated computer lan-
guages. The 8813 understands commands in English. If
you want to write your own programs, the 8813 includes a
simple computer language, BASIC, that you can master in
a few days. The 8813 slashes the professional’s overhead.
It’s a powerful time and money-saving ally. Prices for
complete systems including printer start at less than $8,000.

See the 8813 at your local dealer or contact PolyMorphic
Systems, 460 Ward Drive, Santa Barbara, California, 93111,
(805) 967-0468, for the name of the dealer nearest you.
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WWhich personal computer will be
most enjoyable and rewarding for you?
Since we delivered our first Apple®II
in April, 1977, more people have chosen
our computer than all other personal
computers combined. Here are the
reasons Apple has become such an
overwhelming favorite.

Appleis a fully tested and assembled
mainframe computer. You won't need

to spend weeks and months in assembly.

Just take an Apple home, plugit in,
hook up your color TV* and any cassette
tape deck—and the fun begins.

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

[
-
-
-
-

\

owners on top of what’s new.

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

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

is the world’s
st selling personal computer.

satisfaction a personal computer can
bring, today and in the future.

15 colors & hi-resolution
graphics, t0o.

Don't settle for a black and
white display! Connect your
Apple to a color TV and
BASIC gives you instant
command of three display
modes: Text, 40h x 48v
Color-graphicsin 15 colors,
and a 280h x 192v High
Resolution
array that
lets you plot
graphs and
compose
~ 3-D images.
' ‘ Apple gives
you the added
capability of combining
text and graphics, too.

Back to basics, and
assembly language t0o0.

Apple speaks three languages: fast
integer BASIC, floating point BASIC
for scientific and financial applications,
and 6502 assembly language. That’s
maximum programming flexibility. And,
to preserve user’s space, both integer
BASIC and monitor are permanently
stored in 8K bytes of ROM, so you
have aneasy-to-use, universal language
instantly available. BASIC gives you
graphic commands: COLOR=, VLIN,
HLIN, PLOT and SCRN. And direct
memory access, with PEEK, POKE
and CALL commands.

Software: Ours and yours.

There’s a growing selection of pre-
programmed software from the Apple
Software Bank — Basic
Finance, Checkbook, High |
Resolution Graphics and
more. Now there’s a User
Section in our bank, to make F =
it easy for you to obtain &
programs developed




by other Apple owners. Our Software
Bank is your link to Apple owners all
over the world.

Alive with
the sound
of music.
Apple’s ex-
clusive built-in
speaker delivers
the added dimension of sound to your

programs. Sound to compose electronic

music. Sound to liven up games and
educational programs. Sound, so that
any program can “talk” back to you.
That’s an example of Apple’s “people
compatible” design. Another is its light,
durable injection-molded case, so you
can take Apple with you. And the
professional quality, typewriter-style
keyboard has n-key rollover, for fast,
error-free operator interaction.

Apple is the
proven computer.

Apple is a state-of-the-art single
board computer, with advanced LSI
design to keep component count to a
minimum. That makes it more reliable.

Apple peripherals

are smart peripherals.

Watch the far right column of this ad
each month for the latest in our grow-
ing family of peripherals. We call them
“Intelligent interfaces.” They’re smart
peripherals, so you can plug them in
and run them from BASIC without
having to develop custom software.
No other personal computer comes
close to Apple’s expandability. In addi-
tion to the built-in video interface, cas-
sette 1/0,and four A/D inputs with two
continuously variable game paddles,
Apple has eight peripheral slots, three
TTL inputs and four TTL outputs. Plus
a powerful, state-of-the-art switching
power supply that can drive all your
Apple peripherals.

Available now.

Apple is in stock and ready for
delivery at a store near you. Call us for
the dealer nearest you. Or, for more
details and a copy of our “Consumer’s
Guide to Personal Computers,” call
800/538-9696* *
or write Apple
Computer, Inc.,

If glitches do occur, the fully socketed 10260 Bandley
board and built-in diagnostics sim- Drive, Cuper-
plify troubleshooting. In fact, on our / st ) o tino, CA
assembly line, we use Apples to - N 95014.

test new Apples.

*Apple 1! plugs into any standard TV using
an inexpensive modulator (not included).

**In California, call 408/996-1010.

Programming is a snap!

I'm halfway through Apple’s BASIC
manual and already I've programmed
my own space wars game.

Those math programs | wrote
last week-1 just rewrote them using
Apple’s mini-assembler and got them

torun a hundred times faster.

New from Apple.

Introducing Disk I :
instant access to your files.

Our newest peripheral is Disk I1, a
high-density 5%” floppy disk drive for
fast, lowcost data retrieval. It's perfect
for storing large bodies of data such as
household finances, address files and in-
ventories; you can find any record injust
halfa second. No more searching through
= stacks of cassettes; with

a few keystrokes, your
system will load, store
and run any file by
name.

Disk Il consists of
an intelligent inter-
face card, a power-
ful Disk Operat-
ing System
(DOS), and

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

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

Peripherals in stock

Hobby Board (A2B0001X), Parallel Printer
Interface (A2B0002X), Communication In-
terface (A2B0003X), Disk II (A2M0004X).

Coming soon
High speed Sernial Interface, Printer II,
Printer IIA, Monitor I, Modem IIA.

! Price subject to change without notice.

Circle 15 on inquiry card.

Apple’s smart peripherals make
expansion easy. Just plug 'em in and
they’re readytorun. I've already
added two disks, a printer and the
communications card.




Photo 1: Some of the
14,000+ crowd amble by a
young hacker program-

The Second ming music on a Video

Brain computer.

West Coast

Computer Faire

By Chris Morgan, Editor

San Jose was the place to be last March 3,
4 and 5 for the Second West Coast Com-
puter Faire. The Convention Center was
easily able to handle the crowd of 14,169
who came to see the latest developments in
personal computing.

A quick examination of some of the hun-
dreds of manufacturers’ booths revealed
some trends: floppy disks are on the in-
crease, with new models being shown or
promised by Heathkit, Apple, Radio Shack
and many others; more and more personal
computers are now being offered with built-
in floppy disks; peripherals and add-ons are

Photo 2: Robot trials at
the Dynabyte booth, a
popular attraction at the
Second West Coast Com-
puter Faire.

Photo 3: IBM’s booth, an
auspicious addition to the
show.
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"Our goal was to produce 100%
~ reliable business programs.”

| GENERaL Lencep,

REFERENCE MANUAL

*What do we mean by reliable programs? Three Our programs are comprehensive yet retain their |
things: good program design, documentation, and flexibility. They allow convenient backup, are easy
full support. : to use and have been thoroughly tested and field
DESIGN Good program design meets a wide : proveti: _

variety of customer needs without reprogramming. DOCUMENTATION We consider the quality of

the documentation to be as important as the
programs themselves. That's why our manuals

W‘! are clear, concise and complete.
A%

i sk

{ ; .

SUPPORT And when it comes-to support we're
second to none. We release periodic updates,
answer your questions and are-available to provide
technical assistance. Now that’s reliable.”

Our growing Business Systems series currently
includes: GENERAL LEDGER, ACCOUNTS
RECEIVABLE, NAD (Name and Address File
system), QSORT (full disk sort/merge), and
CBASIC (a powerful business Basic) . For details,
contact our sales manager, Richard Ellman.

Structured Systems Group

Keith Parsons, President 5615 KALES AVE. DEPT. B6 OAKLAND, CA 94618 (415) 547-1567
Alan Cooper, VP, Systems Development

All systems are compatible with any Z-80 or 8080 CP/M™ system.




Photo 4: [Ira Baxter's
chess playing system dis-
play, which competed in
the Microcomputer Chess
Tournament at the Faire.

Photo 6: Objective Design’s Larry Weinstein displays Star Wars graphics.

18  July 1978 ©® BYTE Publications Inc

Photo 5: Apple Computer’s new minifloppy

now available for a wide variety of computer
buses.

| enjoyed the many special features of the
show, particularly the excellent computer
generated art on display in the lobby. The
microcomputer chess tournament proved to
be one of the hits of the show. Larry Wagner
from Atari presided over the 3 day battle of
the processors, taking time out to give me a
guided tour of the tournament. The level of
play was impressive, and the winning pro-
gram, called SARGON, was a 16 K byte
Z-80 assembler program written by a hus-
band and wife team, Kathe and Dan
Spracklen. It beat some highly touted com-
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Photo 7: Heath’s new H27
dual floppy drive, sched-
uled to be available later
this year.

Photo 8: Students from Mills College Center for Contemporary Music in
Oakland demonstrate-a digital and analog hybrid music synthesizer system,
one of many special exhibits at the Faire.

20  july 1978 @ BYTE Publications Inc

petition. (A copy of the SARGON program
is available for $15 postpaid from the
Spracklens, 10832 Macouba PIl, San Diego
"CA92124.)
| was impressed with the professional ap-
pearance of the show, which held its own
with many of the established engineering
and computing shows. The Third West Coast
Computer Faire will be held this coming
November 3, 4 and 5 in Los Angeles. Plan to
see it if you can.m

Photo 9: Cromemco color
video unit displays chess
program at the Computer
Room of San Jose booth.



NORTH STAR 16K RAM
A star from our Horizon
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The North Star 16K RAM board is a star performer
in our HORIZON computer. Just as important, it is the
ideal memory for most other S-100 bus systems. No other
RAM board can surpass the speed, reliability, and quality
features of the North Star 16K RAM at any price.

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

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

NortH STar
2547 Ninth Street - Berkeley, California 94710

Circle 285 on inquiry card.

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

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

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

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

* CovruTERSs

(415) 549-0858
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_ INTRODUCING
THE G2 PROGRAM
LIBRARY.

'/
Now you don't have o be a programmer fo use
your com p“ter! At last there’s a reliable, professional source of useful and entertaining

programs for your personal computer. The G2 Program Library from GRT
unlocks the full power of your personal computer. Without any programming knowledge on your part.

The G2 Program Library consists of applications programs pre-recorded on cassette tapes. A detailed manual
with each cassette provides complete instructions. And G2 programs contain prompting instructions. So they’re
easy to use every step of the way. Just load the tape and G2 puts your computer to work.

The first three G2 program tapes are available now: For exciting family games, get Beat the House. You'll find
Blackjack, Craps, Roulette and Slot Machine programs, with truly random chances and realistic, casino-like payoffs.
Interested in your health? You'll want Clinic. Biorhythms, Dieting and Longevity programs give you new

perspectives in health and happiness, along with some pleasant guidelines to follow.

Need a better handle on your money? Buy Personal Finance. Checkbook is a comprehensive program to
balance your account and keep within your budget, while Best Choice is a novel way to make decisions based on
the facts you know and the relative importance of each. Use it for everything from choosing a new car to
selecting your next stereo.

Soon, every dealer that handles personal computers will stock the G2 Program Library. For the G2 dealer
nearest you, call us toll-free at 800/538-1770. (In California, 800/662-9810.) And if your favorite computer outlet
doesn't yet offer G2, have him call the same number.

G2 is the newest product line from GRT, the world’s largest independent producer of pre-recorded tapes. We've
assembled a team of software specialists to produce the G2 Program Library. The finest library of personal computer
programs available.

Soon you'll see G2 program tapes in many other fields of interest. Including advanced programs to challenge
the interest of even the most serious computer user. The G2 Program
Library is available for most popular brands of personal computers.
Just select the package marked for the computer you own.

Start building your G2 Program Library now.
And put the full power of your computer to

work for you. THE REASON |
s

YOU BOUGHT
YOUR COMPUTER.

CORPORATION

A product of GRT Corporation

Custom Products Division

1286 North Lawrence Station Road - .

Sunnyvale, California 94086 Circle 148 on inquiry card. BYTE July 1978 23



There’s an Ohio Scientific
dealer near you.

ALABAMA

M.C.S. Corp.
Pelham Mall
Pelham, AL 35124
(205) 663-1287

ALASKA

Scientific Business Instr's
500 W. 27th

Anchorage, AK 99503
(907) 277-2650

CALIFORNIA
Expansion Techniques
2534 Ganesha
Altadena, CA 91001
(213) 794-0476

Shuey Aircraft

1009 E. Vermont
Anaheim, CA 92805
(714) 991-3940

Olson Electronics
11332 East South
Cerritos, CA 90701
(213) 860-0060

Computer Power

1276 Via Rancho
Escondido, CA 92025
(714) 746-0064

Adventures in Computing
8756 Warner

Fountain Valley, CA 92706
(714) 848-8388

Olson Electronics
4642 West Century
Inglewood, CA 90304
(213) 674-5740

Olson Electronics

Kearny Mesa, 4840 Convoy
San Diego, CA 92111
(714) 292-1100

Systems Engineering
9003rd Street

San Francisco, CA 94107
(415) 777-3150

Olson Electronics

2125 El Camino Real
Santa Clara, CA 95051
(408) 248-4886

COLORADO

Total Data Systems

125 Fairway Lane

Fort Collins, CO 80521
(303) 491-5692

Tricomp/Computer Country
7115 N. Federal
Westminster, CO 80030
(303) 426-7743

DELAWARE

Delaware Microsystems
92 East Main #1

Newark, DE 19711

(302) 738-3700 (after 7 PM)

FLORIDA

Olson Electronics

5833 Ponce de Leon
Coral Gables, FL 33146
(305) 666-3327

Olson Electronics
1644 N. E. Second
Miami, FL 33132
(305) 374-4121

Calculator Place

12 South Orange
Sarasota, FL 33577
(813) 366-7449

Olson Electronics
690122nd Avenue, N.
Tyrone Square Mall

St. Petersburg, FL 33710
(813) 345-9119

Olson Electronics

1215 South Dale Mabry
Tampa, FL 33609
(813) 253-3129

GEORGIA

Electronic Information
120 Heatherwood
Athens. GA 30601
(404) 353-2858
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Secom Systems

5241-F New Peach Tree
Chamblee, GA 30341
(404) 455-0672

Olson Electronics
2571 N. Decatur
Decatur, GA 30033
(404) 378-4201

HAWAI

Smail Computer Systems
3140 Wailalae
Honolulu, HI
(808) 732-5246

96816

ILLINOIS

American Microprocessors
1100 E. Broadway

Alton, IL 62002

(618) 465-4489

Tech-Tronics

714 S. University
Carbondale, IL 62901
(618) 549-8495

Adonis Computing
2855W. Nelson
Chicago, IL 60618
(312) 463-0847

Electronic Systems
611 N. Wells
Chicago, IL 60610
(312) 944-6565

Olson Electronics
4101 N. Milwaukee
Chicago. IL 60641
(312) 545-7336

Olson Electronics

1734 Ogden

Downers Grove, IL 60515
(312) 852-9650

A & H Associates, Ltd.
2530 Crawtford
Evanston. IL 60602
(312) 328-2800

No-Name

2701 Grand
Galesburg, IL 61401
(309) 343-6135

CompuTerminal Systems,Inc.

1132 Waukegan
Glenview, IL 60025
(312) 724-3690

Tek-Aids Industries
1711 Chestnut
Glenview. IL 60025
(312) 724-2620

American Microprocessors
6934 N. University
Peoria,IL 61614

(309) 692-5852

American Microprocessors
20 N. Milwaukee
Prairieview, IL 60069
(312) 634-0076

Wysocki Electric
3080 South Bivd.
Rockford, IL 61109
(815) 874-4846

Data Domain

1612 E. Algonguin
Schaumburg, IL 60195
(312) 397-8700

INDIANA

American Microprocessors
146 N. Broad

Griffith, IN 46319

(219) 924-7901

American Microprocessors
3602 East Washington
Indianapolis. IN 46201
(317) 359-7445

American Microprocessors
2655 Irving

Portage, IN 46368

(219) 760-2278

Computer Management
610 Monroe

LaPorte, IN 46350
(219) 362-5812

Data Domain

406 S. College
Bloomington, IN 46401
(812) 334-3607

Data Domain

7027 N. Michigan
Indianapolis, IN 46268
(317) 251-3139

Data Domain

10 N. Third
LaFayette, IN 47902
(317) 423-2548

Olson Electronics

5353 N. Keystone
Indianapolis, IN 46220
(317) 253-1584

IOWA

American Microprocessors
102 E. 4th

Waterloo, IA 50703

(319) 296-2255

John E. Childs

1201 E. Second
Ohumwa, IA 52501
(515) 682-2165

Microbus

1910 Mt. Vernon, S. E.
Cedar Rapids, IA 52403
(319) 364-5075

KANSAS

Barney & Associates
425 N. Broadway
Pittsburg, KS 66762
(316) 231-1970

Technigraphics
5911 Claredon
Wichita, KA 67220
(316) 744-2443

KENTUCKY

Data Domain

3028 Hunsinger
Louisville, KY 40220
(502) 456-5242

Olson Electronics
117 Southland
Lexington, KY 40503
(606) 278-9413

Olson Electronics
4137 Shelbyville
Louisville, KY 40207
(502) 893-2562

MARYLAND

Systems Engineering
1749 Rockville Pike #307
Rockville, MD 20842
(301) 468-1822

The Mathbox

4431 Lehigh

College Park, MD 20740
(301) 277-6828

MASSACHUSETTS

Bradshaw Enterprises
18 Harborview
Hingham, MA 02043
(617) 749-6844

Computer Shop-Aircom
288 Norfolk
Cambridge, MA 02139
(617) 661-2670

MICHIGAN

The Abacus

Route 1, Box 193
Niles Road

Berrien Springs, Ml
(616) 429-3034

Concept Engineering
3706 Malibu
Lansing, Ml 48910
(517) 394-0585

Great Lakes Photo
5001 Eastman
Midland, M| 48640
(517) 631-5461

MicroComputer World
313 Michigan N. E.
Grand Rapids, Ml
(616) 451-8972

49103

49503

Olson Electronics
29121 DeQuindre
Madison Heights, MI
(313) 546-0190

MINNESOTA

Custom Computer Systems
1823 Lowry

Minneapolis, MN 55411
(612) 588-3944

Micro Business Sales
4345 Lyndale N.
Minneapolis, MN 55412
(612) 871-9230

48071

MISSISSIPPI

Jack Fisher Sales

100 Main
MichiganCity, MS 38647
(601) 224-6470

MISSOURI

The Computer Bit

1320 S. Glenstone
Springfield, MO 65804
(417) 883-2709

Computer Place
Rt. #4, Box 91-D
Joplin, MO 64801
(417) 781-1986

Futureworld

1909 Seven Pines

St. Louis. MO 63141
(314) 434-1121

Impact Systems

Decker Building

613 W. 3rd

P.O. Box 478

Lee's Summit., MO 66463
(816) 524-5919

Norman Electronics
402 Wall

Joplin, MO 74801
(417) 724-0368

MONTANA

Linco

P.O. Box 2418

Cut Bank, MT 59427
(406) 336-3117

NEBRASKA

Omaha Computer Store
4540 South 84th
Omaha, NB 68127
(402) 592-3590

NEW JERSEY

Computer Corner
224 Passaic
Fairfield, NJ 07006
(201) 835-7080

Computer Power
235 Nutley

Nutley, NJ 07110
(201) 667-5502

NEW YORK

Associated Consultants
33 Ogden

East Williston, NY
(516) 746-1079

Brag Microcomputers
19 Cambridge
Rochester, NY
(716) 442-5861

Computer Mart of N. Y.
118 Madison
New York, NY 10016
(212) 686-7923

Microcomputer Workshop
234 Tennyson Terrace
Williamsville, NY 14221
(716) 632-8270

Yingco
TwoWorld Trade Center
Penthouse 107th Floor
New York, NY 10048
(212) 775-9000

11596

14607

OHIO

Byte Shop

2432 Chester
Columbus, OH 43221
(614) 486-7761

Johnson Computer
123 W. Washington
Medina, OH 44256
(216) 725-4560

Lucas Office Equipment
& Service

869 E. Franklin

Centerville, OH 45459

(513) 433-8484

Olson Electronics
69 West State
Akron, OH 44308
(216) 762-0301

Olson Electronics
1994 Brittain
Akron.OH 44310
(216) 633-4338

Olson Electronics
3265W. Market
Akron, OH 44313
(216) 864-3407

Olson Electronics
2020 Euclid
Cleveland, OH 44115
(216) 621-6387

Olson Electronics
6813 Pearl

Cleveland, OH 44130
(216) 845-2424

Olson Electronics
6153 Mayfield
Cleveland, OH 44124
(216) 449-2690

Olson Electronics
21850 Center Ridge
Cleveland, OH 44116
(216)331-4600

Olson Electronics
1975 Henderson
Columbus, OH 43220
(614) 451-3245

Olson Electronics

7401 Market

Southern Park Mall
Youngstown, OH 44512
(216) 758-3828

OKLAHOMA

Accounting Systems

2709 Orlando

Oklahoma City, OK 73120
(405)751-1537

Gauger Engineering
910 Orient
Clinton, OK 73601

Gauger Engineering
3824S. 79th East
Tulsa, OK 74145
(918) 627-1064

OREGON

Fial Computer

11013 S. E. 52nd
Milwaukie, OR 97222
(503) 654-9574

PENNSYLVANIA

Abacus Data Systems
Route 8

Reno, PA 16343
(814) 677-6502

Olson Electronics
5918 Penn

Pittsburgh, PA
(412) 362-1333

Olson Electronics
3405 Saw Mill Run
Pittsburgh, PA 15227
(412) 881-0702

Olson Electronics
4778 McKnight
Pittsburgh, PA
(412) 366-7298

15206

15237

TENNESSEE
ComputerPowerof Memphis
3065 James

Memphis, TN 38128

(901) 386-9905

Computer Power of Oak Ridge
800 Oak Ridge Turnpike
Oak Ridge, TN 38730

(615) 482-9031

Smart Machine Mart
5151 Hillson
Nashville, TN 37211
(615) 833-9773

SOUTH DAKOTA

Exe Engineering

B804 E. Lewis
Vermillion, SO 57069
(605) 624-6411

TEXAS

Mr. Computer

744 FM 1960 W., Suite E
Houston, TX 77090
(713) 444-7419

UTAH

Small Computer Systems
4450 Trinity

Salt Lake City, UT 84120
(801) 967-7635

VIRGINIA

H/B Computers

217 E. Main
Charlottesville, VA 22101
(804) 295-1975

Microsystems, Inc.
5320 Williamson
Roanoke. VA 24012
(703) 563-0693

WASHINGTON

Ye Olde Computer Shoppe
1301 George Washington
Richland, WA 99352
(509) 946-3330

WISCONSIN

Madison Computer Store
1863 Monroe
Madison, WI
(608) 255-5552

MicroComp

785 S. Main
Fonddu Lac, WI
(414) 922-2515

Olson Electronics
3125 South 108th
West Allis, Wl 53227
(414) 541-1406

53711

54935

WYOMING

Control Technology
204 Crazy Horse Lane
Gillette, WY 82716
(307) 682-0300

CANADA

Omega Computing Ltd.
Box 220

Station P

Toronto, Ontario
Canada MS5S 2F7
(416) 425-9200

Robo-Tronics

509 16th N. W.
Calgary, Alberta
Canada T2M 0J6
{403) 282-9468

EUROPE

Pan Atlantic Computer
System GmbH

61 Armstadt

Frankfurterstrasse 78

West Germany

Circle 290 on inquiry card.



An exceptional value
in personal computing

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

Features:

Minimally equipped with 8K BASIC-in-ROM, 4K RAM,
machine code monitor, video display interface, cassette
interface and keyboard with upper and lower case
characters. (Video monitor and cassette recorder optional
extras.)

The fastest full feature BASIC in the microcomputer
industry.

Boasts the most sophisticated video display in per-
sonal computing with 32 rows by 64 columns of upper
case, lower case, graphics and gaming elements for an ef-
fective screen resolution of 256 by 512 elements.

The CPU’s direct screen access, coupled with its ultra
fast BASIC and high resolution, makes the C2-8P capable
of spectacular video animation directly in BASIC.

B Fully assembled and tested: 8 slot mainframe class
microcomputer, six open slots for expansion. Supports
Ohio Scientific’'s ultra low cost dynamic RAM boards or
ultra high reliability static RAMs.

bt d o

acki e NExts agrens

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

The C2-8P is the only BASIC-in-ROM computer that can
be directly expanded today to a complete business
system with line printer and 8” floppy disk drives.

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

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

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

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

sl b

1333 S. Chillicothe Road ¢ Aurora, Ohio 44202
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B The included 6502A based ex-
tended disk BASIC by Microsoft
out-benchmarks every micro
available, including 4 MHz Z-80 and
LSI-11 with extended arithmetic.

B 48Kofhighreliability static RAM
is standard.

M High density 8” floppys provide
program and data mobility from
machine to machine.

B Completely integrated mechani-
cal system with UL-recognized
power supplies; continuous duty
cycle cooling; modular construc-
tion and rack slide mounted
subassemblies.

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

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

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

The C3-B was designed by Ohio
Scientific as the state of art in
small business computing. The
system places its power where it’s

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

The system can easily expand
upward from single user to multi-
user operation. Optional hardware
and software include a real time
clock and a 16 terminal (plus con-
sole) real time operating system.
Multiple terminal programs such as
multi-station order entry can be
programmed directly in BASIC. The
system is super fast because multi-
terminal 1/O can be handled
simultaneouslywithdiskl/Odueto
the smart disk controller!

By simply adding memory in the
alternate partitions, the system can
be expanded to full multi-tasking,
multi-programming operation. The
multi-terminal hardware supports
both asynchronous and synchron-
ous protocols in conjunction with
terminals and smaller computers
such as Ohio Scientific's BASIC-
in—ROM and floppy disk based
systems at transfer rates up to
500K bits per second.

B The C3-B costs only slightly
more than many floppy only com-
puters but offers at least a thou-
sand times performance improve-
ment over such machines (50 times
storage capacity multiplied by 20
times access speed improvement).

But what if your business client
cannot justify starting with a C3-B?
Then start with Ohio Scientific’s in-
expensive C3-S1 floppy disk based
systemrunning OS-65U. When heis
ready, add the CD-74 big disk and
directly transfer programs and files
from floppy to big disk with NO
modifications.

That’s upward expandability!

*Rack as shown on right com-
plete with 74 megabyte disk, dual
floppys, 48K of static RAM, OS-65U
operating system and one CRT ter-
minal under $13,000.

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

1333 S. Chillicothe Road e Aurora, Ohio 44202
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Photo 1: The Axiom EX800 printer. It uses special aluminized paper,; when a
tiny electrical spark jumps from the print head to the paper, the layer of
aluminum is burned off revealing the next layer which is darkly colored.
Printing speed is a maximum of 160 characters per second including upper
and lower case letters. The printer allows 80 column page width and quad-
ruple width characters.

The
Axiom EX800 Printer:

A User’s Report

Figure 1: A sample printout of the Axiom EX800 printer. This sample was
made by photographically reproducing the original silver colored paper image
atal:] scale.

28  )uly 1978 © BYTE Publications Inc

R J Bosen
POB 93
Magna UT 84044

Some time ago | decided | needed a hard
copy printer to make my computer system
really useful, but as | looked over the possi-
bilities on the market | concluded that every
alternative was either too expensive, too
slow, or too limited in capability for my .
needs (which included good legibility and
lower case printing).

Just as | was about to abandon my plans,
| saw a press release concerning a company
called “Axiom” and a printer that appeared
to solve all of my problems. It was adver-
tised at $660, could print up to 160 char-
acters per second (including upper and lower
case letters) with an 80 column page width,
and offered double and quadruple width
characters as a bonus. | immediately wrote
to Axiom and was surprised to receive a
thick information packet within a week.

My first (and only) disappointment
came as | discovered that the 80 column
page width was squeezed onto a 5 inch
roll of special paper which was a little hard
to read, but other features of the printer
looked promising enough to justify further
investigation, so | experimented with the
printout sample they sent me to see if |
could find ways around these annoyances.
| went to a photocopy center and found
it was quite easy to get very sharp copies
which were much more readable than
the original. | decided that if the narrow
page width became a serious problem
| could write software to split a wide page
into two 5 inch columns and print a page
in two passes. Experimenting with the
photocopier confirmed the feasibility of
this idea as | successfullly laid two 5 inch
pieces of the sample printout side by side
and obtained the illusion of a 9 inch page
width.

| phoned the desk at Axiom to place
my order; ten days later the printer was
in my hands. | opened it up to reveal
an Intel 4004 processor controlling an
electrosensitive printing mechanism that
works with special paper, consisting of a
layer of paper, a layer of ink, and an
aluminum upper layer. The print head
strokes across the paper and burns the
aluminum off in tiny dots, exposing the
ink underneath in patterns stored in the
processor read only memory. The processor
controls character size and line length,
allowing very flexible mixing of character
sizes anywhere on any line and giving
automatic line feeds when the end of the
lineé has been reached. Other benefits of the



microprocessor control include a self-test
feature activated by pushing a button on
the back panel which prints a test pattern
on the paper, and a convenient parallel
interface with simple handshaking. A serial
interface is optional.

| found the documentation very complete
and readable and had no trouble interfacing
with my parallel data port and writing driver
software in a couple of dozen bytes. Trying
it out on line proved to be a rewarding
experience; my interface and driver software
worked the first time. | was finally able to
try out the many ideas | had been consider-
ing while waiting for shipment. | noticed
the effect of the 128 character buffer that
Axiom provided: short printouts require
almost no processor time, as the parallel
interface transfers data from the processor
memory to the printer buffer very fast
and the processor is immediately freed
to do other jobs. | was pleased with the
quietness. It is not as loud as a Teletype
even though it is about 14 times faster.
It didn’t take me long to discover the
buzzer that can be activated by a special
character, and | have learned to use it for
special effects in game programs even when
the printer is not needed.

The only problems | have ever had with
this printer have been concerned in one way
or another with the paper. This is not to
imply that | have had a lot of problems. |
haven’t. But finding a supplier for paper was
a problem for me in Salt Lake City. | called
every paper supplier in the phone book and
| couldn’t get anyone to even recognize the
existence of “‘electrosensitive’’ paper. Fortu-
nately, within a few weeks | found myself
in DePere WI repairing a computer system
for my employer, and while there | took a
tour of the Nicollet Paper Cornpany, where
the electrosensitive paper is made. They sold
me a case of 24 rolls of the special paper at
about $3 a roll and let me look at some of
the experimental paper they are developing
for use by electrosensitive printers. This new
paper is much whiter than the silver grey
originally shipped to me and | am anxious
tosee itintroduced in production quantities.

| am very pleased with the Axiom EX800
printer, and | recommend it to anyone who
needs a printer of this nature. Incidentally,
Axiom also has a similar printer with a
graphics capability that may be of interest
to experimenters. You can obtain more
information by writing to Axiom Corpor-
ation, 425 E Green St, Pasadena CA91101.m

For Your SWTP 6800 Computer ...

PERCOM foamsiotmt s
FLOPPY DISK SYSTEM
oo (AD}00)

shipping
paid

The LFD-400 is ready to plug inand run
the moment you receive it.
Nothing else to buy! Not even extra memory!

YOU GET:

© The popular Shugart SA 400 minifloppy™ drive. Drive alignment
is double checked by PerCom before shipment.

@ The drive power supply—fully assembled and tested.

© LFD-400 Controller/Interface—plugs into the SS-50 bus *
accommodates three 2708 EPROMs - fully assembled and tested.

O MINIDOS™ —the remarkable LFD-400 disk operating system on
a 2708 EPROM - plugs into the LFD-400 Controller card « no
extramemory required * no “booting” needed.

© Attractive metal enclosure.

O Interconnecting cable—fully assembled and tested.

@ Two diskettes—one blank, the other containing numerous
software routines including patches for SWTP 8K BASIC and the
TSC Editor/Assembler.

(8 70-page instruction manual—includes operating instructions,
schematics, service procedures, and the complete listing of
MINIDOS™.

(® Technical Memo updates — helpful hints which supplement the
manual instructions.

(@ 90-day limited warranty.
Minifloppy is a trademark of Shugart Associates.
MINIDOS is a trademark of PERCOM Data Company, Inc.

The LFD-400 is readily expanded to eithertwo or three drives.
Write for details. Send for our free brochure for more informa-
tion about the LFD-400 Floppy Disk System and LFD-400
software.

To save you money, the LFD-400 Floppy Disk System is available
only from PerCom. Because of the special pricing, group and
dealer discounts are not available.

MC and VISAwelcome. COD orders require 30% deposit plus 5% handling charge. Allowthree
extra weeks if payment is by personal check. The LFD-400 Floppy Disk System is available
immediately. Allow three weeks for testing and transportation. Texas residents add 5%
sales tax.

PERCOM DATA COMPANY, INC.
DeptB 318 BARNES+GARLAND, TX.75042
(214) 272-3421
PERCOM™ ‘peripherals for personal computing

Circle 301 on inquiry card.
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COOK BOOK * ASSEMBLER * EDITOR
MONITOR ¢ POCKET GUIDE * TAPES
UNDERSTANDING MICROCOMPUTERS
COOK BOOK * ASSEMBLER * EDITOR
MONITOR * POCKET GUIDE * TAPES

uth-watering
Tﬁow to” facts

Y : ion
A 0’ instructi
include ‘80t80 v Ggg\ate stacks. Flow

al time. A .
fIcr)\rc\r\(jdes floating point

r your copi
routines, Ot 6800

- $10.95;
‘8080’ Paperbﬁf‘:;dﬁover: $14.95.

- $12.95; J

63&) %l?’aperback only): $

Order your SCELBI Personal Computer Books and Tapes_today! T-hey are

' “must” items for your collection. And, they make ideal special occasion gifts
for that computer buddy too!

Prices shown for North American customers. Master
‘([..B. 0Mplj'[n Charge, VISA, Postal and Bank Money Orders pre-
( ferred. Personal checks delay shipping up to 4 weeks.
("N‘l,l 'I‘l Pricing, specifications, availability subject to change
._ NG lN(. without notice. IMPORTANT! Include 75¢ postage/
) ) handling for each item delivered by U.S. Mail Book
Post Office Box 133 PP STN, Department B, Milford, CT 06460 Rate; or $2 for each item shipped First Class or UPS.
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STANDARD
§ i SCELBYS
8080
N b STMIDARD
gcelbi's ‘3080’ standard pssembler assem-
bles programs written in symbolic |anguage EDITOR
for ‘8080 Describes operation of assembler.
Detailed discussions of all major routines Sf.‘:s':.f.::'.'-‘i'
Contains 2 COMPIE ely assem led listings sf.‘.‘.'ilf.'."'l'.';‘.'
hexadec'\ma\ and octal. Operating instruc- \
tions. Even include routine for loading b=
rograms produced by the assembler. Scelbi's 18080’ standard Fditoris an efficient
memory references ¢ labeled; can ¢ way fo edit text when preparing program scelbi's ‘8080 Standard Wonitor. Describes
assemb\et eside (Some AM source listings of other text material. “Monitor Control” package to control 0per
required) $19.95 Optional 0D} ct code on Qperates in es: Text EN y and LO ation from ex ernal uyeyboard”. Routines 10
unched paper tape: 8080SA-0PT and. Memory terences labeled for easy : ' Jocations,
10.00. Opti nal comment d source listing reassembly into any g€ eral area of memory;
on punched pa , spectty 8080SA-S " reassemble 1o reside n just 1K of
ROM. (Som M requtred) $12.99
Qptional 0b) code on pu hed paper
tape, S 80ED-OPT: § 00. Optiona
. . commen d source listing on pa er tape
Understaudmg Micvro- £00. specify 2080ED-S T,$ P

gomputers and Small
Computer Systems A
rofusely "\\\ustratec,i’,

asy-readin ust \
pook explaining funda eRS, WIE 13080’ Pro-
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T e e puters in ple Englis 3y A", e\,‘ér, for the all new
. AT Gives extra knowledge Coady, instant st Book of
for reading and understanding €0 puter maga v referé“ce for
zines an an'\'ﬁacturers' literature. Makes YO octal o nexadecimal codes: that ¢ Ccoming soon! ;
feel “at hOME around computers. Accepted as  explains instruction set i Jetail. // - — &
the standard for the neophyte, you st own this  QOrder your copy today- Keep One R Want to be on Scelbi's exclusive
300-page n0-nNONSENSE, asy-reading text. Includes jn your pocket. One near your mailing list? Want to know 2 t
simple-to-use glossary of key m'\crocomputer- computer A “roust”™! only ‘ UPcom'lng i Books?
oriented words. Order now. Hard cover: $1495.  $2 95 eaéh.
goft cover: $9.95. ’
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Top-Down

Modular

Programming

July 1978 ® BYTE Publications Inc

Albert D Hearn
98 SW 13th Av
Boca Raton FL 33432

If you have done some programming,
you know that it’s one of the most en-
joyable and satisfying parts of personal
computer use. The very thought that the
vast power in the small system’s processor
is limited only by the program that you
write for it is tremendously exciting.

If you are new to the computer game,
the programs you have written up to now
have probably been relatively small and
uncomplicated, but you have developed
a lot of experience and confidence from
them. Most  likely you haven't used any
particular technique in designing and writ-
ing your programs: you have probably
approached program design in an informal
way and relied upon your good senses to
guide you in this unfamiliar task. You have
probably also gained an understanding of
the full capabilities of the instruction set
and some of the little tricks (yes, ADDing
a binary number to itself really does result
in a left shift of one bit) which can be so
useful. You are also capable of writing 10
routines to do about any kind of data
transfer you want.

So now you are ready to do a program
which does something really useful. The
program you have in mind is going to be
larger and more complicated than those
you have done previously. While you might
not expect this, your previous informal
methods of designing and coding might
possibly be inadequate and could cause
you much grief if you attempt to use them
on a larger program.

Hopefully, | can help-you prevent these
kinds of difficulties by showing you in this
article an easy to use method of designing
and structuring larger programs which can
greatly simplify your personal efforts,
regardless of complexity.

The Concept

Someone once said, ‘“To solve a complex
problem, simply break it down into a num-
ber of less complex pieces, then proceed to
solve it one piece at a time.”” This approach
has been used for many years in the design
and building of electronic equipment. It
results in a “‘building block,” or “‘modular”
construction, where each block or module
does some distinct part of the total function
of the equipment. For instance, think of the
last time you saw a diagram of a radio re-
ceiver. It was probably in the form of a set
of separate blocks representing the RF
amplifier, mixer, IF amplifier, and so on.
The blocks were all connected with flow
lines showing the sequence in which each
equipment module processed a signal coming
from the antenna. The diagram enabled the
reader to understand the function of the
radio one module at a time, in relation to
the whole radio.

So how does the idea of using building
blocks and solving problems piecemeal
relate to the programming of personal
computers? The answer is that these same
ideas are very applicable to programming
and have been in use in commercial pro-
gramming for a number of years. There is
no reason that good use of them can’t be
made in the amateur computer hobby also.

Top-down Design

Top-down design of microprocessor pro-
grams requires that you first have a clear
notion about what it is that you want the
program to do. You should ask yourself
questions like, “What function do | want
performed?”, ‘“What input information is
available?”, and “What output information
or action do | expect?”” When you can
answer these questions, you've actually
completed the highest level of design.



hoto courtesy of ComputerLand of San Francisco

Computeriand, the DP Department Store.
Hazeltine & Diablo on Dispiay.

Time was, buying hardware meant dealing factory
direct. Then came the distributor, or factory indirect. The
phone/mail order ad reads, “"15% off.”” 15% off what? Delivery
schedule maybe. After sales service perhaps. The only real
savings just might be the Toll Free number in the ad.

Now there’s an alternative. introducing ComputerLand, a
national network of DP equipment stores, with outlets across
the nation. This means you, and the DP director, programmer,
general manager or purchasing agent can take a quick ride
across town, try out working equipment in a user environment,
make product comparisons, then drive off with the hardware of
your choice. And, still be back in time for the aftemoon coffee
break.

Below is a sampling of the quality business information
products, from more than 60 manufacturers of micro and mini-
computer systems and peripherals, available foryou to try out,
buy or lease and take home today from ComputerLand.

Computerland”

14400 Catalina Street, San Leandro, CA 94577 (415) 895-9363
Franchise opportunities available.

HAZELTINE 1500

— 0 24 X 80 Display (upper/lower

: nﬁ/ case) O High legibility 7 X 10 dot
matrix O Teletypewriter format for

alphanumerics plus numeric pad O Switch-selectable upper/

lower case O R S-232/C 20 ma.current loop interface

0O Switch-reversible video.

DIABLO 1620-3

O HyType daisy wheel character printer
O Full keyboard with numeric pad

O Microprocessor controlled O R S -232/C interface

[ 45 CPS O Tractor feed O Internal power supply.

© Copyright ComputerLond 1978

ALABAMA 289 East Highland Avenu

e 104 W First Street GEORGIA
San Bernardino 714.886-6838
3020 Unwersity Or., N W.

Tustin 714.544-0542

2423 Cobb Parkway
Huntsville 205:539.1200 4233 Convoy Street 1815 Ygnacio Valley Road Smyrna 404.953.0406

San Ojego 714.560-9912 Walnut Creek 4159356502 ILLINOIS
CALIFORNIA

6840 La Crenoga Biva.

107 Feemoni]Steet Inglewood 213-776.8080

6743 Dublin Bivd San Francisco 415-546-1592

Dubin 41 5828-8090
11074 San Pablo Avenue
El Cerrito 415.233 5010
22634 Foorhill Bivd
Hayward 415.538-8080
4546 EI Camino Real
Los Altos 415:941.8154
6840 La Ciegega Biva.
inglewood 213.776.8080

24001 Via Fabricante =904
Mission Viejo 714-770.0131

1077 Saratoga-Sunnyvale Road COLORADO
Seroie0n;2e0.8000 2422 So. Colorado Bivd.

42 - 42nd Avenue Denver 303 7594685

San Mateo 415572.8080
CONNECTICUT

611 5th Street KENTUCKY.

Santa Rosa 707.528.1775 2475 Black Rock Turnoike
Fairtield 203.374-2227

16720 So. Hawthorne Bivd.

Lawndale 213-371.7144 DELAWARE MARYLAND

EI Cid Plaza - Suite

104 Astro Shopping Center
Thousand Oaks 805495.3554

Newark 302.738-9556

S0 East Rand Road
Arlington Heights 312.255.6488 MINNESOTA OHIO
9511 No. Milwaukee Avenue
Niles 312.967-1714

10935 S Ticero Avenue
Oak Lawn 3124228080

813 B. Lyndon Lane
Lousville 502-425-8308

16065 Frederick Road, (Rt. 355)
Rockville301-948-7676

MICHIGAN NEW YORK

2927 - 281h Street, S. E 1612 Niagara Falis Bivd
Kentwood 616-942.2931 Buftalo 716836651
29673 Northwestern Highway 225 Elmira Road
Southfield313-356-8111 Ithaca 607-277-4888

WASHINGTON

14340 N. E. 20th
Bellevue 206-746.2070

1500 South 336th Street
Parkway Center, Suite 12
Federal Way 206-838-9363

8791 So. Tacoma Way

8070 Morgan Circte Drive Tacoma 206-581.0388

1288 SOM Center Road
8loomington 612.884-1474

Mayfield Heights 216-461-1200

NEW HAMPSHIRE OREGON WISCONSIN
419 Amherst 12020 S. W. Main Street i
Nashua 603-889-5238 Tigard 503 620-6170 90 . Whitney Way

Madison (Directory Assistance)
NEW JERSEY TEXAS

1442 E. Route 70

Cherry Hill 609-795-5900
2 De Hart Street
Morristown 201-5394077

3300 Anderson Lana INTERNATIONAL
e 52.58 Clarence Street
6439 Westheimar Sydney NSW 2000
Houston 713-977.0909 Australia TLX: AA 24757

“"SEE US AT PERSONAL COMPUTING ‘78 IN PHILADELPHIA, AUGUST 24-27"
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The New WH17 "Mini” Floppy-

a Giant Leap Forward in H8
Systems Sophistication!

34

Now you can give your H8 the
power and versatility only a
floppy disk system can provide!
The WHI? lets you load programs
in seconds instead of minutes,
store hundreds of programs on
a single disk with immediate
access, update files virtually
instantly. It's far more versatile
and rehable than paper tape

or cassette storage and really
makes your H8 a“total capa-
bility”computer system!

Storage media for the WH17
consists of the standard, hard-
sectored, 40-track diskette. Mea-
suring just 5.25” in diameter,
each disk offers the user access
to 400 sectors (10 per track) or
better than 102K* bytes of
available program cmd data
storage area.

Supphed fully ssembled the
WH17’s model 82 WANGCO
drive posts a conservative 30"
ms track seek specification, and
random sector typical access
times of less than 350" ms. (A
figure considerably better than
that of many equwalent com-
petitive drives.)

Heath Company, Dept. 334-430
5113117 o1-1( -3l Benton Harbor, Ml 49022

Please send me my FREE Catalog. | am not on your mailing list.

Name

A diskette containing all re-
quired H8 operating systems is
sold separately. This software
includes the Heath Disk Operat-
ing System (HDOS), with its
unique diagnostic, BUG-8, a
console debugger, TED-8, our
powerful text editor, HASL.-8, and
extended Benton Harbor BASIC.

The fully assembled WH17,
with dual-drive, controller and
systems software, will be
available in June, 1978, for $975.

 HEATHKIT
COMPUTERS

Systems Engineered
for Personal Computing
S

Address

City State

“Prices and specifications subject to change without notice.

L---------------------J
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Zip
CP-147

- HEATHKIT ELECTRONIC
CENTERS PROVIDE
SALES AND SERVICE
COAST-TO-COAST

_ Unilsot b Products Corpo 1
Retail prices on some products may be slightly
higher.

ARIZONA-Phoenlx, 2727 W. Indian Scﬂoolﬁd;
(602) 279-6247.

CALIFORNIA~-Anaheim,330 E. Ball Rd. (714) 776-9420;

El Cerrito, 6000 Potrero Ave. (415) 236-8870;Los Angeles,

2309 S.Flower St. (213) 749-0261; Pomona,1555 Orange

Grove Ave. N. (714) 623-3543: Redwood City, 2001

Middlefield Rd. (415) 365-8155; Sacramento, 1860 Fuiton

Ave. (916) 486-1575; San Dlego (La Mesa), 8363 Center

Dr. (714) 461-0110; San Jose (Campbell), 2350 S. Bascom
~Ave.(408)'377-8920; Woodland Hllls.22504 tura Blvd.
 (213)883-0531.

COLORADO- Denver, 5940 W. 38"1 Ave (303) 422-3408.

_ CONNECTICUT-Hartford (Avon),395 W. Mam St
_:(Rte. 44), (203) 678-0323.

FLORIDA~Mlaml (Hlaleah),4705 W. 1sm Ave.
(305) 823-2280; Tampa, 4019 West Hillsborough Ave.
(813) 386-2541.

GEORGIA- Atlanta,5285 Roswell Rd.(404) 252-4341.

: ILLINOIS-Chicego, 3462-66 W. Devon Ave (312) 583-3920:
Chicago (Downers Grove), 224 Ogden Ave. (312} 852-1304.

INDIANA-Indianapolls, 2112 E. 62nd S\, (317) 257-4321.

KANSAS- Kanaas City (Mlasion), 5960 Lamar Ave.
(913) 362-4486.

KENTUCKY-Loulsvllle, 12401 Shelbyvilie Rd.
(502) 245-7811.

LOUISIANA-New Orleans (Kenner), 1900 Veterans
Memorial Hwy. (504) 722-6321.

MARYLAND-Baltimore, 1713 E. Joppa Rd. (301)
661-4446; Rockvllle, 5542 Nlcholson Lane (301) 861-5420.

| MASSACHUSETTS -loslon (Faabudy). 242Andavav St
- (617) 531-9330; Boston (Wellesley), 165 Wovcastar Ave.
(RL. 9 just west of R1. 128) (617) 237-1510.

MICHIGAN-Detrolt, 18645 W. EightMile Rd. (313)
~ 535-6480; E. Detroit, 18149 E. Eigh(MilaHd. (313) 772-0416.

MINNESOTA - Minneapolls (Mopklni)JOl Sﬁaﬁy Oak Rd.
(612) 938-6371.

MISSOURI-St. Louls (Bridgeton), 3794 McKeray Rd.
(314) 2911850,

NEBRASKA-Omaha,9207 Maple St. (402) 39‘-20714

NEW JERSEY-FairLawn,35-07 Broadway (Rte. 4)
(201) 791-6935; Ocean, 1013 State Hwy. 35(201) 775-1231.

NEW YORK- Buffalo (Amherst), 3476 Sheridan Or.
(716) 835-3090; Jericho, Long Island, 15 Jericho Turnpike
(516) 334-8181; Rochester, 937 Jetferson Rd. (716) 244-5470;
White Plains (North White Plnlnl), 7Flesetv0| d.

 (914) 761-7690.

OHIO-CI 10/ 133 ike
(513) 771-8850: Clevellnd 5444 PearlRd. (216) 886-2590:
Columbus,2500 Morse Rd. (614) 475-7200; Toledo,

48 S.Byrne Rd. (419) 537 1887,

PENNSYLVANIA e GJ\B
(215) 288-0180; Frazer (Chester Co.),6301.ancaster Pnka
AL 30) (215) 647-5555; Pittsburgh,3482 Wm. Penn Hwy.
(412) 824-3564.

RHODE ISLAND- Providence (w.fwlck). 558 Greenwich
Ave. (401) 738-5150.

TEXAS- Dallas, 2715 Ross Ave. (214) 826-4053;
Houston, 3705 Westheimer (713) 623-2090;
~_San Antonlo, 7111 Blanco Rd. (512) 341-8876.

VIRGINIA- Alexandrla, 6201 Richmond Hwy. (703)
765-5515; Norfolk (Virginla Beach), 1055 Independence
Bivd. (804) 480-0997.

WASHINGTON- Seattle, 505 8th Ave. No. (206) §82-2172.

WISCONSIN~Milwaukee, 5215 W. Fond du Lac
(414) 873-8250.

HEATHRKIT
CATALOG

Read about nearly 400 money-saving,
fun-to-build electronic kits.

Use coupon to send for your mail order
catalog or bring coupon to a Heathkit
Electronic Center for your catalog.

Get Your Copy Today!

Circle 160 on inquiry card.



level | (highest)

Figure 1: A basic top-
down design diagram is a
structure like this. The
number of levels may vary,
and the number of boxes
may vary, but the basic
idea is given by this
prototype.

level 2

checkbook
bank stmt
deposit slips
checks

Figure 2: The first level of
design is the act of saying
“l want a program to do
thus and so.”’ Here ‘thus
and so” is defined to mean
checkbook balancing.

The basic principle of top-down design
procedure says that you start at a very high
level of function definition and then pro-
gressively expand that function into more
and more detail until you're at a low enough
level to begin coding your program.
Actually, this is a very natural way to
design solutions to any problem, but, for
some reason, this method was very slowly
applied to programming. The top-down
method is different from bottom-up, where
the concern is for coding and details before
a real program design has been done. Bot-
tom-up methods work on the ‘““how’’ aspects
of the program before the ‘‘what’ aspects.
An analogy of this method would be the
building of a house, using no structural
plans, by first laying down a convenient
foundation and then gradually adding
wood and stone until some desirable struc-
ture has evolved.

Let’s take an example of a function
that could be performed on a microproc-
essor system for the purpose of illustrating
the technique of modular, top-down pro-
gram design. The function, monthly check-
book balancing, was selected because it is
a process that is familiar to most of us and
it contains all of the elements which make it
a good example.

In order to design what you want the
program to do, begin by drawing a multi-
level design diagram like the one shown
in figure 1. The diagram will describe what
the program does at a number of different
levels of detail, starting with the highest

level 3 (lowest)

—_——

implied implied
inputs balance outputs
checkbook
H
1
el e R = e E S L ES -
[ ] ]
! | |
——de ey ey eme——— +———

RPN F—— e e e e

level which is a single block describing the
overall function. The next lower level of
blocks breaks the higher level function into
a number of more detailed subfunctions.
The next level takes those blocks and breaks
them into even greater detail, and so on.
An important point to remember is that the
total function of the program is represented
at each level.

Figure 2 illustrates the first steps in the
top-down design of your checkbook balanc-
ing program. The first block simply states
that the program will balance your check-
book. There are no details in that block and
it certainly doesn’t invite coding at this
point in the design. For input, you know
that you will have your checkbook entries,
monthly statement from the bank, deposit
slips and cancelled checks. The output you
want is a comparison of your checkbook
balance (adjusted for recent deposits, ser-
vice charges and outstanding checks) and the
balance shown on the bank statement. You
also want to know where any errors were
made and what corrections are required.

The second level of design, shown in
figure 3, breaks the first level block into
three major subfunctions. Although this sub-
division could have been done differently in
terms of the content of the second level
blocks, the sum total of those functions
always adds up to the entire function of the
program. The idea is that you start the
process slowly and don’t attempt to develop
too much detail too soon. Keep the number
of subfunctions small, five or fewer, under

comparison of checkbook
and bank balances
errors

corrections

July 1978 © BYTE Publications Inc
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Figure 3: Once the first

level of design has been balance
determined, the next level checkbook
is specified by breaking up
the task into parts which
are fundamentally inde-
pendent of one another.
Here, checkbook balancing YT b;'O:Ce ] compare bank
is viewed as three separate deposits thfgi:" gzl‘i::::kb“k
modules of function.
balance
[ checkbook
match deposits
in checkbook
against bank I
statement l
| balance
adjust bank checks and
balance for charges
any late l I
deposits I l
match cancelled ' I match cancelled adjust check- adjust bank ‘ '
checks to check-] checks to check-| book balance balance for
book entries and book entries and for any bank any outstand-
bank statement bank statement charges ing checks

I

adjust check-
book balance
for any bank
charges

adjust bank
balance for
any outstand-
ing checks

compare bank
balance to
checkbook
balance

|

determine any
differences and
correct
mistakes

1

end

Figure 5: After the modu-
lar structure of the ap-
plication is determined in
a hierarchy such as those
exemplified in figures 1 to
4, then attention can be
given to sequencing of
functions. This flowchart
shows general level se-
quencing of the checkbook
balancing application.
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Figure 4: Carrying the process one step further, the next level is shown here for one of the

branches of the structure of the programs.

each function block. Don’t worry about the
order in which these subfunctions will be
performed in your program. Remember,
you’re only concerned at this point about
what is to be done, not how it is to be done.

Next, take the design to the next lower
level by further subdividing each of the
second level blocks. Figure 4 illustrates a
portion of this step. Just make sure that
each subblock represents a complete sub-
function and that the subfunctions at any
level are equivalent to the program function.

You might ask at this point, “How many
levels must | go through?”, or “How do |
know when to stop?”’ There is no precise
answer to these questions, although the fol-
lowing guidelines should help. In general,
you will find that you should stop when the
lowest level of functions is so simple that
you can easily write a program module to
do each one. A module should be considered
to have about 50 program instructions, or
less. Experience will help you to know when
you have reached this point. Also, you will
find that the more complex the program,
the more design levels you will need; general-
ly, about three or four levels will be
sufficient.

Another method of determining if you've

carried the design to a low enough level
comes about almost automatically. If you
are attempting to complete one of the lower
levels and you find that the order of sub-
function execution is becoming difficult to
ignore, then you've probably gone far
enough. Also, if you find that it is becoming
necessary to show that program branching
or decision making is required (top-down de-
sign diagrams should show no decision logic),
then you know that you have about the
right level of design. You are now ready to
start thinking about the how of your
program.

Modular Construction.

If you try to make each block at the
lowest level of your design diagram into a
module, you might determine that some
blocks are simple and can be combined
into fewer modules. On the other hand,
there will probably be blocks which would
result in modules larger than the minimum
size of 50 instructions we have established.
In this case, take the blocks through one or
more additional levels of design.

Now decide what sequence the functions
should be performed in. Begin drawing a



Rackets or
Racquets?

Software systems from
TSC serve — whether

or pleasure. TSC's
software is designed
for business and
industrial uses as well
as for recreation. Off
the job or at work, TSC
software serves =
your needs. <——

Assembly Language Progrcm;s‘\
(Includes Source Listings)

With Object Code Cassette

SL68-5C 6800 Space Voyage S18.95
SL68-24C 6800 Text Editing System $30.45
SL68-26C 6800 Mnemonic

Assembler $30.45
SL68-29C 6800 Text Processing
System S38.95

With Object Code Paper Tape

SL68-24P 6800 Text Editing Systermn $31.50
SL68-26P 6800 Mnemonic

Assembler S31.50
SL68-29P 6800 Text Processing
System S40.00

SL80-10P 8080 Text Editing Systermn $37.50
SL80-11P 8080 Text Processing

System S41.00

Cassettes are in the Kansas City Standard
format. Many other programs are
available. Send 25¢ for a complete
catalog.

Technical Systems

Consultants, Inc.
Box 2574

W. Lafayette, Indiana 47906
317-423-5465

Specialists in Software & Hardware for Industry & the Hobbyist
Circle 370 on inquiry card.
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To Order: Include 3% postage, $1.00
handling on orders under $10.00, and
Indiana residents add 4% sales tax.
Check your dealer!

TSC Monthly Feature:

8080 Mnemonic Assembler

This is the most complete resident non-macro
assembler available for the 8080 and the com-
plete source listing is included! The assembler is
fully Intel compatible except for logical expression
operators. All standard pseudo-ops are supported
plus features such as paging. titling, spacing,
listing suppression, sorted symbol table, Intel
format tape generation, hex or octal output,
decimal line numbers, auto field formatting, hex,
decimal, octal or binary constants, and more.

55K of RAM is required beginning at 1000 hex,
plus source and symbol table space. An object !
code paper tape in Intel ASCII format is available,

SL80-12 8080 Mnemonic Assembler $25.00
SL80-12P Assembler with paper tape $34.00
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executive

processing details

call

input and
format all

required

return

data
|

call

\

add late
deposits
to bank
balance

return

l

call

match cancelled
checks to check-
book and bank
statement

return

bonk

call

charges
P

subtract
charges
from
checkbook

return

out-
standing

f——————— 4= — e, e, |, e e - =

call

checks

subtract
checks
from bank
balance

return

)

cal

compare
bank

balance to
checkbook

return

J

mismatch \ Y&s

call

°

no

indicate
amt. of mis-
match and

locate error

return

end

processing
subroutine
modules

Figure 6: While the sequencing of the diagram shown in figure 5 is adequate,
it is often useful to explicitly partition all sequencing of execution in a
separate module called the ‘‘executive’ for the application. This flowchart
shows a simple example of such an executive program which sequences the
major operations of the application.
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flowchart showing the required sequence.
Will each function be performed for each
pass through the program? If not, add deci-
sion blocks showing the conditions under
which each such function is executed. Also
add any function blocks which may be
necessary to initialize data, clear tables,
I0 data, etc.

Figure 5 shows a sequence of functions
which results from the design of your exam-
ple checkbook balancing program. Actually,
the functions shown are probably too high
level for this step, but for the sake of illustra-
tion, the diagram should make the point.

At this time, | would recommend that
you consider making use of a special pro-
gram structure called an executive routine,
which offers some significant advantages.
The executive is the main routine in the
program and primarily contains calls to
the function modules which do all the
processing duties. It makes all decisions
about the sequence of execution. It also
contains the starting and ending points of
the program. The objective of the executive
is to concentrate most of the decision logic
and common function of the program into
a separate routine which becomes another
program module.

In this way, the function modules need
not, and should not, make sequencing deci-
sions. They should never directly pass con-
trol to another function module. This should
be done only through the executive. A func-
tion module’s only responsibility is to be
given control by the executive, do its
assigned job, and then return control back to
the executive. Function modules are written
in the form of subroutines using the call and
return facilities of the programming language
being used. They should also contain a
generous sprinkling of comment statements
to insure a high degree of understandability,
as well as a well-defined 10 interface to the
outside world and the rest of the program.

Figure 6 illustrates the final step in the
modular, top-down design of your check-
book balancing program. You have added an
executive routine and some necessary house-
keeping routines. You could begin coding
the program from this flowchart by first
writing the executive and the associated
subroutine calls for each of the processing
modules. By writing dummy subroutines
which simply return control when they are
called, you can test your executive for cor-
rect operation without the need for the real
processing modules.

The next step, of course, is writing the
processing routines. This is simplified by the
design approach described in this article
because it allows you to work on each routine
as a separate unit which can be written and
tested independently of all other routines in
the program. When all routines are com-
pleted, they simply plug into the executive
to form a total program. Later, if you want
to change the sequence of execution, add or
delete functions, it can be simply a matter of
manipulating modular routines. ®



HOW TO BEAT THE SYSTEM WITH SYNCHRO-SOUND

High-performance, low cost complete Microcomputer Business Systems (plus Software)
at EXTRA savings only Synchro-Sound can offer!

DIGITAL SYSTEMS DSC-

Z-80 COMPUTER SYSTE
32K RAM, 4 RS-232 serial interface:
16 bits of parallel /0. Double densit

floppy disk, Shugart dual-drive,
Regularprice $4995.00

CENTRONICS 700 PRINTER
With RS-232 Interface
60 characters per second, 132 col-

umn line, tractor feed. ¢
Regular price $1720.00

HAZELTINE 1500
VIDEO TERMINAL
80 character lines, 24 line page, line

and page editing. Separate numeric
keypad.

T o

Regular price $1149.00
$7864.00

THECOMPLETE SYSTEN $7495. 0
SAVE $369.00!

CROMEMCO SYSTEM3 &
Z-80 COMPUTER SYSTEM

32K RAM, dual disk drive, RS-232 In- %

terface. S-100 bus.
Regular price $5990.00

MODEL 3703
LINE PRINTER
180 characters per second, print line E\‘
width 132 cols., bi-directional print-
ing.
Regular price $2995.00
CRT TERMINAL
MODEL 3100
80 characters per line, 24 lines, up to
19,200 baud, upper and lower case.
Regular price $1595.00
$10,580.00

THECOMPLETE SYSTEM
oy $10,095.00

SAVE $485.00!

Terminal and Printer substitutions may be made
on any of the above Systems

CUSTOMIZED HARDWARE SYSTEMS
ARE AVAILABLE

Complete modern servicing and consulting
facilities on premises

Circle 355 on inquiry card.

IMSAI VDP 80
DATA PROCESSING
COMPUTER SYSTEM

32K RAM, expandable to 196K.
Parallel and serial 1/0. Megabyte
mass storage, alphanumeric in-
telligent keyboard.

Regular Price $6995.00

OKIDATA 22 PRINTER
With RS-232 Interface

Tractor feed, 132 column, 125 Ipm,
upper and lower case. 12 different
fonts on command.

Regular price $2888.00
$9883.00

THE COMPLETE SYSTE]NMLY S9445.00
SAVE $438.00!

Three software packages* that enable
you to profitably make full use of your
Microcomputer Business System

ACCOUNTS RECEIVABLE PACKAGE Creates transaction file
of charges, credits and payments. Batch mode for monthly
statements and aged scheduies.

Operators manual and disk, single copy

INVENTORY PACKAGE Maintains current listing of stock

$500.00

_| items, master inventory listing with price and cost data.

$500.00

ORDER-ENTRY PACKAGE (Requires Accounts Receivable
and/or Inventory Package) Links Accounts Receivable and
Inventory packages into one coherent, easy-to-use, time-
saving system.

Operators manual and disk, single copy

Buy any of our
3 MICROCOMPUTER SYSTEMS
and any combination of these

3 SOFTWARE PACKAGES ARE YOURS FOR

HALF PRIGE!

Operators manual and disk, single copy

$500.00

* Require 48K Memory and Microsoft Basic

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 Visitournew showroom
and Saturday Working units on display
Dept BSY BankAmericard ® Master Charge
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SYNCHROSOUND

ENTERPRISES, INC.I
One-stop shopping
for Hardware and Software

Everything you need in small computer systems with special emphasis
on TERMINALS! Look at these units...compare price, quality, delivery,
service...and you’ll see why you don’t have to look anyplace else!

LEAR SIEGLER ADM 3A TERMINAL

® Full addressable cursor ADM 3A

® Display format—24 lines Kit....... $759-95
of 80 characters per line : .QD,M 3'& s 854.95

® Communications rates—75 to LS::%TC:se' ' "

option......... 69-00

19,200 Baud
® Computer interfaces
—EIA standard

ADDS REGENT 100
VIDEO DISPLAY
TERMINAL
Display Format—=80 characters per line by 24
lines. 25th line reserved for terminal status. Re-
verse video, underline, half and zero intensity
and blinking are all standard features.

. $1325.00

TELETYPE MODEL 43 PRINTER

® 132 Characters per line

@ 110 or 300 Baud switch selectable

® Full keyboard

® RS 232C Serial Interface standard $1299_00

OKIDATA MODEL 22
LINE PRINTER

® 125 lines per minute
132-column print line
® Upper/lower case
® 3 different

character sizes
® 12 |PS paper slew

y Tractor Feed . ... $2449-00
RS 232C Serial Interface. .. 37 9.00

OKIDATA MODEL 110
LINE PRINTER

0. 1.10 CPS dot matrix
s " $1199.00
fer . 1349.00

RS 232C

.%i::?f'acg ...260.00

DECWRITER Il

® 132 column printing
® 10-30 CPS

® Full keyboard

® Tractor feed

$1495.00

8
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SYNGHRO-SOUND

ENTERPRISES, INC.

CENTRONICS 761 PRINTER

® 300 Baud serial transmission
® Bidirectional and incremental printing
® RS232, CCITT-V24, or
current loop interface
® Baud selection (110/150/300)

KSR with Keyboard . .. .. .. $2025-00

Receive only version |

1895.00

CENTRONICS
703 SERIAL
PRINTER

® Low
COS'( e et i b S i o Do s
of ownership

® Bidirectional logic seeking printing

® Microprocessor electronics ¥ ; -
® Excellent print quality $2805.00

IMSAI 8080 MICROCOMPUTER
©® Powerful ® Low cost ® Easy to use

With 22 Slot
Mother Board

| $649.95

PCS-80/15 Kit

699.00

FLOPPY DISK

® Fully IBM 3740 media SYSTEM

and format compatible
® Full formatter

and controller

built-in

Digital Systems
Dual Drive System

$2475.00

HAZELTINE 1500
VIDEO TERMINAL
® Reverse video
® 24 x 80 display
® Programmable
brightness levels
® RS232 and f
current loop
and much more

~ : SPECIAL BUYS

HAZELTINE MODULAR 1 Vista V80 Floppy Disk System. . ......... $619.95
INTELLIGENT TERMINAL CromemcoZ-2Kit . ... ... ............. 565.25

Version

AR 0] oul Density
5 12745.00

. Compucolor8001 Color Computer. ... .. 2595.00
® 1920 character display IMS 16K Static Memory . . ...... ....... 525.00
® 8 different video levels North Star Microfloppy Disk Kit......... 599.00
® Full editing capability North Star Horizon 1 Kit ............... 1499.00

North Star Horizon 2 Kit . .............. 1899.00
Javelin 9” Video Monitor. . ............. 159.95
Livermore Modem Mode! 76............ 299.00
Micropolis Model 1053MOD 2 . ...... .. 1799.00
IMSAI AP44-44 Col. Printer Kit........ 299.00
TDL Xitan Alpha1 Assembled ....... 939.95

® Removable keyboard
and much more

Assembled .. ..

$1659.00

We carry a full line of the following: TDL,
Centronics, Seals, Hazeltine, Micropolis, Vista,
Hayden, IMSAI, Cromemco, Digital Systems,

SYNCHRO-SOUND :rererises. inc.

The Computer People

Compucolor, Icom, Lear Siegler, Okidata, 193-25 Jamaica Avenue,

DEC, Javelin, North Star, Peripheral Vision. Jamaica, New York 11423

Same day delivery and shipping on most 212/468-7067 TWX: 710-582-5886

items. Full modern repair facilities on Hours 9-4 daily Visit ournew showroom
premises for complete servicing of and Saturday Working unitsondisplay

everything we sell. Dept. BBB BankAmericard * Master Charge
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Who's Afraid of Dynamic Memories?

It is not necessary to re-
fresh every cell of the
dynamic programmable
memory individually, but
only the rows of the
memory matrix.

(Conversation overheard in local com-
puter store):

Customer: What'’s the difference be-
tween static and dynamic memory?
Salesman: Static memory works and
dynamic memory doesn't.

It is unfortunate that the dynamic
memory has had a rocky start in the small
systems world, but itisnotreally surprising.
The dynamic programmable memory is a
part generally avoided by most designers
because it is not nearly as simple to use as
static memory. But taking the extra trouble
and design carc can pay handsome cost and
performance dividends, since the dynamic
memory is inherently a lower cost part than
its static counterpart (by present standards
of technology).

The purpose of this article is to remove
some of the mystery about dynamic mem-
ory parts. In order to best cover all the
trade-offs involved in a dynamic memory
design, the discussion centers around the
design of an actual dynamic programmable
memory with the following specifications:

1. 32 K bytes on one card.

2. Altair (S-100) bus compatible (an
elusive specification, as we'll see later).

3. Refresh mechanism invisible to the
processor.

4. Lowest power dissipation possible
with current integrated circuits.

5. Full speed operation in a 2 mHz sys-
tem (no wait states).

6. Foolproof opcration: refresh main-
tained despite halted processor and
direct memory access operations,
interrupts and prolonged wait states.

Note: A commonly seen misnomer is the abbreviation “RAM” used to
refer to a typical volatile programmable memory part such as those dis-
cussed in this article. RAM stands for “random access memory,’’ which is
descriptive of any memory part which addresses a unique memory cell
given a set of binary inputs. A “read only memory’’ for example is also a
random access memory, yet it is quite different in function from the vola-
tile programmable memories. Thus in reading advertisements and manu-
facturers’ literature, be aware that the term RAM as used really means
“volatile programmable memory,” a resource for the programmer who

uses the system. . .CH
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Figure 1 is the usual starting point in any
discussion of programmable memory. It is
shown here only to point out that the static
programmable memory cell uses six MOS
transistors, while the dynamic cell uses only
one (end of cost advantage argument).

The dynamic programmable memory cell
uses a charge storage technique to store digi-
tal information. The capacitor C. in figure
1b is charged for one logic state and dis-
charged for the opposite state. Capacitors,
being what they are, don’t hold charge for-
ever (duc to leakage), so the cell shown
works fine, but only for a few milliseconds.
After that, the charge decays below a usable
value. This is the rcason for the mechanism
called refresh. A refresh operation reads the
value of the charge on the capacitor, ampli-
fies it to its initial value, and dumps it back
into the capacitor.

Life would really be difficult if the de-
signer had to implement the entire refresh
operation (read, amplify, write) in a dy-
namic memory system. Dynamic memory
designers have made things simple by estab-
lishing the following refresh “‘rules’:

1. It is not necessary to refresh every cell
in the dynamic memory individually,
but only the rows of the memory
matrix.

2. A refresh operation is accomplished by
simply accessing the required number
of rows with any type of memory
operation (read, write, or do nothing
but set up the correct addresses ac-
companied by a ‘‘strobe” or timing
pulse).

Programmable memories are organized
in an XY matrix of rows and columns.
The matrix is generally square, so it is
possible to deduce the number of rows
in the memory that must be accessed during
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Figure 1: Comparison of static and dynamic memory cells. The static mem-
ory cell (figure T1a) is actually a flip flop (or bistable multivibrator) made up
of six MOS transistors and capable of storing one bit of information. The
dynamic memory cell (figure 1b) uses one MOS transistor and a capacitor to
store one bit of information. The major differences between the two memory
storage techniques are cost (dynamic memories are significantly cheaper than
static memories) and the fact that dynamic memories must be “refreshed”
reqularly to maintain the charges on the capacitors.

REFRESH
COUNTER

PROCESSOR ADDRESS
LINES

1 MUL TIPLEXER

REFRESH
ARBITRATION
LOGIC

MULTIPLEXER
CONTROL

A B

ADDRESS LINES

DYNAMIC MEMORY Ry
ARRAY

Figure 2: Refresh implementation block diagram. Dynamic memory cells
must be refreshed periodically, or the capacitors used to store the bits of
information will discharge. Refreshingisdone by simply accessing the cells in
question with any type of memory operation (read, write, or do nothing but
set up and strobe the correct addresses). Because dynamic memory cells share
common lines, it is necessary to access only the rows of the memory matrix.
All dynamic memories are set up so that the row decoders are fed by the least
significant address lines (AO thru A5 for a 4 K part, for instance). The mem-
ory address lines are fed by a multiplexer that selects either the A lines (proc-
essor address lines) or the B lines (refresh counter lines) as directed by the
refresh arbitration logic. The selected lines are then fed into the dynamic
memory array. The refresh arbitration logic insures that the refresh opera-
tions and the processor operations do not interfere with each other.
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a refresh interval. For example, a 4 K by 1
bit memory is 64 by 64, so 64 memory
cycles must be performed for refresh;a 16 K
by 1 bit memory is 128 by 128 and requires
128 refresh cycles. The specification for
refresh interval is generally 2 ms. This means
that all rows of the memory matrix must be
‘“exercised’ at least once every 2 ms.

How do you know where the ‘“rows’ are?
All dynamic memories are set up so that the
row decoders are fed by the least significant
address lines; for a 4 K part, this means the
six low order address lines, or AG, A1, A2,
A3, A4 and AS. During the refresh opera-
tion, the remaining address lines A6 thru
A11 are in “don’t care’ states. For a 16 K
part, the seven low order address lines AQ
thru A6 constitute the row address lines.

Figure 2 shows how refresh is accom-
plished. The memory address lines are fed by
a multiplexer that selects address inputs
from multiple sources. When the A inputs
are selected, the processor accesses the mem-
ory; when the B inputs are selected, the
refresh address counter accesses the mem-
ory. The role of the refresh arbitration logic
is to insure that the refresh operations and
processor access operations do not interfere
with each other. The block diagram in
figure 2 shows a 2 input multiplexer. A later
section of this article shows how the number
of inputs may be expanded to accommodate
a multiplexed address programmable
memory.

Some system designs allow the use of dy-
namic memories without having to imple-
ment any refresh circuitry whatsoever. The
most common system of this type is a video
system that uses raster scanning. In order to
present a stable image on the video display,
all information is stored in a refresh mem-
ory. As the electron beam scans the screen, a
digital address that identifies the beam posi-
tion is developed by the video display’s tim-
ing circuitry and fed to the memory address
lines. The memory thus sequences continu-
ously through its addresses. This satisfies the
refresh requirement automatically, since the
refresh counter of figure 2 is in effect re-
placed by the video display’s counters.

The 4 K dynamic memory is currently
available in three different packages: 22 pin,
18 pin and 16 pin. The survivor of the in-
compatibility battle is clearly the 16 pin
package, due largely to its superior design,
low power and true compatibility between
multiple sources. Ironically, the smallest
package, the 16 pinner, was the easiest one
to convert to a 16 K memory part. [Several
manufacturers of personal computers take
advantage of this to offer memory in differ-
ent combinations of 4 K and 16 K byte
blocks . . .CM] We’ll see how this was done
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The current wonder of the
semiconductor world is
the 16 K dynamic pro-

grammable memory.
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when address multiplexing is discussed later
in this article.

The current wonder of the semiconductor
world is the 16 K dynamic programmable
memory. The 16 K dynamic memory part
that provides the prototype for the industry
is the MOSTEK MK4116. This is the part
that virtually all semiconductor memory
makers are laboring to emulate, due to its
high performance and low power. Intel is
another large supplier of 16 K dynamic
memories in the form of the 2116, but the
2116 dissipates much more power than the
4116 and is not truly compatible with the
4116 type part which the rest of the indus-
try is lining up behind. Intel will shortly
have a newly designed part that performs
like the 4116. Texas Instruments is also in
the process of redesigning their 16 pin part
to perform like a 4116.

The 16 K dynamic memory is in high
demand these days, and the suppliers have
not begun to meet the demand. This spells
bad news for the experimenter, because
prices will remain high ($20 to $30 each
even in high volume) until the suppliers
catch up to the demand. The day the 16 K
chip becomes a “jellybean’’ part, such as the
2102, is probably about two years off.

tre

There is, however, a sneaky way that the
16 K part can be used economically today.
Like all integrated circuits, the 16 K part
undergoes thorough testing before it is
packaged and sold as a part. The die size of
the 16 K part is so large that the probability
of something being wrong with one or a few
array cells is fairly high. Clever manufac-
turers (presently MOSTEK and Intel) are
taking the parts which have problems as a
16 K part, and retesting them to see if either
of the two 8 K halves of the array function
perfectly. And they do indeed find many
parts which are perfectly acceptable 8 K
parts. These parts are not factory ‘‘rejects’”:
they meet all specifications for the 16 K
device, but you can only use half of the part.
Two part numbers specify the devices and
tell the designer that a particular address
line (AO) must be always high or always low.
This permanently selects only the ‘“good
half.”

If youlook closely at some of the current
dense Altair (S-100) bus compatible memory
boards, you'll see these devices (Intel calls
theirs the 2108; MOSTEK's is the 4115).
This type of part makes everybody happy.

Continued on page 140
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Figure 3: Dynamic memory timing for the MOSTEK MK4116 16 K dynamic memory (Courtesy MOSTEK). The following
steps are necessary for a memory cycle: set up the low order 7 bit address on the address line (for the case of the 16 K memory)
by setting the address multiplexer to state 2; wait for the address lines to settle; drop the row address strobe (RAS) line to the
low state to latch the low address into the port; wait the “row address hold time’’; set up the high order 7 bit address on the
address lines, finally, drop the column address line to the low state, which latches the high address into the port.
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Dr James M Williams
58 Trumbull St
New Haven CT 06510

There is a high technology
in every age, not just our
own.
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Antique Mechanical

Computers

My purpose in writing these articles is to
remind computer enthusiasts that there is a
high technology in every age, not just our
own. Described herein are some of the
stellar accomplishments of earlier times. The
technology of electronics is merely the latest
link in a continuous chain of technological
developments spanning 20,000 years. Before
that, there was a mechanical technology.

Part 1 of this three part series describes
some highlights in the development of auto-
mata up to the 18th century. Part 2 contin-
ues with 18th and 19th century develop-
ments, and part 3 concludes with a descrip-
tion of Torres’ 1911 chess automaton.

| am not going to speak here of those in-
candescent moments long ago when the
truly great and critical achievements of
mechanics were discovered: that day when
an ancient man hooked a stick under one
large stone and over another to invent the
lever. Nor will | consider the wheel, which,
however it came about, multiplied mechan-
ical possibilities so manyfold (pulley, cam,
gear, crank, escapement) that as the know-
ledge spread humanity was irrevocably
changed. We simply do not know the story
of mechanical knowledge and its spread, so
we must spin scenarios instead of histories.
We will also have to concentrate on high-
lights, since an exhaustive treatment of
mechanical computers would fill many
books.

We do know most of the latest chapter,
however. It has taken place in the past
350 years, beginning in Renaissance times,
flourishing in the Industrial Revolution,
and finally levelling off in the early years
of this century. The mechanisms that are

now commonplace were being born back
then, and what exciting times they must
have been. Glance through a compilation
of mechanisms and note the dates of first
appearances in machinery. You will be sur-
prised to see how many basic movements
date from two centuries ago. And with study
and application, a man could learn them,
make them his own, and employ them in
mechanisms of his own. Consider the thrill
of the obscure local blacksmith in, say,
Saxony 400 years ago who copied in wood
the mechanism of the town clock’s striking-
jack — the clock, a wonder that was the
envy of other towns, imported at great
expense from ltaly — and discovered for
himself the means of transforming rotary
motion into intermittent linear motion, via
a cam. (Medieval cathedral clocks generally
had a life-size figure, man, angel, or devil,
which carried a mace to strike hours on a
bell: the “striking-Jacques” or “striking-
jack.”) Imagine the challenge and excite-
ment in realizing that one could construct a
clock that would strike noon fairly consis-
tently when the shadow of the church
steeple touches a particular joint of flagstone
in the village square. Could one compress
this wonderous mechanism into a container
small enough to carry, and be able to see
the time whenever he wished? Could one
construct a clock for the pocket?

The first ones showed up around 1650,
bulky as an ostrich egg and not much
better at keeping reliable time. A little over
two centuries ago a carpenter from York-
shire, England, James Harrison, who had
taught himself mechanics over a period of
30 wyears, constructed his fourth highly
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Photo 1: The bird organ, a popular novelty of the 18th and 19th centuries.
The device is a sophisticated automaton capable of imitating the sound and
movements of a real bird: the wings flap, the head turns, and the beak moves
to the accompaniment of assorted bird whistles.
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Figure 1: Schematic diagram of a typical bird organ mechanism. Two metal
cams control the bird’s voice: the far cam controls the pitch piston (located
in the body of the bird whistle), and the near cam controls the volume valve
(located inside the wind chest).
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accurate watch (chronometer) and won a
prize of £20,000 from the British govern-
ment in 1760. Determined to make the
British Navy the master of the seas, the
Admiralty offered a prize for a watch that
would permit a ship to calculate its longi-
tude with an accuracy of 60 nautical miles
after being at sea for six weeks. (Latitude is
relatively easy to calculate by accurately
measuring the elevation above the horizon
of any celestial body. Longitude is more
difficult, and requires knowing the elevation
at a time known relative to a fixed ref-
erence, the zero meridian at Greenwich,
England.)

Mechanicians (an excellent name for the
practitioners of this craft) chose to work in
the field for much the same reasons we all
choose a field today: because it was an
absorbing and genteel means of earning a
living, because it offered accomplishments
one could show with pride, and because it
was the area for future expansion, the grow-
ing edge of the technology. Look at the
legacy of machines they have left us: the
Linotype, the typewriter and its relatives,
the reproducing piano (and its less intel-
ligent cousin, the player piano), clocks
and watches of every description. They
are all fine mechanisms, but most of them
were perfected and essentially attained
their present configuration 80 vyears ago
and more. Electronic devices have displaced
most of them.

The flowering of mechanical technology
had other branches that have now died
out, though, leaving only accounts in books
and a few decaying museum specimens
of machinery which once stirred general
admiration and brought fame to their
creators: the Orrery, a clockwork model of
the solar system, complete with moons,
that once stood proudly in the exhibition
room of every significant university; the
dazzling variety of music boxes which once
were found in every parlor; and so on. And
who nowadays recalls the bird organ (see
photo 1 and figure 1)?

The bird organ was a mechanical device
that produced a very close simulation of a
bird’s song; 200 years ago it was a very
expensive and much cherished ornament
in the parlor of every gentle home. | have
seen electronic versions of circuits for such
a device and have built one, but together
with its transformer and loudspeaker it
occupies most of the space in a small bird-
house. A commercial version | purchased
is slightly smaller, housed in a 3 inch plastic
sphere. Around the year 1800 there was a
bird organ made for sale to replace the
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In computer terms, the
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scribed as a spring driven

power train controlled

by a mechanical read only
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head of a gentleman’s walking stick. A
hinged lid sprang open by a concealed
catch, and out popped a minute feather
covered bird model that opened its beak,
spread its wings and sang. The entire device,
except for its winding key, was housed in a
gold ornamented cylinder 1%z by 2 inches
(3.8 by 5 cm) long. How’s that for miniatur-
ization? And I'll wager it made a better song
than my blocking oscillator version.

There were bird organs, or accounts of
them, in antiquity. The Greeks used steam
or air to drive whistles mounted in bird
figures; the Arabs and Persians supposedly
did the same. The mechanism was some-
times a cluster of tuned whistles like a bank
of miniature organ pipes, and this arrange-
ment is found in a clock from 1750, but the
modern bird organ dates from about 1770
and was likely devised as a means of teaching
domesticated songbirds to sing. Soon minia-
turized, it was incorporated into decorative
objets d’art of all sorts: snuff boxes, per-
fume flasks, table centerpieces (these often
had small fountains of water and other dis-
tractions built in), clocks, even watches
(but these were very rare), and free standing
forms. One delightful version of the latter,
perhaps 9 inches (23 cm) high, depicts a
lady seated at her desk and a bird on a perch
pole nearby. Her hand is on a (mock) bird
organ, which she cranks while her pet listens
attentively. The bird then tries to copy the
song, but makes errors, which she corrects
by playing the lesson again so that the bird
“learns” and repeats it accurately, with
much enthusiastic flapping of wings, pivot-
ing on the perch, etc.

Large or small, the mechanism of bird
organs was always the same (see figure 1):
a main spring drove a gear train which oper-
ated a bellows to compress air in a wind box,
and another gear train drove an intricately
cut cam which, via a piston, varied the pitch
of a whistle connected to the air supply. A
similar cam operated a valve to control the
volume of the whistle tone. More gears drove
cams that controlled the beak, wings, and
pivoting actions via push wires ascending
the perch pole and the bird’s hollow legs.
Songs of eight or nine species are to be
found among bird organ mechanisms (some
elaborate devices had double or triple songs),
and the nightingale was most popular.
Remember the fairy tale about the mechan-
ical nightingale by brothers Grimm, about
18557 It lived in a jewelled tree, and some
devices were made in this form, but the
objet d’art was perhaps most popular,
being finished in enamel and gold and
frequently decorated with precious stones.
While bird organs were essentially one of a

kind machines, there was a sort of produc-
tion line for them maintained by the most
famous makers, and many thousands of
them exist in museums. A great many were
exported from France and Switzerland to
the Orient. They are still made, and, while
expensive, they are no longer the luxury of
rich men. [A German bird organ about the
size of a pocket calculator is currently avail-
able for under $400 . .. CM]

In computer terms, the complete mecha-
nism might be described as a spring driven
power train controlled by a mechanical read
only memory whose values are stored as a
distance of the edge of the cam from the
cam’s center of rotation. In 45 seconds of
singing, there might be a fair number of
places where the notes sound, perhaps, six
to eight per second (during a trill).

Referring to figure 1, if we have two cams
which rotate in 45 seconds, and we allow a
time division of ten samples per second,
and if we allow eight bits of precision per
sample, we would require 900 bytes of read
only memory to simulate the control func-
tions of these cams.

A longer song, as in the tutorial automa-
ton described above, might require three
times as many bytes together with a smaller
number to control bird and figure motion.
This gives a total of 3 K bytes of mechanical
read only memory divided unequally among
several cams (something approaching the
storage capacity of contemporary read only
memory parts).

A better way to look at thissort of mech-
anism might be as a computer with analog
storage (varying cam curves) and analog
output (varying positions of the volume
valve and pitch piston). Information is
stored in the intricate curves of the cams.
The information is fixed there for all time,
or until wear or rust alter it, and may be
recovered whenever it is needed by rotating
the cam while the cam-follower rides on its
periphery. It is in every way an ‘“‘analog” of
the desired sound, but it is not a recording,
because it has been distorted in storage to
suit the particular readout mechanism being
employed (the cam-follower). (I have de-
scribed the stored information as digital
in order to facilitate the comparison; this
has validity because of the relatively small
number of analog positions and their re-
solvability into bytes of restricted number.)
Even in the 1770 to 1850 era the cam was
not a new invention, but this application
was novel. It was a benchmark in the field
of mechanics. Storage of information had
now become a tool of the mechanician,
where formerly mere repetitive movement,
the regular back and forth movement of a



clock’s known to be
available.

With the possibility of storing informa-
tion comes the possibility of crafting com-
plex and seemingly nonrepetitive movement.
If it is the desire of the builder of the mecha-
nism, these movements may be arranged to
mimic the movements of living organisms.
This is the basis of more complex mechan-
ical toys like the rabbit that walks about
beating on a drum. (Incidentally, in 1880 a
minute gold rabbit, perhaps an inch high,
who also played his drum, was sold as a
brooch. Not to mention a 3 inch gold
caterpillar that sedately crawled its path,
circa 1850.)

However engaging, these were funda-
mentally simple and regular movements
that did not tax the designer. Mechanicians
have constructed far more complex ma-
chines designed to duplicate the most
intricate and coordinated movements per-
formed by living creatures and to produce
an effect of illusory life for the few minutes
the mechanism operates. Why would clever,
dedicated people do such a thing? Why build
an automaton?

mechanism, was

Machines That Imitate Life: a Rationale

Until modern times there was a pervasive
and unchallengeable view that the bodies of
human beings were not fit subjects for in-
vestigation. Death was the penalty for
human dissection during the middle ages,
except for rare occasions when the Church
sponsored demonstrations of the corpses of
criminals. Clearly, anything so sternly for-
bidden must have been well worth investi-
gating; could it have been that the secret of
life lay concealed in the structure of the
body? There were some who took the risk,
and they always found that animal and
human structure were very similar. Since,
in the influential and respected view of Rene
Descartes (1596-1650), animals were ma-
chines that differed from humans chiefly in
their lack of divine inspiration, it is easy to
see the framework for a ‘“‘mechanistic”
view of living organisms. The notion held
much appeal. It explained in terms that
were comprehensible to the average edu-
cated man how living creatures were con-
structed by substituting mechanism for
mystery.

Popular expositions of science from the
1890s right up to the 1940s typically de-
picted drawings of a person cut away to
reveal bellows and pump rooms in the chest,
the chemical factory in the abdomen, the
telephone switchboard in the skull, the
pistons and gears in the limbs, and so on.

| suggest that this conception of orga-
nisms as chains of mechanisms, and the
corollary, of a god as the divine watchmaker
who constructed and set them in motion,
was perhaps the most influential factor lead-
ing to the construction of machines designed
to imitate life. Note the variety of literature
in which the attempt to create life is central
to the theme: from ballads and fairy tales
dating back to the beginning of language to
Mary Shelley’s Frankenstein (1818); from
Offenbach’s opera with the clockwork
ballerina, Tales of Hoffman (1881), through
countless science fiction works, to tales such
as Shaw’s Pygmalion. And of course there
is recombinant DNA research, the leading
edge of biochemical investigation at this
moment where the purpose is, manifestly,
to explore the mechanisms of life in living
cells. The impulse is still there in us although
the metaphor is different in different ages,
and the mechanisms employed are de-
pendent on available technology.

Astonishing Automata

About 1709, in Grenoble, the Edison of
automata, Jacques de Vaucanson, was born.
Little is known of his early life, except that
he was something of a rake and a seminary
dropout who disrupted affairs at the monas-
tery by making wood and paper wings that
flew about. But much is remembered of his
automata, which, though they no longer
exist, were the marvel of their age, the
object of admiration by all gentlemen who
saw them, and the envy of mechanicians ever
since.

Vaucanson was not a showman, but a
philosopher and inventor. He often spoke of
“moving anatomy,” his expression for the
concept that life, especially life in lower
animals, was in fact a series of undirected
movements (what we would today call
“reflex movements’’), and that by duplicat-
ing the movements and actions of a live
creature, one might succeed in duplicating
the life of the creature. While such a notion
seems absurd to us (it is, according to cur-
rent understandings of the formation of
ideas, magical, and therefore primitive) there
is precedent for it from a character no less
important than St Thomas Aquinas. Vaucan-
son had a splendid opportunity to come
across St Thomas’s writings, since he lived
in a monastery for perhaps 15 years. Books
were expensive treasures in 1709, and mon-
asteries were the main places where collec-
tions existed. St Thomas’s works would
probably have been among them. In the
Summa Theologica (Q13; Art 2; Reply
obj 3; Part Il) there is a passage: “Animals

About 1709, in Grenoble,
the Edison of automata,

Jacques de Vaucanson,
was born.
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show orderly behavior and are machines, as
distinct from man who has been endowed
with a rational soul and therefore acts by
reason.”

If animals are orderly machines, it might
be possible to make a machine that looks
and behaves like an animal. If one took

special pains to reproduce vital details like
respiration, digestion and excretion, etc (so
runs the argument), one would then have
created the next best thing to a real living
animal.

Vaucanson arrived in Paris in 1735 at the
age of 26 to pursue his moving anatomy con-
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Figure 2a: Three automata invented by Jacques de Vaucanson in the mid-18th century. Shown
are a flute player, mechanical duck, and a flageolet (whistle) and drum player. The novelty of
these figures caused a sensation in their time (from an 18th century engraving, courtesy

Bettmann Archive).
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cepts. He promptly ran out of money. There
is documentation to show he had the idea
“ of getting assistance by producing
some machines that could excite public curi-
osity ...” as a means of raising funds. He
excited plenty of public curiosity, for in
1738 he simultaneously displayed three
automata (see figure 2a). An automaton
duck ‘. made of gilded copper who
drinks, cats, quacks, splashes about on the
water, and digests his food like a living
duck” was one, and a pair of automata
musicians who played flute and drums were
the others.

The machines were life-size and were
mounted on cubical pedestals about three
feet on a side, which contained the bulky
mechanism. They were unique and original,
and they created a public sensation for 50
years. To me, the flute player seems the
most remarkable mechanism of the three.
De Juvigny, a friend of Vaucanson’s, wrote
in 1777, “At first many people would not
believe that the sounds were produced by
the flute the automaton was holding. These
people believed that the sounds must come
from a bird organ or German organ enclosed
in the body of the figure. The most incredu-
lous, however, were soon convinced that
the automaton was in fact blowing the flute,

DISTRIBUTOR

—LOW PRESSURE
—MEDIUM PRESSURE
«— HIGH PRESSURE

that the breath coming from his lips made it
play and that the movement of his fingers
determined the different notes. .. The spec-
tators were permittcd to see even the inner-
most springs and to follow their move-
ments.”” Figure 2b shows the mechanism in
outline form. All that needs mention is the
weight motor (not shown), and the fact that
different weights were added to each bellows
in the set of three to provide different pres-
sures of air. High, medium and low pressures
provided the designer with the possibility of
playing notes loudly or softly in the lowest
register, or of shifting the flute to a higher
register by employing greater pressures. The
distributor valve selected the correct pres-
sure for a given notc.

The illustration merely hints at the head
mechanism, which must have been extremely
complex. This description of flute playing is
from the Encyclopedia Brittanica: ‘‘The
flute is held sideways to the right of the
player, who forms his lips to make an aper-
ture and directs his breath stream across the
mouth hole and onto its further edge, where
it breaks up into eddies that alternate regu-
larly above and below this edge and so excite
the air column of the flute into vibration.
Stability of the notes in the various registers
and at different loudnesses is achieved by

Figure 2b: Details of
Vaucanson’s  remarkably
sophisticated flute player
automaton. A music box-
like drum  with pro-
grammed pins controlled
the motion of the fingers,
volume of air and shape of
the mouth (made of
rubber) so that the device
actually played a standard
flute.
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““(Vaucanson’s mechanical
duck) is the most admi-
rable thing imaginable, a
piece of human work-
manship almost passing
understanding.”

control of lip aperture, angle of breath im-
pact, and breath force. The compass is three
octaves. . . .” Vaucanson’s complications
came from his decision to use the true flute,
blown from the side, and not a recorder,
which is an air pipe instrument blown from
one end like a pennywhistle or organ pipe.
In both instruments, air column length is
varied by closing the appropriate holes in the
body. To some degree Vaucanson simplified
his task by employing seven active fingers
(instead of eight, the modern standard: or
maybe his particular flute had only seven
fingerholes), but he took on and overcame
the challenge of providing means to produce
the proper size of lip aperture and the
proper angle of breath stream to mouth
hole. It seems quite likely that Vaucanson
used actual rubber, first seen in France in
1736, in the lip mechanism, for there is evi-
dence (in another automaton) that he knew
how to fabricate rubber.

Now, | can imagine a mechanism that
would dilate and contract the aperture in a
set of rubber lips, and vary somewhat the
angle of a stream of air blown through the
hole, but | have the considerable advantage
of being able to draw on two centuries’ accu-

Figure 2c: Details of Vaucanson’s mechanical duck, showing the intestine-

mulation of mechanical knowledge. Vaucan-
son was starting from scratch, building a
mechanism never before seen, to produce a
motion never before defined, to perform a
task never before attempted. That he suc-
ceeded so well is astonishing; that he did it
within 36 months is staggering. And remem-
ber, he employed mainly hand tools. There
was no local machine shop he could call on
to mill a part. We have no record of where
Vaucanson learned his mechanics, but his
skills were prodigious.

The combination tabor (drum) and
flageolet (pennywhistle) player shown at the
right in figure 2a was undoubtedly con-
structed along similar lines; | have not seen
an explanation of its mechanism. It would
have been simpler, since the flageolet is
easier to play than a flute (only four or five
finger holes, blown from one end), and ma-
chinery to make the right arm beat the drum
would be relatively simple to figure out. It
seems unlikely the two automata could have
been so well synchronized that they played
together.

Vaucanson’s Mechanical Duck

It always startles me to read things like
this anonymous appreciation of Vaucanson’s
duck: “It is the most admirable thing
imaginable, a piece of human worksmanship
almost passing understanding.” | try to ac-
count for the powerful attraction that con-
structing simulacra of lower animals held for
men 200 years ago. Still, it catches me off
guard to see the adulation the duck evoked.
Dr G C Beireis, the fourth owner of the ma-
chine in 1785, rhapsodizes, “It was in this
duck that Vaucanson’s genius reached its
highest point. | have still not got over my
astonishment at this work. (He had seen it
thirty years earlier.) One single wing con-
tains more than 400 articulated pieces.” |
doubt we would feel that way today about
an automated Scottie, say, but maybe ducks
make better pets.

It was, from all accounts, a singular like-
ness to a duck, and here is what it did:

After a light touch on a point on the
base, the duck in the most natural way
in the world begins to look around
him, eyeing the audience with an intel-
ligent air. His lord and master, how-
ever, apparently interprets this differ-
ently, for soon he goes off to look for
something for the bird to eat. No
sooner has he filled a dish with oat-
meal porridge than our famished

like tubing within. The duck could drink, quack and splash about, and was
able to eat, digest and eliminate food (from an 18th century engraving,
courtesy Bettmann Archive).

friend plunges his beak deep into it,
showing his satisfaction by some char-
acteristic movements of his tail. The
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way in which he takes the porridge
and swallows it greedily is extraordi-
narily true to life. In next to no time
the basin has been half emptied, al-
though on several occasions the bird,
as if alarmed by some unfamiliar
noises, has raised his head and glanced
curiously around him.

After this, satisfied with his frugal
meal, he stands up and begins to flap
his wings and to stretch himself while
expressing his gratitude by several con-
tented quacks. But most astonishing of
all are the contractions of the bird’s
body clearly showing that his stomach
is a little upset by this rapid meal and
the effects of a painful digestion be-
come obvious. However, the brave bird
holds out, and after a few moments we
are convinced in the most concrete
manner that he has overcome his in-
ternal difficulties. The truth is that the
smell which now spreads through the
room becomes almost unbearable. We
wish to express to the artist inventor
the pleasure which his demonstration
gave to us. (From Chapuis’ book,
Automata: Historical and Technical
Study, see detailed bibliography in
part 3 of this article.)

Something here for everyone, isn’t there?
Passion, satisfaction, and a dash of slapstick.
The mechanicians in the audience were
dazzled by Vaucanson’s skill in building a
duck that could swivel its neck in every
direction while sitting or standing; this does
suggest some remarkable techniques for
managing the pushwires ascending the legs,
maybe even some internal mechanisms
within the body.

Probably written by Vaucanson and cer-
tainly based on data only he could have pro-
vided, the following passage from an article
in a 1777 dictionary of science shows how
proud he was of the internal mechanisms
that caused grain to be ‘... digested as in
real animals by dissolution and not by
(grinding) . .. the inventor does notset this
up as a perfect digestive system capable of
manufacturing blood and nourishing juices
to support the animal, and it would be un-
fair to reproach him with this shortcoming.”
But it is clear how well he knew the 18th
century idea that blood comes from food,
and he implies he was trying to follow it.
Indeed, in some accounts the body was
covered by latticework so the interior
mechanisms could be viewed as they did
their job. Vaucanson had good reason to be
proud, for the body contained his new
invention, the rubber tube. Any machine

capable of making that kind of smell had
to be alive!

One wonders what the “‘...chemical lab-
oratory where the principal part of the food
could be decomposed...” mentioned in the
article might refer to. It may have been
that his rubber tube intestine actually con-
tained some chemicals or enzymes that
attacked the starch in oat porridge, causing
it ““...to leave the body in markedly changed
form.” But there was hardly time enough in
a performance of a few minutes to convert
anything. More likely the operator between
performances drained the stomach of its
contents and loaded the nether-part of the
intestine with the imitation duck dung that
so impressed audiences.

The duck and the two musicians probably
made a good deal of money for Vaucanson,
but because it was necessary to transport
them to other capitals of Europe for further
exhibition he sold them all in 1743 to show-
men who took them to England, Russia, and
finally to Germany. In St Petersburg in 1782
the third owners tinkered with the mecha-
nisms, interchanging parts so they would
break if anyone else tried to show them.
Dr Beireis had this partly repaired, but
when Goethe viewed the duck in 1805, he
found, “Vaucanson’s automata were para-
lyzed. The duck had lost its feathers and,
reduced to a skeleton, would still bravely
eat its oats, but could no longer digest
them.” The duck was 108 years old when
Rechsteiner, a skilled mechanician, was
hired to repair it. It was exhibited in Italy
in 1844 and in London two vyears later.
After that it dropped out of sight. Some
photographs turned up in the early 1950s,
evidently left by the former curator of
the Paris Museum of Arts and Crafts. They
are glass plate negatives that probably date
from before 1900. The skeleton they reveal,
together with the appearance of the mecha-
nism, strongly suggests the wreckage of
Vaucanson’s duck, as they were labelled.
The plates were said to be from Dresden,
and if the duck survived World War I,
one hopes itisin a dry attic. The musicians
were lost from sight sometime around 1800.
None of the imitations of Vaucanson’s
automata, including mekaniker Rechsteiner’s
duplicate duck, now survives. These won-
drous mechanisms are altogether lost.

Vaucanson himself seems to have pros-
pered (he was a member of the Academy of
Science in 1777) and continued inventing.
In 1741 he devised the system of punched
cards that controlled looms in the Jacquard
tapestry factory. This is generally considered
to be the first digital number storage and
readout system. In 1760 he invented the

Satisfied with his frugal
meal, the mechanical

duck stands up and beg
to flap his wings and to

ins

stretch himself while ex-
pressing his gratitude with
several contented quacks.
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Note:

A complete bibliography
for this part of “Antique
Mechanical Computers’” will
appear with ‘‘Part 3: Human
and Machine Action and the
Torres Chess Automaton’’ in
September 1978 BYTE.
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modern metal-cutting lathe, with a shaped
guideway to prevent chatter and twisting of
the tool.

Mechanism of the Automata

While relatively simple to explain and easy
to grasp when explained, Vaucanson’s
machines really are very sopbhisticated in
performance and embody concepts easily
100 years ahead of their time. The weight-
motor is a heavy weight suspended from a
rope wrapped around a drum windlass,
which, while slowly falling, drives a gear-
train (speed controlled by a governor).
These gears slowly turn a cam-drum, the
master controller “memory” mechanism,
one rotation of which equals one perfor-
mance of the automaton. This drum, per-
haps the diameter of a small keg and three
feet long, has on its surface an array of rows
of studs of some sort, nails or wooden
knobs. Cam-followers, some sort of spring
loaded levers, ride on the drum surface, one
for each row (circle) of studs in the array,
and each cam-follower is for a moment
pushed out of place if a stud rotates by to
push on it.

There are as many circles of studs on the
drum as there are functions of the automaton
to be controlled, and the cam-follower unique
to that circle of studs does the controlling.
Thus, one row, say, controls the dilation and
contraction mechanism of the lips, and
another row might manage the movements
of the first finger, left hand, and so on. There
would be about 12 functions to be controlled,
so about 12 rows or circles of studs are
on the drum. It is rather like a giant music
box movement, except that instead of steel
needles being plucked, cam-followers are
displaced, and with displacement each fol-
lower pulls on a flexible cable which is linked
by its own pulley system to the finger, lip,
or valve that is unique to it. In some cases,
like the lip control mechanism, the require-
ment to produce music is for smooth varia-
tion from one size to another, so the row of
studs for that function is replaced by a
smoothly varying curve, a cam. In other
cases, the fingering mechanism, a finger
either does or does not cover a flute hole.
This is digital control (the word comes from
counting on the fingers); the former is ana-
log, meaning that a little movement here
causes a proportional movement there.

When it is all put together and regulated
carefully, the machine will play the flute
using wind pressures as selected by the
distributor valve. For the sake of impressive
appearance, the machine is covered with a
wooden framework in human shape and is

clothed, but it would do its job bare. How-
ever, it would look like a machine and not
a person.

The tabor and flageolet player is similar,
but probably only two levels of wind were
employed, and the fingering is simpler,
probably four fingers.

The duck was essentially a giant version
of the mechanism that operated the bird
figures described earlier but with many
more, and more complex, movements.
While it is possible that some weight sensitive
area was built into the pedestal so that the
duck started to gobble the food only when a
plate was placed before it, it seems much
more likely that the operator carefully mem-
orized the duck’s movements (which, of
course, are identical every time) and returned
with the plate at just the right moment.
Otherwise the bird would have been gulping
down thin air.

If they still existed, these machines would
provide an intriguing catalog of early 18th
century movements, probably including
some that Vaucanson devised for special
purposes that would not be rediscovered for
75 years or more. But, as computers, the
machines were incredible. Here, 240 years
ago, was a digital and analog computer
preprogrammed with perhaps 300 to 500
bytes of read only memory, each byte 10
or 12 bits wide. Vaucanson appears to be
the first person to have seen the need for
synchronous control of multiple functions
(how else could you play a flute except by
regulating breath angle and pressure while
simultaneously fingering the proper notes?)
as well as the first who saw the possibility
of designing mechanisms to effect such con-
trol. That he used the music box spindle
approach to his problem is not to his dis-
credit, for that mechanism was known to
function reliably over long periods while
undergoing little wear. His incorporation of
music box memory devices into an array
on a single drum (the master controller)
enabled him to produce some remarkable
results. He could control a variety of simul-
taneous, interdependent functions because
they were all driven by the same ‘“‘clock.”
This was parallel data processing, in rela-
tively small chunks, to be sure, but parallel
beyond doubt. The likes of it were not seen
again in mechanics until the player piano
with its paper tape. It is not so very different
from the way the central nervous system
deals with data in many parallel channels
simultaneously.

But why is this surprising? Jacques de
Vaucanson was attempting to create life.
It was his genius to approach the task in
the manner of living things.m
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Enter the Siliconix CODEC Design Contestand win
an Apple Il — the world's best-selling personal computer

—or another great prize. All you have to do is use

Siliconix’ CODEC to design a microprocessor-based
system which responds to your spoken words (or talks
back to you). Our CODEC is a two-chip set: the DF'331

coder is a high-speed serial output A/D converter — a
complete subsystem-on-a-chip; the DF332 decoder con-
verts high-speed digital bit streams into analog signals.
The system you design must be capable of understanding
or speaking at least 16 words.

Here's what you can win:

Ist prize: Apple Il personal computer (retail value
$1,445) A completely self-contained
computer system with high resolution
color graphics in 15 colors (with color
TV); BASIC in ROM, 16K bytes of RAM,
built-in video interface, cassette [/O, four
A/D inputs with two game paddles
supplied, eight peripheral slots, three
TTLinputs and four TTL outputs. Apple
Il plugs into any standard TV using a
modulator.

2nd prize: Siiconix LCD Stopwatch-In-A-Wristwatch
Features time, day, date, plus split timing
stopwatch functions.

3rd prize: Siliconix LED Stopwatch. Includes split
timing function.

4th prize: SiliconixTelephone Timer Includes start/
stop and timeout.

5th prize: Siliconix LED Stopwatch. Features
a digital start/stop timer.

All entries must be accompanied by our official entry

blank. Get yours, along with complete contest rules,
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Santa Clara, CA 95054
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The Z-80 in Parallel

Bob Loewer Many design engineers have introduced
Micro Diversions Inc various types of parallel processing into
7900 Westpark Dr systems in order to achieve higher through-
Suite 308 putrates. Almost without exception though,

Ivickean Vi 22001 these applications have been limited to

medium and large scale computers due to
price and complexity.

In the past two years, microprocessors
have reached a level of sophistication which
makes them candidates for parallel processing
systems. Such systems could conceivably
offer minicomputer performance at micro-

PROCESSOR - P, MEMORY (32k)

ARBITER SHARED MEMORY (32k)

PROCESSOR, 3 . Py MEMORY (32K)

KEY

WS OATA BUS
e ADDRESS BUS
B0 CONTROL BUS

Figure 1: The author’s parallel Z-80 system. Both processors work indepen-
dently, each supported by 32 K bytes of programmable memory. The proces-
sors are linked by 32 K bytes of shared programmable memory. The shared
memory, addressable by either processor as the upper 32 K, has its own
address and data buses. Shared memory conflicts are resolved by the arbiter
circuit shown in figure 2a.
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computer cost. This article is an investiga-
tion of that idea.

The Z-80

The Z-80 microprocessor, manufactured
by Zilog, is a third generation LSI device
which offers full software compatibility with
the 8080 processor. Upgraded features
provided by the Z-80 include: two sets of
exchangeable registers, indexing, a full range
instruction set (including register or memory
bit operations), eleven addressing modes, a
nonmaskable interrupt, dynamic memory
refresh address generation, and an interrupt
register to provide a high speed vectored
interrupt response to any location in
memory.

The Z-80’s minimum number of control
bus signals makes it easy to interface in
multiple processor configurations.

System Layout

My design consists largely of two Z-80
microprocessors (processor X and processor
Y) operating independently, each supported
by 32 K bytes of programmable memory
(see figure 1). The processors are indirectly
linked by 32 IK bytes of common memory,
making a system total of 96 K bytes. The
shared memory, addressable by either
processor as the upper 32 K, has its own
address and data buses. Data or address
signals are gated onto their respective bus
when (1) either processor performs an opera-
tion involving a read or write against the
shared memory, or (2) either processor
attempts an op code fetch from the shared
memory, or (3) machine instructions com-
bine (1) and (2).

Shared memory bus conflicts are resolved
by the arbiter (see figure 2a). Since the
processors use opposite phases of the clock,
requests for bus access can never be initiated
at exactly the same time. However, depen-
ding upon the instruction sequences being
executed, bus request conflicts can occur.
This problem, summarized in table 3, has
been carefully examined and is represented
by figure 3b. It illustrates what is assumed to
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Figure 2a: The shared memory arbiter. This circuit resolves conflicts between the two proces-
sors if both attempt to gain simultaneous access to the shared memory bus. For example, a
request from processor X (XMREQ low) will cause IC3a to drive the XSELECT line low and
will also disable IC3b. Processor Y will be locked out during X'’s memory request. If Y makes a
memory request while locked out, the output of IC4a will go low, activating the YWAIT line.

be the worst possible case of bus conflict:
both processors simultaneously executing
shared memory read or write instructions
from the shared memory. Of course, one
cannot predict when each processor will
attempt to access the shared memory, so all
possible interprocessor state relationships
have been investigated.

The basic memory read or write instruc-
tion has seven “T” cycles (T is defined as
the duration of one clock period). The T
states and their functions are:

M1,T1
M1,T2
M1,T3
M1,T4
M2,T1
M2,T2
M2,T3

Op code fetch
|

Instruction
decoding

Memory read or write operation

The M cycles are machine cycles. Table 3
shows the seven interprocessor T state align-
ments: M1,T1 active for one processor when
states M1,T1 thru M2,T3 for the other are
active. Figure 3b illustrates an example of
the processor request signals and signals
from the conflict arbitration logic. Note that
after a very short period (maximum of seven
clock cycles) the arbiter synchronizes and
thereby provides complete cooperation
between the two processors’ fetch and

execution cycles by putting one of the
processors into one or two wait states.
Further, in the seven possible interprocessor
T state relationships, there are two in which
opposing shared memory access request
signals are synchronized, in which case the

arbiter does nothing. This means that,

regardless of the processors’ instruction

Number Type +5V GND
IC1 74504 14 7
1C2 74S10 14 7
1C3 745126 14 7
1C4 74S32 14 7
IC5 74125 14 7
1C6 74125 14 7
1C7 74125 14 7
1C8 74125 14 7
1C9 74125 14 7
IC10 74125 14 7
IC11 74125 14 7
1C12 74125 14 7
1C13 7432 14 7
1C14 7408 14 7
IC15 745157 16 8
IC16 745157 16 8
1C17 745157 16 8
IC18 745157 16 8

About the Author

Bob Loewer s an
employee of the Telenet
Communications Corpora-
tion and a graduate stu-
dent at the University of
Maryland at College Park.
He is cofounder of Micro
Diversions Inc, a company
involved with microcom-
puters and microcomputer
education. This article de-
scribes  Bob’s early re-
search on parallel micro-
processor systems.

Table 1:

Power wiring

table for figures 2a and 2b.
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OP CODE FETCH m— MEMORY READ (OR WRITE)—

Figure 3a: The basic Z-80 memory read or write cycle. Clock periods are referred to as T cycles
and the basic operations are referred to as M (for machine) cycles. The first machine cycle of
any instruction is a fetch cycle (M1). Subsequent M cycles move data to or from the memory.

sequences, 86 percent of the time the system
is at most one wait state away from syn-
chronization. Thereafter, both processors
can execute read and write instructions from
the shared memory at 100 percent processor
utilization, assuming the instruction syn-
chronization is not lost.

Certainly opposing software will not
consist solely of instructions which offer no
bus interference. But it is clear that the most
efficient method of solving the shared mem-
ory bus conflict problem is the one that will
achieve short term interprocessor synchroni-
zation whenever possible.

Arbitration Logic

Each processor provides signals to the
arbiter which identify a valid shared memory
access request. 1C2a and IC2b receive RFSH,
MREQ, and A15 (the high order address bit
signal) from their respective processors.
MREQ indicates that a memory read or
write operation is underway: either A15 line

going high identifies the shared memory as
the object of the request; and the RFSH
lines insure that the dynamic memory refresh
strobe from one processor will not interfere
with the shared memory access request of
the other.

IC3a and IC3b provide an opposing grant
or deny shared memory bus access proviso
that is strictly first come, first served. A
request from, say, processor X will cause
IC3a to drive XSELECT low, and coinciden-
tally disable 1C3b. Processor Y will be
locked out for the length of processor X’s
memory request. Now suppose processor Y
does make a request for bus access when
processor X is using the bus. This condition
will force 1C4a to its low state, activating the
YWAIT line. The wait signal will continue
until processor X concludes its memory
access. Under no circumstances, however,
will processor Y be forced into more than
one wait state for this processor X access.
When XMREQ goes high, XSELECT follows

Beginning Finishing
Event Event Stipulation Delay Before Occurrence (ns)
XA15 high
XRFSH high to XSELECT low YSELECT high 28
XMREQ low
XA15 high
XRFSH high to XSELECT low YSELECT low 25 after YSELECT goes high
XMREQ low
YA15 high
YRFSH high to YSELECT low XSELECT high 28
YMREQ low
YA15 high '
YRFSH high to YSELECT low XSELECT low 25 after XSELECT goes high
YMREQ low
XA15 high
XRFSH high to XWAIT low YSELECT low 53
XMREQ low
YA15 high
YRFSH high To YWAIT low XSELECT low 53
YMREQ low
XSELECT high to YWAIT high YSELECT low 22
YSELECT high to YWAIT high XSELECT low 22

Continued on page 174

Table 2: Timing considera-
tions in the arbiter cir-
cuitry. The arbiter takes a
finite amount of time for
its logic circuits to effect
the changes shown. The
corresponding delays are
shown at the right.
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Photo 1: Hal Chamberlin’s
home  built HAL-4096
computer system, built in
1972. This system, which
is still in service handling
10 for an IMP-16 micro-
computer system, features
TTL logic, a 16 bit word
length, 16 registers, 4 K
bytes of magnetic core
memory (a surplus 1BM
1620), and  priority
interrupt.

The First Ten Years of Amateur Computing

If one could find a
specific date for the birth
of personal computing, it

would be May 5 1966.
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Sol Libes

President, Amateur Computer Group of New Jersey
995 Chimney Ridge

Springfield NJ 07081

Most people | meet are under the mis-
taken notion that personal computing
started only two or three years ago, with the
introduction of the Altair 8800 by MITS.
Nothing could be further from the truth.
In fact, the amateur computing hobby
was then almost ten years old.

| therefore decided to write this article
to set the record straight, give credit to the
early pioneers in this hobby and shed some
light on the early history of microprocessors.

If one could find a specific date for the
birth of personal computing, it would be
May 5 1966. For it was on that date that
Steven B Gray founded the Amateur
Computer Society and began publishing
a quarterly called the ACS Newsletter.

The newsletter exchanged information
on where to get surplus computer gear, how
to build not too complicated circuits, where
to get integrated circuits, tips, experiences
and where to get help. By the end of 1966,
the Society reported that it had over 70
members.

1966 also saw the publication of the first
books on how to build a home computer.

Typical was We Built Our Own Computers
by A B Bolt and published by Cambridge
University Press.

In January 1968, a survey in the ACS
Newsletter reported that two amateurs
had their home built systems up and
running and that many others were actively
working on their systems. The survey
indicated that programmable memory sizes
ranged from 4 to 8 K with some as high
as 20 K, all magnetic core of course. Tele-
types and Flexowriters were popular for
10. Clock speeds ranged from 500 kHz to
1 MHz, with the average 500 kHz. Most
used discrete transistors, and a few reported
using those new and hard to come by RTL
integrated circuits. Instruction sets were
small, ranging from 11 to 34 instructions.
Word sizes were from four to 32 bits, with
12 bits the typical number. Registers ranged
from two to 11, with three most common.
Most reported that they had been working
on their machines for about two years.

The April 1968 issue of Popular Me-
chanics reported on ECHO IV (Electronic
Computing Home Operator), a home built
computer constructed by Jim Sutherland.
It had four registers, used a 4 bit word, had
8 K bytes of core memory, 18 instructions
and a clock speed of 160 kHz.

In December 1968 Don Tarbell (now
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Photo 2: The author’s TVT-I, designed by Don Lancaster and built in late
1973. Intended only as a TV typewriter, it was interfaced to a modem and
used with an IBM timesharing system.

The first computer kit was
introduced in 1971. It
featured 52 TTL inte-
grated circuits, a 32 by 8
bit programmable
memory, and 15 instruc-
tions for $503.

The Kenback-1 computer
featured a 1 K byte MOS
shift register memory
made by a small, young
manufacturer called Intel.
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known for his high speed tape cassette
interface) reported on his home built com-
puter in the ACS Newsletter. It had a 4 bit
word size, four registers, 10 kHz clock and
was constructed using RTL integrated
circuit logic. He used a Teletype for 10.

In 1967, Dave Digby ran an ad in CQ
magazine offering a computer kit. It was
advertised as featuring RTL logic, four
registers, a 512 to 1024 byte delay line
memory, and serial input and output. The
price was $1000. As far as | know, he
never delivered any units.

Most early builders constructed copies
of the Digital Equipment Corporation’s
PDP-8 minicomputer with their own modifi-
cations. In the surplus area, 1000 Minute-
men | missile guidance processors became
available in 1971.

1971 also saw the introduction of the
first computer kit. It was part of the
National Radio Institute’s course on com-
puter electronics. It used 52 TTL integrated
circuits, had a 32 by 8 bit integrated circuit
memory, 15 instructions and an operator’s
panel, and it sold for $503. Louis E Frenzel,
then of NRI and now at Heathkit, was the
designer.

In late 1971, the Kenback Corporation

introduced the Kenback-1 computer for
$750. It was intended primarily for educa-
tional use. It had a 1T K byte MOS shift
register memory made by a small, young
integrated circuit manufacturer called
Intel. It also had three registers, an 8 bit
word size, 65 instructions, operator’s panel,
and an audio cassette for program storage.

The December 1971 issue of Computers
and Automation described five home built
computer systems. And by the end of the
year 1971, there were reported to be 195
members in the Amateur Computer Society.

In 1972 things continued to pick up. In
June Don Tarbell reported that he had
written an editor program for his new home
built system and was working on an as-
sembler program. His system used an 8 bit
word, 16 registers, and 4 K bytes of core
memory.

Early 1972 saw the introduction of the
8008 microprocessor, by Intel, the opening
of a number of used computer equipment
stores, large price drops in TTL logic and the
availability of the 1101 programmable
memory at low cost. All of this proved to be
a tremendous stimulus for amateur com-
puter experimenters.

In the September 1972 issue of the ACS
Newsletter Hal Chamberlin reported on his
home built HAL-4096. This 16 bit machine
utilized surplus IBM 1620 core memories.
Hal furnished a complete set of construction
plans for $2. The system had 16 registers,
priority interrupt, Selectric and paper
tape 10, and many other very advanced
features.

The September 14 1972 issue of Elec-
tronic Design carried an article on how to
build a circuit which would display 1024
ASCII characters on a TV set.

In 1973 amateur computing advanced
in several areas. In May, the EPD company
advertised the System One computer kit
for $695. It had 1 K bytes of memory
with expansion to 8 K and contained 82
integrated circuits. It had 57 instructions
encoded in a diode matrix read only
memory.

The September 1973 issue of Radio
Electronics published Don Lancaster’s plans
for the construction of the TVT-1. Although
intended as a TV typewriter, many enter-
prising experimenters interfaced it to
modems and home built computers.

In late 1973, the Scelbi Computer
Consulting  Company  introduced the
first computer kit using a microprocessor.
The kit was called the Scelbi-8H and it sold
for $565. It used the Intel 8008 and had
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Dynabyte’s new Basic Gontroller: Check out
its capabilities and imagine your applications

The Basic Controller™ is a powerful,
versatile and easy to use single board
microcomputer system designed for
control applications.

It is heavily into control 1/O: relays,
flags and sense inputs. What makes
controlling these I/Os (and the external
devices they control) so easy is our ZIBL™
(Z2-80 Industrial Basic Language). ltis a
superset of NIBL, National Semiconduc-
tor's control BASIC, and was written by us
specifically for control applications.

We've divided the control world into six
categories: sense inputs, flag outputs, lites,
relays, A/Ds and D/As. ZIBL implements
64 channels of each in such a way that you
need not know anything more about them
than their names.

In ZIBL it is valid to say:

100 IF TIME = 053010 AND SENSE
(18) = 0 TURNON RELAY 5
Simple, isn't it!

Some but not all of the Basic
Controller's mouth watering features

Circle 110 on inquiry card.

include:

* File structures that allow multiple
programs written in ZIBL to reside
concurrently in RAM. Each program may
be individually LOADed, RENAMEJ, or
RUN. Any program may access another
program as though it were a subroutine,
while still retaining its own line numbers
and variables.

« Complete communication versatility.
LISTing, PRINTing and INPUTing may be
done to or from any serial or parallel I/O
channel or the self-contained CRT[/O.

« Single key SAVE or LOAD to and
from cassette.

» Single key SAVE to EPROM. No worry
about PROM addressing or programming
routines, it is handled by ZIBL —
automatically — even if there are other
programs already in PROM.

« ZIBL in ROM: TURNON, TURNOFF,
DELAY, TIME,REM, IF THEN, DO UNTIL,

GOTO, GOSUB, @(exp), TRACE MODE, “§

LINK, READ, DATA, DIR, RND(x,y), strings,

triple precision integer arithmetic, plus the
usual statements.

* Onboard: Z-80 MPU, 32 flags, 32
sense, 8 relays, 8 lites, 2 serial, 1 parallel,
cassette I/O, 64x16 video, keyboard port,
two 2716 sockets with programming
capability, up to 16k on-board RAM, up to
48k off-board RAM, real time clock,
vectored interrupts, Lite Port on board, a
kitchen sink, and an Expansion Bus.

$750 assembled, tested, warranted 1
year. You add power supply, keyboard and
monitor. Available now — see your
computer retailer.

1005 Elwell Ct., Palo Alto, CA 94303 (415) 965-1010
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Photo 3: The author’s Mark-8 processor, built in late 1974. Designed by
Jonathan Titus, it uses the Intel 8008 microprocessor and has 1 K bytes of
programmable memory.
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1 K bytes of integrated circuit program-
mable memory. It was expandable to 16 K
bytes of programmable memory ($2760)
and had options such as cassette 10, ASCII
keyboard input, oscilloscope output and
serial 10.

In 1973, Digital Equipment Corporation
offered the PDP-8A with 1 K words of 12
bit programmable memory for $875. Also
in 1973, a small publishing house catering
to computer and digital electronics hobby-
ists began publishing with a book on wire
wrap construction techniques. It was called
M P Publishing Company and was a part
time activity of Carl Helmers (who later
began a monthly called Experimenters’
Computer System which after five issues
was transformed into BYTE in 1975).

1974 marked a year of substantial in-
crease in amateur computing. In July,
Radio-Electronics magazine carried a con-
struction article by Jonathan Titus on
building the Mark-8 processor, which
used the Intel 8008 microprocessor. It is
estimated that over 500 of these units
were built by avid experimenters.

In October, Southwest Technical Pro-
ducts Company (SwTPC) introduced the
TVT-Il kit for $180 and an ASCIIl key-
board kit for $40.

In September, Hal Singer started the
Micro-8 Newsletter to exchange information

among hundreds of experimenters who were
building the Mark-8 unit.

In November 1974, Hal Chamberlin and
some associates began another very popular
but short-lived magazine called The Com-
puter Hobbyist.

1975 was the year that personal com-
puting exploded. It began, in January, when
Popular Electronics carried an article on the
Altair 8800 microcomputer by MITS. First
deliveries were in April 1975. The kit sold
for $375 and included 1 K bytes of pro-
grammable memory, but no 10. MITS claims
that by the end of 1976 they had sold over
10,000 Altair 8800s (80% to hobbyists).

In April, the first computer club held
its meeting. Started by Bob Reiling and
Gordon French, and calling itself The
Homebrew Computer Club, it met in Menlo
Park CA. One month later the Amateur
Computer Group of New Jersey was formed.

In the fall of 1975, MITS released its
4 K and 8 K BASIC interpreters, SWTPC
introduced their 6800 based microcomputer,
and the first decade of amateur computing
was complete. Since then, the field as we
know it today has rapidly matured and
expanded.

Some Microprocessor History

Intel Corporation must be credited with
developing the microprocessor, the single
chip integrated circuit which performs the
basic functions of a central processing unit.

In 1969, a Japanese company, Busicom,
contracted with Intel to develop a chip set
for a printer-calculator. It used a 4 bit data
bus and consisted of four integrated circuits
in a set: a processor, read only memory with
10, programmable memory with 10, and a
shift register type memory. Busicom per-
mitted Intel to market the chip set for
noncalculator applications, and the first
generation of microprocessors was born.

The processor chip was designated the
4004, and it sold for $200. It came in an
18 pin dual in line package (DIP) and would
interface only with the other chips in the
family. Programs had to be stored in the
erasable read only memory. Data and
address  information was multiplexed
on the 4 bit bus. Since program could
only be executed out of read only memory,
and since progammable memory was used
only to store data, debugging software
proved to be difficult. Further, a great
deal of support logic was required.

At nearly the same time, Datapoint,
a manufacturer of intelligent terminals,
contracted with Intel and Texas Instru-
ments to produce a true processor on a



An INFFO 2000 DISK SYSTEM
gives you a lot less

than you expected:

Less Gost Less Hassle

The DISCOMEM Controller board costs us less to The INFO 2000 Disk System eliminates the “I/O configuration
manufacture. So your complete INFO 2000 Disk blues” by incorporating all necessary interface ports. A CP/M
System costs you less — at least $400 less than com- Loader and all I/O drivers are contained in EPROM so there
perable. disk systems. is no need for special software customization. Just plug

Less Hardware

Only three S-100 boards are needed to create a com-
plete, high-performance disk-based microcomputer
system—the DISCOMEM Controller Board, a 32K
memory board, and any 8080, 8085 or Z80 CPU
board. You don’t need extra interface or EPROM
boards since DISCOMEM contains 2 serial ports, 3
parallel ports and provision for 7K of EPROM and 1K
of RAM.

LessTime

The INFO 2000 Disk Sys-
tem is incredibly fast! Disk
seek times are up to 8
times faster than with
other drives. A full disk-to-
disk copy and verification
takes well under a minute.
Formatting and verifying a
new diskette takes less
than half a minute. Reload-
ing CP/M* from diskette
takes a fraction of a se-
cond.

Less Space

The system is remarkably
compact, requiring only
1/2 to 1/3 the space taken
by other 2-drive disk sys-
tems.

the system into your S-100 microcomputer and
begin immediate operation using the CP/M
disk operating system. The INFO 2000
Disk System is supported by the
.most extensive library of software
available, « including 3 different
BASICs, 2 ANSI FORTRAN 1Vs,
several assemblers, text editors, de-
bugging tools, utilities and numerous
applications packages.

Less Errors

This disk system uses full size 8"
diskettes and standard IBM 3740
recording format. So you're assured
superior protection against errors,
and full interchangeability with
other CP/M-based systems.

It all adds up to more capability for your money.

The complete INFO 2000 Disk System comes completely assembled and tested. It includes dual

diskette drives, the DISCOMEM Controller, power supply, cabinet, cables and the CP/M disk i

operating system——everything you need for immediate plug-in-and-go operation with your INFO 2000
microcomputer. This means less time, hassle, hardware, space, errors and less money than for CORPORATION
comparable equipment. Now, isn’t that a lot less than you'd expected in a dual disk system? 20630 South Leapwood Avenue

Full price of S-100 Disk System is $2,600. Model without input/output facilities also available for $2,450, Delivery two Carson, California 90746
weeks from receipt of order. INFO 2000 Disk Systems also available for Digital Group and Heath H8 microcomputers. (213) 532-1702

Dealer inquiries welcomed.
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*CP/M is a registered trademark of Digital Research.
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Photo 4: Roger Amidon’s
4 bit processor, built in
1972 and fondly referred
to as the “Spider.” It
was built with TTL logic
and used to control an
amateur radio (RTTY).
The Spider was featured
on the cover of April 1977
BYTE.
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chip. Intel succeeded in doing this. Un-
fortunately, the device proved to be too
slow for Datapoint’s use. Intel decided,
therefore, in 1971, to market the device for
$200 and call it the 8008. It marked the
first generation of ‘‘true’ microprocessor
integrated circuits.

The 8008 used an 8 bit data word with
a more powerful instruction set than the
4004, but it still had many of the disadvan-
tages of the 4004. It required considerable
support logic. The 8008 however was a
more general purpose device. For example,
it contained a set of logical operations that
the 4004 did not have. Its instruction set
was similar to a minicomputer’s, and it
could directly address 16 K bytes of pro-
grammable memory. It even had interrupt
capability.

At the same time, Intel introduced the
1101, a 256 by 1 bit programmable
memory (which enabled the experimenter
to build a 1 K by 8 bit memory with only
32 integrated circuits!), and the 1702
256 by 8 bit EROM. With the 8008, 1101
and 1702 integrated circuits, general purpose
computers could now be built.

In 1972 several other manufacturers
recognized this emerging market. Most
notable was National Semiconductor who
introduced the IMP-16, a chip set which
may have been a little ahead of its time.
It was a bit slice system of variable word

length and user definable instruction set.
It later developed into the third generation
Pace microprocessor.

In late 1973, Intel introduced the 8080
processor, and, soon after, Motorola intro-
duced the 6800. The 8080 has become the
de facto industry standard, used in more
applications than any other processor. The
8080 is basically an enhancement of the
8008. It came in a 40 pin dual in line
package and could directly address 64 K
bytes of programmable memory and read
only memory. It had a true bidirectional
data bus and an expanded instruction set.
However, it still required an external clock
and multiple power supplies. The 6800
on the other hand required only one TTL
compatible power supply, had simpler
control circuitry, and an instruction set
more compatible with larger computers.

1975 and 1976 saw the introduction
of enhanced third generation micro-
processors. The Zilog Z-80, an enhanced
8080, featured a larger instruction set,
more registers, on chip clock, and more.
The 6502, from MOS Technology, was an
enhancement of the 6800. The Texas
Instruments TMS9900 and TMS9980
became the first widely available single
chip 16 bit microprocessors.

1977 marked the introduction of the
fourth generation of microprocessors. In
fact, these devices now could be called



microcomputers in a single integrated
circuit. These new devices include the
complete  microprocessor, read only
memory, programmable memory, and
10 circuitry on one chip. A minimum of
support logic is required.

The future promises an increase in word
size, functions, speed and memory capacity.
(It looks like the single chip processor
that runs BASIC may soon be a reality.)
The next ten years in microprocessors and
personal computing should be even more
amazing than the past decade.m

SCELBI-8H
Photo 5: The Scelbi-8H processor. This was :
the first kit to utilize a microprocessor. It
employed an Intel 8008 processor and was

introduced in late 1973; design work began ‘ _%_;n W,
on the unit in August 1972. The prototype L AAN Y p e S
featured an oscilloscope display and audio ; : X v BV

tape unit. Scelbi has since discontinued their
hardware line to concentrate on software
and applications publications. The last
Scelbi-8H was sold in December 1974.

Small home robots
controllable by your computer.

Attachable to any computerviaparallel interface (not included)

Terrapin™ Turtles can:

‘walk’ (on 2" radius wheels)

‘talk’ (via 2-tone speaker)

‘blink" (with lights as eyes)

‘draw’ (with solenoid-controlled pen)

‘feel' (using 3%" radius dome as touch sensor)

Use your Turtle to map rooms, solve mazes, dance, ex-
plore Artificial Intelligence, teach geometry or
programming.

A unique peripheral to keep you “in touch” with your
computer.

Limited delivery from stock ® Brochures available

Kit $300 Assembled $500 | Terrapin, Inc.

S-100 Interface $40 Shipping $5 ,,. 33 Edinborough Street, 6th Floor
<~ P~ " Boston, MA 02111
Mass. residents add 5% sales tax (617) 482-1033
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Figure 1: Schematic diagram for the motor driver. The 7400, IC], has +5 V

connected to pin 14 and pin 7 is connected to ground.

Controlling DC Motors

Robert L Walton
5616 Houston Rd
Eaton Rapids M| 48827

About the Author:
Robert. Walton is a
process computer engineer
employed by Consumers
Power Company. He has

 designed and homebrewed

an 8008 based system with
9K of memory, Kansas
City audio tape interface,
- ASCIl keyboard, 128 by
128 dot graphic video
interface, and a front
 panel which allows exam-
ination and modification
of contents in memory
during program execution.
More recently he has been
. experimenting  with a
KIM-1. .
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This article will explain one inexpensive
way to control the position of asmall 1.5V
to 3 V hobby DC motor to within a quarter
turn out of a total range of 16,384 turns.
Various types of mechanical apparatus may
be attached to this shaft for accurate posi-
tioning. The feedback portion of this circuit
may be used alone for position sensing of
shafts which reverse direction during opera-
tion. Modifications to obtain resolution
better than a quarter turn and to drive
higher powered DC motors will be discussed.

The impetus for developing this circuit
came while estimating the cost and com-
plexity of implementing the circuit shown
by Leon Sweer, Thomas Dwyer and Margot
Critchfield in the article “Controlling Small
DC Motors with Analog Signals” (August
1977 BYTE, page 18). My lack of a digital
to analog converter, the apparently high
power dissipation in the power op amp, and
the mechanical complexity of the feedback
potentiometer gear reduction were all
negative factors. An “all digital’’ scheme was
devised to overcome these problems.

The motor driver circuit is shown in
figure 1. The circuit is simplified consider-
ably by the presence of only three modes of
operation: full forward, full reverse, and
completely stopped. All transistors are in
cutoff or saturation at all times. The signals
labeled FOR and REV are at a high level, +5
V, while the motor is stopped. When FOR is
brought low, Q1, Q4, and Q6 become
saturated, or “turned on.” This effectively
connects motor pin 1 to +5V and motor
pin 2 to ground. When REV is brought low,
Q2, Q3, and Q5 conduct, connecting motor
pin 1 to ground and motor pin 2 to +5 V.

Note that FOR and REV must never be
grounded simultaneously; if this situation
occurs, heavy current will flow through Qf1,
Q2, Q3, and Q4, potentially damaging the
devices. To eliminate the possibility of this -
happening due to a programming bug while
the motor drive is connected to a computer,
the FOR and REV signals have been modified
to GO and DIR signals by the gate logic of
IC1. The motor will be stopped as long as
the GO signal is low. It will run forward
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9600 BAUDCASSETTE RECORDER

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate
108 at 4800 BAUD. Can be used from 110 to 9600 BAUD into a UART — no clocking
required. This is not an audio recorder. It takes RS232 or TTL signals from the terminal or
computer and gives back the same signals. No audio interface is used. Motor start/stop is
manual or through TTL or RS232 signals.

Tape speeds are 1.6” / 3.0"” and 6.0" per second. 110 volt, 60 Hz, 5 watts. (220 Volts on
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes.
Can be used in remote locations from a 12 Volt battery.

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM
RELOADING and DATA STORAGE. Manual control except for motor start/stop. 6800,
8080 or Z80 software for file or record searching available on request with order. Used by
major computer manufacturers, Bell Telephone and U.S. Government for program reloading
and field servicing.

'$185.00 (4800 Baud) % | |
$195.00 (9600 Baud and 220V/50 Hz) AVAILABILITY — Off the shelf.

PROVIDES MONITOR AND TAPE SOFTWARE in ROM. TERMINAL and TAPE PORTS
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-8 or 3M3B).

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal I/O
(RS232, 20 mA or TTL) and the data cartridge I/O, plus the motor controlling parallel I/O
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or
IMSAIL NO MORE BOOTSTRAPPING. Loads and Dumps memory in hex on the terminal,
formats tape cartridge files, has word processing and paper tape routines. Best of all, it has
the search routines to locate files and records by means of six, five, and four letter strings.
Just type in the file name and the recorder and software do the rest. Can be used in the
BiSync (IBM), BiPhase (Phase encoded) or NRZ modes with suitable recorders, interfaces
and software.

This is Revision 8 of this controller. This version features 2708 type EPROM’s so that
you can write your own software or relocate it as desired. One 2708 preprogrammed is
supplied with the board. A socket is available for the second ROM allowing up to a full 2K
of monitor programs.

Fits all S100 bus computers using 8080 or Z80 MPU'’s. Requires 2 MHz clock from bus.
Cannot be used with audio cassettes without an interface. Cassette or cartridge inputs are

TTL or RS232 level. 2510 (R) CONTROLLER
AVAILABILITY — Off the shelf. $190.00, Tested & Assmb.

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPAI\iDS MIKBUG with 1K
of ADDITIONAL ROM PROGRAM

This is a complete tape controller for the SWTP 6800 system. Has 3K of EPROM space
for your own programs. A 1 K ROM (2708) is provided with all tape and monitor functions.
The ROM program is identical to our extensive 8080 ROM program.

Has one ACIA for one or two tape drives, one UART for an additional Serial port and a
4 bit parallel port for motor control. Will control one or two CC-8 or 3M3B drives with the
software provided. Can be used with other tape drives controllable with 4 TTL bits if
appropriate software changes are made.

Extra serial port is provided for your use with a second terminal or printer (RS232, TTL
or 20 ma).

The ROM program supplements the MIKbug program and is entered automatically on

6800 CO NTRO ll_ER fOI’ SWTP reset. SWTbug compatlble ROM is also available.
$190.00, Tested & Assmb. AVAILABILITY — Off the shelf.

Z 80 BOARD for SWTP COMPUTER

Now you can use the 8080/Z80 software programs in your SWTP 6800 machine. Re-
places' your MPU board with a Z80 and ROM so that you are up and running with your
present SWTP memory and MPS card. 1 K ROM on board replaces MIKBUG.

AVAILABILITY — Off the shelf. E Gayiis 3 A
$190.00, Tested & Assmb.

For U.P.S. delivery, add $3.00. Overseas and air shipments charges collect, N.J. Residents add 5% Sales Tax. WRITE or CALL for further
information. Phone Orders on Master Charge and BankAmericard accepted.

National Multiplex Corporation
\___, 3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 (-
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Figure 2: Opaque disk to
be attached to motor
shaft. Two gaps are cut
so the disk will be rota-
tionally balanced.

TOP VIEW

when GO and DIR are high, and reverse
when GO is high and DIR is low. The DIR
signal may be reversed with GO remaining
high without damage. This reversal may
occur as often as desired, even many times
per second, without electronic damage.
Diodes D1, D2, D3 and D4 are used to
suppress switching transients from the
motor.

Higher powered motors or higher voltage
motors may be accommodated by using
7426 open collector gates in place of the
7400 gates or by using additional transistor
driver stages, as appropriate.

Position Feedback

Determining how many times a shaft has
turned in one direction is simple. Attach an
opaque disk with periodic gaps in it to the
shaft as shown in figure 2. Shine a beam of
light on one side of the disk and place a
phototransistor on the other side. Apply the

MOTOR

SIOE VIEW

Figure 3: Placement of phototransistors A and B. The phototransistors
should be within an eighth of an inch of the disk. The disk should be opaque
and painted flat black. The 60° gap size and 30° placement of the photo-
transistors will provide a steady count once every 90° of rotation.

LIGHT

DARK A

|

LIGHT

DARK B

4a: COUNTERCLOCKWISE ROTATION

LIGHT

DARK A

LIGHT —,—‘
DARK B

I

4b: CLOCKWISE ROTATION

-
30° ROTATION

Figure 4: Phototransistor timing diagram. Note that the counter must count
up when a dark to light transition occurs on A and B is dark, or when a light
to dark transition occurs on B and A is dark. The counter must count down
when a dark to light transition occurs on B and A is dark or when a light to
dark transition occurs on A and B is dark. This assumes that a counterclock-
wise rotation causes an increase in count.
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output of the phototransistor to a Schmitt
trigger and count the high to low transitions.
Note that it is not possible to determine
the direction the shaft is rotating by observ-
ing the electrical signals generated.

By adding another phototransistor, it is
possible to determine the direction the shaft
is turning. The two phototransistors, identi-
fied as A and B, must be arranged as shown
in figure 3. The direction of rotation can be
determined by observing which photo-
transistor is the first one on when the gap
is encountered as shown in figure 4. The
direction can also be determined by observ-
ing which phototransistor is the last one
off. It is really necessary to use both of these
transitions in order to avoid miscounting
when the oscillating situation explained in
the caption of figure 5 is encountered.

The circuit to detect and register the
shaft turns is shown in figure 6. This circuit
functions by propagation delay. Signals A
and B are high when their respective photo-
transistors are on. Signals AD and BD are
signals A and B, respectively, delayed by
passing through four inverters. Similar
terminology applies to A+B and (A+B)D.
These signals are then ‘“‘anded’ and “‘ored”’
together to make up and down counting
signals for the four cascaded counters.

The four counters provide 16 bits of
position information, or one part in 65,536.
In the unlikely event that additional preci-
sion is required, more counters may be
added. Note that the circuit generates four
counts per revolution. If more counts per
revolution are required, additional narrower
gaps may be cut in the opaque disk and the
phototransistors may be placed closer
together.

Construction

The opaque disk may be made from a
sandwich of two index cards and aluminum
foil glued together. The disk may then be
drilled to fit the motor shaft and fastened
with a drop of epoxy. If the motor shaft is
mounted vertically with the disk up, the
phototransistor may be mounted beneath
the disk. An incandescent desk lamp may be
used to illumjnate the disk. The photo-
transistors may have to be adjusted a little
to get the unit functioning. Be sure the
collector of each phototransistor reads over
4V when dark and under 0.5V when
illuminated. Be sure this is true all the way
around the disk. Note: you will not be able
to see the up and down counter inputs or
the outputs of the four “and’ gates on any
but the very fastest oscilloscopes.

To test the circuit, wire the GO motor
input high and wire pin 7 of |C7 (figure 6)
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MICROPROCESSOR APPLICATIONS MANUAL

by Motorola, Inc.
435/278 Pub.Pr.,$28.50 ClubPr., $22.50

PROGRAMMING LANGUAGES
by A. B. Tucker, Jr.
654/158 Pub.Pr.,$17.50 ClubPr., $13.50

ILLUSTRATING BASIC

(A Simple Programming Language)

by D. Alcock

771/928 Pub. Pr., $10.95 Club Pr., $8.95

AUTOMATIC DATA PROCESSING HANDBOOK
by The Diebold Group, Inc.
168/075 Pub. Pr., $33.50 Club Pr., $23.75

MICROPROCESSOR PROGRAMMING

FOR COMPUTER HOBBYISTS

by N. Graham

783/56X Pub.Pr.,$12.95 Club Pr., $10.95

THE COMPULATOR BOOK

Building Super Calculators & Minicomputer
Hardware with Calculator Chips

by R. P. Haviland

783/578 Pub.Pr.,$10.95 Club Pr.. $9.30

MICROCOMPUTERS /MICROPROCESSORS:
Hardware, Software and Applications
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771/499 Pub.Pr., $19.50 Club Pr.,$15.60
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THE INFORMATION SYSTEMS HANDBOOK
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MINICOMPUTERS: Structures and
Programming

by T.G. Lewis & J. W. Doerr

773/009 Pub.Pr., $13.95 Club Pr., $10.95

GETTING INVOLVED WITH YOUR

OWN COMPUTER

A Guide for Beginners

by L. Solomon & S. Veit

771/952  Pub.Pr.,$9.95 ClubPr., $8.35

ALGORITHMS + DATA STRUCTURES=
PROGRAMS

by N. Wirth

769/664 Pub.Pr.,$19.00 ClubPr.,$13.75

ADVANCED ANS COBOL WITH

STRUCTURED PROGRAMMING

by G. D. Brown

772/118 Pub.Pr.,$19.95 ClubPr.,$15.95

APPLYING MICROPROCESSORS

New Hardware, Software & Applications
Edited by L. Altman & S. E. Scrupski
191/603 Pub.Pr.,$19.50 Club Pr., $12.50

MICROPROGRAMMING PRIMER
by H. Katzan, Jr.
333/874 Pub.Pr.,$17.95 Club Pr., $13.95

A DISCIPLINE OF PROGRAMMING
by E. W. Dijkstra
770/115 Pub. Pr.,$18.95 Club Pr., $15.75
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THE

any one
of these great
professional books

for $ 89

only

values up to
$35.00

Introductory offer to new members of the

Computer Professionals’ Book Club

Special $1.89 honus book comes to you with your first club selection

HIS new professional club is designed to meet your day-to-day on-the-job needs by

providing practical books in your field on a regular basis at below publisher prices. If
you're missing out on important technical literature—if today’s high cost of reading curbs
the growth of your library—here’s the solution to your problem.

The Computer Professionals’ Book Club was organized for you, to provide an economical
reading program that cannot fail to be of value. Administered by the McGraw-Hill Book
Company, all books are chosen by qualified editors and consultants. Their understanding
of the standards and values of the literature in your field guarantees the appropriateness
of the selections.

How the Club operates: Every month you receive free of charge The Computer Profes-
sionals’ Book Club Bulletin. This announces and describes the Club's featured book of the
month as well as alternate selections available at special members’ prices. If you want to
examine the Club’s feature of the month, you do nothing. If you prefer one of the alternate
selections—or if you want no book at all—you notify the club by returning the card en-
closed with each Bulletin.

As a Club Member, you agree only to the purchase of four books (including your first
selection) over a two-year period. Considering the many books published annually, there
will surely be at least four you would want to own anyway. By joining the club, you
save both money and the trouble of searching for the best books.

' 'iﬁ!lﬂPl ommm,um,

VALUES UP TO $35.00 WITH MAJOR DISCOUNTS ON ALL OTHER CLUB SE-
LECTIONS. Your bonus books come with the first selection, and you may choose both
of them from the books described in this special introductory offer.

EXTRA SAVINGS: Remit in full with your order, plus any local and state tax, and
McGraw-Hill will pay all regular postage and handling charges.

NO RISK GUARANTEE:
If not completely satisfied return selections for full refund and membership cancellation.

MAIL THIS COUPON TODAY
COMPUTER PROFESSIONALS/Book Club P.0. Box 582 Princeton Road, Hightstown, New Jersey 08520

Please enroll me as a member and send me the two books chases made through individual Club memberships. All prices

indicated. | am to receive the bonus book at the intro- subject to change without notice. Offer good for new mem-
ductory price of $1.89 plus my first selection, plus tax, bers only. A shipping and handling charge is added to all
postage, and handling. If not completely satisfied, | may shipments. Members are billed when books arrive.

return the books within 10 days and request that my member-

ship be cancelled. If | keep the books, | agree to take a  write Code # of $1.89 bonus Write code # of
minimum of three additional books dnrlng the next two years book selection here first selection here

at special Club prices (guaranteed 15% discount, often

more). | will receive lhe Club BuNslin 13 times a year. If ] r J
| want to the | need take no

action. It will be shipped automatically. H however, | want

an alternate selection—or no book at all—I| simply nohly the

Club by returning the convenient card always enclosed. | NAME

will always have a minimum of 10 days in which to return

the card and you will credit my account fully, including  ApDRESS
postage, if this is not the case. Membership in the club is
continuous but cancellable by me at any time after the four- CITY
book purchase requirement has been filled. This order
subject to acceptance by McGraw-Hill. Orders Irom oulslde

the continental U.S. must be prepaid. C STATE ZIP
Institutional tax exemption status is not appllable to pul-
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Photo 1: A breadboard of the motor controller. The photocells may be seen in front of the

motor.

to the motor DIR input. Tie the LOAD
input (figure 6) to +5 V. The motor should
seek one end of one of the gaps and
“chatter”” there. The rate of chatter may be
anywhere from five to 100 times per second.
The angle the disk turns during this chatter
should be only a few degrees. Experiment
with the lighting to obtain the fastest chatter
rate. Passing your hand in front of the lamp
will cause the motor to run away. When
your hand is removed, the shaft will again
seek a position.

Use

It is wise to have a mechanical arrange-
ment using a slipclutch or a similar device to

POSITION OF A ~.__

LIGHT

DARK A

prevent mechanical or electrical damage if
the motor runs away. Such an accident
could result from a program problem or a
burnt out light source. Such an arrangement
also provides the facility for automatically
zeroing the position when power is first
applied to the circuit. The motor is driven in
one direction long enough to ensure that the
slipclutch is slipping, and then the LOAD
line is momentarily lowered to load the
counters with the known position. The
counters will then contain the correct ab-
solute position until power is turned off or
the slipclutch operates again.

To set the motor to a specific position,
perform the program in listing 1 (flowchart

POSITION OF A~o__

POSITION OF B--""

LIGHT

DARK B

[

Figure 5: Reason for decoding trailing edge of signals. A 30° oscillation of the disk between the
positions shown will create the above waveform. If the trailing edge was not decoded, the
counter would be decremented once for each oscillation and lose track of the correct position.



the electric pencil II

The Electric Pencil II is a Character Oriented
Word Processing System. This means that text 1is
entered as a string of continuous characters and
is manipulated as such. This allows the user
enormous freedom and ease in the movement and
handling of text. Since line endings are never
delineated, any number of characters, words,
lines or paragraphs may be inserted or deleted
anywhere in the text. The entirety of the text
shifts and opens up or closes as needed in full
view of the user. The typing of carriage returns
as well as word hyphenation is not required
since lines of text are formatted automatically.

© 1978 Michael Shrayer

As text is typed in and the end of a screen
line is reached, a partially completed word is
shifted to the beginning of the following line.
Whenever text is inserted or deleted, existing
text is pushed down or pulled up in a wrap
around fashion. Everything appears on the video
display screen as it occurs which eliminates any
guesswork. Text may be reviewed at will by
variable speed scrolling both in the forward and
reverse directions. By using the search or the
search and replace function, any string of
characters may be located and/or replaced with
any other string of characters as desired.

When text is printed, The Electric Pencil II automatically inserts carriage returns where they
are needed. Numerous combinations of line length, page length, line spacing and page spacing allow
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional
printing are included in the Diablo versions. Right justification gives right-hand margins that are
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and
logo) was printed by the Diablo version of The Electric Pencil II in one pass.

Now on CP/'M

NEW FEATURES: !!! CP/M Compatible !!! Disk Operating System

Supports Four Disk Drives !!! Simple File Management !!! Quick and Easy
Disk Storage and Retrieval !!! Dynamic Print Formatting !!! Multicolumn
You've probably seen Printing !!! Print Value Chaining !!! Page-at-a-time Scrolling !!! New
The Electric Pencil in Bidirectional Multispeed Scrolling Controls !!! New Subsystem with
action by now. It's the Print Value Scoreboard !!! Automatic Word and Record Number Tally !!!
most powerful 8080/280 Cassette Backup Capability !!! Full Margin Control !!! End-of-Page
character oriented word Control !!! Non-Printing Text Commenting !!! Line and Paragraph
processor on the market Indentation !!! Centering !!! Underlining !!! BOLD FACE !!!
today. Michael Shrayer is
now proud to present the W I D E S C R E E N vV I D E O 11

new Electric Pencil II. Available to Imsai VIO video users for a huge 80x24 character screen !!

HAVE WE GOT A VERSION FOR YOU ?

The Electric Pencil II operates with any 8080/Z280 based microcomputer that supports a CP/M disk
system and uses a Imsai VIO, Processor Technology VDM-1, Polymorphic VTI, Solid State Music VB-1B,
Vector Graphic Flashwriter or any similar memory mapped video interface. Specify when using CP/M
that has been modified for Micropolis or North Star disk systems as follows: For North Star add
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-IIA, DV-IIB.

vers. Video Printer Price
SS-11 SOL TTY or similar $225.
SP-II VTI  TTY or similar  $225. m MICHAEL SHRAYER SOFTWARE
SV-II VDM TTY or similar $225. 1253 Vista Superba Drive
SI-II VIO TTY or similar $250. Glendale, CA 91205
DS-II SOL  Diablo 1610/20  $275. ss (213) 956-1593
DP-I1 VTI Diablo 1610/20 $275.
DV-I1 VDM Diablo 1610/20 $275.
DI-II VIO Diablo 1610/20 $300.
The Electric Pencil I is still available for non CP/M users:
e Vers. Video Printer Cassette Disk Drive Price
coming
1 ss SOL TTY or similar CUTS -—- $100.
attraCtlons' SP VTI TTY or similar Tarbell - $100.
Sv VDM TTY or similar Tarbell —— $100.
Sort & Merge Utility !l! SSN  SOL TTY or similar CUTS North Star $125.
SPN VTI TTY or similar Tarbell North Star $125.
The NEC printer package !!! SVN VDM TTY or similar Tarbell North Star $125.
DS SOL Diablo 1610/20 CUTS — $150.
The HELIOS Electric Pencil !!! DP VII Diablo 1610/20 Tarbell -— $150.
DV VDM  Diablo 1610/20 Tarbell - $150.
Pencil to CP/M file conversion !!! DSN SOL  Diablo 1610/20 CuTS North Star $175.
DPN VTI Diablo 1610/20 Tarbell North Star $175.
CP/M to Pencil file conversion !!! DVN VDM Diablo 1610/20 Tarbell North Star $175.

Demand a demo from your dealer!
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Figure 6: Schematic dia-
gram for the encoder cir-
cuit. The data input lines
should be wired to the
state corresponding to the
desired initial position of
the motor. The dotted in
capacitors may be required
to obtain sufficiently wide
clock pulses for the up
and down counters.

in figure 7) at least twenty times per second.
On an 8 bit machine, reading a 16 bit real
time quantity poses a problem. If one byte
is read and then the other, there is a real
possibility that the 16 bit input may have
changed between the two operations.
Therefore the position is read twice and
checked for agreement before proceeding.
With a 16 bit machine, only a single input
operation need be performed.

+5V

The motor will race at top speed toward
the desired setting. When it goes past the
setting, it will turn around and race back,
again overshooting. After a couple of quick
oscillations, the desired position will have
been reached and the motor will shut off.
A better algorithm could be devised by
estimating the speed of the motor and
anticipating the overshoot, causing the
motor to approach zero speed very close to
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Design of
Digital Systems

ASet-Instncton Course 6 Vohumes

PCPtiman B

Personal Computers

Book3 = 3 & Microprocessing

g
Digital Systems

A ucthon Course 8 Vokumes, *

PCPaiman 85S¢

Bookéimz. 6

Book

Counters.

The products of digital electronics techno-
logy will play an important role in your
future. Calculators, digital watches and TV
games are already commonplace. Now,
microprocessors are generating a whole new
range of products. Personal computers will
be in widespread use very soon. Your TV,
telephone and computer will combine to
change your children’s education, your job—
your entire way of life.

WRITTEN BY EXPERTS

These courses were written by experts in
electronics and learning systems so that you
could teach yourself the theory and appli-
cation of digital logic. Learning by self-
instruction has the advantages of being
faster and more thorough than classroom
learning. You work at your own pace and
respond by answering questions on each new
piece of information before proceeding.

After completing these courses you will
have broadened your career prospects as well
as your understanding of the rapidly chang-
ing technological world around you.

The courses are designed as much for the
professional engineer as for the amateur
enthusiast. You'll learn about microprocess-
ing as well as personal computing — not to
mention all the other aspects of digital
electronics design.

ADVANCED COURSE
DESIGN OF DIGITAL SYSTEMS

Design of Digital Systems is written for the
engineer and serious hobbyist who wants to
learn more about digital electronics. Its six
large-format volumes—each 11%"" x 8%’ are
packed with information, diagrams and
questions designed to lead you step by step
through number systems and Boolean algebra
to memories, counters and simple arithmetic
circuits,and finally toa complete understand-
ing of the design and operation of micro-
processors and computers.

CONTENTS

The contents of Design of Digital Systems
include:

Book 1: Octal, hexadecimal and binary
number systems; representation of negative
numbers; complementary systems; binary
mulitplication and division.

Book 2: OR and AND functions; logic
gates; NOT, exclusive-OR, NAND,NOR and
exclusive - NOR functions; multiple input
gates; truth tables; DeMorgan’s Laws; canon-
ical forms; logic conventions; Karnaugh map-
ping; three-state and wired logic.

Also available at leading computer stores:

Computer Mart of New York, 118 Madison Ave.. New York, NY.

Erie Computer Co., 1253 West 8th St., Erie, PA

Interactive Computers, 7646% Dashwood, Houston, TX.

Interactive Computers, 16:140 El Catmino Real, Houston, TX.
Inleractive Computers, 217 W. Sun Francisco, Sante Fe. NM,

Readout Computer Stores. 6 Winspeur Ave.. Buffslo, NY

Imperial Computer Systerns, lnc., 2105 23rd Ave., Rocktord, 1L
Horne Computer Center, 6101 Yonge St., Willowdale, Ontano, Canada

and many others. Ask your dealer.

Book 3: Half adders and full adders; sub-
tractors; serial and parallel adders; processors
and arithmetic logic units {ALUs); multi-
plication and division systems.

Book 4: Flip-flops; shift registers; asynch-
ronous counters; ring, Johnson and exclusive
-OR feedback counter; random access mem-
ories (RAMs); read-only memories (ROM:s).

Book 5: Structure of calculators; keyboard
encoding; decoding display data; register
systems; control unit; program ROM; address
decoding; instruction sets; instruction decod-
ing; control program structure.

Book 6: Central processing unit (CPU);
memory organization; character represen-
tation;  program storage; address modes;
input/output systems; program interrupts;
interrupt priorities; programming; assemblers;
executive programs, operating systems, and
time-sharing.

BASIC COURSE

Digital Computer Logic & Electronics

CONTENTS

Digital Computer Logi: and Electronics is
designed for the beginner. No mathmetical
knowledge other than simple arithmetic is
assumed, though you should have an aptitude
for logical thought. It consists of 4 volumes—
each 11%"” x 8%"—and serves as an intro-
duction to the subject of digital electronics.

Contents include: Binary, octal and decimal
number systems; conversion between number
systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth
tables; DeMorgan‘s Laws; design of logical
circuits using NOR gates; R-S and J-K flip-
flops; binary counters, shift registers and
half-adders.

Here are two inexpensive programmed
learning courses designed to keep
you up-to-date in digital electronics.

NO RISK GUARANTEE

There's absolutely no risk to you. If you're
not completely satisfied with your courses,
simply return them to GFN within 30 days.
We'll send you a prompt, full refund, Plus
return postage.

TAX DEDUCTIBLE

In most cases, the full cost of GFN's
courses can be a tax deductible expense.

HOW TO ORDER

To order by credit card, call GFN's toll-
free number — (800)331-1000; or send your
check or money order (payable to GFN
Industries, Inc.) to the address below.

Prices include overseas surface mail post-
age. Air Mail: additional costs (10 volumes);
Caribbean $10; Europe $15; Africa, South
America $20; Australia, Asia $25; or write
for exact quote

Write for educational discounts, quantity
discounts and dealer costs.

LOW PRICES — SAVE $5

We ship promptly from stock. There are
no extras—we pay all shipping costs; we even
pay your sales tax where required. And if
you order both courses, you save $5. Order
at no obilgation today.

Design of Digital Systems ........ $19.95
- 6 volumes

Digital Computer Logic .......... $14.95
& Electronics - 4 volumes

Both courses - 10 volumes ....... $29.90

GFN Industries, Inc.
Suite 400-B
F 888 Seventh Ave.
N New York
N.Y. 10019
Call TOLL-FREE (800)331-1000
(orders only)
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Octal Operation

Address Codes Mnemonic Commentary

001 000 066 aaa LLI aaa set memory address

001 002 056 bbb LHI bbb registers to location
of high byte of
desired position

001 004 101 READ INP O get low byte of
current position

001 005 310 LBA save in B register

001 006 107 INP 3 get high byte of
current position

001 007 320 LCA save in C register

001 010 101 INP O read low byte again

001 011 271 CPB compare to previous
read

001 012 110 004 001 JFZ READ re-read if not same

001 015 107 INP 3 read high byte again

001 016 272 CPC compare to previous
read

001 017 110 004 001 JFZ READ re-read if not same

001 022 277 CPM - compare high byte
with desired high byte

001 023 140 047 001 JTC LOW  jump if less

001 026 110 054 001 JFZ HIGH jump if greater

001 031 301 LAB high byte equal-recall
low byte to A

001 032 061 DCL decrement address
registers to point to
low byte of desired
position

001 033 277 CPM compare low byte to
desired low byte

001 034 140 047 001 JTC LOW  jump if less

001 037 110 054 001 JFZ HIGH jump if greater

001 042 006 000 LAI O equal, set A for
DIR and GO =0

001 044 104 056 001 JMP OUT  go output DIR & GO

001 047 006 002 LOW LAI 2 position low — set
GO=1,DIR=0

001 051 104 056 001 JMP OUT  go output GO & DIR

001 054 006 003 HIGH LAI 3 position high — set
GO=1,DIR =1

001 056 127 OUT O0uUT3 output GO and DIR

Listing 1: Intel 8008 program for motor control. This segment
of code should be executed at least 20 times per second. The
desired position is in location bbb-aaa (high byte) and the next
previous location (low byte). The two locations must be on the
same page. Input port 0O is the low byte of the counter and port
3 is the high byte. Output port 0 has DIR in its least significant
bit and GO in the next bit.

Figure 7: Program flow-
chart. Variables DU and
DL hold the upper and
lower bytes of the de-

the desired position. Such a scheme would
reduce the settling time of the system to a
minimum.

Modifications

For those purists who insist on doing
everything in software, the Schmitt trigger
outputs may be tied directly to two com-
puter input lines, or even interrupt lines, and
the decoding and counting may be done in
the computer. For those other purists who
prefer not to tie their machine up with
repetitive loops such as the one in figure 7,
this positioning scheme may be implemented
in hardware by installing four 4 bit compara-
tors on the counter outputs. Cascade the
comparators together and connect two
output ports from a computer to the other
comparator inputs. Invert the ‘‘equal”
comparator output and connect it to GO.

" Connect the ‘greater than’ comparator

output to DIR. If the motor runs away
connect the ‘““less than” comparator output
to DIR. Now the computer outputs 16 bit
position values and the circuit positions the
motor to follow the computer output.m

‘ BEGIN ’

INPUT LOWER
BYTE OF COUNTER
INTO LI

INPUT UPPER
BYTE OF COUNTER
INTO U!I

1

INPUT LOWER
BYTE OF COUNTER
INTO L2

l

INPUT UPPER
BYTE OF COUNTER
INTO U2

sired position. This pro-
gram must be executed at
least 20 times per second.
If the motor runs away,

complement the DIR bit
outputs. Do not attempt

to reach positions closer
than 50 turns to O or oAy Sosd
65535 with this algorithm

because of the counter

QUTPUT OUTPUT GO=1I
GO=0. DIR=1

overflow which occurs.

July 1978 © BYTE Publications Inc



THE 1st FULL DAY INDUSTRY TRADE SHOW AUG. 24th

. Personal LARGEST SHOW EVER HELD!

300 BOOTHS

€ Computing CenlTons

DEALERS — RETAILERS
78 INDUSTRY REPRESENTATIVES
EXHIBITOR GUESTS
PHILADELPHIA

Personal Computing and Small Business Computer Show

PHILADELPHIA CIVIC CENTER sy e 2r, 1978

® A Full Day To See Your Suppliers, Dealers, Distributors
TE‘)‘ FO“ ® New Products and New Manufacturers
S ® Plus Three Additional Days
@ Aug. 25th-27th, Personal Computing Show

BE A SPEAKER
AT ONE OF THE SEMINARS
BEING PLANNED FOR

DEALERS AND RETAILERS
AT OUR
PERSONAL COMPUTING COLLEGE ™

PRE REGISTRATION INCLUDES:

@ Distinctive Badge for Admission to Aug. 24th Trade Show
@ Special Seminars and Meetings

e @ Admission to Personal Computing Show Aug. 25th-27th
.,..';..an: x> @Hotel and Philadelphia Information Package

[ ) Newsletter See our ad on page 151.
I I:l Send___QOealer-Retailer COMPANY NAME I
: D Registrations at $15.00 each NAME :
| Send Exhibitor Information STREET |
I Amount Enclosed $ CITY STATE ZIP I
| PHONE |
: Please include your business card Send To: :
| or Letterhead. PERSONAL COMPUTING Inc. I
| Rt. 1 Box 242 e Mays Landing, N. J. 08330 ® 609—653-1188 BYTE |
N = —
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Books to

Just

____Microprocessor Lexicon, Acronyms
and Definitions by SYBEX. 110 pp. This
little book is a necessity to anyone who
wants an explanation of those hard-to-
fathom acronyms and other micro terms.
Included are sections on signals in the
main standards, functions of essential
chips, and more. At 4%" x 5%’ it can be
pocketed easily. For only $2.95 every
microcomputerphile should have a copy.

Not Just a Good Buy But An Investment

Make the Summer

The Cheap Video Cookbook, the latest in Don Lancaster’s series of hardware books,
continues where the TV Typewriter Cookbook leaves off. New, inexpensive video display
circuits (and the software to drive them) are described. The designs allow a variety of alpha-
numeric and graphics formats to be implemented, including high resolution graphics. The
circuits are designed for use on 6500 or 6800 systems, but can be adapted to other proces-
sors. Chapters also cover methods for displaying memory contents and a description of
transparency techniques. 256 pp. $5.95.

BASIC: A Hands-on Method by Herbert D Peckham is a light-hearted but thorough
self-study course in BASIC, designed for people new to the subject. The introduction
defines what BASIC is, gives some background on its origins, and tells you how to get
started. Chapters cover: computer arithmetic and program management; input, output
and simple applications; decisions and branching; looping; working with collections of
numbers; subroutines; and more. Although the book is oriented towards the implementation
of BASIC on time sharing terminals, the ideas and techniques are applicable to the personal
computer. 244 pp. $7.95.

The 8080 Programmer’s Pocket
Guide written by Scelbi Computer
Consulting Inc is a handy 3" x 4" com-
pendium of 8080 facts. Included are
detailed descriptions of the 8080 in-
struction set, information about an 8080
paper tape loader program, and an in-
struction set summary and index. 8080
programmers will want a copy of this
useful book. 130 pp. Only $2.95.

e |

COMPUTER
SCIENCE

1 Btudy Probless

/ Supplementto \
[ The TTL
| Data Book
\ e
W Dcsien Frgineens

Computer Science: A First Course, Second Edition, by Forsythe, Keenan, Organick,
and Stenberg. Over 760 pp. $18.25 hardcover.

Computer Science: Projects and Study Problems by A | Forsythe, E | Organick, and
R C Plummer. This companion text to Computer Science: A First Course is a series of work
problems designed to intrigue the reader. Problems include plotting graphs, simultaneous
equations, the eight queens problem, designing a perceptron (a machine that learns), as well
as a series of problems specifically designed to complement the chapters of Computer
Science: A First Course. 292 pp. $9.75.

Computer Science: Programming in FORTRAN IV by A | Forsythe, R M Aiken,
C E Hughes, and E | Organick. This supplement to Computer Science: A First Course,
Second Edition, shows how to turn flowcharts into equivalent FORTRAN programs. Fea-
tures include chapters on FORTRAN IO statements, assignment statements, rounding,
formatting, subroutines, practical applications, etc. The advent of FORTRAN software
packages for small systems makes this a timely addition to the literature. 210 pp. $5.25.

The TTL Data Book for Design Engineers, Second Edition, by Texas Instruments is a
current source of information on the design specifications and characteristics of the Texas
Instruments 7400 series of devices. In it you'll find a complete section of 7400 series pinout
diagrams at the front, plus the usual detailed descriptive information on the more compli-
cated circuits. How do you find out what a 74412 does? Turn to its pinout diagram on page
5-74, then vector to the detail information on page 7-502 where you discover that it's Texas
Instruments’ version of the Intel 8212 part. 828 pp. Only $4.95 hardcover.

Supplement to the TTL Data Book for Design Engineers, Second Edition, by Texas
Instruments. As the name implies, this supplement brings your Texas Instruments TTL
Data Book up to date with the latest information about new TTL devices. The 56-page
book includes information about synchronous counters, function generators, and many
other devices. $1.25.

BI‘S The Microcomputer Bookstore
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Last All Year Long

®

BASIC with Business Applications by Richard W Lott focuses on the BASIC language B“Slness
and its application to specific business problems. The book is divided into two sections. Part
one introduces the BASIC language and the concept of logical flowcharting. Part two pre-
sents problems and possible solutions. Topics include: interest rate calculation, break-even
analysis, loan rates, and depreciation. Exercises at the end of each chapter give a greater un-
derstanding of BASIC by actual programming. This book is a great aid to the beginner want-
ing to learn BASIC without having a technical or scientific background. 284 pp. $10.50.

)

Financial Analysis and Business Decisions on the Pocket Calculator by Jon M Smith is
designed to aid the experimenter in performing applied analysis. It gives a variety of numeri-
cal techniques, approximations, tables, graphs, and flowcharts for calcutations. All methods
have been optimized for the pocket calculator, and the book stresses the use of the business-
type calculator having the usual complement of business functions. Topics include: calcu-
lating present and future values, consumer finances, real estate calculations, business statis-
tics, and systems analysis. 317 pp. An invaluable source tool at $14.95 hardcover.

Charging for Computer Services by D Bernard, J C Emery, R L Nolan, and R H Scott
is written for managers who must deal with service charges. This book provides the manager
with principles and guidelines for a better understanding of the charge problem. The book
provides general design principles along with specific suggestions to deal with specific prob-
lem areas. Charging for Computer Services is a necessary book for the manager who must
make decisions in this vital area. 120 pp. $10.00 hardcover.

Introduction to Artificial Intelligence by Philip C Jackson Jr surveys the field be-
ginning with Turing's test, the mathematical description of phenomena, finite state ma-
chines and limits to computational ability, followed by chapters on problem solving, game

A l playing, pattern perception, theorem proving, semantic information processing, parallel

'y X ' - . .
processing, evolutionary systems, robots, and a look at the future of the field. This thought-
ful and unusual book will make a useful addition to your library. A 50-page bibliography is
included. 453 pp. $18.50 hardcover.

PHILIP © JACKSON

e T T —

Just Out! |

How to Build a Computer-controlled Robot by Tod Loofbourrow. This book combines
the dream of robotics—to create an intelligence other than human—with the reality, by pro-
viding both hands-on experience with robotics and an application of a microprocessor. You
can learn the fundamentals while utilizing the ultimate in current hobby computer technol-
ogy. This book details the step-by-step directions for building a robot, named “Mike,” con-
trolled by a KIM-1 microprocessor, with the complete control programs clearly written out.
Photographs, diagrams, and tables help to direct you in the construction. $7.95.

BIIS DIAL YOUR BANK CARD ORDERS ON OUR TOLL-FREE HOT LINE: 1-800-258-5477.
T.M.
Name

The Microcomputer Bookstore ...
25 Route 101 West

———————————————-L

Peterborough, NH 03458 City State Zip
D My check enclosed: Signature
Check #: Total
Amount: Number of books
ﬂ D My card #: Postage $.75/book or
$1.00 outside U.S.
? Expires:
—— Grand Total
Prices subject to change without notice. Dealer Inquiries Invited. You may photocopy this page.
L_- D S S S L r °r °r ° T °' ' ' I I %I [ T _° 1 T [ /1]
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A Short History of Computing

Keith S Reid-Green

Director, Software Systems Development
Educational Testing Service

Princeton NJ 08540
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MUMBER REPRESENTE

A few weeks ago a master’s degree candi-
date in computer science confided, with an
embarrassed laugh, that he had never seen a
computer. His experience with the machines
of his chosen vocation had consisted entirely
of submitting punched cards through a hole
in a wall and later getting printed results the
same way. While his opportunities to see
equipment are restricted due to his student
status, there are also thousands of working
programmers and analysts using large scale
equipment who have no contact with
existing hardware and will never have a
chance to see any first or second generation
computers in operation.

This is in sharp contrast with the way
programmers worked in the late 1950s and
early 1960s. Before 1964, when multipro-
gramming computers were introduced, the
typical programmer had opportunities to
come in contact with the computer if he or
she wanted to do so. Prior to 1960, in fact,
most programmers actually operated the
machine when debugging their programs.
These people learned of the computer as a
physical device; the current programmer is
more likely to think of it as a vague logical
entity at the other end of a terminal. Thus,
many large system programmers have the
rare distinction of using a tool without
knowing how it works or what it looks like.
This is in spite of the fact that many im-
portant computer developments have

Photo 1: A Chinese abacus.
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Photo 2: Pascal’s adding machine. Note that the rightmost dial has 12 positions and its neighbor has 20.

tended for calculations involving the French currency of the period.

occurred within the average programmer’s
lifetime.

However, in the past year or two, dra-
matic reductions in the cost of minicom-
puter components and the advent of the
microcomputer have returned the hands-on
computer to respectability in two ways.
First, it is now possible to justify hands-on
debugging on a small computer, since the
hourly rate of the programmer is higher
than that of the machine. Second, the
decreasing cost of home computing has
fostered the birth of a new class of ‘‘renais-
sance programmers’’: people who combine
programming expertise with hardware know-
ledge and aren’t afraid to admit it. Renais-
sance programmers can learn much from the
lessons of computer history; simple and
inelegant hardware isn’t necessarily best,
but it’s frequently cheapest.

In short, the stored program computer
became a necessary tool only recently, even
though various mechanical aids to compu-
tation have been in existence for centuries.

One of the first such aids was the abacus,
the invention of which is claimed by the
Chinese. It was known in Egypt as early as
460 BC. The Chinese version of the abacus
(as shown in photo 1) consists of a frame
strung with wires containing seven beads
each. Part of the frame separates the top-
most two beads from the lower five. The
right-hand wire represents units, the next
tens, the next hundreds, and so on. The
operator slides the beads to perform addi-
tion and subtraction and reads the resulting
sum from the final position of the beads.
The principle of the abacus became known
to Roman and early European traders, who
adopted it in a form in which stones (called
by the Latin calculi, hence the word “calcu-
late’”) are moved around in grooves on a flat
board.

The use of precision instruments dates
back to the Alexandrian astronomers. Like
the mathematics of the period, however, the
development of scientific instruments died
away with the demise of the Alexandrian
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school. The Arabs renewed interest in
astronomy in the period between 800 and
1500 AD, and it was during this time that
the first specialists in instrument making
appeared. The center of instrument making
shifted to Nuremberg, beginning about
1400. By the middle of the 16th Century,
precise engraving on brass was well advanced
due in part to the interest in book printing.

Calendrical calculators used for deter-
mining the moon’s phases and the positions
of the planets crop up in all the major
periods of scientific thought in the past two
thousand years. Parts of a Greek machine
about 1800 years old, apparently used to
simulate the motions of the planets, were
found in 1902 in the remains of a ship off
the island of Antikythera. The gears of the
machine indicate amazing technical ability
and knowledge. Later calendrical calculators,
which were usually of the type in which two
or more flat disks were rotated about the
same axis, came to include a means of telling
time at night by visually aligning part of the
Big Dipper with the pole star.

Trigonometric calculators, working on a
graphical principle, were in use in the Arabic
period. Such calculators were used mainly
to determine triangular relationships in
surveying. The popularity of this device was
renewed in 14th Century Europe; in fact,
calculating aids of all kinds grew rapidly in
popularity as well as in scope from this time
onward, largely due to the difficulty of the
current arithmetic techniques. Napier was
continually seeking ways to improve com-
putational methods through his inventions.
One such invention, ‘“Napier’s bones,” con-
sisted of a number of flat sticks similar to
the kind now used in ice cream bars. Each
stick was marked of f into squares containing
numbers. To perform calculations,. the user
manipulated the sticks up and down in a
manner reminiscent of the abacus. Of parti-
cular interest is the fact that Napier’s inven-
tion was used for general calculation at a
time when many other devices were used for
the specific determination of one measure-
ment, such as the volume of liquid in a
partly full barrel, or the range of an artillery
shot.

Pascal invented and built what is often
called the first real calculating machine in
1642 (shown in photo 2). The machine
consisted of a set of geared wheels arranged
so that a complete revolution of any wheel
rotated the wheel to its left one tenth of a
revolution. Digits were inscribed on the side
of each wheel. Additions and subtractions
could be performed by the rotation of the
wheels; this was done with the aid of a
stylus. Pascal’s calculator design is still

widely seen in the form of inexpensive
plastic versions found in variety stores.

In 1671 Leibniz invented a machine
capable of multiplication and division, but
it issaid to have been prone to inaccuracies.

The work of Pascal, Leibniz, and other
pioneers of mechanical calculation was
greatly facilitated by the knowledge of gears
and escapements gained through advances in
the clock. In the 13th Century, a clock was
devised for Alfonso X of Spain which used a
falling weight to turn a dial. The weight was
regulated by a cylindrical container divided
into partitions and partly filled with mer-
cury. The mercury flowed slowly through
small holes in the partitions as the cylinder
rotated; this tended to counterbalance the
weight. By the 15th Century, the recoil of a
spring regulated by an escapement had made
its appearance as a source of motive power.
Gear trains of increasing complexity and
ingenuity were invented. Clocks could now
strike on the hours, have minute and second
hands (at first on separate dials), and record
calendrical and astronomical events. Gears
opened the door to wonderful automata and
gadgets such as the Strasbourg clock of
1354. This device included a mechanical
rooster which flapped its wings, stretched
its metal feathers, opened its beak and
crowed every day at noon. Later, important
improvements in timekeeping included
Galileo’s invention of the pendulum; and the
accurate driving of a clock without weights
or pendulum which led to the portable
watch.

Although mechanical and machine shop
techniques still had a long way to go (con-
sider the 19th Century machinist’s inability
to fit a piston tightly into a cylinder), the
importance of mechanical inventions as aids
to computation was overshadowed by
electrical discoveries beginning with the
invention of the battery by Volta in 1800.

During the 1700s, much experimental
work had been done with static electricity.
The so-called electrical machine underwent a
number of improvements. Other electrical
inventions like the Leyden jar appeared, but
all were based on static electricity which
releases very little energy in a very specta-
cular way. In 1820, following Volta’s dis-
covery, Oersted recognized the principle
of electromagnetism that allowed Faraday to
complete the work leading to the dynamo,
and eventually to the electric motor. It was
not until 1873, however, that Gramme
demonstrated a commercially practicable
direct current motar in Vienna. Alternating
current (AC) was shown to be the most
feasible type of electric power for distri-
bution, and subsequently the AC motor was
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concerning itself with the when,
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217 pp. $14.80 hardcover.

Game Playing with Com-
puters by Donald D Spencer.
Read this book for an introduc-
tion to numerous recreational
uses of the computer. Topics in-
clude mathematical problems, ca-
sino games, board games, unusual
gambling games, and logic games.
Many BASIC language programs
and listings are included to show
details. 312 pp. $16.95 hardcover.

What to do After You Hit
Return or PCC’'s First Book of
Computer Games. This is PCC's
first book of computer games, a
compendium of computer games,
including listings of 37 selected
BASIC games. 170 pp. $8.00.

BASIC Computer Games:
Microcomputer Edition edited by
David H Ahl. Here are 102 classic
computer games, every one in
standard microcomputer BASIC;
every one complete with large leg-
ible listing, sample run and des-
criptive notes. All the classics are
here: Super Star Trek, Football,
Blackjack, Lunar Lander, Tic Tac
Toe, Nim, Life and Horserace.
This revision of 101 BASIC Com-
puter Games is a must even if you
own the original. 185 pp. $7.50.

____The Best of Creative Com-
puting Volume I.
The Best of Creative Com-
puting Volume I

Culled from the pages of
Creative Computing Magazine,
these two volumes provide fic-
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of nuts and bolts commentary
and programming information for
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Chess and Computers by
David Levy. If you enjoy playing
chess, then you will thoroughly
enjoy Chess and Computers. This
145-page book is loaded with
chess games played by and with
computers. When you settle down
with this book, it would be a
good idea to set up your chess
board and play the games. Half
the enjoyment is found in playing
along, duplicating the moves,
reading the comments by the au-
thor and adding your own com-
ments. $8.95.

Game Playing With BASIC
by Donald D Spencer lets you en-
joy the challenge of competing
with your own computer. Games
described include: 3D Tic Tac
Toe, Nim, Roulette, Slot Ma-
chines, Magic Squares, Keno,
Morra, Baccarat, Knight's Magic
Tour, and many others. The style
is nontechnical, and each section
gives complete rules for the game,
how it works, illustrative flow-
charts, and example outputs for
each program. The last chapter
contains 26 games for reader solu-
tion, including Hexapawn and
Poker Dice. 166 pp. $6.95.

57 Practical Programs and
Games in BASIC by Ken Tracton
is just that: a collection of practi-
cal BASIC applications programs
for experimenters, students and
professionals. In addition to the
more conventional programs,
there are several unusual ones
(Hydrocarbon Combustion, Inter-
active Growth Patterns, Vector
Cross Product, and Pi-Network
Impedance Matching, to name a
few). The book includes many
flowcharts and diagrams to aug-
ment the text and programs.

computing. $8.95 per volume. For your convenience in ordering, please use this page plus the order 204 pp. $7.95.
form on page 83. You may photocopy this page if you wish to keep
your BYTE intact.

CALL BANK CARD ORDERS TOLL FREE 1-800-258-5477.

BIIS'MThe Microcomputer Bookstore

25 Route 101 West, Peterborough NH 03458
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Photo 3: The Jacquard loom, one of the first machines to use holes punched in cards to control its actions.
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invented in 1888 by Tesla. The value of elec-
tric power for transportation was quickly
recognized and employed in tramways and
electric railways. This led to improvements
in methods for controlling electricity. Elec-
tric lighting methods sprang up like weeds
during the latter half of the 19th Century.
The most successful were due to the efforts
of Swan in England and Edison in the
United States. Work on electric lighting, the
telegraph and the telephone led to the
wonder of the age: radio. In 1895, Marconi
transmitted a radio message over a distance
of one mile, and six years later from England
to Newfoundland.

As a consequence of the rapid growth of
interest in the radio, much work was done
on the vacuum tube. Lee de Forest dis-
covered the principle of the triode in 1907.
Until the development of the transistor, the
vacuum tube was the most important device
in computer technology due to its ability to
respond to changes in electrical voltage in
extremely short periods of time. The
cathode ray tube, invented by William
Crookes, was used in computers for a few
years prior to 1960. It faded temporarily
from view but returned in 1964 due to
advances in technology that improved its
economic feasibility as well as its value as
a display tool. In 1948 Bardeen, Brattain
and Shockley developed the transistor,
which began to replace the vacuum tube in
computers in 1959. The transistor has many
advantages over the vacuum tube as a com-
puter component: it lasts much longer,
generates much less heat, and takes up less
space. It therefore replaced the vacuum
tube, only to fall prey in turn to micro-
miniaturization. Of course, the transistor
principle didn’t go away, but the little

computation of tables. His attempts to
build a larger Difference Engine were un-
successful, even though he spent £23,000
on the project (£6,000 of his own, and
£17,000 of the government’s).

In 1833 Babbage began a project that was
to be his life’s work and his supreme frus-
tration: the Analytical Engine. This machine
was manifestly similar in theory to modern
computers, but in fact was never completed.
During the forty years devoted to the
project, many excellent engineering drawings
were made of parts of the Analytical Engine,
and some parts of the machine were actually
completed at the expense of Babbage’s
considerable personal fortune. The machine,
which was to derive its motive power from
a steam engine, was to use punched cards
to direct its activities. The Engine was to
include the capability of retaining and dis-
playing upon demand any of its 1000 fifty-
digit numbers (the first suggestion that a
computing machine should have a memory)
and was to be capable of changing its course
of action depending on calculated results.
Unfortunately for Babbage, his theories
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flying saucers with three wires coming out
of their bases did.

Oddly enough, one of the most funda-
mental devices in the early history of com-
puting predates the electronic computer by
more than two hundred years. The punched
card was first used to control patterns woven
by the automatic loom. Although Jacquard
is commonly thought to have originated the
use of cards, it was actually done first by
Falcon in 1728. Falcon’s cards, which were
connected together like a roll of postage
stamps, were used by Jacquard to control 3
the first fully automatic loom in France, - ot
and later appeared in Great Britain about
1810 (see photo 3). At about the same time,
Charles Babbage began to devote his
thinking to the development of computing
machinery. Babbage’s first machine, the
Difference Engine, shown in photo 4, was
completed in 1822 and was used in the
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Photo 4: The Babbage Difference Engine.
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Photo 5: The first use of
punched cards for data
processing, Hollerith’s card
sorter  dramatically  re-
duced the time required
to process data collected
in the 1890 census.
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were vyears ahead of existing engineering
technology, but he contributed to posterity
the idea that punched cards could be used as
inputs to computers.

Herman Hollerith put punched cards to
use in 1890 in his electric accounting
machines, which were not computers, but
machines designed to sort and collate cards
according to the positions of holes punched
in the cards (see photo 5). Hollerith’s
machines were put to effective use in the
United States census of 1890.

In 1911, the Computing-Tabulating-Re-
cording Company was formed, which
changed its name to International Business
Machines in 1924. In the period between
1932 and 1945 many advances were made in
electric accounting machines, culminating
in 1946 with IBM’s announcement of the
IBM 602 and 603 electronic calculators,
which were capable of performing arithmetic
on data punched onto a card and of punch-
ing the result onto the same card. It was
Remington Rand, however, who announced
the first commercially available electronic

data processing machine, the Univac |, the
first of which was delivered to the US
Census Bureau in 1950. In 1963, just thir-
teen years after the beginning of the com-
puter business, computer rental costs in the
United States exceeded a billion dollars.

Univac | was not the first computer, even
though it was the first to be offered for sale.
Several one of a kind computers were built
in the period between 1944 and 1950 partly
as a result of the war. In 1939 work was
begun by IBM on the Automatic Sequence
Controlled Calculator, Mark |, which was
completed in 1944 and used at Harvard
University (see photo 6). Relays were
used to retain numbers; since relays are
electromechanical and have parts that
actually move, they are very slow by modern
standards.

In 1943, Eckert, Mauchly and Goldstine
started to build the ENIAC (Electronic
Numerical Integrator and Calculator), which
became the first electronic computer using
vacuum tubes instead of relays (see photo
7). The next year John von Neumann
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became interested in ENIAC and by 1946
had recognized a fundamental flaw in its
design. In “Preliminary Discussion of the
Logical Design of an Electronic Computing
Instrument,” von Neumann pointed out
the advantages of using the computer’s
memory to store not only data but the
program itself. Machines without stored
program capabilities were limited in scope,
since they had to be partly rewired in order
to solve a new problem (as was the case with
ENIAC). This process sometimes took days
during which time the machine could not be
used. If rewiring of such machines was to be
avoided, instructions had to be entered and
executed one at a time, which greatly
limited the machine’s decision making capa-
bilities. Machines with stored program capa-
bilities automatically store not only numeric
data but also the program (which looks like
numbers and can be treated like numbers) in
memory. In short, stored program instruc-
tions can be used to modify other instruc-
tions, a concept that leads to programs
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which can modify themselves. It is the von
Neumann stored program concept which is
universally used in modern computers from
the smallest microcomputer to the largest
number crunchers.

The growth of the missile industry in
the 1950s greatly stimulated the progress of
computers used for scientific work. The
nature of missile data handling at that time
was such that work loads were very high
during the week or so after a firing and
virtually nonexistent in between. Computers
were too expensive to leave idle, which led
managers to look for other work for the
machines. Business data processing grew
from these roots to its present status,
accounting for the lion’s share of machine
usage today.

The latter part of 1959 saw the arrival of
the transistorized computer. As a conse-
quence of this innovation, air conditioning
and power requirements for computers
were reduced. Several new computers in
that year were announced by |BM, Control

Photo 6: IBM’s Automatic
Sequence Controlled Cal-
culator (ASCC), the Mark
l, built at Harvard be-
tween 1939 and 1944.




Photo 7: In 1943, Eckert,
Mauchly, and Goldstine
started to build the
ENIAC, Electronic Numer-
ical Integrator and Calcu-
lator, which became the
first electronic computer
to use vacuum tubes in-
stead of electromechan-
ical switches.

Data Corporation, General Electric, and
other manufacturers. Among the [BM
announcements were the 7070 general
purpose computer; the 7090, a high speed
computer designed for a predominance of
scientific work; the 1401, a relatively inex-
pensive computer aimed at the medium
sized business and the 1620, a low priced
scientifically oriented computer. The fan-
tastic growth of the computer field con-
tinued through 1961 and 1962 with the
announcement of more than 20 new
machines each year. In 1963, continuing
the family line from the grandfather 704
(as shown in photo 8), the IBM 7040 was
announced. This machine embodied many
of the features of the 7090 at a reduced
cost. In the same vyear at least 23 other
computers were -announced by several
different manufacturers. In 1964, IBM
announced the 7010, an enlarged and

Photo 8: The IBM 704 had a core memory capacity of 32 K words with 36 bits per word. Although a card reader, punch, printer,

magnetic tape drives and drums and a video display were available as peripherals, the concept of simultaneous /0 and processing
was not yet developed.
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OSBORNE & ASSOCIATES, INC.

The World Leaders In Microprocessor Books

If you want information on microprocessors, begin with
the Osborne books.

* New prices apply to orders
postmarked after June 30, 1978

PROGRAM BOOKS WRITTEN IN BASIC

Payroll With Cost Accounting r

Accounts Payable And Accounts
Receivable

General Ledger

PAYROLL WITH COST ACCOUNTING

These books may be used independently, or
implemented together as a complete ac-
counting system. Each contains program
listings, user’s manual and thorough docu-
mentation. Written in an extended version
of BASIC.

#22002 (400 pages), #23002%, #24002%
$15.00 ($12.50 prior to July 1, 1978)

MARY BORCHERS -

G
Some Common BASIC Programs

76 short practical programs, most of which
can be used on any microcomputer with any
version cf BASIC. Complete with program
descriptions, listings, remarks and exam-
ples.

#21002 (200 pages)

$8.50 ($7.50 prior to July 1, 1978)

AN INTRODUCTION TO MICROCOMPUTERS
Volume O - The Beginner’s Book

If you know nothing about computers, then
this is the book for you. It introduces com-
puter logic and terminology in language a
beginner can understand. Computer soft-
ware, hardware and component parts are
described, and simple explanations are given
for how they work. Text is supplemented
with creative illustrations and numerous
photographs. Volume O prepares the novice
for Volume |. #6001 (300 pages)

$7.95 ($7.50 prior to July 1, 1978)

AN INTRODUCTION
T0 MICROCOMPUTERS

12

8 OLUME 0 &
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Volume | — Basic Concepts

This best selling text describes hardware
and programming concepts common to all
microprocessors. These concepts are ex-
plained clearly and thoroughly, beginning at
an elementary level. Worldwide, Volume |
has a greater yearly sales volume than any
other computer text.
#2001 (350 pages)
$8.50 ($7.50 prior to July 1, 1978)
Volume Il — Some Real Products
(revised June 1977)

Every common microprocessor and all sup-
port devices are described. Only data sheets
are copied from manufacturers. Major chip
slice products are also discussed.

#3001A (1250 pages)

$15.00 (no change in price)

ASSEMBLY LANGUAGE PROGRAMMING
8080A/8085 Assembly Language Programming
6800 Assembly Language Programming

These books describe how to program a 8080R/8085
microcomputer using assembly language.
They discuss classical programming techni-
ques, and contain simplified programming
examples relevant to today's microcom-
puter applications.

#31003, 32003 (400 pages each)

$8.50 each ($7.50 prior to July 1, 1978)

PROGRAMMING FOR LOGIC DESIGN

8080 Programming For Logic Design
6800 Programming For Logic Design
280 Programming For Logic Design

These books describe the meeting ground
of programmers and logic designers; written
for both, they provide detailed examples to
illustrate effective usage of microprocessors
in traditional digital applications.

#4001, #5001, #7001 (300 pages each)
$8.50 each ($7.50 prior to July 1, 1978)

OSBORNE & ASSOCIATES, INC. « P.O. Box 2036 = DEPT. 110

*Berkeley, California 94702 -

(415) 548-2805 TWX 910-366-7277
9:00 a.m. - 5:00 p.m. Pacific Time

See prices above PRICE | QTY AMT
6001  Volume O— The Beginner’s Book $ NAME
2001 Volume | — Basic Concepts
3001A Volume I —Some Real Products (1977 edition) ADDRESS
4001 8080 Programming For Logic Design
5001 6800 Programming For Logic Design ary STATE 2P PHONE
SHIPPING CHARGES
7001 280 Programming For Logic Design
1003 y - O 4thclass$0.35 perbookl(allow 3-4 weeks within U.S., not applicable to discounted orders)
8080A/8085 Assembly Language Programming O $0.75 per book, UPS (allow 10 days) in the US.
32003 6800 Assembly Language Programming O $1.50 per book, special rush shipment by air in the U.S.
O Allforei . $3.00 b f ir shi t
21002 Some Common BASIC Programs : orelgn orders, $3.00 per book for air shipmen
Shipping for large orders to be arranged.
22002  Payroll With Cost Accounting
) X #These books are scheduled to be published during 1978.
6%2%. SF Bay Arearesidents only TOTAL | Please notify me when they are available: Please send information on:
6%. California residents cutside SF Bay Area Sales Tax (Calif. residents only) | 0 23002 Accounts Payable and Accounts Receivable O Becoming an O&A dealer
Payment by check or money order Shipping Charges 0O 24002 General Ledger O School discounts
must be enclosed for orders of O List of foreign distributors
[LOJECoKS orpiess TOTAL AMOUNT ENCLOSED
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faster version of the 1410, and the 360,
which came in many different sizes and
embodied many features not found in
previous computers. Control Data Corpor-
ation announced the 6600, and General
Electric their 400 series. The |IBM 360/370
is typical of a trend in computer manu-
facturing which is currently followed by
most manufacturers: upward compatibility.
In the years prior to 1965, every manu-
facturer spent huge sums of money on
research and programming support for
several types of computers; several went out
of business doing so. Likewise, computer
users spent a lot of money to develop their
systems for a particular computer only to
find it had been superseded by a faster, less
expensive machine. As a consequence, the
deadly management decision of the period
was, “Do we get the cheaper machine and
spend the money on reprogramming, or do
we risk staying with an obsolete computer
and losing our programmers to the company
across the street?”’

Current developments point to a new
trend away from the bigger machines. The
combination of lower prices for components
and programmable read only memories is
attracting many manufacturers to the field
of minicomputers and microcomputers. The

Photo 9: Cray Research Inc has recently introduced their entry into the field current trend is clearly toward the personal
of supercomputers, the Cray-1, which can perform between 20 million and computer, with TV game microprocessors
60 million floating point calculations per second. leading the way.m

Photo 10: The UNIVAC |
computer system was the
first commercial computer
produced by Remington
Rand (now the Sperry
Univac division of Sperry
Rand Corporation). The
first UNIVAC | was sup-
plied to the United States
Bureau of the Census in
March 1951. It was the
first computer to be
equipped with extensive
peripheral equipment.
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Everythi
wanted to

you've ever
ow about

microcomputers in

ONE complete book
for only $10.95

The ultimate book
about microcomputers.
Written by experts

.SCELBI and BYTE. Over
400 pages. A collector’s item,

featuring The Basics

P — X -~

from the first 16 issues of BYTE and SCELBI’s
classic library of books. Your microcomputer
bookshelf is incomplete without this priceless edition.

ou can’t buy information
Yorganized like this any-

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

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

What can you do with a micro-
computer? Checkbook balanc-
ing. Recipe converting and food
inventory. Heating and air condi-
tioning control. Home and busi-
ness security and management.
Playing the ponies. Analysis of
the stock market. Maintaining
massive data banks. Self-instruc-
tion. Toys and games. Small
business accounting and inven-
tory. And lots, lots more.

Circle 322 on inquiry card.

How does a microcomputer do
it? Lots of ““how to” theory. In-
troducing you to microcomputer
operation. 6800, 6502, Z80 CPU
chip capabilities. RAM and ROM
memories. Addressing methods.

THE
SEHE/RTE
PRITIES

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

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

Order your copy today!

SCELBI COMPUTER

CONSULTING INC. BITS

Post Office Box 133 PP STN | 70 Main Street

Dept. B Peterborough, NH

Milford, CT 06460 03458
1-800-258-54 77

Prices shown for North American customers.
Master Charge. Postal and bank Money
Orders preferred. Personal checks delay
shipping up to 4 weeks. Pricing, specifica-
tions, availability subject to change without
notice.

Over 400 pages. Full 812" x 11" size.

All about building a micro-
computer system. Over 12 com-
plete construction articles. Flip-
flops. LED devices. Recycling
used ICs. Modular construction.
Making your own p.c. boards.
Prototype board construction.
Make your own logic probes.
Construction plans for 6800 and
Z80 computers. Building plans
for 1/0s — TV and CRT displays,
cassette interfaces, etc. Mathe-
matics functions. ROM program-
mer. Plus much, much more.

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

And that’s only the beginning!
Others have spent millions ac-
quiring the type of microcom-
puter information found within
the 400 pages of The Scelbi/
BYTE Primer. But, it costs you
only $10.95, plus $1 for postage
and handling, complete! You
know the quality of Scelbi and
BYTE. This is your assurance of
excellence throughout this MUST
text. Order your copy today! And,
get one for a friend!
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ur Macrokloppy
oes twice the distance.

or *695.

as $695.

Introducing the Micropolis MacroFloppy™:1041 and :1042 disk drive sub-
systems. For the S-100/8080/Z-80 bus. Packing 100% more capacity into a
5%-inch floppy disk than anyone else. 143K bytes, to be exact. For as little

The MacroFloppy:1041 comes with the Micropolis Mod | floppy packaged

inside a protective enclosure (without power supply). And includes an S-100
controller. Interconnect cable. Micropolis BASIC User's Manual. A diskette con-
taining Micropolis BASIC, and a compatible DOS with assembler and editor.
The 11041 is even designed to be used either on your desk top, or to be inte-
grated right into your S-100 chassis.

The MacroFloppy:1042 comes with everything the :1041 has, and more
Such as d.c. regulators, its own line voltage power supply, and, to top it off,
a striking cover. Making it look right at home just about anywhere.

(213) 703-1121.

Both MacroFloppy systems are fully assembled, tested, burned-in, and
tested again. For zero start-up pain, and long term reliability. Theyre also
backed up by our famous Micropolis factory warranty.

And both systems are priced just right. $695 for the MacroFloppy:1041
and $795 for the MacroFloppy:1042.

You really couldn’t ask for anything more.

At Micropolis, we have more bytes in store for you,

For a descriptive brochure, in the U.S. call or write Micropolis
Corporation, 7959 Deering Avenue Canoga Park, California 91304. Phone

Or better vet, see your local dealer.
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The Computer Hobbyist Group of
North Texas

The Printed Circuit is a monthly publica-
tion of The Computer Hobbyist Group of
North Texas, a nonprofit organization dedi-
cated to the interests of the personal and
hobby computer enthusiast. The officers of
the club are R Neil Ferguson, president; Bill
Lewis, vice-president; Dave Aos, secre-
tary, and Ted Palmer, treasurer. Subscription
to The Printed Circuit may be obtained by
joining the group at a rate of $7 per year.
Dues should be sent to Ted Palmer, 1704
Downey Dr, Fort Worth TX 76112. All
correspondence regarding The Printed Cir-
cuit should be addressed to POB 1344,
Grand Prarie TX 75051.

ACG-N]

The Amateur Computer Group of New
Jersey cosponsored the Trenton Computer
Festival on April 22 thru 23. The show had
an attendance of just over 2000. There were
a number of presentations on items of
interest to the hobbyist. The talks included
such topics as beginning in personal com-
puting, software, robotics, amateur radio,
interfacing, and many special microcom-
puter applications. The list of speakers in-
cluded Carl Helmers from BYTE, Sol Libes

(ACG-NJ), David Ahl (Creative Computing),
and many others.

Also featured at the festival was a flea
market covering more than 5 acres, more
than 40 exhibition booths, and the MSC
|IEEE Student Paper Finals.

ACG-N]J is a nonprofit educational corpo-
ration located in northern New Jersey.
Membership is $5 per year (US and Canada)
or $12 year (foreign). This fee covers a
newsletter subscription. ACG-NJ can be
reached by writing to the Amateur Com-
puter Group of New Jersey, UCTI, 1776
Raritan Rd, Scotch Plains NJ 07076.

SEMCO

The Southeastern Michigan Computer
Organization is a charter member of the
Midwest Affiliation of Computer Clubs
(MACC) and is a nonprofit, registered orga-
nization. The club has many special interest
groups (SIGs) built around the various com-
puters: SIG-6800, SIG-HUG (Heath Users
Group for H8 and H11), SIG-RS (Radio
Shack TRS-80), SIG-S-100 (IMSAI and
Altair, S-100 bus), SIG-KIM, SIG-Digital,
and also SIG-BIG, which is a group for those
interested in big machines.

SEMCO puts out a newsletter, The Data
Bus, which has an excellent format. It has



MetaFloppy

The Micropolis MetaFloppy™ gives you more than four times the capacity of
anyone else's 5%-inch floppy. Because it uses 77 tracks instead of the usual 35.
The field-proven MetaFloppy, with thousands of units delivered, comes
in a complete family of models. And, like our MacroFloppy™ famiy of disk
drives, MetaFloppy is designed for the S-100/8080/2-80 bus.
For maximum capacity, choose our new MetaFloppy:1054 system. Which

actually provides you with more than a million bytes of reliable on-line stor-

age. For less money than you'd believe possible,

The MetaFloppy:1054 comes complete with four drives in dual config-
uration. A controller. Power supply. Chassis. Enclosure. All cabling. A new BASIC

software package. And a DOS with assembler and editor. There's even a built-
in Autoload ROM to eliminate tiresome button pushing.

If that's more storage than you need right now, try our
MetaFloppy:1053, with 630,000 bytes on-line. Or our Meta-
Floppy: 1043, with 315,000 bytes on-line. Either way, you can
expand to over a million bytes on-line in easy stages, when you

need to. Or want to.

In other words, if your application keeps growing, we've got

you covered. With MetaFloppy.
The system that goes beyond the floppy.

For a descriptive brochure, in the US. call or write Micropolis
Corporation, 7959 Deering Avenue, Canoga Park, California 91304.

Phone (213) 703-1121.
Or better vet, see your local dealer:

MICROPQILIS

More bytes in store for you.
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club information, and articles which are
both informative and entertaining.
Membership is $10 per year and includes
the newsletter. For more information write
to the Southeastern Michigan Computer
Organization, POB 9578, Detroit M| 48202.

Sacramento Microcomputer Users Group

SMUG meets on the fourth Tuesday of
every month at 7:30 PM (July 25, August
22) on 99th St, off Hwy 50, in Sacramento.
Write to SMUG for exact location or for
other information at POB 161513, Sacra-
mento CA 95816.

Alamo Computer Enthusiasts

Located in San Antonio, this group meets
on the fourth Friday of each month at 7:30
PM inroom 104, Chapman Graduate Center,
Trinity University. Special interest groups
include the Z-80, 8080, 6800, 6502, North
Star BASIC, Microsoft BASIC, Teletypes,
graphics, and process controllers. For more
information write to the Alamo Computer
Enthusiasts, 7517 Jonquill, San Antonio TX
78233.

The Apple Core

The San Francisco Ap'ple Users Group, or

the Apple Core, has been formed, and has
held three meetings to date. The group was
organized by Scot Kamins from San Fran-
cisco in early April 1978.

Membership regulations are somewhat
exclusive; members must own or use an
Apple computer. For more information con-
tact Scot Kamins, organizer, San Francisco
Apple Users Group, POB 4816, Main PO,
San Francisco CA 94101.

Microprocessing Club of
Gloucester County College

Located in Sewell NJ, the Microprocess-
ing Club of Gloucester County College is
now up and running. Membership is open to
students of GCC and honorary membership
is open to all (however, honorary members
cannot vote). To find out more about this
club contact Mike Seiler, Microprocessing
Club, Gloucester County College, Tanyard
Rd, Sewell NJ 08080.

NECS

The New England Computer Society
meets monthly at the Mitre Corp cafeteria,
Bedford MA. For information write to the
New England Computer Society, POB 198,
Bedford MA 01730.m
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Circuit
Cellar

Figure 1: Sample hardware
circuit to decode a single
control code (in this case,
CONTROL R). The pulse
output width is the same
as that of the key pressed
strobe.

Build a Keyboard

Steve Ciarcia
POB 582
Glastonbury CT 06033

Function Decoder

“Dear, when you go downstairs would
you turn the printer on for me?”

My wife Joyce was on her way to the
basement with an armload of photographic
supplies. “And could you see if | turned the
video display off as well?"

I was reclining in an overstuffed chair
with the keyboard in my lap. Joyce stopped
at the doorway and said, “Who was your last
servant?”’

“Please do it for me, honey,” | said,
chastened. ‘I have papers all over my lap
and you wouldn’t want me to spill my mar-
tini, would you?”

“Hey, kid, | thought computers were sup-
posed to make life easier for us poor folk.”

“They do! It’s the peripherals that don’t.”

The next logical question | asked myself
was: why shouldn’t turning the printer or re-
corder on and off be as easy to do as any
other computer transaction? A couple of
quick solutions came to mind. One is to
install an intercom system and station a
person next to the computer while the re-
mote terminal is in operation.

A second and more practical alternative
is to put long extensions on the power lines
of your peripherals and apply power to them
from a remote location, but this means re-
wiring your house if the computer is down-
stairs and the terminal is upstairs (as in my
case).

The third and probably best approach is

KEY-PRESSED
STROBE N o 7404
| 2 2
(o0 B6
3 4 3
0 BS
4
I oBa [_> 8
7430 OUTPUT
ASCIlI CONTROL R B 5 6 5 u
BINARY CODE
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1
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to use some of the unused functions on your
keyboard to control peripherals remotely.
There are a number of unprinted characters
on a keyboard such as: end of transmission,
end of text, or device control codes. By at-
taching an ASCII decoding circuit to moni-
tor the line between the keyboard and the
computer, these functions can be isolated
and utilized as peripheral device control sig-
nals — more about this later.

The ASCII Code

Most keyboards use ASCI! coding, a 7 bit
binary code with an eighth bit sometimes
added for parity checking. (Here we ignore
the proposed extensions to the officially de-
fined ASCII code which makes it a true 8 bit
code or nine bits with parity.) A complete
list of ASCII codes is outlined in “Complete
ASCII” by Dave Ciemiewicz (February 1978
BYTE, page 19). When your computer pro-
gram is executing and awaiting data from the
keyboard, a special keyboard input routine
is usually activated in the program. The sub-
routine first determines whether a key has
been pressed by checking for a key-pressed
strobe signal. On sys<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>