


Suiled

Someday all terminals will be smart.......

& 128 Functions—software controlled ¢ 82 x 16 or 92 x 22 format—plus graphics
¢ 7 x 12 matrix, upper/lower case letters % Printer output port
@ 50 to 38,400 baud—selectable ¢ "CHERRY" keyboard

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

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

Circte 350 on inquiry card.



Model Z-2

Up to 512K of RAM/ROM

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

. Z-2D

o oo

L] .
€] Crome ¥

Systum Two

Dual disk

Up to 512K of RAM/ROM
Up to 184K of disk

JFill 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 Z-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

N\

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

Frs
Iy

.'-.I. I

[ cpememas

1

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

e 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.

Cromemco

Specialists in computers and peripherals

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.

e The industry’s most professional
software support, including
COBOL, FORTRAN IV, RATFOR,
16K Disk-Extended BASIC, Z-80
Macro Assembler, Cromemco
Multi-User BASIC, Data Base
Management System, Word Proc-
essing System — and more com-
ing.

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

FOR TODAY AND TOMORROW

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

See them today at your dealer.

There's no substitute for getting
the best.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ¢ (415) 964-7400
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Outputs = e '

4MHz
Crystal Clock

OnCard — | e
Voltage
Regulation

A cromemeco SO0

=i
8K ROM
Capacity

1K RAM

1/0 Port #3

=l

RS-232 or
Current Loop
1/0 Port #4

o f _ Programmable

i Baud Rate
UART with

Interval Timers

= Completely Buffered
Bus Interface

" Standard Bus

for System
Expandability

The single card computer

with the features
that help you in real life

COMPLETE COMPUTER
In this advanced card you get a pro-
fessional quality computer that meets
today’s engineering needs. And it's one
that's complete. It lets you be up and
running fast. All you need is a power
supply and your ROM software.
The computer itself is super. Fast
4 MHz operation. Capacity for 8K bytes
of ROM (uses 2716 PROMs which can
be programmed by our new 32K BYTE-

"SAVER® PROM card). There's also 1K of

on-board static RAM. Further, you get
straightforward inte:facing through an
RS-232 serial inierface with ultra-fast
speed of up to 76,800 baud — software
programmable.

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

Add to that vectored interrupts.

ENORMOUS EXPANDABILITY
Besides all these features the Cro-
memco single card computer gives you
enormous expandability if you ever need
it. And it's easy to expand. First, you
can expand with the new Cromemco
32K BYTESAVER PROM card mentioned
above. Then there’s Cromemco’s broad
line of S$100-bus-compatible memory
and 1/0 interface cards. Cards with fea-
tures such as relay interface, analog
interface, graphics interface, opto-
isolator input, and A/D and D/A con-
version. RAM and ROM cards, 1oo.

EASY TO USE

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

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

AVAILABLE NOW/LOW PRICE
The Cromemco Model SCC is avail-
able now at a low price of only $450
factory assembled ($395 kit).
So act today. Get this high-capability
computer working for you right away.

Card Cage

i n ¢ o r p o r a t e d
Specialists in computers and peripherals
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ¢ (415) 964-7400
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56 BUILD A COMPUTER CONTROLLED SECURITY SYSTEM FOR YOUR HOME, by Steve Ciarcia
Protecting your home with your personal computer—Part 1 of a 3 part series

84 A COMPUTERIZED MAILING LIST, by Thomas E Doyle
A practical application for your floppy disk computer system

90 LIFE ALGORITHMS, by Mark D Niemiec
Efficient methods for programming John Conway’s game of Life
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This month’s cover is entitled Scuipting
the New Titans, a fantasy by Robert Tinney
that ecmphasizes the new crop of innovative
circuitry being chipped out of silicon by
microcomputer engincers. Of course, in real
life the tools are more likely to be a com-
puter, plotter, and waler fabrication facility.

Among the new devices is Motorola’s new
6809 processor, expected to be available in
the next few months. Successor to the 6800,
the 6809 is an 8 bit processor that can per-
form 16 bit operations. The two chief archi-
tects of the 6809, Terry Ritter and Joel
Boney, begin a 3 part discussion of the new
circuit in A Microprocessor for the Revolu-
tion: The 6809, Part 1: Design Philosophy.

page 14

InthisBYTE

This month Steve Ciarcia begins the 3
part series, Build a Computer Controlled
Security System for Your Home. Part 1
covers everything you nced to keep your
home or business sccure, from the right
types of sensors to dctailed software
examples. page 56

Of the four standard languages of the
American  National Standards [nstitute
BASIC, FORTRAN and PL/l arc familiar.
Less so is MUMPS, used for many business
and science applications. Get An Exposure
to MUMPS in David Sherertz’ article. page 74

Implementing a mailing list on your com-
puter is a practical application for many
personal computer cxperimenters. If you
have a floppy disk bascd system, rcad A
Computerized Mailing List by Thomas E
Doyle and find out how easy it is to do.

page 84

Last month David Buckingham described
interesting and intricate patterns that occur
in John H Conway's game of Lifc. This
month we take a look at some of the
methods and schemes for impiementing a
Life program on your computer. Mark D
Niemiec reveals a Life enthusiast’s trade
secrets in Life Algorithms. page 90

In The Digicast System A | Halsema
describes a new technique for receiving
computer programs and information broad-
cast over the subcarrier frequency bands of
FM radio stations. Similar systems are now
in operation in Europe. page 100

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

Computers cannot play perfect chess, but
sometimes a computer program can do sur-
prisingly well. The human United States
chess champion discovered this fact while
competing against the world champion
computer chess program. That confrontation
was recorded by | R Douglas in Grandmaster
Waiter Browne versus Chess 4.6. pagell0

BNF (Backus Normal Form or Backus-
Naur Form) is a standardized method for
abbreviating certain statements made about
programming languages. Used extensively in
books and articles dealing with compiler and
interpreter design, it is explained for those
new to the subject in W D Maurer’s article,
An Introduction to BNF, page 116

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

page 126

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

page 146

Test your computer vocabulary by puzz-
ling over Gwen Hadley's story of GOTO-
locks and the Three Sorts. page 174

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

Logic probes are handy for trouble-
shooting digital logic. Read about James L
Woodward’s circuit in An Audible Logic
Test Probe. It plays two tones tarough a
speaker corresponding to high or low logic
levels, and it costs very little. page 186

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

page 190



“After working all day with the computer at
work, it's a kick to get down to Basic at home. And
one thing that makes it more fun is my Shugart
minifioppy ™ We use Shugart drives at work, so
when | bought my own system | made sure it had a
minifloppy drive

“Why? Shugart invented the minifloppy. The
guys who designed our system at work tell me that
Shugart is the leader in floppy design and has
more drives in use than any other manufacturer. If
Shugart drives are reliable enough for hard-working
business computers, they've got to be a good
value for my home system.

“When I'm working on my programs late at
night, | can’t wait for cassette storage. My
minifloppy gives me fast random access and data

transfer. The little minidiskettes™ store plenty of
data and file easily too.

"I made the right decision when [ bought a
system with the minifloppy. when you lay out your
own hard-earned cash, you want reliability and
performance. Do what | did. Get a system with the
minifloppy.”’

If it isn’t Shugart,
it isn’t minifloppy.

2 Shugart

435 Oakmead Parkway. Sunnyvale, California 94086

For a list of manufacturers featuring Shugart’'s minifloppy in their systems, circle reader response number.

Circle 320 on inquiry card.

TM minitloppy is a registered trademark of Shugart Associates
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by Carl Helmers

tditorisl

A Short Note on Pascal Progress and Other Topics

As our January issuc deadline approach-
cd, we received a memo from Ken Bowles of
the University of California at San Diego,
concerning yet another development in the
progress of Pascal as a fanguage appropriate
for small machines. This is a plan (expected
to reach fruition in early 1979) for making
the UCSD Pascal system available on the
Apple |l computer. The result, of course, is
a computer with dual floppy disks and
Pascal system capability that, sold through

Some things are just
naturally right.

tiny-c is a structured programming language designed
to allow you to focus aftention on the problem you
want fo solve — rather than the language you're using
to solve it. With tiny-c you can expand your horizons
far beyond the limits of BASIC. The tiny-c Owner's
Manual (including 8080
and PDP-11 source code) is $4 O
Machine readable copies of the L
interpreter are avaitable on selected media.
To order your tiny-¢ Owner's Manual call or write:
finy ¢ ossoclates, PO, Box 269, Holmdel,
t N.J. 07733.(201) 671-2296.
I " You'll quickly discover tiny-c
is naturally right for your
1unguugﬂ naad_sf

ARt b - ot bl ] Dl

Circte 348 on inquiry card.
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a computer store, would be priced at about
$3000. Of course, the UCSD people are
most overjoyed by this because it makes
available for educational uses a Pascal
compatible machine which is unmatched
in price. This Apple Il version of UCSD
Pascal will be supported with one 12 K
byte read only memory card and main
memory of 48 K bytes. |t is expected
that this configuration will set a standard
for small systems.

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

But the languages of the computer
culture do not end with BASIC, Pascal
and APL—all used or discussed in these pages
to some extent. Languages for computer
use is a topic too broad to be served by
just a few examples. Other languages worth
exploring in these pages might include
such well known examples as SNOBOL,
GPM, LISP, and various low level symbolic
Polish notation interpreters such as Karl
Meinzer's IPS interpreter which is discussed
in this issue. It may be only a matter of time
before we have systems with such languages
built in. After all, the electronics engineering
is more or less identical for all small com-
puters, and to distinguish them from one
another in the marketplace, such “‘trivial”
matters of taste as language and operating
systems conventions may soon be important
criteria for the computer buyer at the local
computer store showroom. There is plenty
of room for different languages and oper-
ating system conventions as the market
grows larger. Such diversity of choice is one
of the joys of the present era in computing.®



Specifications:

S$-100 compatible. MFM
encoding, 35 tracks with ten
512-byte sectors per track.
179,200 bytes on double
density SA-400 and North Star
BASIC, DOS, and Monitor
included.

For further information, write
for tull color catalog or contact
your local computer store.

New from North Star

Double Density Performance at

Single Density Prices

The new HORIZON computer and
Micro Disk System now record in dou-
ble density! That means each new
Shugart SA-400 minifloppy disk drive
accesses 180K bytes of on-line infor-
mation. All double density HORIZON
computers and Micro Disk Systems
have a redesigned controller which
allows the use of quadruple capacity
disk drives as they become available in
early 1979. A three-drive North Star
System with quadruple capacity disk
drives will access over a megabyte of
on-line information. But, best of all
there's no price increase for double
density models.

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

HORIZON

HORISOIA =

Circle 285 on inquiry card.

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

Pricing
HORIZON with one double density
SA-400 minifloppy (180K bytes), 16K

RAM, Z80A processor and serial I/O
port: $1599 kit, $1899 assembled.

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

NortH STtar * CoviruTeERS
2547 Ninth Street

Berkeley, California 94710

(415) 549-0858
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ALABAMA
Plainsman Micto Systems
3808 Papperilt Parkway
Ollice #1
Auburn, AL
(205) 821- |694
M.C.S Corp.
Pelnam Mall
Peltham, AL 35124
(205) 663-1287
ALASKA
i
1 'ward Highwa;
Anchorage. AK 99552
(907} 344.9311
Scientilic Business instr's

Ancholaqe AK 99503
(907) 277-2650

There’s an Ohio Scientific dealer near you.

Olson Elecironics

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

Otson Elecironics

6801 22nd Avenue, N

Tyrone Square Mall

St Pemsnur . FL 33710

813134591y

O1tson Elecironics

|2|5 South Dale Mabry
Tampa, FL 33609

813)253-3129

GEORGIA

Eleclvomc Information

Sysier

170 Healherwood Lane

Athens, GA 3080t

404) 353-2858

Graham Business Computer

Lt 5725 Bulord Hignway.
1210 W Alameda #103 e
Attama, GA
Tempe. AZ 05282 1404) 457.8540
(602) 966-6440
Columbus Software Center
CALIFORNIA 4723 Norihgate, Box 8088
Co C GA 31908
2974 W Bati Rg 1404) 563-7729
Anaheiwm, CA 92804 O1son Elecironics
1714) 827-9570 2571 N Decatur
Shuey Asrcraft Decalur. GA 30033
1009 E Veémnnl (404) 378.4201
Anaheim, CA 92805
(71419913940 HAWSI
Prolessional Services Small Computer Systems
139 S Beverly J149¢ wadata
Beveny Hills. CA 90212 Honolulu, HI 96816
€213) 550-1560 1808) 732-5246
I‘S Au(::o 1503} Services ILLINOIS
cﬂhﬂaﬂ‘ sowo',"'"'c A 91311 Amerncan MiICIOprocessors
e e
Iton,
= Elecones (618) 4654489
13552 Central Ave Simbiv Carp
Chino. CA 91710 800 N Man St
471416279366 Antioch. IL 60002
Anernanve Compuler Systems 1312) 395-8389
216 Fuli Circle Tecnh-Tronics

Dawis. CA 95616

1916} 7585364
Adveniures in Compuling
8756 warner

Fountan Valley. CA 92706
1714) 848-8188

Ohio Scientihic west
15461 Chemical Lane
Huntingion Beach CA 92649
£714) 891 2457

Otson Eleciromes

4642 Wes| Century
Inglewood CA 90!
12131674 5740

Consumer Computers
8907 A La Mesa Bivd

La Mesa. CA 92041

1714) 465-8888

wesiwood Computer Systems
2268 westwood Bivd

Los Angeles. CA 90064
(213) 475 0566

Qaia Byte of Riverside
10088 Magnoha
Riverside CA 92503
714) 688 2660

The Computer Center
8205 Ronson

San Diego CA 92111
17141 292-5302

Otson Elecirionics

Keatny Mesa. 4840 Convoy
San Diego. CA 92111
(714 292-1100

Systems Engmwmq

900 3¢g Sireet

San Francisco CA 94107
1415) 777.3150

A A Otlice Equipment
15296 E 141n Si

P O Box 3221

San Leandro. CA 94578
1415t 357 1737
Oison Electionics

2123 Et Camino Real
Santa Clara. CA 95051
1408} 248-4886

Kirco Cop

PO Box 9%

Sierra Madre. CA 91024
12131 355 0720

COLORADO

Byte Shop of Colorado Springs
1845 N Cercle Drive

Colorado Springs. CO 80909
¢3031633-7075

Siteo Eletronics Co

1303) 777 222

Tricomp Computer Country
3483 W 72nd Ave Suite 101
Denver. CO 80030

1303) 426-774)

Byle Shop. Inc

3463 South Acoma
Englewood. CO 80110
1303 7616232

Tolal Dala Sysiems

125 Fauway Lane

For Colins CO 80521
43031 491.5692

DISTRICT OF COLUMB(A
Ametican Data Home Othce
Computer

1030 15th Sireet
Wastinglon. DC 20005
1202 466-6612

FLORIDA

Oison Electionics

5833 Ponce de Leon
Coral Gables. FL 33146
1305) 666-3327

Trans Data Corp

161 Aimena Avenue
Coral Gables. FL 33134
13051 576-7666
Intercontinenial Computer
2754 N W N. River Drive
Miams, FL 33142

(305) 6331546

America’s Largest Full Line Microcomputer Company

7155 Unwersny
Carbondale. IL 62901
16181549 8495

Adomis Compuling
2855 W Neison
Cnicago. Il 60618
(3121 4630847
Etectronic Sysiems
611N wells

Criczgo. it 60610
1312) 9446565

Oison Eleciromcs

4101 N Milwaukee
Chicago, Il 60641
13121545 7336

A & H Assoclales Lid
2530 Crawlotd
Evanston. IL 60602
(312} 328-2600
Processor Systerns.

228 School

Geneva. IL 60134

(121 232-:195
CompuTerminal Sysiems.inc
1132 Waukegan
Glenyiew, It. 60025
1312} 724-3690

Tek-Ads indusines

1711 Chesinut
Glenview. IL 60025
1312) 724-3620

Aulodala Corp

21000 S Wesienn Ave
Olymmia Fields. IL 60461
1312) 747 9000

Amerncan MiCroprocessors
6934 N Unwersity
Peoria IL 61614
1309) 692-5852

Amencan MICrODIOCesSa s
20N Milwaukee
Prameview. IL 60069
1312) 634-0076

Quincy Hobby Center
3632 Mawne St

Quincy. IL 62301

217) 223-8498

Data Domain

1612 E Aigonquin
Schaumburg, IL 60195
1312) 397-8700

Practical Computor Sysiems
1015 East Adams
Spungsfield. IL 62703
21n 9899

INDIANA

Data Domain

406 S College
Bloomingion. IN 47401
1812} 3343607

American MICIOPIOCESSOrS
146 N Broad

Grildin. IN 46319
(2191 9247901

Amecan MCIoprocessots
3602 East Washingion
Inthanapohs. IN 46201
(317)350-7445

Data Domawn

7027 N Michugan
Inchanapohs, IN 46268
31712513139

Otson Elecitoncs

5353 N Keysione
ingianapohs. IN 46220
(317) 253-1584

Oara Domain

10N Thud

LaFayette. IN 47902
13171 423 2548
Computer Managemen)
610 Monroe

LaPorte IN 46350
12191 362-5812
Amenican M«Ctoprocessors

1219) 760.2278

OWA
Aér_:’encan MICroprocassors
il
atetioo. 1A 50703
(3!9) 296 2255

KANSAS
Dunn Eleclromcs
1009S K
Liberal, KS 6790!
1316) 624-1888
Communicalions
1alties L1G

N Thud St
Maahaiien. KS 66502
1913y 776 7292
Barney 8 Associales
425N Blomwagﬁ
Pitisburg. KS 762
(316) 231 1970
Technigraphics
5911 Claredon
Wichita, KS 67220
(316} 744.2443

KENTUCKY

Otson Elecironics
117 Southiand

Lexing lun KV 40503
1606) 271

Data Dumam

3028 Hunsinger
Lowisville, KY 40220
15021 4565242

Oison Electronics
4137 Shelbywilte
Lowswille KY 10207
1502 893 2562

MARYLAND
The Mathbox
4431 Letugh
College Park MD 20740
1301) 277 6628
Systems Engineerning

1749 Rochyille Pike #307
Rocnwne MD 20842
1301} 468 1822
The Math Box
2621 Unwversity Bivit W
Wheaion. MD
$3011 933 6555
MICHIGAN
The Abacus
Route 1 Bor 193
Niles Road
Bernen Sprngs M1 49103
16161 429
Kimble Terminals
451§ Elon
Bumingham M1 48008
13131645 5553
MicroComputer Worlil
333 Michigan N E
Grand Rapids. MI - 4950
16161 451 8972
Concept Engmecting
3706 Maubu
Lansing MI 48910
517 0585
O1s0n Electromcs
29121 DeQuinire
Machison Heights M1 48071
13131 546 01
Greal Lakes Photg
5001 Easttnin
Midland. M1 48640
1517) 631 5461

MINNESOTA

Norh State Micmcomquners
1600 Lundnn Rd Ste 100
Duluih MN 55812

(218) 728 2695

Custom Compuler Sysivns
1823 Lowry

Minneapohs MN 55411
1612) 588 1944

ABS

547 25th Avenue North

St Ctoudt MN - 56301
16121 253 8734

Ranant Frsch

Frsch Compulers

1415 Arcage

St Paul MN 56301

16121 771 7569

Westronics

716 NW 8ih S1

Wilimar MN 56201

16121 2356096

MISSISSIPPI

Jack Fisher Sates

100 Mam

Michigan Cily MS 38647
(601) 224.-6470

MISSOURI

Fout State Mictocomputes
402 wat

Joptin MO 64801

(417) 782-1285

bnpacl Systems

613IW Jra S

Lee's Summit MO 64063
{816)524.5333

The Computer Bl

1320 S Gienstone
Spungheid. MO 65804
(417) 883 3709
Fulueworn

1909 Seven Pines

St Lows, MO 63141
1314)434-1121

Sanes Compuler Systems
1750 South Bremwiunl
Sude 601

St Lows MO 63144
1314) 962-0382

MONTANA

8
Cut Bank MY 59427
14061 336 3117

NEBAASKA

inteligent Sys & Rotuilics
2335S 350

Lincoin. NE 68506

1402) 463 1989

Omana Computer Store
4540 Sowh Bath

Omaha NB 68127

$402) 592 1590

NEVADA

4B A Assoates
1700 Wester Avi- #C
Las Vegas NV 89102
1702) 382 0562

NEW JERSEY
Computer Corner
240 wanaque

pton Lake NI 07442
1201) B!
Garden Slale Compuler
922 South Avenue
Westheld, NJ 07090
1201) 232-0511

NEW YORK

[o[:1}

475 wrm- Plains Road
Easichester, NY 10707
914) 7795292
Assocwted Consullants

Eas| Wullnslon NY 11596
{516} 746 1079
AL A (xl;mce Farm Records

ox

Manlius, NY 13104

1315) 477-6405

Ansio Cralt

314 51h Avenue

New York, NY 10001

12121 279-9034

Better Programming

Systems Inc

275 Fort Wasmn?loﬂ Ave

New York NY 10032

12121 694 6601

Compuler Martol N Y

118 Madison

New York NY 10016

12121686 7923

Brag Microcominiters

19 Cambindge

Rochester NY 14607

1716} 442 5861

Universal Data Research

234 Tennyson Tetrace

Wilhamsville NY 14221

17161 689 7788

NORTH DAKQTA

General Sys Programming

1013 Univeesily Avenue

Grand Forks. ND 58201

(7011 746 1042

QHIO

O1son Etectioncs

69 Wesl State

Awon OH 44308

12161 762 0301

Oison Electhionics

3265 W Maket

Akton OH 44313

1216} B64 3407

Otson Eleciioncs

260S Farge S1

Awron OM 44327

12161 535 1800

Bandg Orch Inc

337 E State St

Alance OH 4460

12161 821 2600

tucas Othce Equipment
Setvice

869 E Frankhin

Centetwtle OH 45459

151% 433 RaR4

Econo Data

580 Walmin

Cmcmnan OH 45202

1913) 421 7071

Systems Supporl Associales

2330 Victnry Parkway

Cwcnnals OH 45206

51312814477

Meuicat Business Sysiems
6685 Bela Drve
Cieveland OH 44143
12161 36t 7650

Otson Electrnics
2020 Eusc g

Clevetand. OH 44115
12161621 6387

Oisun Etechioncs
6813 Pe.

Cieveland OH - 44115
(2161845 2424
Oison Elecimmcs

21450 Centen Rulge
Clevrlang OH 44116
12131 331 4600
Otsnn Flecitomes

1975 Hendosson.
Columbus, OH 43220
1614) 4514 3245

Astto Video Elecitomes tnc
504 £ Mam St

Lancaster OH 43130
16141 687 0629

Johnson Computer

123 W Washimgion
Medina OH 44256
1216) 725 4560

Micsn Systems Sales
JOW Aurora Road
Northlseld, OM 44067
1216) 4670003

Inteqaled Management
Systems

7074 While Butterlly Lane
Reynoldsburg OH 43068
1614) 866.1307

Oisnn Elecitomes

T40% Markel

Sondhwres Park Mal
Youngstown OH 44512
1216 759 3828
OKLAHOMA

Gauges Engincening

910 Otient Steeet
Chaton, OK 73601

1405) 323 2320
Accounling Systems
2709 Orlando

Okrlahoma City, OK 73120
1405) 751 1537

Gauger Enginecning
3824 S 791n East

Tulsa. OK 74145

1918 627 1064

OREGON

Coumputer Solutions Inc
4600 NW Sulphut Springs
Road

Cotvains. OR 97330
15031 745 5172

Schoollutures Inc

Box A Ohara Hall
Marylhurst, OR 97036
1503) 6353544

Fiai Computer

10675 SE 42nd Avenue
Muwaukie. OR 97222
1503) 654-9574

PENNSYLVANIA
Broadi Enterprises

50 N Den/R1 15
Lewisberg, PA 17837
711 523
Television Paris Co inc
518 51h Ave
New Brighton. PA 15066
1412) B46-4044
International
Automation Inc
2nd Floor

Metlon Bank Bilag

New Kensington. PA 15068
1412} 335
Olson Electromics
5918 Penn

Pittsburgh. PA 15206
1412) 362-1313
Oison Elecironics

3405 Saw Mill Run
Prittsburgh. PA 15227
14121 881 070;
Qlson Eleclromcs

Abacus Dala Syslems
Route 8

Reno, PA 16143

8141677 6502

Creanve Computer Systems
& Soliware

14 S Church S3

Wesi Chesler PA 19380
12151 436-4750

SOUTH CAROLINA

Istand Business Machines
21 Kingbied

Hiton Head 1s SC 29928
$803) 785-3631

TENNESSEE

Computer Power of Memphis
3540 Waiker Avenue
Mempmis m 3|

1901) 452 15
CompulerPowmulOahR.dqe
800 Oak R-a‘ge Tump-ne

Oak Rigy N 37830

16151 482 901

TEXAS

Personnel Cost Contiol
11311 Stemmons Fieeway
Dallas, X 75229
12141634 1230
Cyberttoncs

16327 Timber Valey
Houslon TX 77070
1713) 376-8431

Mr Compuler

744 FM 1960 W . Suite E
Houston TX 77090

(713 444.7419

Kay Computers

1230 Main

League City, TX 77573
17131 332.5555
Computer Shop

6812 San Pedro

San Anfonw. TX 78216
15121828 0553

UTAH

Home Computer Store
2343 East 3300 Souln
Sail Lake City UT 84109
1801) 484 650.

TV Specialisls

170 E 2100 South

Sait Lake Cily UT 84108
18011 486 75!

VIRGINIA
Community General Siore

Arhngton VA gZZOI
17031 527.4600

H/B Computers

217E Man St
Charloitesvile. VA 22901
(804} 295-1975
Microsysiems. tac

5320 Wilhamson

Favvaonen s Assoc
1322 N

Wauwalou ‘Wi 53213
(414) 778-2243

Oison Electionics

3125 Soutn 108th

West Atlis, Wi 53227
{414) 541.1406

WYOMING
Interactive Operations
Associates

P 0. Box 1322
Bluefield. WY 24701
1304) 327-6583

Conlrol Technology
204 Crazy Horse Lane
Giltet1e. WY 82716
1307} 682:0300

CANADA
Becterm
1277 Chemin S1 Jean
Bermeres. Quebec
Canada
418)831.4522

ega Computing Lid

Slahon P

Toronto. Oniano
Canada  Mm5S 287
1416) 425-9200
Robo Troncs

509 16th N W
Caigary. Atberia
Canada T2M 0J6
(40J) 282-9468

AUSTRALIA

zgs Automalion Props Lid
Clark St Crows Nest.

Ausnana 2065
(02) 439-6477

SOUTH AMERICA

SAVE

PO Box 701

Cuenca. Ecuador
30-770

SWITZERLAND
Naafexco Corp

4023 Basel

Basel. Swizerland 4023
10114161) 463626

WEST GERMANY
Pan Atianic Compuler
Sysiems GmbH

Franturtersirasse 78
West German
106151) 29292

aisy

Rneinstrasse 2

4040 Neuss 1

West Germany
02101 28124
Mhicrocomputer
Datensysieme GmbH
Alsireider Stiasse 6
PO Box 11-08
D-6100 Darmstadi
West Germany
106151) 71-4444

BELGIUM

IEC {Internanional Etecitonict
Avenue Charles Phsmer 3F
B:1070 Bruxeties (Beigium)
021521.95-80

ENGLAND

Mulek

The Studo. Quarty HIk
Box Corsham

Wilishire, Enqlana
022121 3289

Abacus Computers Limiled
62 New Cavendish Street
London W1 England
015808841

U Micracomputers

P O Box24

Northwich Chesnire
C8w 1RS. England
060675627

FRANCE

Janal Computer Shop
12 Rue Pasquies
75008 Pans Fiance
329-6237

Electromic J L

97 Rue des Channers
78000 Versalies

Roanoke VA 24012 France
1703) 563-0693 950-2820
WASHINGTON éYALVb

Ye Oide Computer Shoppe kyial

1805 E 1 uac'ws Via M Giota 66
Walla wma WA 99362 20125 Mitano
1509) 529 haly

Ye Olde Compulei Shoppe 1021 688-3806
546 Nosih 6th Ediconsuit SRL
Walla Walta, WA 99362 Via Caccend 12
1509 529-9566 Mon;aagg‘l,y
WISCONSIN e

Inthan Head Computer SWEDEN
Systems Isotronic AB
405S Farweh SiI Box W56

Eau Clawe. W 54701 18303 Taby
1715)834.8169 Sweden
Mac-oCou\p 108) 7560155
785 S M

Fond du 5;c5WI 54935 e
(‘ 14) 9. 1
ially Oftice Machines m::'a:;:muma
East Second PO Box 701

Fond du Lac. Wi 54935 &
1414)922.5440 RIS T 2L
Amencan s

3121 Windsor Rd
Janeswille, WI 53545
1608) 752 011
Compuler Consuulnls
Hood 1027

La Crosse. wv 54601
1608 784 7979
Madison Comnule- Store
1863 Mon

Madison. Wl 53711
1608) 255 5552
Fataghet R Assocales
7635 W Bivemond
Mitwaukee, Wi 53213
414) 258 2588
Indianhead Computer
Box 178 Route 4
Rice Lake, Wi 54868
1715) 234 2323

Compumak Ltd
117 Solonos St
Athens 142, Greece
3632952

NETHERLANDS

tngenieurs Bureau

Koopmans

Joh Vermeer Sir 7

3351 BM Papendrecht

Nelheslands

07656033

PUERTO RICO

Puerio Fico Computer Sates
Box 2036

Hato Rey.
Puello R-:o 009 9
1809 75

n'lln seIEMFIe 1333 S. Chillicothe Road * Aurora, Ohio 44202 (216) 562-3101



Ohio Scientific has made a major breakthrough in small com-
puter technology which dramatically reduces the cost of per-
sonal computers. By use of custom LS| micro circuits, we have
managed to put a complete ultra high performance computer
and all necessary interfaces, including the keyboard and power
supply, on a single printed circuit board. This new computer
actually has more features and higher performance than some
home or personal computers that are seiling today for up to
$2000. It is more powerful than computer systems which cost
over $20,000 in the early 1970’s.

This new machine can entertain your whole family with spec-
tacular video games and cartoons, made possible by its ultra
high resoiution graphics and super fast BASIC. It can help you
with your personal finances and budget planning, made possible
by its decimal arithmetic ability and cassette data storage capa-
bilities. It can assist you in school or industry as an ultra powerful
scientific calculator, made possible by its advanced scientific

i =' Eﬁ‘:un- e i ~ ~ilor

::::::ﬂr:aa:a:

running.

For electronic bufts. Fully
assembled and tested. Re-
quires +5V. at 3 Amps
and a video monitor or TV
with RF converter to be up
and running.

Uses the ultra powerful 6502 microprocessor
8K Microsoft BASIC-in-ROM
Full feature BASIC runs faster than currently available
personal computers and all 8080-based business com-
puters.
4K static RAM on board expandable to 8K
| Full 53-key keyboard with upper/iower case and user
programmability
Kansas City standard audio cassette interface for high
reliability
| Full machine code monitor and 1/O utilities in ROM
Direct access video display has 1K of dedicated memory
(besides 4K user memory). features upper case, lower
case. graphics and gaming characters for an effective
screen resolution of up to 256 by 256 points. Normal TV's
with overscan display about 24 rows of 24 characters;
without overscan up 1o 30 X 30 characters.

Available expander board fealures 24K static RAM (addi-
tional). dual mini-floppy interface, port adapter for printer
and modem and an OSI 48 line expansion interface
Assembler/editor and extended machine code monitor
available.

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

Circte 290 on inquiry card.

Fully packaged with power
supply. Just plug in a
video monitor or TV
through an RF con-
verter 10 be up and

il TR ) A )
Arrivea

i N N W N
math functions and buiit-in *‘immediate’’ mode which allows
complex problem solving without programming! This computer
can actually entertain your children while it educates them in
topics ranging from naming the Presidents of the United States
to tutoring trigonometry all possible by its fast extended BASIC,
graphics and data storage ability.

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

This machine is super easy to use because it communicates
naturally in BASIC, an English-like programming language. So
you can easily instruct it or program it to do whatever you want,
but you don't have to. You don’t because it comes with a com-
plete software library on cassette including programs for each
application stated above. Ohio Scientific also offers you
hundreds of inexpensive programs on ready-to-run cassettes.
Program it yourseli or just enjoy it; the choice is yours.

Order drrect or from your Iocal Ohio Scientific dealer.
[ I'm interested. Send me information on your:

|
|
Personal Computers ] Business Systems |
O Send me a Superboard Il $279 enclosed |
O Send me a Challenger 1P $349 enclosed |
|
i
|

Include 4 more K of RAM (8K Total) $69 more enclosed

Name _ S -
Address — -

City._ State_____ Zip. :
Paymentby: BAC(VISA) ____MasterCharge ___ MoneyOrder ___ |

Interbank #(Master Charge) o 1
Ohio Residents add 4% Sales Tax |

TOTAL CHARGED ORENCLOSED I

Credit Card Account #

Expires

All orders shipped insured UPS unless otherwise requesled FOB Aurora, OH

& i ||:|'-1'ﬂ'd‘

NTIFIC

Amenca S Largest FuII Line Mlcrocomputer Company
1333 S. Chillicothe Road ¢ Aurora, Ohio 44202 (216) 562-3101
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COMPUTER INSURANCE?

In response to Leonard Anderson’s
letter (October 1978 BYTE, page 157)
regarding insurance for computers, |
think a few comments are in order:

1. A standard homeowners policy
will extend to cover a microcom-
puter system. As Mr Anderson
mentioned, this type of policy is
generally set at minimum amount
of coverage for personal property
within a dwelling at 50 percent of
the dwelling itself. However, this
is a minimum amount and it can
be increased usually at a rate of
about $2 per thousand, to what-
ever limit is necessary to cover
the contents involved.

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

3. If a broader form of coverage is
needed, it should be possible to
have a separate personal property
floater written to cover the micro-
computer. We have done this in
some instances and it does give an
“all risk" form of coverage. It is
necessary, however, to specify the
values involved in your system
when writing this type of policy.

4. In any event, both the home-
owners and the personal property
floater cover only the value of
raw media, eg: disks and tapes
will be covered only for the value
of the disks or tapes, not for the
value of the programs entered on
those media. This would not
apply, however, to commercially
purchased disks and tapes which
already have programs on them,
since the insurable value would be
the purchase price.

5. In all the above instances, we have
assumed that the computer is a
personal computer and is not
being used for business purposes.
If the system /s being used for
business purposes, it is necessary
to write a separate policy to cover
this system. A homeowners policy
will specifically exclude equip-
ment used for business purposes,
and in that event | would recom-
mend that you write either a per-
sonal property floater or, for
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those persons who have an office
but take their computer home for
additional programming, etc, it
would probably be possible to ex-
tend the business policies to cover
the computer.

6. For those persons involved in
fairly extensive business use of
computers, there are speciality
policies written by a limited
number of insurance companies,
{eg: St Paul Insurance Company
and Fireman’s Fund) which are
specifically designed to cover
both computer systems and all
forms of media.

| hope these comments will be of
some help to your readers.

Bob Henderson CPCU, CLU
Hendersons Inc Insurance Brokers
6548 S Bright Av

Whittier CA 90601

SOME FOOTNOTES FROM JAPAN

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

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

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

K S Wilkinson
CPO Box 1748
Tokyo JAPAN 100-91

JUMPING BACKWARDS WITH
WADUZITDO

| found the WADUZITDO program
(September 1978 BYTE, page 166) fun
to play with and | noticed that the
JUMP function could easily be modified
to permit backward jumps, as follows:

00A5 FE 0100 LDX LOC
00A8 C4 OF AND B #S$0F
00AA 26 02 BNE JF

Now, WADUZITDO can jump back
in an absolute fashion (rather than rela-

Continued on page 166

See Sol

at all these
fine
computer
centers

CA: Costa Mesa: Orange County Computer
Center, (714) 846-0221. Modesto: Computer
Magic, (209) 627-5156. Mountain View:

Digita! Deli, (415) 961-2670. San Rafael: The
Byte Shop, (415) 457-9311. Walnut Creek:

The Byte Shop, (415) 933-6252. CO: Denver:
The Byte Shop, (303) 399-8995. CT: Bethel:
Technology Systems, (203) 748-6856. FL: Ft.
Lauderdale: Byte Shop of Ft. Lauderdale,

(305) 561-2983. Miami: Byte Shop of Miami,
(305) 264-2983. Tampa: MicroComputer
Systems, (813) 879-4301. IL: Lombard: Midwest
Microcomputer, (312) 495-9889. IA:
Davenport: Memory Bank, (319) 386-3330. KY:
Louisville: Martronix Associates, (502)
459-0500. MD: Silver Springs: Computers Etc.,
(301) 588-3748. Towson: Computers Etc.,

(301) 286-0520. MO: Fiorissant: Computer
Country, (314) 921-4434. NH: Nashua:
Computerland of Nashua, (603) 889-5238. NJ:
Cherry Hilt: Computer Emporium, (609)
667-7555. Iselin: Computer Mart of New Jersey,
(201) 283-0600. NY: Endwell: The Computer
Tree, (607) 748-1223. Syracuse: Computer Shop
of Syracuse, (315) 637-6208. White Plains:

The Computer Corner, (914) 949-3282. NC:
Raleigh: ROM's 'N' RAM's, (919) 781-0003.

OH: Akron: The Basic Computer Shop,

(216) 867-0808. OR: Beaverton: Byte Shop
Computer Store, {503) 644-2686. Portland:
Byte Shop Computer Store, (503) 223-3496.
PA: King of Prussia: Computer Mart of
Pennsylvania, (215) 265-2580. RI: Warwick:
Computer Power, Inc., (401) 738-4477.

TN: Kingsport: Microproducts & Systems, (615)
245-8081. TX: Arlington: Computer Port,

(817) 469-1502. Arlington: Micro Store, (817)
461-6081. Houston: {nteractive Computers,
(713) 772-5257. Houston: Interactive Computers,
{713) 486-0291. Lubbock: Neighborhood
Computer Store, (806) 797-1468. Richardson:
Micro Store, (214) 231-1096. UT: Sait Lake
City: Home Computer Store, (801) 484-6502.
WA: Bellevue: Byte Shop Computer Store, (206)
746-0651. Seattle: Byte Shop of Seattle,

(206) 622-7196. WI: Madison: The Madison
Computer Store, (608) 255-5552. Milwaukee:
The Milwaukee Computer Store, (414) 445-4280.
DC: Georgetown: Georgetown Computer
Emporium, (202) 337-6545. CANADA: London,
Ontario: The Computer Circuit Ltd., (519)
672-9370. Toronto, Ontario: Computer Mart Ltd.,
(416) 464-9708. Vancouver, B.C.: Basic
Computer Group Ltd., (604) 736-7474.
ARGENTINA: Buenos Aires: Basis Sistemas
Digitales, 93-1988 or 57-7177. AUSTRALIA:
Sydney: Automation Statham, (02) 709.4144.
BELGIUM: Bruxelles: S.P.R.L. Finncontact,
2/345-98-95. COLUMBIA: Bogota: Video
National, 326650. MEXICO: Mexico City:
Industrias Digitales, (905) 524-5132.
PHILIPPINES: SanJuan,Metro Manila: Integrated
Computer Systems, Inc., 78-40-71. SPAIN:
Barcelona: Interface S.A., (93) 301 7851.
SWEDEN: Stockholm: Wernor Elektronik, (0)
8717-62-88. UNITED KINGDOM: Huntingdon,
England: Comart, Ltd., (0480) 74356.
VENEZUELA: Los Ruices, Caracas: Componentes
Y Circuitos Electronicos TTLCA, 355591.

Circle 305 on inquiry card.



fence you in.

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

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

Remember, there's no
free lunch.

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

Sol small computers are at the
very top of the microcomputer

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

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

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

Build computer power
with our software.

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

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

Processor Technology FORTRAN
is similar to FORTRAN IV and

Sol.The smaill computer that won't

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

Our PILOT is an excellent text
oriented language for teachers.

Sold and serviced only by the
best dealers.

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

For more information contact
your nearest dealer in the
adjacent list. Or write Department
B. Processor Technology,

7100 Johnson Industrial Drive,
Pleasanton, CA 94566. Phone
(415) 829-2600.

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

Processor lechnology






DYNABYTE COMPUTERS

ARE ALL BUSINESS
INSIDE AND OUT.

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

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

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

FIRST SMALL SYSTEM WITH
BIG SYSTEM STORAGE

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

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

OUR SOFTWARE IS
BIG ON BUSINESS

Dynabyte helps you get down to
business immediately. The DB8/2 is the
first microcomputer to offer enough
storage capacity on 5-inch drives to
fully utilize CP/M,* the most widely
accepted disk operating system. We
also supply and support BASIC, FOR-

* CP/M is a rademark of Digital Research.

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

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

AND THE BIGGEST
THING OF ALL

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

Dynabyte built in little things, too.
Like a fully-populated 12-slot
backplane, switched AC outlets for ac-
cessories, an option for European
power, quiet whisper fans with long-life
metal construction, lighted indicator
switches for Power On and Halt, a
shielded enclosure to protect disk drives
from electro-mechanical interference,
and a fully enclosed power supply for

operator safety.

Since we didn’t cut comers in de-
sign, the price/performance ratios of
our systems make good business sense.

THE INSIDE FACTS

The DB8/2 Computer System in-
cludes two S-inch disk drives either
single or double sided for up to 1.2
megabytes of mass storage; a 4MHz
Z-80 processing module with one
parallel and two serial ports, an
EPROM programmer and up to 4k
ROM; 32k of RAM, a 12-slot fully-
populated backplane; our exclusive
Dual Density Disk Controller, and
CP/M.

The DB8/1 Computer includes a
4MHz Z-80 processor with one parallel
and two serial /O ports, an EPROM
programmer and up to 4k of ROM; 32k
RAM, and a 12-slot fully-populated
backplane.

The DB8/4 Disk System, designed
to be the mass storage companion to the
DB#8/1, includes two 8-inch floppy disk .
drives in either single or double sided
configuration for up to 2 megabytes of
mass storage, our Dual Density Disk
Controller, and CP/M. :

All three units will be available in
rack mount models.

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

Or better yet, see your local dealer.

DAINQABYTE

YOU CAN DEPEND ON IT.

Circle 110 on inquiry card.
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The 6809

Part 1. Design Philosophy

Photo 1: Systems architects Ritter (right) and Boney review some of the
6809 design documents. This work results in a complete description of the
desired part in a 200 page design specification. The specification is then used
by logic designers to develop flowcharts of internal operations on a cycle by
cycle basis.

14 January 1979 © BY TE Publications Inc

Terry Ritter

Joel Boney

Motorola Inc

3501 Ed Bluestein Blvd
Austin TX 78721

This is a story. it is a story of computers
in general, specifically microcomputers, and
of one particular microprocessor — with
revolutionary social change lurking in the
background. The story could well be imagi-
nary, but it happens to be true. In this 3 part
series we will describe the design of what
we feel is the best 8 bit machine so far made
by human: the Motorola M6809.

Philosophy

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

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

A processor of given capability has a
fixed general complexity in terms of digital
logic elements. Consider the computers
that were built using the first solid state
technology. In short, they consisted of many
thousands of individual transistors and other
parts on hundreds of different printed cir-
cuit cards using thousands of connections
and miles of connecting wire. A big compu-
ter was a big project and a very big expense.
This simple economic fact fossilized a whole
generation of technology into the “big
computer philosophy.”

Because the big computer was so expen-
sive, time on the computer was regarded as
a limited and therefore valuable resource.
Certainly the time was valuable to re-
searchers who could now look more deeply
into their equations than ever before. Com-
puter time was valuable to business people
who became at least marginally capable of
analyzing the performance of an unwieldy
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Photo 2: 6809 logic design. Design engineer Wayne Harrington inspects a portion of 6809's processor logic blueprint at the Mo-

torola Austin plant. The print is colored by systems engineers to partition the logic for the logic-equivalent TTL “breadboard.”

bureaucratic organization. And the compu-
ter makers clearly thought that processor
time was valuable too; it was a scverely
limited resource, worth as much as the mar-
ket would bear.

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

The large computer, being a very expen-
sive resource, quickly justified the capital
required to investigate optimum use of that
resource. Among the principal results of
these projects was the development of
batch mode multiprocessing. The computer
itsclf would save up the various tasks it had
to do, then change from one to the other at
computer specds. This minimized the
wasted time between jobs and spawned the
concept of an operating system.

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

important than the machine, but precisely
because it was a limited resource (the
problems it solved were not).

Electronics know-how continued to de-
velop, producing second generation solid
state technology: families of digital logic
integrated circuits replaced discrete transis-
tor designs. This new technology was ex-
ploited in two main thrusts: big computers
could be made conceptually bigger (or
faster, or better) for the same expense, or

About the Authors

Joel Boney and Terry Ritter are with the Motorola 6800 Micro-
processor Design Group in Austin TX. Joel is responsible for the
software input into the design of the 6800 family processors and
peripheral parts and was a co-architect of the M6809. Terry Ritter is
a microcomponent architect, responsible for specification of the 6809
advanced microprocessor. While with Motorola, Terry has been co-
architect of the 6809, and co-architect as well of the 6847 and 68047
video display generator integrated circuits. He holds a BSES from the
University of Texas at Austin and foel Boney has a BSE from the
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The other major device
needed for home compu-
ters — the video display
generator color TV

interface — is presently in

volume production. Sev-

eral versions are available,

many derived from the
original Motorola archi-
tecture.

computers could be made physically smaller
and less expensive. These new, smaller
computers (minicomputers) filled market
segments which could afford a sizable but
not huge investment in both equipment and
expertise. Laboratories could use them, for
example. But most people, including scien-
tists and engineers, still used only the very
large central machines. Rarely were mini-
computers placed in schools; few computer
science or electrical engineering departments
(who might have been at the leading edge of
new generation technology) used them for
general instruction.

And so the semiconductor technologists
began a third generation technology: the
ability to put all the logic elements required
to build a complete computer on a single
chip of silicon. The question then became,
“How do we use this new technology (to
make money)?”

The semiconductor producer’s problem
with third generation technology was that an
unbelievably large development expense was
(and is) required to produce just one large
scale integration (LSI) chip. The best road
to profit was unclear; for a while, customer
interconnection of gate array integrated
circuits was tried, then dropped. Complete
custom designs were (and are) found to be
profitable only in very large volumes.

Another road to profit was to produce a

=y o

Photo 3: 6809 emulator board. Software and systems engineers implement a
functional equivalent of the 6809 as a 6800 program. A 6800 to 6809 cross
assembler allows 6809 programs to be assembled and then executed as a

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

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

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

Thus semiconductor makers began to
realize that their market was more oriented
to hobby applications than to logic replace-
ment, and was more generalized than they
had thought. But even the hobby market
was saturable.

Meanwhile companies continued to im-
prove production and reduce costs, and
competition drove prices into the ground.
Where could they sell enough computers
for real volume production, they wondered.
One answer was the personal computer!

Design of Large Scale Integration Parts

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

The architect/systems designers represent
the use of the device, the needs of the mar-
ketplace and the future needs of all cus-
tomers. They propose what a specific cus-



- A Beautiful
~ Way To Interface

SOROC's first
and foremost
concern, o
design outstanding
remote video displays, has
resulted in the development
of the 1Q 140. This unit
reflects exquisite appearance
and performance .capabilities _
unequaled by others on the market. =

The SOROC

10 120 is the result
of an industry-
wide demand

for a capable
remote video
— display terminal
= o= which provides a
N AR : multiple of features
e at a low affordable price.

With the 1Q 140, the operator

is given full command over data -
being processed by means of a wide variety
of edit, video, and mode control keys, etc.

The detachable keyboard, with its

complement of 117 keys, is logically ' The 1Q 120 terminal is a simple *
arranged into 6 sections plus main keyboard R seif-contained, operator / computer unit.
to aid in the overall convenience of operation. o )
For example, a group of 8 keys for cursor control / : The 1Q 120 offers s‘fCh features ;53-21392%0 crtlaragter
14 keys accommodate numeric entry / 16 special function keys scrqfnh melm?ntl)i otwer i ; fex 6"75%0”'
allow access to 32 pre-programmed commands / 8 keys make " 2005;:/' ch selectable r?nsrélclissmn brla\t s from 75 to
up the extensive edit and clear section / 8 keys for video set i isn an[zjs'p rcéjt:ascirnggggoE'x?)angxao:tigl;;sgrré:éﬁzs
up and mode control / and 8 keys control message and print. ; . ; sl
4 d ¥ e EEIeRC D available are: block mode and hard copy capability with
Two Polling options available: 1) Polling compatible with Lear printer interface. The IQ 120 terminal incorporates a 12-inch,
Siegler's ADM-2. 2) Polling discipline compatible with Burroughs. y CRT formatted to display 24 lines with 80 characters per line.

Circle 343 on inquiry card.
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Photo 4: Circuit design.
Detailed computer simu-
lations of the circuit under
design yield predictions of
on chip waveforms. Tulley
Peters and Bryant Wilder
decide to enhance a parti-
cular critical transistor.

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

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

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

loss of income. In actual practice, more
cffort will sometimes “‘break the crank.”

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

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

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




The

by Ohio Scientific

Possibly the world’s
most popular

floppy disk based
microcomputer.

Since its introduction in August, 1977, the Challenger Il has
gained tremendous acceptance in small business, educational
andindustrial development applications. Thousands of C3-S1's
have been delivered and today hundreds of C3-S1 demonstrator
units are set up at computer retailers around the country.

Why has the Challenger lll become so successful inthe fiercely
competitive microcomputer industry? Here are just a few of
the possible reasons.

2 The Challenger 111 is the fastest microcomputer in BASIC
(see *‘BASIC Timing Comparisons,’’ Kilobaud, October, 1977,
where Ohio Scientific out benchmarks all competitors).

The Challenger Il is the only computer system with a
6502A, 6800 and Z-80 offering the programmer all popular
micros for maximum versatitity.

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

For the 6502A:

Microsoft 6 and 9 Digit BASIC

Assembler Editor

Word Processor

0S-65D Development DOS

0S-65U End User DOS with Extended BASIC
For Floppys
Winchester Hard Disks
Multi-users (Level 2)
Distributed Processing (Level 3)

For the 6800:
Floppy DOS
Assembler Editor

For the Z-80:
Floppy DOS
Microsoft Disk Extended BASIC
Microsoft FORTRAN
Microsoft COBOL
Macro Assembler and Editor
And Much More

i The C3 supports 0S-65U, the ultra high performance
"virtual data memory'' DOS for floppys and hard disks which
makes complex file structures like muiti-key ISAM easy to use.

@ The C3is backedby alarge library of applications programs

Circle 290 on inquiry card.

and can make use of the tremendous amount of BASIC
programs offered by independent suppliers and publishers
because it uses Microsoft BASIC, the standard of the industry.
Complete turnkey and custom business packages are
available for the C3 from most OHIO SCIENTIFIC DEALERS.

The C3 electronics and software are available in alternate
mechanical contigurations for special applications including
the C3-OEM for volume users and the C3 letter series (C3-A,
C3-B) which are optimized for use with hard disks.

C3 systems are always delivered ready to use with 32K
static RAM, dual floppys for 500K bytes of on-line storage and
an RS-232 port strappable from 75 to 19,200 baud all standard
in the minimum configuration.

C3 systems offer the greatest expansion capability in the
microcomputer industry. The C3 series supports OHIO
SCIENTIFIC'S full line of over 40 expansion accessories. The
maximum configuration is 768K bytes RAM, four 74 million
byte Winchester hard disks (CD-74), 16 communications ports,
real time clock, line printer, Word Processing printer and
numerous control interfaces.

C3 systems have phenomenal performance-to-cost ratios.

The C3-S1 base price with 32K RAM, dual floppys, RS-232 port
complete with 8K BASIC and DOS is under $3600 and expan-
sion accessories are comparably priced. For example, the
CD-74, 74 million byte Winchester disk complete with interface
and 0S-65U operating system at about $6000.
The C3 series is quite possibly so successful because it offers
the highest hardware performance, best software support,
most vetsatility and greatest expandability in the micro-
computer systems market at nearly the lowest price in the
industry.

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

1333 S. Chillicothe Road e Aurora, Ohio 44202

BYTE January 1979 19



The layout for the chip eventually exists
only as a computer data base. Each cell is
individually digitized into the computer,
where it can be arbitrarily positioned,
modified or replicated as desired. Large
2 by 3 m (6.5 by 10 feet) plots of various
areas of the chip are hand checked to the
logic diagram by layout and circuit designers
as final checks of the implemented circuit.

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

Actual processing steps are quite similar
for each part. But the processing itself is a
variable, and it will not be known until
final testing exactly how many parts will
turn out to be saleable. Therefore, a best
estimate is taken, and the required number

Photo 5: Checking the flowcharts. Logic and circuit designer Bryant Wilder
compares the specification to one of the flowcharts. The flowcharts are used
to develop Boolean equations for the required logic; those equations are then
used to generate a logic diagram.

20 January 1979 © BY TE Publications Inc

of wafers (of a particular device) is started
and processed. The whole industry revolves
around highly trained production engineers,
chemists and others who process wafers to
highly secret recipes. Some recipes work,
some don’t. You find out which ones do by
testing.

Each die (ie: individual large scale inte-
gration circuit) is tested while still on the
wafer; failing devices are marked with a
blob of ink. The wafer is sawed into individ-
ual dies and the good devices placed into a
plastic or ceramic package base. The con-
nection pads are ‘‘die bonded” to the
exposed internal lead frame with very tiny
wire. The package is then sealed and tested
again.

Testing a device having only 40 pins
but which has up to 40,000 internal transis-
tors is no mean trick nor a minor expense.
Furthermore, the device must execute all
operations properly at the worst case system
conditions (which may be high or low
extremes of temperature, voltage and load-
ing) and work with other devices on a com-
mon bus. Thus, the device is not sp<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>