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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

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

Circle 350 on inquiry card.
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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 interfacing through an
RS-232 serial interface with ultra-fast
speed of up to 76,800 baud — software
programmable.

Other features include 24 bits of bi-
directional parallel 1/O 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 S100-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, too.

<N

Card Cage

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/O 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.

il n ¢©c o r p © ¢ a 't e d
Specialists in computers and peripherals
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400
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Model Z-2

Up to 512K of RAM/ROM

€ Cromemea

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

&

System Two
i
o———

System Two
Dual disk

Up to 512K of RAM/ROM

Up to 184K of 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 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.

2 BYTE December 1978

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

] cnomuamen

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

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

® 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

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 PRONMs.

® The industry’s most professional
software support, including
COBOL, FORTRAN 1V, 16K Disk-
Extended BASIC, Z-80 Macro
Assembler, Cromemco Multi-
User Operating System, Data
Base Management System, Word
Processing 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.

Circle 80 on inquiry card.
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The advent of the personal com-
puter has made possible the calcula-
tion of the fast Fourier transform
(FFT) on the small system. Appli-
cations of this powerful design tool
include speech and music analysis as
well as circuit design and development.
Read Fast Fourier Transforms on
Your Home Computer by William D
Stanley and Steven | Peterson.

page 14

Quite often a software approach to
a problem is easier to implement than
a hardware approach to the same
problem. Tom Munnecke describes the
software used in Designing a Universal
Turing Machine and compares it to a
comparable hardware approach.
page 26

Steve Ciarcia describes a simple but
useful addition to your computer in
Build an Octal/Hexadecimal Output
Display. This circuit can help you to
convert from octal to hexadecimal
(and vice versa) or give you the status
of a byte during program execution.

page 32

Our cover theme this month
(painted by Robert Tinney) is the
game of Life. In Life with Your
Computer, Justin  Milliun, Judy
Reardon and Peter Smart give a
starting point for developing your own
version of this exciting game.  page 45

Researchers probing cellular auto-
mata have used Conway’s game of Life
as a tool in creating a collection of
strange and exciting patterns. In David
Buckingham’s article Some Facts of
Life we find a description of dis-
coveries made since the original flurry
of activity several years ago.  page 54

One-Dimensional Life is an intrigu-
ing variant on John Conway’s famous
game. Out of this restricted format
comes a surprising variety of familiar
Life figures such as the flip flop and
glider. Dr Jonathan K Millen leads us
down the Life line in One-Dimensional
Life. page 68

The same folks who brought you
Chess 4.6 now bring you a new, im-

4  December 1978 © BYTE Publications Inc

proved version, Chess 4.7. Read the
story of the epic battle of the mighty
computer and the tenacious, clever
human chess master in an article by
] R Douglas, Chess 4.7 versus David
Levy. page 84

In many microcomputer applica-
tions it is desirable to have a cheap
method for printing numerical data.
Robert H Astmann describes a
way to interface a Texas Instru-

ments 5050M printing calculator to

an 8080A based computer in Inter-
face Your Computer to a Printing
Calculator. page 94

In This BUTE

When building a computer system it
is frequently advisable to have your
most often used basic routines stored
in read only memory so that they will
always be readily available. To make
the best use of read only memory, the
experimenter should be able to pro-
gram his own. GH Gable describes
one system for programming read only
memory in his article, Zapper: A Com-
puter Driven EROM Programmer.

page 100

Are you having trouble affording
enough hardware to support a high
level language such as BASIC? Are you
finding it difficult to program in your
machine’s assembler language? If your
answer to either of those questions is
‘“yes,”” then what you’re looking for
is An Easy Programming System. In
this article, Joe Weisbecker gives an
introduction to hexadecimal interpre-
tive programming, an alternative to
high level languages and assemblers
alike. page 108

Computer aided instruction is an
excellent microcomputer application.
To perform this function correctly,
it helps to have a programming lan-
guage designed for the purpose.
Prof George A Gerhold describes
some of the features such a language

should possess in Teaching with a
Microcomputer. page 124

If you have a need for multiplica-
tion and division circuits and don’t
want to worry about timing diagrams,
read Mike Weed’s discussion of some
Clockless Multiplication and Division
Circuits you can work with.  page 728

This month we present the second
half of Chess 0.5 in the series Creating
a Chess Player by Peter W Frey and
Larry R Atkin. The program was
written by Larry Atkin, who is co-
author with David Slate of the world
championship computer chess pro-
gram, Chess 4.6. The program is
written in Pascal and is readily adapta-
ble to personal computers having
Pascal systems such as the UCSD
Pascal project software. page 140

To get the most out of your floppy
disk units, you should know how to
handle the data that will be stored on
them efficiently. A | Halsema intro-
duces us to the concept of Partitioned
Data Sets and briefly describes a
method for implementing them.

page 168

What is the world going to be like
in twenty years? That’s a difficult
question to answer, but the chances
are that microcomputers will be part
of it. Lawrence Willard takes a light-
hearted look at one possible future in
his story, The Mother Chip.  page 186

FORTRAN is one of the ante-
cedents to a number of computer
languages. The ever popular BASIC is
in some respects a simplification of
FORTRAN. A number of later lan-
guages build upon the computer
science learning experience which was
FORTRAN and its compilers in the
late 1950s and early 1960s. FOR-
TRAN is even now becoming available
in floppy disk based systems at the
high end of the personal computing
performance range. In this issue,
W Douglas Maurer provides readers
with an article on FORTRAN and Its
Generalizations, good background
reading on an important and still much
used language. page 194



Specifications:

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

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

New from North Star

Double Density Performance at

Single Density Prices

The new HORIZON computer and
Micro Disk System now record in dou-
ble density! That means each new
Shugart SA-400 minifloppy disk drive
accesses 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

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.)

NoatH STtar * CovirPuTERSs
2547 Ninth Street

Berkeley, California 94710

(415) 549-0858

Circle 285 on inquiry card.
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New Wonders of the Computer Age
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Articles Policy

BYTE is continually seeking quality
manuscripts written by individuals who
are applying personal computer systems,
designing such systems, or who have
knowledge which will prove useful to
our readers. For a more formal de-
scription of procedures and require-
ments, potential authors should send a
large (9 by 12 inch, 30.5 by 22.8 cm),
self-addressed envelope, with 28 cents
US postage affixed, to BYTE Author's
Guide, 70 Main St, Peterborough NH
03458.

Articles which are accepted are
purchased with a rate of up to $50 per
magazine page, based on technical
quality and suitability for BYTE's
readership. 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.®

December 1978 © BYTE Publications Inc

by Carl Helmers

In recent months, trends in the develop-
ment of integrated circuit technology
have reached new highs of accomplish-
ment, such that it is possible to note some
exciting possibilities for design in the next
year or so. These new highs are on a broad
front of semiconductor technology which
is required for the small computers our
readers buy and use. The effects of this
new technology may not be seen in the
retail marketplace for another year or so,
since there is a finite design delay time
between the availability of a part’s design
specification and its appearance in finished
products.

The first new high in semiconductor
technology is the announcement of several
new 64 K bit dynamic memory parts (see
the Texas Instruments TMS 4164 described
on page 209 of this issue). What are the
implications of this technology for personal
computers? Quite simply, they are new
lows in prices for the same functions we
see now in the marketplace. Eventually
the prices of the 64 K parts will fall to the
under $20 level now seen in 16 K chips
purchased in volume. Where it once took
32 chips of 16 K bits per chip to saturate
a personal computer’s address space, it will
now take only eight chips (and perhaps a
dynamic memory controller chip) to do
the same thing. It is now possible to com-
bine a current model microprocessor,
a video controller chip, a dynamic memory
interface chip, a floppy disk controller chip,
and one or two parallel interface chips
with eight memory chips and obtain a
very complete electronics module for a
small computer that uses only 13 or 14
integrated circuits, yet has the performance
of a large scale minicomputer of several
years ago. In short, the memory address

Continued on page 205

See Sol

at all these
fine
computer
centers

CA: Costa Mesa: Orange County Computer
Center, (714) 646-0221. Modesto: Computer
Magic, (209) 527-5156. Mountain View:

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

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

(305) 561-2983. Miami: Byte Shop of Miami,
(B05) 264-2983. Tampa: MicroComputer
Systems, (813) 879-4301. IL: Lombard: Midwest
Microcomputer, (312) 495-9889. I|A:
Davenport: Memory Bank, (319) 386-3330. KY:
Louisville: Martronix Associates, (502)
459-0500. MD: Silver Springs: Computers Etc.,
(301) 588-3748. Towson: Computers Etc.,

(801) 296-0520. MO: Florissant: Computer
Country, (314) 921-4434. NH: Nashua:
Computerland of Nashua, (603) 889-5238. NJ:
Cherry Hill: 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. RIl: 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)
461-8081. Houston: Interactive Computers,
(713) 772-5257. Houston: Interactive Computers,
(713) 486-0291. Lubbock: Neighborhood
Computer Store, (806) 797-1468. Richardson:
Micro Store, (214) 231-1096. UT: Salt Lake
City: Home Computer Store, (801) 484-6502.
WA: Bellevue: Byte Shop Computer Store, (206)
746-0651. Seattle: Byte Shop of Seattle,

(206) 622-7196. WI: Madison: The Madison
Computer Store, (608) 255-5552. Milwaukee:
The Milwaukee Computer Store, (414) 445-4280.
DC: Georgetown: Georgetown Computer
Emporium, (202) 337-6545. CANADA: London,
Ontario: The Computer Circuit Ltd., (519)
672-9370. Toronto, Ontario: Computer Mart Ltd.,
(416) 484-9708. Vancouver, B.C.: Basic
Computer Group Ltd., (604) 736-7474.
ARGENTINA: Buenos Aires: Basis Sistemas
Digitales, 93-19880r57-7177. 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: San Juan, 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.



Sol.The small computer that won't
fenceyouin.

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

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

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

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

Build computer power
with our software.

At Processor Technology we've
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

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.

ProcessorTechnology




IWich personal comﬁuter will be

most enjoyable and rewarding for you?
Since we delivered our first Apple® Il
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.

Apple is 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

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

15 s & hi-resolution
graphics, t0o0.

Don't settle for a black and
white display! Connect yot
Apple to a color TV and
BASIC gives you instant
command of three display
modes: Text, 40h x 48v
Color-graphics in 15 color:
and a 280h x 192v High
Resolution
array that
lets you plo
graphs and
— compose
. 3-D images
i 3 Apple give:
you the adde
capability of combinin
text and graphics, too.

Back to basics,and
assembly language too.

Apple speaks three languages: fa:
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 an easy-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
it easy for you to obtain
programs developed




other Apple owners. Our Software

Apple peripherals

ik is your link to Apple ownersall  aye smart peripherals.

er the world.

live with
1e sound
f music.

Apple’s ex-
1sive built-in
ieaker delivers
e added dimension of sound to your
'ograms. Sound to compose electronic
usic. Sound to liven up games and
lucational programs. Sound, so that
1y program can “talk” back to you.
hat’s an example of Apple’s “people
ympatible” design. Another is its light,
1rable injection- molded case, so you
in take Apple with you. And the
rofessional quality, typewriter-style
=yboard has n-key rollover, for fast,
rror-free operator interaction.

\pple is the

Apple is a state-of-the-art single
pard computer, with advanced LSI
esign to keep component count to a
ainimum. That makes it more reliable.
f glitches do occur, the fully socketed
ward and built-in diagnostics sim-
lify troubleshooting. In fact, on our
issembly line, we use Apples to
est new Apples.

pple II plugs into any standard TV using
n inexpensive modulator (not included).

1 California, call 408/996-1010.

Programming is a snap!
I'm halfway through Apple’s BASIC
nanual and already I've programmed
my own space wars game.

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 I/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.,
10260 Bandley

Drive, Cuper-
.. tino, CA
95014.

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

to run a hundred times faster.

New from Apple.

Valuable new series of software
packages for investors

Now private investors can generate
their own stock market reports and per-
form critical investment analysis instantly
with Apple II. Just log your Apple II
computer on to Dow Jones’ central data
bank with powerful Apple software: the
Dow Jones Series. The first two of these
highly practical programs

‘ e A e Stock
ith Apple’s Stoc
bsors e

Bl Quote Reporter

program, a local tele-
\ seesnsy PhoNE call
| { © links you to
\ - Dow Jones’
" continuously
- “* updated
stock quotes for
more than
6000 com-
panies listed
on six major U.S.
exchanges. Current
¥ activity for stocks in
the investors portfolio is delivered
automatically: ask/open, bid/close, high,
low and last prices, and volume traded.

Our Portfolio Evaluator enables
you to analyze current value of your
portfolio, and short- and long-term gain/
loss for each stock—or for your entire
portfolio.

Cost of Apple’s Dow Jones service
is a one time contract fee of $25, which
includes the Stock Quote Reporter pro-
gram. An additional $3 charge is made
for the first three minutes of any transac-
tion and 50¢ per minute thereafter.

To take advantage of Apple’s new
financial services, Apple II users need
only a communications card, a modem
and an ordinary telephone. This equip-
ment, the Dow Jones Series, and a broad
selection of other Apple software are
now in stock at your local Apple dealer.

Circle 15 on inquiry card.

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




scheduling control, but carries the whole
program right through to a daily alert

56 GREAT LOCATIONS

Computerland

eiieps printout, client billing, and acquisition NOW OPEN:
of advertising space and time.
¢ M

Maybe I’m asking for too much—but ALﬁﬁ':tsv':le (205) 539-1200

I have a feeling that someone out there CALIFORNIA
may have already worked this out or is Dublin (415) 828-8090
at work on it. El Cerrito (415) 233-5010
PASCAL PRAISE In any event, to anyone who would t‘::"ﬁ{gs :ﬁg; SZ?‘g?gg
care to send me information | can use in Los Angeles (213) 776-8080

I have just finished absorbing the
Pascal articles and editorial in the August

my projected book and article, | would
be most grateful.

Mission Viejo
San Bernardino

(714) 770-0131
(714) 886-6838

1978 BYTE. If | were a crowd, I’d carry San Diego (714) 5609912
you off on my shoulders, cheering. Larry Ashman San Francisco (415) 546-1592
The pressure of monthly deadlines 1624 Dole St #1004 gan #/?sf {:?g} g?g'_goso
seems to have reduced most computerist Honolulu HI 96822 s:gm :i;:a (707) 528-1 ggg
periodicals to compendia of “How | Did Thousand Osks (805) 495-3554
This” and “How to Make That.” Recent Lawndale (213) 371-7144
themed issues of BYTE, though, show SIGNETICS 2650: A CORRECTION Tustin (714) 544-0542
exceptional maturity and some solid Walnut Creek (415) 9356502
planning. Your reasoned advocacy of a | have just finished reading ‘“How to COLORADO ; j
powerful, common language, with sup- Choose a Microprocessor’” by Lou ggln""l':fm Springs Call D""%oo';’)";?'gsfggg
portive material gathered into one Frenzel, page 124, in July 1978 BYTE. | CONNECTICUT
reference issue, ranks as the most impor- feel that the advice he gives is excellent; Fairfield (203) 374-2227
tant contribution yet. however | also feel compelled to correct DELAWARE
Pascal appears satisfactory for all our an inaccuracy in his section on the Newark (302) 738-9656
purposes. The concept of p-code pro- Signetics 2650. | own and constantly use FLORIDA
vides the mechanism for bringing it to a 2650 based microcomputer made by Boca Raton Call Directory Assistance
fruition. the Central Data Corp. This is available Ft. Lauderdale Call Directory Assistance
Onward, computerists! The milling in a basic 1 board configuration com- GE%ZG'A
: : anta (404) 953-0406
about is over. plete with on board programmable HAWAII
memory, read only memory, cassette Honolulu Call Directory Assistance
Paul F Doering and video input and outout (10). It is ILLINOIS

56 Elmore Rd
Rochester NY 14618

interpreters, assembler/editor, and de- (N):zsuwn {g:%;gg;;&;g
bugging program. Central Data also Peoria Call Directory Assis-tance
AUTOMATON TRUMPETER LIVES publishes a regular newsletter to com- INDIANA
municate with the already large number Indianapolis Call Directory Assistance
On pages 105 and 106 of ‘“Antique of users of this system. KENTUCKY ‘
Mechanical Computers, Part 2” in | have programmed PDP-11s, 8080s, Louisville (502) 425-8308,
August 1978 BYTE there are references the 2650, and a SC/MP. The 2650 MARYLAND \
to automaton trumpeters and a state- instruction set comes closest to the Mlg:fé:\i:\lle (301) 948-7676
ment that none survive. power of the PDP-11, and | find it a real g
| just returned from Europe and ob- pleasure to use. g;i';gf?:lzms {g:g; 24525??1
served at the Deutsches Museum in MINNESOTA

Munich Germany a life-sized auto-

expandable to an S-100 system with
floppy disks, 8 K and 12 K BASIC

Gordon Brandly

Arlington Heights
Downers Grove

Bloomington

(312) 2556488
(312) 560-0193

(612) 884-1474

maton trumpeter. One half (left side) RR 2 NEW HAMPSHIRE
is clothed and the other half is exposed Fort Sask Nashua (603) 889-5238
so that the mechanism is visible. Pressed Alberta CANADA TS8L 2N8 NEW JERSEY
for time, | was not able to find out if it gherz‘ ggil o {gg?; ggggggg
: : erg n K
still operates, or who constructed it. SOME REFERENCES ON Moriitown (201) 5394077
R NEW YORK
266;@:}”‘; ';a:'n?i: NETWORKING AND PROTOCOLS |Buffalo {'67(1)‘5: e aei
and Su g AR thaca 7) 2774888
Torrance CA 90505 Concerning your editorial in July NO. CAROLINA
1.978 BYTE,‘ there are two pieces of Chariatte (704) 536-8500
literature which your readers may want OHIO
COMPUTERS AND ADVERTISING to review. Both concern the Octopus Cleveland (216) 461-1200
computer network in use at Lawrence OREGON
| am working on both a book and a Livermore Laboratory in Livermore Portland (503) 6206170
magazine piece about the use of com- CA, which is one of the campuses of the PENNSYLVANIA
puters in the field of advertising—parti- University of California. Harrisburg (717) 736-1116
cularly in media control, including The first article is in Datamation, TE);AS.

. x 2% A ustin (512) 452-5701
production scheduling, space acquisition April 19 1973, pages 58 thru 63. The Dallas Call Directory Assistance
and scheduling for print and broadcast second article is in Computer Design, Houston (713) 9770909
media. July 1978, pages 77 thru 86. WASHINGTON

I would be grateful if any BYTE The most impressive points of the Eegevulew g%; ;gggggg
¢ : ; % A ¢ S ederal Wa A
readers with experience in this relatively Octopus network design are simplicity of Tetomas \4 (206) 581.0388

untapped software area could send me
any information they may have, includ-

both software and hardware implemen-
tation; suitability for use with standard,

WASHINGTON, D.C.

Call Directory Assistance

3 S ; ‘ & g % WISCONSIN
ing any programming information which inexpensive, byte oriented, asyn- Madison (608) 273-2020
might be helpful. chronous modem hardware; and easy INTERNATIONAL

I am also interested in a program Sydney, NSW Australia 29-3753

Call Directory Assistance

which not only includes production and Continued on page 158 Winnipeg, Canada
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BEFORE YOU BUY COMPUTER"1, WiSIT™1

If the truth is that you want a
computer . . . then we want to be your
computer store.

We're ComputerLand, the #1
computer store chain in the U.S. What's
meaningful about that fact is, that
ComputerLand has been chosen by more
people as having what they've been
looking for. And, since you're looking, let
us tell you what you'll find, when you visit
a ComputerLand store.

You'll find a product line that's
continually evaluated to provide you with
the widest and best selection in quality,
brand name microcomputers anywhere.
You'll find an enthusiastic and
knowledgeable staff able to interpret all
the equipment specifications, in terms of
how they apply to you, and in a way
you'll tnderstand. You'll find demonstration
areas/where you can get a firsthand
expefience of running a computer yourself.

{
" GOMPUTERS
" FOR BUSINESS

You'll find educational materials to give
you a total insight into the world of
microcomputers.

You'll find a fully equipped service
department to provide whatever assistance
is required to keep your computer running
in top-notch condition. You'll find computer
user's clubs to join, where you can share
ideas with people as enthusiastic as
yourself. And, with each new visit, you'll
find excitement—from the people you deal
with, the equipment they offer, and from
your own ever-growing personal
involvement.

v

Enough about us. How about what
computers do. To attempt to describe all
the things your computer might do, would
be to describe your imagination. So
instead, we'll briefly list some of the many
things for which small computers are
already being used.

In business, the advent of the
versatile and compact microcomputer has

of small companies. With systems starting
at less than $6000, the businessman can

put the benefits of computing within reach

computerize things like accounting,
inventory control, record keeping, word
processing and more. The net result is the
reduction of administrative overhead and
the improvement of efficiency which allows
the business to be managed more
effectively.

In the home, a computer can be used
for personal budgeting, tracking the stock
market, evaluating investment opportunities,
controlling heating to conserve energy,
running security alarm systems, automating
the garden’s watering, storing recipes,
designing challenging games, tutoring the
children . . . and the list goes an.

In industry, the basic applications are
in engineering development, process
control, and scientific and analytical work.
Users of microcomputers in industry

have found them to be reliable, cost-
effective.tools which provide computing
capability to many who would otherwise
have to wait for time on a big computer,
or work with no computer at all.

And now we come to you, which leads
us right back to where we started: If you
want a computer, then we want to be
your computer store.

Whether you want a computer for the
home, business or industry, come to
ComputerLand first. We'll make it easy for
you to own your first computer. Because,
simply put, we really want your business.
When you come right down to it, that’s
what makes us #1.

Computerland’

WE KNOW SMALL COMPUTERS

dro, CA 94577 (415) 895-9363 « h

E
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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 hoobyists.

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 trademark of Digital Research.

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

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

AND THE BIGGEST
THING OFALL

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 corners 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 5-inch disk drives either
single or double sided for up to 1.2
megabytes of mass storage; a 4MHz
Z-80 processing module with one
parallel and two serial ports, an
EPROM programmer and up to 4k
ROM; 32k of RAM, a 12-slot fully-
populated backplane; our exclusive
Dual Density Disk Controller, and
CPM.

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.

DINABYTE

YOU CAN DEPEND ON IT.

Circle 110 on inquiry card.
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Fast Fourier
Transforms

Ix ()]

on Your

Home Computer

f

Figure 1: An arbitrary continuous signal x(t) expressed as a function of time (a) may also be described by its spectrum or
Fourier transform X(f), which is expressed as a function of frequency (b). The relative strength of the spectrum at different fre-
quencies is a measure of the frequency content that comprises the given signal. The concept of.spectrum finds numerous appli-
cations in many varied disciplines including music waveform analysis, communications signal analysis, mechanical vibrations,
oceanography, statistics, and others. In signal analysis, the function x(t) is said to be a time domain representation, and X (f)')(s
said to be a frequency domain representation.

William D Stanley

Steven J Peterson

Dept of Electrical Engineering
Old Dominion University
Norfolk VA 23508
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The advent of the home computer makes
possible many new and varied applications
both of a general nature and of a scientific
or mathematical nature. One of the latter
applications we have successfully imple-
mented on a personal computer is the fast
Fourier transform, which we will subse-
quently refer to as the FFT, according to
standard usage. Some of the most important
properties of the FFT are described in this
article, and an FFT program written for the
Digital Group Z-80 System using BASIC
is provided.

Continuous Fourier Transform

Before discussing the FFT in particular,
it is desirable to briefly survey some of the
general concepts of the classical continuous
Fourier (pronounced ‘‘foor-yay”) trans-
form. The terminology used refers to time
and frequency since they are among the
most common variables of interest in many
applications, although the theory involved
applies to a variety of different types of
physical phenomena.

Consider the waveform x(t) shown in
figure 1a which is displayed as a function of
time (denoted by t). The waveform can also
be described by the frequencies present in

the signal. This description is called the
spectrum of the time signal and, mathe-
matically, it is the Fourier transform of the
time function. The process of Fourier trans-
formation is represented by the mathemati-
cal function

x®= " xe " at

—00

where X(f) is the Fourier transform of x(t).
[The constant j is used in electrical engineer-
ing to denote ~/—1, also called i. The num-
ber e, 2.71828, is the base of the natural
algorithms. . . .CM/ For all but fairly simple
functions, this mathematical process repre-
sented a formidable operation for many
years. Prior to the development of the digital
computer, many analytical and experimental
methods were investigated for determining
the approximate spectra of functions that
arose in physical systems.

The magnitude of a typical spectrum is
shown in figure 1b and is denoted by IX(f)l,
where f represents the frequency in Hertz
(Hz). For example, if x(t) were a music sig-
nal, strong peaks of the spectrum at low
frequencies would be characteristic of a sig-
nificant amount of bass content such as
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in the miast of the
talk and the promises...

PerSci delivers the Dual-Headed Diskette Drive that works and
the Double Density IBM Compatible Controller to back it up.

While everyone else was waiting and
promising—PerSci did it! Designed the industry’s
first fully reliable, field proven, dual-head
design—now available in a high technology dual
diskette drive, the PerSci Model 299. The 299 has a
total of four heads handling two double-sided
diskettes—providing up to 3.2 Mbytes of
data in a drive the size of a standard
floppy And because the Model 299 has
voice coil positioning, this dual diskette
drive can seek data four to six times
faster than possible on two independ-
ent stepper motor drives. All offered
by PerSci at a highly competitive
OEM pirice.

To save time and money in systems

Circle 289 on inquiry card.

Peripherals a
Generation Ahead.

design, PerSci backs up the 299 with the first avail-
able double density, dual-head flexible disk
controller—the Model 1170—for all applications
requiring IBM 2D, IBM 3740 or S-100 bus compatibil-
ity. The PerSci 1170 is Z-80 based, the smallest, most
intelligent floppy disk controller on the market.
The PerSci 299 and 1170 controller are de-
signed with the same advanced
technology that has made PerSci
number three in diskette product ship-
ments (and moving up). Don't wait
around for more talk and more prom-
ises. Call PerSci for full information.
PerSci, Inc., 12210 Nebraska Avenue,
West Los Angeles, California 90025.
(213) 820-3764.
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drums or tubas. Conversely, many string
instruments such as the violin display
stronger peaks at higher frequencies in the
audio spectrum. The frequency spectrum (or
Fourier transform) thus provides a plot of
the relative weight of different frequencies
that comprise or represent the given signal.

If the Fourier transform or spectrum of a
signal is known, the time function may be
determined from the inverse transformation
which is given by

=f K.

x (n)
POINT WHERE NEW
I /PERIOD BEGINS
10
e N-1 TIME INTEGER
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Figure 2: A sampled function of time (a) and its discrete Fourier transform
spectrum (b). The discrete Fourier transform (DFT) functions are used to
approximate the continuous transform functions whenever digital implemen-
tation is to be used. The time function is sampled at N points separated by an
increment T over an interval t, = NT to create a discrete function x(n). The
resulting spectrum X(m) is periodic with a period f; = 1/T and contains N
components within one period with spacing between components F = 1 [t,. If
x(n) is a real function, only half or N/2 of the spectral components are
unique. The integers n and m represent the time and frequency integers which
identify the location in the sequence of the time sample (t = nT) and the
frequency component or harmonic number (f = mF).
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Observe that the inverse transform has essen-
tially the same general form as the direct
transform except for the sign of the expo-
nential argument.

The concept of the frequency spectrum
has long played a most important role in
numerous scientific applications and has
been of interest to mathematicians, engi-
neers and scientists of many different dis-
ciplines. Among the areas where spectral
analysis has been employed are sound and
music analysis, communications systems
design, analysis of mechanical vibrations,
ocean wave analysis, statistics and many
others.

Discrete Fourier Transform

The heart of the FFT is a mathematical
operation known as the discrete Fourier
transform (DFT). In the DFT, a set of inte-
gers n and m are defined to represent the
equivalent in a sense of the time and fre-
quency variables, respectively, of the con-
tinuous Fourier transform. This correspond-
ence is best seen by observing the sampled
signal x(n) shown in figure 2a. There are
assumed to be N samples of the signal
spaced T seconds apart. Thus, as n varies
from 0 to N—1, the N samples of the time
signal are generated. The duration of the
time signal is t, = NT.

The DFT of x(n) is defined by the finite
summation

1 N—1
X(m) =5 3 x(njw™"

where
—j2m

W=e N

The function X(m) represents a discrete
spectrum with m serving the same purpose
in frequency as n did in time. The frequency
increment between successive components is
F = 1/tp so that the spectral component at a
frequency mF is X(m). For x(n) real and for
N time points, a unique spectrum can be
computed only at N/2 frequency points.
Actually, X(m) is periodic in m with N
points in each period, but only N/2 are
unique. X(m) is, in general, a complex func-
tion consisting of a real and an imaginary
part at each frequency. For many applica-
tions, the magnitude spectrum IX(m)! is the
quantity of most significance. Some of the
preceding points are illustrated in figure 2b.

As in the case of continuous signals, an
inverse discrete Fourier transform (IDFT)
can be defined. In this case, the inverse
transformation is



lt may be a hobby, or it may be an asset...
It SHOULD be a Heathkit’ Computer System

No matter what your computer system
needs may be, Heathkit computers make
sense! Heathkit “total design” computer
systems give you a wide ¢ ction of
peripherals, software programs to get
you up and running fast; plus the reliabil-
ity, service and responsibility that come
from being a leader in the electronics
industry for some 50 years!

OUR 8-BIT COMPUTER

Every Heathkit Computer Productis designed
to offer substantial benefits over competitive
products on the market. Our 8080A-based
H8 for example, is more than just a simple
8-bit machine. With its “intelligent” front
panel and keyboard entry and digital dis-
play, it actually lets you compute and pro-
gram without the addition of any peripherals.
It's an ideal computer training system, and
when you're ready to advance, it's ready too.
It's one of the most expandable computers
around, and now with its NEW floppy disk
system, it could be the only computer you'll
ever need.

OdR 16-BIT COMPUTER

If you need the power, speed and versatility
of a 16-bit machine, there’s nothing better
than our H11A. Based on the famous DEC LSI-
11/2, the H11A provides complete DEC com-
patibility and access to the thousands of
practical software programs and applications
that entails. Along with our own complete
systems software and our line of DEC-com-
patible peripherals including the DEC Writer

Circle 160 on inquiry card.

Iland our new floppy disk, you'll have state-of-
the-art computing power at its very best!

OUR PERIPHERALS

The Heathkit Computer peripherals offer the
same competitive advantages of our two
computers. Our H9 CRT terminal, H10 paper
tape reader/punch, ECP-3801 cassette stor-
age recorder/player, and our new WH14 line
printer, plus the new floppy disk storage sys-
tems all give you the quality, performance
and value that Heath company is famous
for. And we sell the memory, 1/O interfaces
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N-—1
x(n) = E X(m)w—m"

m=0

The resulting function is periodic in the vari-
able n and has N points in one period. Thus,
even if the original time signal were not

X (1)

X (5)

X (3)

X(7)

Figure 3: Flow diagram indicating the computations involved in an 8 point
fast Fourier transform (FFT) implementation of the discrete Fourier trans-
form (DFT) function. Significant reductions in computation time are
achieved with FFT realizations of large arrays. For example, the computa-
tion time for a 1024 (27 0) sequence of samples using an FFT is approxi-
mately 1 percent of the time required by direct application of the DFT.
In the chart, two paths merging together in a given column represent a
combination of two quantities in the preceding column. For example,
the first quantity in the second column is obtained by forming x(0) +
WOx(4). The first term is indicated by the dashed line and the second is
indicated by the solid line. The integer in the circle is the power of W. (See
text for definition of W.) The pattern continues until the spectrum appears
in the last column. This particular algorithm for the FFT results in a scram-
bled order for the spectral coefficients as can be seen from the chart, Some
variations result in a natural order but require more internal memory.

periodic, the operation of the IDFT pro-
duces a function capable of providing the
desired results in one cycle, but the pattern
continues to repeat itself if the interval is
extended outside of the basic range.
Observation of the definition of the DFT
reveals that there are approximately N com-
plex multiplications and about the same
number of complex additions required to
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compute the spectrum at one particular
value of m. Since there are N/2 unique
spectral components, the total number of
computations required to generate a com-
plete spectrum is of the order of N2. The
Cooley-Tukey algorithm, published in 1965,
demonstrates one way to perform this
transformation with a number of computa-
tions of the order of N log,(N), which turns
out to be an enormous savings in computa-
tional time for long signal records. The
Cooley-Tukey algorithm, along with subse-
quent variations, is referred to as the fast
Fourier transform (FFT). Thus, the FFT is
a high speed algorithm for computing the
discrete Fourier transform.

While the DFT is a finite summation and
the classical Fourier transform is an inte-
gral transform, the DFT may be used to
closely approximate the continuous function
under many circumstances. Some of the con-
cepts involved with such an approximation
are considered later in this article.

The various FFT algorithms work best
when the number of points in the sample
record is an integer power of 2, ie: N =2k,
where k is an integer. The form of one of
the basic algorithms is shown in figure 3
for the case of N = 8. Obviously, N = 8 is
far too small for most applications, but the
flow graph is of interest in understanding
the form of the general computational
algorithm. This particular algorithm s
referred to as an /n place algorithm since
at each stage of the computation, the data
may be stored in the same memory loca-
tions from which they were obtained.

Implementation of In Place Algorithm

The in place algorithm previously dis-
cussed was implemented on the Digital
Group Z-80 System using BASIC. The pro-
gram is given in listing 1. The particular
system used had 18 K bytes of memory,
of which about 12 K bytes were required
for the BASIC software. It was determined
that a 256 point transform could be com-
puted with this system and the program
listed uses this capacity. It could be readily
expanded or contracted as the available
memory size dictates. However, the size
selected should be chosen as an integer
power of 2 as previously noted. Thus, the
next smaller size should be 128 and the
next larger size should be 512.

In order to reduce the memory require-
ments, the trigonometric functions are
generated as they are required in the pro-
gram. This approach is not nearly as effi-
cient from the standpoint of computation
time as would be the process of initially
generating and storing the functions in
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Listing 1: Fast Fourier transform routine
described in text. Lines 10 to 499 are avail-
.able for the user to describe the time func-
tion that is to be studied.

M X1(256) 9y X2(256)

266 ¢ L=8 ! P1=3,14159

M -~ GENERATE TIME FUNCTION

EM

EM LINE NUMBERS 10-499 ARE USED TO

EM GENERATE OR INPUT THE TIME FUNCTION
EM

PRINT "DO YOU WANT A LISTING
INFUT AS$
IF A$="NO"
IF A$-"YES"
B=X1(0)

FOR Z=0 TO N-1

IF ABS(X1(Z))>B THEN B=ABS(X1(Z))
NEXT Z

FOR Z=0 TO N-1

FRINT X1(Z)3TAB(41420KX1(Z)/B)3"&k"
NEXT Z

REM - SCALE INFUT
FOR Z=0 TO N-1
X1(Z)=X1(Z)/N

NEXT Z

REM - - FFT IN-PLACE ALGORITHM - -
PRINT® ~ FFT CALCULATION IN PROGRESS -*
I1=N/2 ¢ I2#1 § VU=2%F1/N

FOR I=1 TO L

13=0 ! I4=I1

FOR K=1 TO I2

X=INT(I3/11)

GOSUB 1300

IS5=Y

Z1=COS(VXIS)

Z2=-SIN(VXIS)

FOR M=13 TO I4-1

Al=X1(M) & A2=X2(M)
B1=Z1%X1(M+I1)-Z2%X2(M+I1)
B2=Z2%X1(M+I1)+Z1%kX2(M+I1)

X1(M)=A1+R1 ! X2(M)=A2+B2
X1(M+I1)=A1-Bl ! X2(M+I1)=A2-B2

OF THE GENERATEL TIME FUNCTION *i

THEN 640
THEN 500

TIME FUNCTION -

NEXT M

I3=I3+2%I1 ¢ I4=I14+2xI1
NEXT K

I1=I1/2 ! I2=2XI2

NEXT I

REM - OUTFUT RESULTS -
PRINT*IN WHAT FORM DO YOU WANT THE OUTFUT ?*

PRINT® MAGNITUDE SFECTRUM PLOT (1"
PRINT® TABLE OF VALUES $23°
INFUT A

IF A=1 THEN 970

IF A=2 THEN 1130

PRINT*INCORRECT INFUT (1 OR 20" ¢ GOTO 890
REM - OUTFUT MAGNITUDE SPECTRUM PLOT -

B=0
FRINT® - CALCULATIONS IN FROGRESS -*
FOR =0 TO N/2
X=Z
GOSUB 1390

IF X3>B THEN B=X3

NEXT Z

FOR Z=0 TO N/2

X=Z

GUSUE 1390

X4=INT(S5%X3/B)

C=0

FRINT Z3TAEB(S)i*!*;

C=Ct1

IF C<X4 THEN FRINT"="j { GOTO 1070
FPRINT **

NEXT Z

GOTO 1240

REM -~ OUTPUT TABLE OF VALUES
U=0

Z=0

PRINT*"HARMONIC"iTAB(14) i "REAL"iTAB(30)}
PRINT*IMAGINARY" i TAEB(S0) 7 "MAGNITUDE "

X=U

GOSUB 1390

PRINT UFTAB(10)#X1(Y)iTAB(30)#X2(Y)i TAR(S50)#X3
U=U+1 ¢ Z=Z+1

IF Z>9 THEN 1140

IF U>N/2 THEN 1240

GOTO 1165

REM - TERMINATE 7 -

PRINT*DO YOU WANT ANOTHER OUTFUT (YES» NO)"#
INPUT AS

IF A$="YES® THEN 890
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1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420

IF A$<>"ND*
END

REM - SCRAMBLER SUBROUTINE -
Y=0 : Ni=N

FOR W=1 TO L

N1=N1/2

IF X<N1 THEN 1360
Y=Y427(W-1)
X=X-N1

NEXT W

RETURN

REM - MAGNITUDE
GOSUE 1300
X3=SART(X1(Y)"2 + X2(Y)"2)
RETURN

END

THEN 1240

(X3) SUBROUTINE

memory so that they can simply be called
as required. However, where speed is not a
major priority, this approach minimizes
the total memory required. ]
Statements 10 through 499 in the pro-
gram represent the particular input signal
for which the transform is being computed.
The time function may be generated by
appropriate equations or an algorithm as
will be demonstrated for several cases later.
For experimental data, the values could
be listed point by point if the function
cannot be readily described by an equation.

Applying the Program

In order to effectively utilize an FFT
program for spectral analysis, it is neces-
sary to understand some of the peculiarities,
of the DFT and its relationship to the con-
tinuous Fourier transform. Although the \
time signal may or may not be periodic in
nature, the mathematical form of the DFT
treats the signal as if it were periodic. The
total duration of the time signal is the period
tp, and for the program being considered,
this period contains 256 points. If T is the
time increment between samples, then
tp = 256 T. The spectrum obtained from the
DFT is also periodic and contains N (or
256) spectral components. However, for a
time function that is real (which incidentally
is the case for all signals considered in this
article), it can be shown that half of the
components are ambiguous; ie: they are
similar to the other half and do not repre-
sent any actual spectral information. Thus,
there are N/2 (or 128) meaningful complex
spectral components that are obtained with
the FFT. These components are spaced apart
in frequency by F =1/t,. The value for
m =0 corresponds to the DC component,
m = 1 is the fundamental, m = 2 is the sec-
ond harmonic, etc. According to sampling
theory, a time signal must be sampled at a
rate at least equal to (practically speaking,
greater than) twice the highest frequency
contained in the spectrum. Thus, if the
highest frequency contained in a spectrum

&
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10 REM ~ GENERATE 25X FULSE

20 FOR Z=0 TO N/4
30 X1(Z)=1

40 NEXT Z

S50 FOR Z=N/4 TO N
60 X1(Z)=0

70 NEXT Z

10 REM - GENERATE 12.5% FULSE

20 FOR Z=0 TO N/8
30 X1(Z)=1
40 NEXT Z
S50 FOR Z=N/8 TO N
60 X1(Z)=0
70 NEXT Z

10 REM ~ GENERATE 1000HZ SINE WAVE

20 T=0
30 FOR Z=0 TO N-1

40 X1(Z)=SIN(2%3.,14159%1000%T)

S50 T=T+1.953125E-4
60 NEXT Z

10 REM - GENERATE 1010HZ SINE WAVE

20 T=0
30 FOR Z=0 TO N-1

40 X1(Z)=SIN(2%3.14159%1010%T)

S50 T=T+1.953125E~-4
60 NEXT Z

Listing 2: Three different generating routines that can be used with listing 1
as the time functions. The first routine generates a pulse function that lasts
25 percent of the time that is being analyzed. The second routine also gen-
erates a pulse but half as long as the first routine. The third and fourth

routines generate sine waves which are only slightly different.

x(n)

64
POINTS

o
256 POINTS

)

X

Figure 4: Rectangular pulse for which the FFT is partially displayed in
photos 1 and 2. The pulse is unity for 64 of the 256 points in the time

record and zero for the remainder.

Figure 5: Rectangular pulse for which the
FFT is partially displayed in photo 3. The
pulse js unity for 32 of the 256 points in
the time record and zero for the remainder.
Since this pulse is shorter than the one of
figure 4, the spectrum is broader. In gen-
eral, there is an inverse relationship between
the width of a pulse-like time function and
the width of the frequency spectrum,
This property is an important concept in
signal transmission and results in the re-
quirement of larger bandwidths for trans-
mitting shorter pulse signals.
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is known to be no greater than fy,, the maxi-
mum time between samples (T) should be

chosen to satisfy T < ﬁh— If this condition

is not met, there will be a spectral overlap
or aliasing effect which will distort the
spectrum.

For a fixed number of points (such as
256 for the program under discussion), there
is a trade-off between the high frequency
capability and the spectral resolution. In
order to analyze higher frequencies, a
shorter sampling time is required, but this
necessitates a shorter overall period and a
larger increment between successive fre-
quencies. Specifically for 256 points, N/2 =
128; and since N = 0 corresponds to DC, the
highest frequency that can be measured is
127 times the spectral resolution. It is very
important that the sampling rate be chosen
to be greater than twice the highest fre-
quency in the spectrum even if the higher
frequencies are not of interest. If the mini-
mum sampling rate requirement is not met,
erroneous spectral components may appear
at various places in the spectrum.

There are various other properties of \the
DFT that may be important in applying an
FFT program in various situations. The
reader is encouraged to consult one of the
references listed at the end of this article or
the many other available sources for more
extensive details, since this article provides
only a brief overview of the theory along
with the details of a workable program for
a home computer. ¢

Examples

Several examples that illustrate some of
the properties of the FFT are now con-
sidered. The various function programs for
these waveforms are shown in listing 2. The
first example is that of a single rectangular
pulse whose duration is 25 percent of the
total period corresponding to 256/4, or 64
points as illustrated in figure 4. (Due to the

x(n)
|
32
POINTS
J
g tp >
256 POINTS
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large number of points, the function is
shown as a continuous curve.) The video
display of the first 14 spectral components
in tabular form is shown in photo 1, and the
first 15 components of the magnitude spec-
trum are displayed in photo 2. Henceforth,
only the magnitude spectra will be shown.
When the pulse duration is changed to
12.5 percent of the period or 32 points as

HARMONIC AL
. %
16110821
Photo 1: The first 14 oy
oto 1: The first 14 com-
ponents (DC and har- . 107487
monics up through the
13th) of the FFT spec-
trum corresponding to the
pulse shown in figure 4.
The program lists the real
part of X(m), the imagi-
nary part of X(m) and the
magnitude |X(m)|.
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indicated in figure 5, the magnitude spec-
trum changes to the form shown in photo 3.

It should be pointed out that the band-
width of a rectangular pulse is theoretically
infinite in extent and so there is some alias-
ing error in each of these cases. However, the
effects of aliasing are not pronounced in
these two examples over the frequency range
shown in the photos. At larger harmonic
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Photo 2: Video graphics display of the magnitude spectrum Photo 3: Video graphics display of the magnitude spectrum
corresponding to the pulse shown in figure 4. The display is corresponding to the pulse shown in figure 5.

of course rotated 90° from the basic mathematical form
illustrated in figure 2.

24 December 1978 © BYTE Publications Inc



values for the given signals and at shorter
pulse widths for the given frequency range,
the aliasing errors would be more significant.
A sine wave representing an assumed fre-
quency of 1000 Hz and an assumed sampling
time of T = 0.1953 ms was generated and
analyzed. The resulting spectrum is shown
in photo 4. Note that the frequency resolu-
tion is F =1/(0.1953 x 1073 x 256) = 20 Hz
so that 1000 Hz corresponds to harmonic
number 50. Observe that an ideal single line
appears as one might hope. On the other
hand, when the frequency is changed to
1010 Hz while maintaining the same value of
T, the spectrum changes to the form shown
in photo 5. The reasons for the striking
difference are as follows: In the first case,
the frequency corresponds exactly to one of
the harmonic numbers (50th harmonic), and
a property of the DFT is that no other line
compaonents appear in this case. However, in
the second case, the component would
theoretically appear halfway between the
50th and 51st harmonics so that the imper-
fections of the finite time duration of the
observed sinusoid are now apparent. The
phenomenon observed is called /eakage. It
can also be readily verified that the first si-
nusoid was observed over an exact integer
number of cycles, while in the second case,
the sinusoid was truncated during a cycle.
This example illustrates the necessity of
understanding some of the limitations of the
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truncation and sampling processes in order
to properly evaluate results. The phenomena
just noted can be reduced by smoothing the
data to be transformed with certain window
functions before computing the FFT. Win-
dow functions smooth the beginning and
end of a record length and reduce the effects
of leakage on the spectrum.

More Examples

Other applications include the use of an
analog to digital converter to sample speech
and music waveforms or the waveforms en-
countered in electronic systems. The sample
points could be stored for later spectral
analysis using the FFT program. We hope
readers will be encouraged to experiment
with the program on their own computers.®
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Photo 4: Video graphics display of the magnitude spectrum
corresponding to a sine wave whose assumed frequency is
1000 Hz with a sampling interval T = 0.1953 ms. This
assumption results in an integer number of cycles (50) in the
record duration t,, which corresponds to 50 ms. The fre-
quency then corresponds exactly to the 50th harmonic and
the spectrum appears as a single line.

Photo 5: Video graphics display of the magnitude spectrum
corresponding to a sine wave whose assumed frequency is
1010 Hz with a sampling interval T = 0.1953 ms. This fre-
quency corresponds to the midpoint between the 50th and
51st harmonics, and the imperfections of the DFT in repre-
senting a continuous time signal now can be seen.
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A Software Approach

Hardware or software; which is best? This
question faces many designers when creating
new systems. This article describes a soft-
ware version of a hardware project detailed
in December 1976 BYTE by Jonathan K
Millen in his article “A Universal Turing
Machine,” page 114.

The universal Turing machine (UTM) is
elegantly simple and capable of emulating
the instruction set of any computer. The
Turing machine was invented by Alan Turing
(1912-1954). It is an abstract computing
device that contains all the fundamental
properties a computer system must possess
and is used to study computer concepts.
Although difficult to program, its back-to-
basics nature is alluring to anyone interested
in the fundamentals of computers.

The universal Turing machine designed
by Jonathan Millen has two memories: one
for program storage and the other for the
main storage or ‘‘tape.” The tape is a sup-
posedly infinite (but actually 1024 bits long)
memory which is a series of 1s and Os. A bit
on the tape is pointed to by a counter
known as the head. A program counter
points to a state in the program being exe-
cuted. Each state consists of two instruc-
tions: one to be used if the current bit under
the head of the tape is a 1, the other ifitisa
0. Each instruction contains fields describing
whether to write a 1 or a 0 on the tape,
which direction to move the tape (left or
right one position), and the address of the
next state to be executed.

Each instruction contains the following
information:

Write bit. Write this bit on
the tape after the head is
adjusted.

Direction bit. If thisis a0,
move the tape to the left;
if it is a 1, move the tape
to the right.

Next state. These six bits
are the number of the next
state to be executed.

Bit 0:

Bit 1:

Bits 2 thru 7:

The reader is referred to Millen’s article
for a complete description of the universal
Turing machine. His design implements
this machine with about 15 integrated
circuits. The memories are 2102s, the head
and program counter are counters, and the
control logic consists of various flip flops,
shift registers, clocks and decoders. The
memories are loaded and examined with
switches and a 7 segment light emitting
diode (LED). The design is capable of
executing about 40,000 instructions per
second.

A Software Approach

The program in listing 1 is the logical
equivalent of Millen’s hardware version
for the Motorola 6800 processor. The pro-
gram storage, tape, program counter and
head are parts of the computer’s memory set
aside for those purposes. The memory organ-
ization is shown in table 1. The rest of the
logic is programmed via the 6800’s instruc-
tion set. Table 2 is a comparison of the
various functions and their implementation
in the two approaches.

The program is a relatively straightfor-
ward programming of the hardware version.
The basic cycle of functions to be performed
is:

® Test the bit on the tape under the
head.

® Write a 1 or 0 according to the write
bit of the instruction indicated by the
program counter and the tape bit.

® Move the tape (adjust the head)
according to the instruction’s direc-
tion bit.

® Set the program counter equal to the
address specified by the address bits
of the instruction.

® Go back to the first step.

Since the 6800 is a byte oriented machine,
the head must keep track of both a byte in
memory and a bit within the byte. The



Tinker, Tailor, Soldier, Sailor . . .
Doctor, Lawyer . .. the Chieftain’s here.

No matter whether you’re a serious
hobbyist or a serious businessman, the
Chieftain 6800 microcomputer with ca-
pabilities that surpass the Z-80 is made
for you.

Smoke Signal’s quality-packed
Chieftain I features two 5.25-inch mini-
floppy drives and Chieftain II fea-
tures two 8-inch floppy drives.

Both microcomputers >
provide 32K static memory, ‘
two serial I/O ports, a 2
MHz processor board, a2K
RAN monitor, a nine-slot
motherboard with built-
in baud rate generator
ancd gold connectors for
high reliability. The
Chieftain’s stylish leath-
er-grained cabinet houses
the above with its own
cooling fan and regulated

Every Chieftain is complete with
system software and is totally burned-in
as well as tested to further insure high
reliability.

And it’s expandable to 64K memory
with up to 2 megabytes floppy disk
storage.

So see your nearest Smoke Signal

dealer, he'll be glad to show you how to
get your wampum’s worth. Systems
start at $2,595.

[0 Send information on your Chieftain
microcomputer
O Send name of nearest dealer
Name

Address

Company
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|
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|

8\ State/Zip

'
i

31336 Via Colinas, Westlake Village,
California 91361, (213) 889-9340

power supply.

Dealer inquiries invited.
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Chieftain

Smoke Signal Broadcasting, 31336 Via Colinas, Westlake Village, CA 91361, (213) 889-9340
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Listing 1: 6800 assembler
version of the universal
Turing machine, which im-
itates the hardware version
built by Jonathan Millen.
This program is capable
of executing 10,000 uni-
versal Turing machine in-

structions per second.
Hexadecimal
Address Code Label
PC
MASK
HEAD
0200 DE FE BEGIN
0202 D6 FD
0204 E5 00
0206 27 03
0208 7C 00 FC
020B DE FB ZEROBIT
020D A6 00
020F OC

0210 DE FE

program uses variable HEAD to point to
the byte, and MASK to define the bit.
MASK consists of seven Os and a single 1.
The 1 corresponds to the bit under con-
sideration. For example, suppose the head
now points to the third bit of byte 83
(hexadecimal). HEAD and MASK would
then be:

HEAD \1000,001 1, (binary)
8 3 (hexadecimal)

MASK 0010,0000 , (binary)

2 0 (hexadecimal)
Op Code Operand Commentary
ORG $0100
EQU $FB TURING MACHINE PRO-
GRAM COUNTER
EQU $FD SPECIFIES BIT IN HEAD
BYTE
EQU $FE POINTS TO HEAD OF TAPE
LDX HEAD GET HEAD OF TAPE ADDR.
LDA B MASK MASKS OUT BIT ON HEAD
BIT B O,X IS BIT ON TAPE 0?

BEQ ZEROBIT YES, DON'T INCREMENT
PROGRAM COUNTER

INC PC+1 NO, INCREMENT PRO-
GRAM COUNTER

LDX PC GET ADDRESS OF NEXT
TURING INSTRUCTION

LDA A 0,X GET TURING INSTRUC-
TION IN REGISTER A

CLC CLEAR CARRY PRIOR TO
TEST

LDX HEAD GET HEAD BYTE AGAIN

*SET HEAD BYTE/MASK UP OR DOWN ONE POSITION IF DIRECTION BIT IS 1

BRANCH STAB 0,X

BIT A #$40 MASK OFF DIRECTION

BIT

BEQ DEC DECREMENT IF IT IS
ZERO

ROR B ROTATE RIGHT IF IT'S A
ONE

BCC OK NO CARRY TO NEXT
BYTE

INX INCREMENT HEAD BYTE

ROR B SHIFT CARRY THROUGH

BRA OK ALL DONE

ROL B ROTATE MASK LEFT ONE
BIT

BCC OK NO CARRY TO NEXT
BYTE

DEX DECREMENT HEAD BYTE

ROL B ROTATE THRU CARRY

STX HEAD RESTORE HEAD POINTER

STAB MASK RESTORE MASK

TST A CHECK LEFT BIT OF
INSTRUCTION

BMI WRITE1 SKIPIF IT IS ON

comB COMPLEMENT MASK TO
WRITE A ZERO

AND B 0,X ‘AND’ IN A ZERO

BRA BRANCH SKIP AROUND THE
WRITE-A-ONE LOGIC

ORA B 0,X ‘OR’ IN A ONE

PUT BYTE BACK TO TAPE

*SET TURING MACHINE PROGRAM COUNTER TO NEW ADDR ESS

AND A #$3F MASK OFF TWO LEFT
BITS

ROL A MULTIPLY BY TWO

OR O

0212 85 40

0214 27 07

0216 56

0217 24 09

0219 08

021A 56

021B 20 05

021D 59 DEC
021E 24 02

0220 09

0221 69

0222 DF FE OK
0224 D7 FD
*WRITE SPECIFIED BIT ON TAPE
0226 4D

0227 2B 05

0229 53

022A E4 00

022C 20 02

022E EA 00 WRITE1
0230 E7 00

0232 84 3F

0234 49

0235 97 FC

0237 7E 02 00
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STA A PC+1 STORE AS NEW PRO-
GRAM COUNTER
EXECUTE NEXT UTM

INSTRUCTION

JMP BEGIN

The logic to test the current bit is:

TEST LDX HEAD Load head byte ad-
dress.
LDA B MASK Load bit mask within
byte.
BITB 0,X Test corresponding bit
in memory.

BEQ ITSONE Yes,it'sal.
ITSNOT .... logic if bit was a 0.
ITSONE .... logic if bit wasa 1.

The program increments the head position
(moves tape to right) by rotating the mask
to the right. If the bit is rotated out and
into the carry, the HEAD address is incre-
mented. The procedure is similar for moving
the tape left.

The universal Turing machine program is
stored in the first 128 bytes of memory.
Each state consists of two 1 byte instruc-
tions, so that the instruction’s address in
memory is the state number multiplied by
2. The 6800 has no multiply instructions,
but in this case the same effect may be
accomplished by the rotate left instruction:

Before shift 0010100 1= decimal 41 state

I e

0101001 0= decimal 82 state
address.

After shift

Hardware versus Software

Although there is probably not a great
practical need for Turing machines of this
type, the two designs provide some insights
into the benefits and costs of each approach.

The most significant benefit of the hard-
ware approach is speed. The program can
only process 10,000 universal Turing ma-
chine instructions per second, or 25 percent
of the circuit’s capability.

The most significant benefit of the soft-
ware approach is its flexibility. For example,
suppose the address field of the instruction

Hexadecimal
Addresses Use

0000 thru 007F | Universal Turing machine pro-
gram and state storage area.
0080 thru OOFA | Universal Turing machine tape
storage area. -
O00FB thru O0FC |Universal Turing machine pro-
gram counter address of next
state.

00FD Tape head mask.

OOFE thru O0OFF |Tape head address.

0200 thru 0237 |6800 interpreter program
(listing 1).

Table 1: Memory allocation for the software
implementation of the universal Turing
machine.



More and more, you see the North Star
HORIZON computer at work: in busi-
ness, research, and education. Its high
performance qualifies the HORIZON
for demanding professional applica-
tions. Over 10,000 users during the
past two years have proven that North
Star hardware has the reliability
for day-in, day-out computing. The
HORIZON is now a serious candidate
for any small system installation.

SOFTWARE IS THE KEY
TO HORIZON MATURITY

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

EXPAND YOUR HORIZON

The basic HORIZON computer in-
cludes a Z80 microprocessor, 16K
bytes of RAM memory, an I/O interface
and one Shugart minifloppy disk drive.
The HORIZON can be expanded to 60K
bytes or more of RAM, three disk
drives, and three |/O inter-
faces. Performance
can be enhanced by
the addition of the
North Star hardware
floating point board.
Also, S-100 bus pro-
ducts from other
manufacturers may
be used to expand

the HORIZON.

For more informa-
tion, contact your
local computer store.

NortH * STaRr

ComvrPuTERS

2547 Ninth Street
Berkeley, California 94710
(415) 549-0858
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is to represent a signed displacement from
the current program counter, as Millen
suggests in his article. In hardware, this
would require adding a 6 bit adder between
the address bus and the program counter,
plus some temporary latches to hold the
results. In software, a store instruction must
be changed to an add instruction. In hard-
ware, the board must be modified to accom-
modate the new circuitry, and the clock re-
adjusted. In software, under MIKBUG, the
change can be made with seven keystrokes.

If this system were to be widely dis-
tributed, complete documentation would
have to be written. The hardwired approach
requires a circuit board layout, a schematic
diagram, parts list and written commentary.
In the software version, comments in the
program serve to document the system,
along with a written commentary.

The software approach allows a building
block technique. The program may be easily
combined with other programs. The external
programs need to know only the addresses
of the various blocks in the universal Turing
machine program’s logic. The universal
Turing machine circuit would have to be
modified to adapt it to other equipment.
The software version uses MIKBUG'’s load
and dump routines to save the tape contents,
but this would have to be a specially con-
structed circuit for the hardwired design.

The design, implementation and testing
times of the software version were two, one
and two hours, respectively. | don’t know
the exact times required for the hardware
approach, but they should be at least several
times more than the software approach.

In order to build the hardwired circuit,
the experimenter must obtain all the cir-
cuitry, a circuit board, wire, power supply,
etc, which may or may not be used in future
experiments. However, once you have a
microcomputer to work with, no extra items

Function

Hardware Version

Software Version

Program storage 2102

Initializing tape
Saving tape

Debugging design
oscilloscope

74157,7400,switch

Logic probe and

Memory locations hexadecimal 00 thru 7F

Tape storage 2102 Memory locations hexadecimal 80 thru FF
Program counter Two 74161s Memory locations hexadecimal FB thru FC
Head Three 74191s, 7474 | Memory locations hexadecimal FD thru FF
Sequencing 7404,74161,74154 | Conditional branching

Display 7 segment LED MIKBUG print/punch command

MIKBUG load command
MIKBUG print/punch command
MIKBUG break command

Table 2: Correspondence chart of the functions of the two approaches and

the means with which they are implemented.
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are needed and the computer is usable for
any other projects without losing the ability
to reload the universal Turing machine
program.

This example cannot be taken as a com-
plete treatment of the trade-offs of the two
approaches. Each designer must judge the
merits of an approach according to the
particular needs of the problem to be solved.
If the universal Turing machine v = to be
mass-produced for time-critical ¢ ‘ations,
the hardware approach would bt =st. If
the design is to be used for the unday
afternoon project of a ‘microc puter
enthusiast who already has a syst the
software approach would be best.m

A

Operating the Turing Machine \

1. Put your program in the state stor
age area. Note that the address of eac!
state is twice the state number.

2. Initialize the tape storage area. You
may put your tape anywhere in memory
as long as you set the tape head pointer
to the proper initial address. Location
hexadecimal 0080 is convenient.

3. Initialize the program counter. Put
00 in location hexadecimal O0FB, and the
first address in the Turing machine in lo-
cation hexadecimal O0FC. This must be
the actual memory address (twice the
state number).

4, Initialize the mask. The mask se-
lects which bit of the byte pointed to by
the head pointer to operate on. It must @
be composed of seven 0 bits and a single &
1 bit. 01 is a reasonable starting value. ]

5. Initialize the head pointer. This is 3
the address of the byte in memory to begi
considered as the head of the tape. |tM
must point to the tape storage area.

6. Set your MIKBUG start address toms
hexadecimal 0200, press G (for go), andg
away it goes. :
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Micromation has done for the S-100
bus what IBM did for the floppy disk.
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Reliably doubled capacity.

Double Capacity

The DOUBLER — Micromation’s latest advance in floppy disk
technology — doubles the capacity of floppy disk systems.
Over 500 KBytes are recorded on each side of an 8" disk.
This means bigger files for more powerful systems.

Double Speed

Data transfer with the DOUBLER is twice as fast — 500 Kbits
per second. And since there is twice as much data on each
track, your drive steps only half as much — so your system
runs faster than it ever has before!

Increased Reliability

That's right — even better reliability. Why? Because we did
it the IBM way. IBM designed 2D formatting — so it has to
be reliable. Micromation’s innovative, state-of-the-art de-
sign incorporates write precompensation electronics and a
phase lock oscillator on a single, all digital, 5-100 circuit
board. So we guarantee the DOUBLER will be more de-
pendable than your present single density controller — and
we warantee the DOUBLER for a full year.

Unbeatable Convenience

It couldn't be easier to step up to double density. The
DOUBLER operates automatically in either single or double
density. Justinsert a diskette and you're running properly. You
can transfer files between single or double density diskettes
without any software or hardware changes — or even oper-
ate with one single and one double density diskette.

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

and the software is all ready to go. An onboard 2708 EPROM
contains the bootstrap. There's even jump-on-reset circuitry
SO you can operate without a front panel. And, of course,
we include utilities to format diskettes.

Universally Versatile

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

Fully Compatible

The DOUBLER is compatible with CP/M* version 1.4. If you
have a CP/M* 1.4 system, just add our CBIOS — or you can
buy our ready-to-boot version. Install the new controller,
connect any terminal to the RS-232 interface, and boot off
your new double-sized, double-speed system. You still can
use all your old software without any changes.

Completely Affordable

All Micromation products are fully assembled, thoroughly
tested, include complete documentation, and are priced
for value:

DOUBLER double density controller $ 495.
MEGABOX dual drive double density system 2,295.
ZEPHER — Per Sci double density system 2,595.
Z-PLUS — MEGABOX 32 KZ-80 computer 4,295.

Available
The DOUBLER is available NOW at your local computer store.

Micromation Inc. 524 Union Street San Francisco California 944133 /| 415 398-0289

MICROMATION

Where there’s always more in store.

Circle 223 on inquiry card.

*CP/Mis a trademark of Digital Research
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Steve Ciarcia
POB 582
Glastonbury CT 06033

Build an
Octal/Hexadecimal
Output Display

“Steve, | think we have a little problem!”’
Ray charged into the basement and hovered
over me waiting for a response.

| slowly rotated in my swivel chair. The
rate was barely sufficient to overcome
static friction, but | finally made it. As |
raised my head to talk | was interrupted.

“Steve, | think we have a problem with
that EROM.” Before he could finish, his
expression abruptly changed and almost
without a pause he ended the sentence
with, . . .what happened to you? You look
like death warmed over!”’

I could barely see the person standing
before me with his hands on his hips. | also
experienced a strange sensation of either a
veil covering my face or an advanced case
of furry eyeballs. Whatever the cause, Ray
was still standing there awaiting a reply. It
was a chore to speak. As the muscles con-
tracted to produce the necessary air flow, |
could sense a sudden recurrence of physical
problems which | had hoped were on the
wane.

“Steve you look terrible! You should be
raring to go after two weeks in Acapulco,
basking in the sun.”
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Photo 1: Hewlett-Packard 5082-7340 hexa-
decimal character display, which uses a
pseudo 7 segment dot matrix. On and off
control of the dots at the end of each seg-
ment allows the circuit to display capital
Bs and Ds. The display pictured is powered.

Bisrcis's-

Bircuit
Cellar

Ray was referring to an engin;\ering
consulting job | had just completed in
Acapulco for CBS. The Miss
Pageant, which was broadcast live from

usual, “design me a computer for . . .
type. The final rationalization was, | neede
a vacation anyway. | wouldn’t want anyone
to think that the 70 contestants had any-
thing to do with my decision to go.

The other lucky members of our engi-
neering party were Gus Calabrese (formerly
with Digital Group) and George Watson and
Dale Walker of CBS. Gus and | main-
tained the hardware; Dale supported the
software; and, while George’s official func-
tion was the electrical scoring system, his
unofficial title was chief taco tester. He had
this uncanny ability to sort through all the
various smells emanating from a restaurant
and evaluate palatability. If he didn’t turn
green as he walked through the door, it was
Amercianized enough for us to eat there.

This smooth sailing trip was punctuated
by a succession of daily crises. For instance,
George’s wife, having thoughtfully packed
his suitcase without underwear, gave us the
hoped for opportunity to take a crash
course in Mexican capitalism and to venture
out to the market place. The cab driver
who “drove” us there (I use the word
loosely) was subject to suicidal fits. From
then on everything went downhill. The list
goes on and on. Reliving the past two weeks
in my thoughts heightened the sense of
physical malaise | was experiencing. Fortu-
nately, Ray spoke again in time to bring me
back to reality.

“What’s wrong with you?”’

like a fun consulting job as opposed to thX



G/2 MEANS BETTER
BASIC, EXCITING
COMPUTER GAMES,AND
VALUABLE HEALTH HINTS.

/
Now you don’t have to be a programmer fo use
YOUF COMpUTr] Tl iz iy srorison oxpte sl s o

prompting instructions for easy use, and come complete with a detailed instruction
manjual. G/2’s rapidly expanding library of program topics appeals to a broad range of interests, and every program will help
mak.e your computer a better investment.

G/2 Basics for SOL and SWTPC (created by MICROSOFT™) are far better than the interpreter you're now using. G/2 Stan-
daird Basic lets your SWTPC 6800 execute programs faster, uses only 7K of memory, and offers string arrays, extensive string
vinctions, peek, poke, wait, continue, calculator execution, 10 nested subroutines, and much more. G/2 Extended Basic puts the king
“f Basic interpreters in your SOL computer. It offers string arrays, 16-digit accuracy, fully descriptive error messages, automatic
ine numbering and renumbering, an amazing editing capability, trace function, and many additional features you thought were limited
to disk-based systems.

G/2 Beat the House brings the excitement of casino-type games
of chance right into your own home. When you sit down to play Black-
jack, Craps, Roulette or Slot Machine, you'll feel like you're in the
middle of a Las Vegas casino, playing for big stakes.

G/2 Clinic helps you understand the effects of environment,
heredity, personal habits, diet and even biorhythms on your health. Built-
in prompts make these three programs easy for your family and friends
to use, even if they’ve never before touched a computer.

G/2 Contests for Apple Owners use the full power of Apple’s color
graphics to simulate the tense dangers of interplanetary war, the
hair-tngger suspense of a shootout, and the challenges of several mathe-
matical and pure logic puzzlers.

Start building your G/2 Program Library today. For the name of
the G/2 dealer nearest you, call us toll-free at 800/538-1770. (In
California, call 800/662-9810.) Then load one of these tapes and put the

full power of your computer

to work for you. THE REASON
YOU BOUGHT 4 &4
YOUR COMPUTER.

RT

CoRPORATION

A product of GRT Corporation
Consumer Computer Group

1286 North Lawrence Station Road

Sunnyvale, California 94086
408/734-2910
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“Let’s just say it has something to do
with a guy called Montezuma.”

“You’re not supposed to drink. . ..”

“Yeah, | know! Don’t drink the water!”

Ray looked at me and decided his prob-
lem still needed attention, even though
I was dying. “Steve, | was about to check
the EROM contents against the listing you
gave me when | noticed that it was in octal.
We need to use that EROM tomorrow and
we had better find the error in it tonight. |
made a hexadecimal dump of the EROM
contents but | still can’t check it against
your listing.”

The response was obvious. “Why don’t
you convert it by hand?”’

“Sure,” said Ray, “‘l can convert it, but
a thousand conversions is more than | have
time for tonight. Can we assemble it in
hexadecimal on your system?”

My temples were starting to throb. |
hadn’t used my computer in three weeks.
Nothing was hooked up and | was in no
condition to either attach and fire up my
own programmer or write the simple algo-
rithm to perform this minor calculation. It
was hard enough for me to remember how
to operate my own system without ex-
plaining the intricacies to Ray.

“Look, Ray, any night but tonight. I've
got it in octal, decimal, hexadecimal, binary,
—anything you want, but not tonight. | just
don’t think | can hack it. You understand,
don’t you?”’

He was disappointed, but being a good
friend he understood. “Can | borrow your
Tl programmer and some desk space? A
thousand entries times five button pushes

. shouldn’t take more than an hour or
two. Got your battery charger handy?”’

It seemed a shame to make Ray go to
such lengths. If my system were up it would
take only a matter of seconds to print
out Ray’s listing. It may have been a very
powerful Z-80 computer on any other
occasion but tonight it wasn’t processing
anything.

As | reached for the calculator in my
briefcase | spied a relic that might provide
a solution to the problem. “Ray, see that
rectangular box with all the printed circuit
boards plugged into the top of it?”’ | pointed
to a bookcase that contained everything but
books. “Bring it here and plug it in, and
search through that pile of tapes over there
until you find one marked with the same
name as your listing. | made a binary dump
on tape at the same time | made your
listing.”” There are some advantages to being
ill-letting others fetch and carry is one of
them.

Relying mostly on Ray’s high level of
hardware expertise, interspersed with what-
ever limited verbal input | could manage, we

successfully fired up my Scelbi-8B 8008
microcomputer. Even though | hadn’t
used it for well over a year, the read only
memory based operating system brought it
to life immediately. The recognizable
pattern on the light emitting diode (LED)
display indicated it was ready to read input
data, so | slapped in the cassette that Ray
had found. Fortunately the data was stored
in a format acceptable by both machines,
and totally independent of the processor. |
couldn’t execute the Z-80 EROM listing |
had loaded, but | could display it.

“OK, Ray. Now that we've loaded the
data we can step through it on single step
and look at it on this output port display,
which | built a while back.”

“How’s that going to help?”’ Ray looked
at the 3 character display as he pressed the
single step a few times. “The 8008  is an
octal machine. Even the data on “your
display is coming out octal.” he said.

It was hard to smile but | managed a
slight variation on the theme as | said,
“Flip the switch next to the display.”
Instantaneously, the 257 previously dis-
played changed to AF, its hexadecimal
equivalent. \

“Hey, that’s not bad, a combination
octal and hexadecimal display! All | have
to do is step through and copy down the
hexadecimal equivalents, right?”’

I nodded and Ray started to write.
Barely ten entries had been made when
his hardware curiosity got the best of
him. “l was thinking of putting one of
these on my system but it looked like too
many components. By the way, | only see
two chips. Where are you hiding the rest?”’

“Remind me to tell you when | recover.”

Build a Combination Octal/Hexadecimal
Display

Some people may consider hexadecimal
displays a trivial addition to an expensive
computer system, but sometimes these little
add-ons make program debugging easier. |
can’t help but wonder whether other com-
puter experimenters would have need for
such a display. | don’t expect it to replace
the video display; but often, when debugging
a program, it’s nice to be able to display a
byte here and there to verify proper program
execution. It will never replace the stepper
and breakpoint monitor | now use, but
it’s great to display keyboard or 10 data
quickly with a single output instruction.

There are many methods to display hexa-
decimal numbers on a 7 segment LED.
Figure 1 and table 1 show an example of the
usual brute force method using a read only
memory as a hexadecimal decoder. Pro-
gramming the 82523 was described in the



DIGITAL PLOTTER _

The perfect digital plotter
for the small system
computing enthusiast

Small in size, big in performance...
and priced at only $1085*

HI PL@T ™ is a digital plotter designed for
the small systems market. Inexpensive
to own and simple to operate, it still incor-
porates the same quality components,
technology and skillful workmanship found
in Houston Instrument’s larger plotters used
throughout industry.

Not a kit, the HI PL@T ™ is assembled and
ready to use, with both a RS-232C and a
parallel interface build in for creating graphic
output from your system.

* U.S. Domestic Price Only

houston

Displays data in easy-to-read graphical
format

Both serial and parallel inputs built-in
Uses standard 8%2"x 11" paper
Plotting speed up to 2.4 ips

Resolution of both 0.01 and 0.005 inch
Baud rate and step size easily changed

DIVISION OF

nstrument l BAUSCH & LOMB ()

ONE HOUSTON SQUARE AUSTIN, TEXAS 78753
(512) 837-2820 TWX 910-874-2022

Rochesterlaan 6 8240 Gistel Belgium
EUROPEAN HEADQUARTERS ppone 059/277445 Telex Bausch 81399

“the recorder company”

For rush literature requests or local sales office information only, persons outside Texas call toll free 1-800-531-5205
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November 1975 BYTE (“A Versatile Read
Only Memory Programmer,” by Peter H
Helmers, page 66). While this is a viable
approach, an excessive number of com-
ponents is needed in this stand alone dis-
play, and most people would rather not have
to program an EROM. The alternatives are
to allow a computer to perform the de-
coding and drive the 7 segment display
through the transistors from a latched 8 bit
output port, or to put additional logic
around a standard 7 segment decoder driver
for the extra requirements. The former case
necessitates a computer program while the
latter can involve as many components as
those in figure 1.

Fortunately there are other products on
the market that can solve the problem. I've
been using the Hewlett-Packard HP7340
hexadecimal display for a number of years.
Those familiar with it can rightfully say how
trivial the solution was, while those who are
not may find it a revelation. Photo 1 illus-
trates the physical size of the HP7340. A
hexadecimal A is displayed in a dot pattern.
These hexadecimal displays depart from
standard 7 segment format by being capable
of displaying a capital B and D in hexa-
decimal. This is accomplished by controlling
the corner dots which give the appearance
of “rounding.” This ability discriminates a
B from an 8 or a D from a 0. There are 16
distinctly different characters.

An additional feature of the HP7340 is

 Input 82823 7 Segment that it contains a 4 bit latch and the decoder/
 Looe Program Display driver as well. The result is a single 8 pin
- . . . hexadecimal display which successfully
DCBA d7 d6 d5d4 d3 d2d1 dO . accomplishes the function of all the circuitry
0G00 6111011 @ ) in figure 1. The specification of the indi-
0001 p1oo000071 ' ! vidual pins are in figure 4.
0010 01101110 - Figures 2 and 3 demonstrate how the
0011 6118031011 o HP7340 can be configured to function as a
0100 60+ 01 1001 U 2 digit hexadecimal output port or a 3 digit
0101 G611 101 = octal port. No 8 bit latch is required since it
0110 00 1 1.3 1.1 >
01 11 04 100690401 7 b
1000 @ d 1 bl d &
1001 D113 1004 o 2N2905(7)
1010 031 1 11101 -
101 1 oo 11111 3 AL
1100 001 101370 L b
1101 01001 1 1 1 o
1110 00111110 . =
1 L O 0 1 1 1 1 0 0 "- FAIRCHILD FND-70
v 7 SEGMENT LED
Table 1: Program for IC2 in figure 1. ‘
Cc
; { ) d
7475 82523 0o ‘IZ— : e l /
+
T i RS G aq |2 Bl as ot S e
3
piftEnsdcaudils 30 |2 21 a2 024 EEE ¢ / /
D3 a
B8 D—3 2D 20 |2 A% 0a |2 b
P it ML S o B8 91 r0 os [ ‘2 m—'—'
D6 'lT
aa ©s o7 i
13 4 4 5
Laeh v:>—[>o ' 3
A Ic3 s
7404
+5

Figure 1: Hexadecimal latch, decoder and driver using a standard 7 seg-
ment light emitting diode (LED). Line CS on IC2 can be used to per-
form the blanking operation. This circuit can be replaced by a Hewlett-

Packard HP 7340 or equivalent (see table 2).

36

December 1978 © BYTE Publications Inc

Cirgy



L] | =il
Considering a Microcomputer?
Be Sure to Check Out the Product Offerings of the World’s Largest
Full Line Microcomputer Company.

All Ohio Scientific machines come with microcomputing’s fastest full

feature BASIC-in-ROM or on-Disk for instant use.

Economica! computer systems that talk in BASIC.
Ideal for hobbyists, students, education and the home.

Superbeard || — World's first complete system on a board

including keyboard, video display, audio
cassette, BASIC-in-ROM and up to 8K RAM

Challenger IP — Fully packaged Superboard Il with
power supply

Challenger IP Disk — Complete mini-floppy system
expandable to 32K RAM

Ultra high performance BUS oriented microcomputers for
personal, educational, research and small business use.

C2-4P — The professional portable

C2-8P — The world's most expandable personal machine
for business or research applications

(C2-4P Disk — The ultimate portable

C2-8P Single Disk — Ideal for education, advanced
personal users, etc.

C2-8P Dual Disk — Most cost effective small
business system

Same great features as Challenger IIP Series for those who
have serial terminals: small business, education, industry.

C2-0—Great starter for users with a terminal

C2-1 — Great timeshare user accessory; cuts costs
by running simple BASIC programs locally

C2-8S — Highly expandable serial machine, can
add disks, etc.

The unique three processor system for demanding business,

education, research and industrial development applications.

C3-S1 — World’s most popular 8” floppy based
microcomputer

C3-OEM — Single package high volume user version
of C3-S1

C3-A — Rack mounted multi-user business system
directly expandabe to C3-B

C3-B — 74 million byte Winchester disk based system.
World’'s most powerful microcomputer

Minimum
Configuration

4K RAM

4K RAM
16K RAM

4K RAM
4K RAM

16K RAM
16K RAM

32K RAM

4K RAM
4K RAM

4K RAM

32K RAM
dual floppys
32K RAM
dual floppys
48K RAM
dual floppys
48K RAM
dual floppys

OHIO SCIENTIFIC also offers you the broadest line of expansion
accessories and the largest selection of affordable software!
Compare the closest Ohio Scientific Model to any other unit you are con-
sidering. Compare the performance, real expansion ability, software and
price, and you will see why we have become the world’s largest full line

microcomputer company.

Base
Price

$ 279

$ 349
$1190

$ 598
$ 799

$1464
$1738

$2597

$ 298
$ 498

$ 545

$3590
$3590
$5090
$11,090

I''m interested in OSI Computers. Send me information on:

[0 Personal Computers
I O Educational Systems

| Ohio residents add 4% tax.

| Name

| :

Yoren 1333 S. Chillicothe Road
| City Aurora, Ohio 44202

I state Zip. (216) 562-3101

Circle 290 on inquiry card.

[0 Small Business Computers
O Industrial Development Systems
I O I'm enclosing $1.00 for your 64-page small computer buyer’s guide.
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Photo 2: Prototype board
of the circuit in figure 4.
Two similar circuits were
built on the same board.
When in the hexadecimal
mode (shown at left in the
picture), the leading digit
is blanked. The display at
the right shows the octal
mode. Each is wired as an
independent output port,
but the computer sends
the same data to both.
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Figure 2: Hexadecimal latch, decoder and
driver display circuit.

Pin
Number Function

Input B

Input C

Input D

Blank Control (blank = +5 V)
Latch enable (latch = 0 V)
Ground

+5V

Input A

ONOPWN =

Table 2: Pin functions for the Hewlett-
Packard HP7340 binary coded decimal
(BCD) to hexadecimal display. Similar
displays are made by Dialite and Texas
Instruments.

L B I R R
* 8 ® 0 0 e e
PR R S R R e
L R R Y T I R

L B R R R

EEEE---

Ic5
HP 7340
3
D
2
C
|
a7 [>———8
a6 [>—21a 2
k0o
1C6
HP 7340
P
2
5 Dj c
|
e >—s
45 o :
e o
1
Ic7
HP 7340
3
/7; D
2
d2 it
]
d [ >——8
d0 D——e A 4
DECODED 15
STROBE [> &

iF

*HP 5082- 7300 CAN BE SUBSTITUTED
FOR HP 5082-7340 IN OCTAL READOUT
APPLICATION. 7300 IS NUMERIC ONLY.

Figure 3: Octal latch, decoder and driver
display circuit.



SELECT MODE
MODE A OCTAL=0

MOST
SIGNIFICANT
DIGIT

LEAST
SIGNIFICANT
DIGIT

Combination

hexadecimal and octal dis-

HEXADECIMAL \Sw| MODE B HEXADECIMAL = | ok ?
OCTAL/J7 DI 4
1CI0
‘;—Ea D
z C
| 8 |
B ': 48 | &1
/;7 4 4A SEL HP 7340
12 5
a6 > 9138 ay .
r" 3 I0h sy |2 D2
d5| > @ 2 2B T W 3 1cl
; 2y
2A D
[ 3
da [>— +——118 v B2 it |
2 STROBE T P e
FROM 15 a 4
COMPUTER A
DATA BUS HP 7340 [
13 |______45
d3 | > 1a 4B | D3
4A SEL
,5 ICI2
2 Oo>— — av |- 2
Lﬂ. 3A 1€9 9 2
& 74157  3Y c
dl | > \ 2 5 2B o | m—
LS 2A 2Y. . B %
40 [> v 18 . A
2 ; T 1Y &
o STROBE HP 7340
DECODED 15 15
STROBE [ >— °
i 77
Numbe T +5V Gnd e 4
) st e ing an equivalent 267 octal. The same
IC1 7475 5 12 binary information is being sent to each play circuit.
:gg Hg;gjg 13 8 port; only the switch setting differs.
IC4 HP7340 7 6 Usually these or equivalent displays are
IC5 HP7340 7 6 advertised only as hexadecimal displays.
:gg :ﬁ;g:g ; g All strictly hexadecimal displays that I've
IC8 74157 16 8 seen contain these same electronics. While
:g?o Hgégfg 'g g alphanumeric displays will also work, they
1611 HP7340 7 6 require extensive scanning logic and are an
IC12 HP7340 7 6 overkill for this application.

Table 3: Power wiring table for figures 1, 2,
3 and 4.

already contains one. The 7340s can simply
be attached to the data bus at any other
parallel output port and strobed from a
chip select decoder.

Figure 4 is the circuit of the unit similar
to the one Ray used. Two multiplexer
circuits alternate the input connections to
the displays so that when switch 1 (SW1) is
in the octal position, the circuit performs as
figure 2, and when in the hexadecimal
position, as figure 3. The leading character
is blanked when in the hexadecimal mode.
Two of these circuits are combined in the
prototype board of photo 2. The left display
is in the hexadecimal mode showing B7
while the right is in the octal mode display-

In Conclusion

I hope this simple circuit will eliminate
any frustration you may have in the area of
hexadecimal displays.

If you have any comments about this or
any other article | have written, please write
and include a stamped, self-addressed
envelope. The mail volume has risen to the
point where I'm asked similar questions by
many experimenters. A few of these letters
will be included each month in BYTE’s
“Letters” column when appropriate.

One question I’'m often asked is whether
my introductions are true. So far everything
I've written is based upon actual people or
events. While | take considerable poetic
license in describing the situations, it is not
necessary to invent fiction when experience
is often so much more humorous.m
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The

Age

of Affordable

~Personal
Computing
Has Finally Arrived.

Ohio Scientific has made a major
breakthrough in small computer technology
which dramatically reduces the cost of per-
sonal computers. By use of custom LSI
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 per-
formance than some home or personal
computers that are selling 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 spectacular video games
and cartoons, made possible by its ultra high
resolution 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 capabilities. It can assist you in
school or industry as an ultra powerful
scientific calculator, made possible by its
advanced scientific math functions and

BYTE December 1978

built-in “‘immediate’’ mode which allows
complex problem solving without program-
ming! 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 ex-
panded to assist in your business, remotely
control your home, communicate with other
computers and perform many other tasks
via the broadest line of expansion acces-
sories in the microcomputer industry.

This machine is super easy to use
because it communicates naturally in
BASIC, an English-like programming lan-
guage. So you can easily instruct it or pro-
gram it to do whatever you want, but you
don’t have to. You don’t because it comes
with a complete 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 yourself
or just enjoy it; the choice is yours.

Circle 290 on inquiry card.



Ohio Scientific
offers you this remarkable
i=Y% | new computer two ways.

/

For electronic buffs. Fully assembled Fully packaged with power supply. '
and tested. Requires + 5V at 3 Amps Just plug in a video monitor or TV

and a video monitor or TV with RF through an RF converter to be up and
converter to be up and running. running.

__Standard Features e ORDERFPORM . e i i e S
B Ui tha e coaiiar B et sssor I Order direct or from your local Ohio Scientific dealer. |
B 8K Microsoft BASIC-in-ROM | [J I'minterested. Send me m’fv(‘)rmatlon on your: i

Full feature BASIC runs faster than currently available | [ Personal Computers [] Business Systems I
pe:sonal computers and all 8080-based business com- | (] Send me a Superboard Il $279 enclosed i
puters.
® 4K static RAM on board expandable to 8K | [ Send me a Challenger 1P $349 enclosed I
B Full 53-key keyboard with upper/lower case and user | [J Include 4 more K of RAM (8K Total) $69 more enclosed |
programmability i
M Kansas City standard audio cassette interface for high | Name
reliability | }
B Full machine code monitor and 1/0 utilities in ROM | Address |
B Direct access video display has 1K of dedicated memory
(besides 4K user memory), features upper case, lower | Git Stat Zi |
case, graphics and gaming characters for an effective | i1y glo i |
screen resolution of up to 256 by 256 points. Normal TV's
with overscan display about 24 rows of 24 characters; | Paymentby: BAC(VISA) ____MasterCharge ___ MoneyOrder ___ |
without overscan up to 30 X 30 characters. 1 |
Credit Card Account #
Extras : ; | |
B Available expander board features 24K static RAM (addi- | Expires Interbank #(Master Charge) |
tional), dual mini-floppy interface, port adapter for printer MRS S S b S S ey
and modem and an OSI 48 line expansion interface. | |
B Assembler/editor and extended machine code monitor | TOTALCHARGEDORENCLOSED |
available. A|I orders shipped insured UPS unless otherwise requested. FOB Aurora, OH

Interested in a bigger system? Ohio Scientific offers 15 nllln selE“ I lFle

other models of microcomputer systems ranging from America’s Largest Full Line Microcomputer Company
single board units to 74 million byte hard disk systems. 1333 S. Chillicothe Road ¢ Aurora, Ohio 44202 (216) 562-3101
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ALTOS presents a new standar
in quality and reliability

il
ALT08 COMPUTER SYSTEMS | B

WE'RE ALTOS COMPUTER SYSTEMS. Our SUN-SERIES A CS8000 business/scientific
computer creates a new standard in quality and reliability in high technology computers.

HIGH TECHNOLOGY The ACS8000 is a single board,
Z80®* disk-based computer. It utilizes the ultra-reliable
Shugart family of 8 inch, IBM compatible, disk drives. A
choice of drives is available: single or double density, single or
double sided. Select the disk capacity you need, when you
need it: .M, IM, 2M, or 4M bytes. The ACS8000 features
the ultimate in high technology hardware: a fast 4 MHz Z80
CPU, 64 kilobytes of 16K dynamic RAM, 1 kilobyte of 2708
EPROM, an AMD 9511 floating point processor, a Western
Digital floppy disk controller, a Z80 direct memory access,
7280 Parallel and Serial I/O (two serial RS232 ports, 1 parallel
port), and a Z80 CTC Programmable Counter/Timer (real time
clock). In essence, the best in integrated circuit technology.

ALtO)

BUILT-IN RELIABILITY The ACS8000 is a true single
board computer. This makes it inherently reliable and main-
tainable. The board and the two Shugart drives are easily ac-
cessible and can be removed in less than five minutes. All elec-
tronics are socketed for quick replacement. Altos provides
complete diagnostic utility software for drives and memory.

QUALITY SOFTWARE Unlimited versatility. The ACS
8000 supports the widely accepted CP/M® ** disk operating
system and FOUR high level languages: BASIC, COBOL,
PASCAL and FORTRAN IV. All available NOW.

PRICE $3,840. Standard ACS8000 system with 32 Kb RAM
and % Mb disk. FPP, DMA and software optional. Dealer/OEM
discounts available. Delivery: 3 weeks ARO.

*780 is a trademark of Zilog. Inc.

**CP/M is a trademark of Digital Research, Inc.
Dealer/rep inquiries invited.
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Book Reviews

The Pocket Calculator Game Book

by Edwin Schlossberg and John Brockman
William Morrow and Company Inc

New York 1975

158 pages hardbound

$6.95

For many of us, the introduction to the
microcomputer is the pocket calculator.
However, after we learn its functions, it
often ends up in a drawer except for shop-
ping and checkbook balancing. It shouldn’t.
There are many ways to use your calculator
for enjoyment.

| like the competitive aspect of this
computer business, either against the
machine or another player. Therefore | like
‘those books which show me new games to

/play. In this collection of 50 games, the
authors present a variety which will appeal
to everyone. There are applications for the
“four-banger” as well as the more complex
scientific models. You can play with one or
more calculators, and one or more players.
You may throw in dice or playing cards for
variety.

There are easy games and hard ones,
offering a range for all ages. Several have two
versions, a simple method and complex one
for those of you with the costlier machines.
“1001” is one of several games whose object
is to reach a particular number using the
fewest moves. Use dice to determine your
move, and hope for luck. There is “Calcu-
lator Poker” with betting strategy to guide
you. For the business minded, there is
“Economy” with all the trappings of high
finance. The student of political science will
find meat in ‘“Cold War” or ‘“Detente.”
There are puzzles, mazes and much more. As
a puzzle freak, | found my favorite among
these pages. By multiplying and dividing
in a judicious manner, one can deduce the
proper path to follow. A game is a valuable
test to see whether your calculator can
handle certain operations. This would be an
excellent way to check out a calculator that
you are considering buying.

Throughout the book, the authors offer
samples of how each game should be played,
as well as winning strategy. In the intro-
duction are explanations for those concepts
which may be new to some readers, such as
random numbers, and a glossary of hand
calculator terms. A handy index divides
the games into like categories, such as num-
ber of players, or games with dice, and so
forth.

Many games are only the point of depar-
ture for exploration by the hobbyist. One
could extend many of these to any home
built computer. A lot of thought went into
this book and it shows. | think the book
does the best possible thing for a hobby: it
makes the hobby more fun.

Noel K Julkowski

Naval Environmental
Prediction Research Facility
Monterey CA 939408
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COSMACY @

$249 gets the entire family into
creating video games, graphics
and control =& “

functions.

For starters.

COSMAC VIP, the completely - Soon RCA will offer
assembled, ready-to-operate RCA ' ; " options for color graphics
Video Interface Processor, opens up a )and 256 tone sound generation.

whole new world of computer excitement.New . An optional auxiliary keyboard
challenges in graphics, games and control will o an exciting world of two-player
functions. Yet it’s just $249.00. games.

Easy to buy. And easy to program, thanks to Take the first step now.

its unique, easy-to-use interpretive language.

You get a complete hov~./-fto book inclu_ding tronics distributor for the VIP. Or contact RCA
programs for 20 games: fun, challenging, and  yp Marketing, New Holland Avenue, Lancaster,
ready to load and record on your cassette. PA 17604. Phone (717) 291-5848.

Simple but powerfUI_ *Suggested retail price. Does not include video monitor or cassette recorder.
Built around an RCA COSMAC micropro-
cessor, the VIP is a complete computer system
that can grow with you. It has 2K of RAM, ex-
pandable on-board to 4K. Plus a ROM monitor,

audio tone output to a built-in speaker, power
supply, and 8-bit input and output ports for The fun way
control of relays, sensors, or other peripherals. into computers.
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Life With Your Computer

Justin Milliun

Judy Reardon

Peter Smart

W Ossipee Rd

Silver Lake NH 03875

What can you do with your computer?
After hearing about the game of Life, you
may never ask the question again. Within the
capabilities of a very minimal system, Life
gives the computer the kind of job it does
best: an enormous amount of repetitive
logical operations. [The authors’ system
demonstrates this point: it had 2 K memory
and a video terminal at the time of this
writing.] This leaves you, the user, free to
apply your creative energy on this fascin-
ating game.

Developed by John Horton Conway, a
British mathematician at the University of
Cambridge, Life was first described in the
October 1970 Scientific American by
Martin Gardner in his ‘“Mathematical
Games” column. Its name comes from its
resemblance to changing societies of living
organisms which can grow, move and
occasionally die out.

The Game of Life

An easy way to understand this game is
to imagine an immense gridwork or checker-
board. We call each square in the checker-
board a cell, and the entire board a cellular
space. Each cell is identical and can perform
a number of specific functions. We won’t
worry about the edge of the board: let’s
say the space is large enough so that we
never know there is an edge. In the game of
Life, each cell can sense its eight neighboring
cells (as in figure 1). Each cell in our space
is in one of two states: it is either alive, or
not alive (quiescent). The cellular space
changes with time; time advances over the

entire space at once, in steps. Each of these
steps is called a generation.

The rules which determine the state of a
given cell in the next generation are what
give Life its delightful properties. They were
chosen with great care by Conway, with
reasons in mind that will be discussed later.
[For mathematical background information
see the book, Introduction to Artificial
Intelligence by Philip C Jackson, published
in 1974 by Petrocelli-Charter. A discussion
of cellular automata and pointers to several
detailed references are found in chapter 8.]
Let us say there is a pattern of cells in the
cellular space, some living, some not. The
rules tell which presently living cells survive,
which living cells die, and which cells that
are not now alive will be living in the next
generation. The rules are as follows:

® FEach cell presently alive which has
either two or three of its eight neigh-
boring cells alive will be living in the
next generation.

® Each cell presently alive which has
other than exactly two or three live
neighbors will not be alive in the next
generation.

® [f a cell is presently not alive, and
exactly three of its eight neighboring
cells are alive, it will be living in the
next generation.

The above rules are applied all at once in
the program for the game of Life. Every cell
in the space is checked, as are its neighbors.
The fate of that cell in the next generation
is then determined. Note that this will
amount to many thousands of checks in
each generation for a cellular space filling
even a small video display screen.

When the program has been loaded into
the computer and you've entered the
pattern, what can happen as the pattern
evolves? There are a number of possibilities.

t12 |3
4 05
6 7 8

Figure 1: The center cell
(0) has eight neighbors, as
does every cell except
those bordering the edges
of the cellular space in any
finite buffer in a computer
program. Treating boun-
dary conditions for a finite
Life buffer is a fine point
of Life program design.

2a

2b

Figure 2: Examples of still
life cell patterns, the block
(a) and the beehive (b).
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Figure 3: Four generations
of the blinker pattern.

Types of Patterns

The pattern may die, leaving you with an
empty display as you search your imagi-
nation for another possibility to try.

It may stop at what Conway calls a still
life. A simple example (figure 2) is the
block, another the beehive. These patterns,
when left undisturbed, remain the same
generation to generation (a little more inter-
esting than a blank screen, perhaps).

The pattern may develop a repeating
cycle. The simplest of these is the blinker,
which returns to its original self every other
generation (see figure 3). A more sophisti-
cated periodically repeating pattern has been
described in the February 1971 Scientific
American. Discovered by G D Collins Jr,
it is called the tumbler (figure 4). It has a
period of 14 generations, but after seven it
is an upside-down copy of the original
pattern; hence its name. Watching the
tumbler change, you will notice that in
every generation there is a row of empty
cells separating two mirror image patterns.
Each half helps keep the other half under
control. If left to itself, half a tumbler will
run over 100 generations before settling
down.

There are patterns which have most
intriguing properties of motion. The glider
shown in figure 5 is one such pattern. It is
so named because the way that it moves
is called glide reflection, or reflection from a
diagonal line. In four generations the glider
produces a replica of itself, facing the same
direction but displaced one square dia-
gonally. After only two generations, it is a
copy of itself pointing 90° from its original
orientation. There are actually just two
unique patterns in the life history of the
glider, but it takes four generations for the
orientation to match that of the original
pattern.

Another example of a moving pattern is
the lightweight spaceship shown in figure 6.
This pattern also requires four generations
to move and to complete a full cycle; it
also has only two unique patterns if we
disregard their orientation. Note that this
pattern moves along a line of cells, as op-
posed to the glider’s diagonal motion.

Finally, patterns exist which continue
indefinitely, forever evolving. (It was not
certain that such infinite patterns should
exist for some time after Life was de-
veloped.)

@
@
&
]
&

Figure 4: An example of the tumbler, a
periodically repeating pattern.
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Infinite Evolution a Possibility?

Conway selected the rules of"Life to meet
the following considerations:

® [t should not be obvious that an initial
pattern will grow without limit.
(Conway specified that cells can die
from overcrowding.)

® |t should seem possible (but not
obvious) that some patterns will grow
without limit.

® Some initial patterns should grow and
change for a considerable period of
time.

As reported in the original Scientific
American series of articles, Conway conjec-
tured that there were no patterns which
would actually grow without limit. At that
time he offered a $50 prize to the first
person to prove or disprove his conjecture.
A short time afterwards a group from MIT
disproved it by their discovery of a glider
gun. The glider gun produces a glider every
30 generations. Since the glider moves away
from its birthplace, we may consider the
glider gun to be a special type of repeating
pattern (see figure 7). The MIT group also
discovered other remarkable events in Life
by observing such things as collisions be-
tween numerous gliders.

Symmetry

A rather curious property in the evo-
lution of many patterns is their tendency to
gain symmetry. As an example, let us begin
with a pattern with only partial symmetry
called the snowflake, shown in figure 8a. In
15 generations it becomes the pattern called



Generation O Generation |

Generation 2 Generation 3

Generation 4

Figure 5: Four generations of a glider pattern. Note that
in generation 2, the glider is reflected and rotated 90°,
moving down one space. In generation 4, the glider is
again reflected, but rotated 90° in the opposite direc-
tion, as well as moved over one space.
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Generation

Figure 6: This example of a lightweight spaceship
pattern also has a 4 generation pattern cycle. Note that
generation 2 is a 90° rotation of generation O and is
moved over one space. In generation 4, the spaceship
returns to the orientation of generation 0, but has

the honey farm, shown in figure 8b. (This
initial pattern used for producing a honey
farm differs from the one discovered by
Conway and his collaborators.) Within the
brief history of this pattern, it gains new
symmetry it can never lose. Apparently,
unless the pattern dies out completely,
symmetry can only be gained, never lost.
Another example of a pattern increasing
its symmetry is given in figure 9. Again,
beginning with only partial symmetry,
it evolves into another known pattern,
a beautiful oscillating pattern called Pulsar
CP 48-56-72. It reaches this pattern in 26
generations during which it gains its
symmetry. (The initial pattern given here

moved over two spaces.

is again an alternative path to the known
pattern.) The oscillating period of the Pulsar
is three generations, and it provides a very
interesting display.

The “Garden of Eden”

Up to now, the evolution of patterns has
been considered, using some initial pattern.
Can this initial pattern itself have unusual
properties? It has been proven that a
so-called ‘“‘Garden of Eden’’ pattern must
exist for the game of Life. A “Garden of
Eden” pattern is one which cannot be
produced by any other pattern. In other
words, no pattern ever becomes a ‘“Garden
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of Eden” pattern. Such a pattern can only
exist, therefore, as an initial pattern speci-
fied in generation zero.
P 1 i i e i It has been shown that a ‘“Garden of
.. G SRR AR R B e | , Eden” pattern for Life can exist within a
e | {2 | square with 10 billion squares on each side,
but possibly it could be much smaller.
Perhaps one way to find a “Garden of
Eden” pattern is to apply some program-
ming skill, and all your computer’s spare
time. You start with a pattern you devised
or one your computer generated, randomly
or otherwise. The computer could then
attempt to find a pattern which generates
your pattern by trying out all the patterns
possible in a larger space than your pattern
uses. If it did not succeed in generating
your pattern, you would have found a
“Garden of Eden” pattern. A lucky appli-
cation of this brute force technique may
come up with the answer, but the going will
be very slow. Perhaps some clever shortcut
could be developed.

A Warning

... i e b The game of Life is downright addictive
because there is always another pattern that
you’ll want to try out in your search for
attractive, unusual or unpredictable patterns.
.‘. ] ferg [ ' Examining properties of symmetry and
Elacle e ' ' 2 motion, and looking for “Garden of Eden”
patterns and patterns like the glider gun
‘ will test your ability to predict fate in the
80 Sl £, S (AU PR UL ot - L0 1) S e B Mt L A G e R v | game of Life.

The Program

A program for Life could be written in
BASIC or some other high level language,
but it would be grossly inefficient, both in
size and speed. First of all, only a single
bit is required to store each cell, but there
is no simple way to manipulate individual
bits in BASIC. You would therefore be
forced to use one element of a floating point
array for each cell, and since a floating point
number typically uses three bytes, you
would only make use of one out of every

Figure 7: The glider gun is
shown in mid-cycle with
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two generated gliders, the
arrow indicating  their
direction of travel. A more
detailed description of this
pattern is given in the
February 1971 Scientific
American  column by
Martin Gardner, page 114.

24 bits. That would mean for a 64 by 64
cellular array you would need 12 K bytes.
(Actually, you would need twice this
number since two copies of the cellular
array are needed in the simple Life program
to be described.) The obvious way to reduce
the size is to use every bit; a 64 by 64
cellular array would then require only 512
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| haven't stopped laughing since | read Steve Ciarcia's new book,
“TAKE MY COMPUTER...PLEASE!" It's Steve's first full length book,
and it's the funniest to come along in years! It's even funnier
if you're into computers! Just one crazy misadventure after another,
based on Steve's true experiences, and his computer's inability to cooperate.
You'll roar when you read how he tries to win at Jai-Alai and gets beaten
at his own game. Or how he attempts a stock market killing that goes wrong
when he logs into his broker's computer circuit] Imagine what happens
when our hero sets up a computerized speed trap! And you'll fall on the floor
when our hero builds a foolproof computer burglar alarm,
and then locks himself out of the house with a souffle in the oven!
You can't beat this book for computerized belly laughs. It's got lots of
hilarious drawings that make Steve's easy writing style come to life even more.
And, you can't beat the low, low price of only ¢5.95 + S/H!
Order your copy of “TAKE MY COMPUTER...PLEASE!" Do it today.

It will tickle your

“Take my compute
...please!”

by STEVEN CIARCIA

Milford, Connecticut 06460

(A division of Scelbi Computer Consulting, Inc.)
(203) 874-1573

fancy.

See it at your favorite computer/electronics dealer.

Or order direct from SCELBI: Price shown for North American customers. Master Charge, VISA
Postal and Bank Money Orders preferred. Personal checks delay shipping up to 4 weeks.
Pricing and availability subject to change without notice. IMPORTANT! Include 75¢ postage/

handling for each book delivered by U.S. Mail Book Rate or $2 for each book shipped
First Class or via UPS.
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Figure 8: The snowflake
(a) and the pattern it
generates after 15 gener-
ations, the honey farm (b).

Figure 9: This seed pattern
(a) generates pulsar CP
48-56-72. One of the four
cycle phases of the pulsar
is shown in (b).
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bytes. The most efficient way to manipulate
individual bits is to use assembly language.
This will also be about ten times faster
than a corresponding BASIC program, due
to direct execution.

A general flowchart for a Life program
is shown in figure 10. The program requires
two workspaces, each the full size of the
desired cellular array. The initial pattern is
entered into workspace #1. The program
then creates the next generation in work-
space #2, since the original generation must
not be altered until the new one is com-
pleted. After determining the new gener-
ation in workspace #2, it is copied back into

ENTER THE
INITIAL PATTERN
'ONITO WORKSPACE

SELECT FIRST
CELL

DETERMINE THE
NUMBER OF
NEIGHBORS FOR
A GIVEN CELL

s SET THE
NEIGHBORS O REONDING
? WORKSPACE #2
NO
NEW CELL IN

WORKSPACE #2
SAM
CORRESPONDING
CELL IN
WORKSPACE # |

ELL DIES —
LEAR THE
ORRESPONDING
ELL IN
/IORKSPACE # 2

£0000
™

SELECT
NEXT
CELL

COPY
WORKSPACE #2
INT
WORKSPACE # |

l

DISPLAY
WORKSPACE # |

I

SELECT FIRST
CELL IN
WORKSPACE # |

Figure 10: Flowchart of a Life program.
[Authors’ note: We have written a Life
program for the SwWTPC 6800 system from
this flowchart. Our version requires about
1.5 K of memory for a 2000 cell array, and
takes only 6 seconds per generation. Our
program can be configured for any size array
up to a maximum of 2016 cells. Our 6800
Life program can be obtained from The
Computer Warehouse Store, 584 Com-
monwealth Av, Boston MA 02215.]

workspace #1. The pattern is then displayed,
and the procedure is repeated until the
program is stopped.

As can easily be seen, Life can be a very
interesting game. There are certainly moving
patterns other than those described herein,
and the possibility exists that one of you
reading this could find a previously un-
known moving pattern. If you make any
discoveries while running Life, we would be
glad to hear from you. Enjoy Life!m
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Texas Instruments Impact Printer
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You can rely on SCELBI publications. Becaus
Computer info that is fun and exciting.
Written and illustrated with YOU, the compu

Learn
Micro-
Computers

Brand New!

“Learn Micro-Computers.” Quickly, easily
and enjoyably. For the beginner just

NEWI getting started in microcomputers.

Here are all the fundamentals behind the operation of virtually all micro-
computers. Everything the beginner needs in one handy package. Contain
the popular book Understanding Microcomputers. Written in simple Englis
Clear. Concise. Accepted as the standard for the neophyte, you must own
this 300-page no-nonsense, easy-reading text. Includes simple-to-use
glossary of key microcomputer words. Companion cassette helps you get

# right into it. Chapter-by-chapter talking synopsis. Key review questions.
References to page numbers for further review. You’ll gain extra knowledg
needed for reading and understanding computer magazines, manufacturer’s
literature and to feel ““at home” around computers. A great new idea
developed by the computer experts at SCELBI. Get Yours Now! At your
favorite computer electronics dealer. Or order direct. Learn Micro-Computei
only $14.95. Paperback edition of book alone: $9.95. Hardcover
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misadventures and his computer’s
inability to cooperate. Read his
off-the-wall attempt to beat the
Jai-Alai system. Or how he attempts
a stock market killing but logs
wrong info into his broker’s
computer. What happens when
Steve sets up a computerized
speed trap? And page after belly
laughing page of nonsense, jollies
and even illustrations to bring the
stories to life. 128 pages. Hard
cover. You've got to get yours now!
See it at your favorite computer/

$5.95. Shipping/handling extra.*
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now available!
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are used throughout. Machine
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codes and timing information.
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Figure 1: Transformation of a Life pattern through three generations. This

Introduction

Life is a game that was developed by
Prof John H Conway at the University
of Cambridge and first presented by Martin
Gardner in the October 1970 ‘““Mathematical
Games”’ column in Scientific American.
The game is derived from a field of mathe-
matics known as automata theory (in this
case cellular automata). In the February
1971 “‘Mathematical Games’’ column the
game was described again along with a
good introduction to automata theory.

The game is played on a uniform cellular
grid (in this case an area divided into
squares, such as graph paper) where every
cell is surrounded by eight immediate
neighbors (ie: cells touching the center
cell under consideration). Each cell, or
automaton, can be in either a 1 or O state
(on or off — alive or dead). The population
of cells is changed by a set of predetermined
rules. These changes proceed in intervals
called generations.

The rules are as follows:

® |f a live cell is surrounded by two
or three live cells in the present
generation, it will remain on (or
live) in the next generation.

(e]{e])(e]
(¢]
(e][e)
(o]

[e)(e]
(e]

process is sometimes referred to as the automation of the pattern. Generation

0 is the original pattern of live cells. The succeeding generations proceed

according to the rules of birth, existence and death.

a b c
[e]
O|O] (O O|O| [O| [e](e]
O|0] |O 0|0 [e) [¢]
[e][e]

Figure 2: Example of object contiguity. Group a is considered to be two
distinct objects; groups b and c are considered to be single objects.
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® [f an empty cell is surrounded in
the present generation by exactly
three neighbors, the cell will be on
(ie: born) in the next generation,

® |f a cell has no neighboring live cells,

or only one neighbor, it dies of lone-

liness and will be turned off in the
next generation.

® |f a cell has four or more live cells |

neighboring it, it will die in the next
generation from overcrowding.

These rules are to be applied simultaneously
to every cell in the pattern. The application
of the rules to every bit in the field consti-
tutes a generation. See figure 1 for an
example of rule applications.

Unresolved Questions

What is a unique object in this universe
of cells? What is a collection of objects?
How do we tell them apart? These are diffi-
cult questions to answer conclusively.
For the purposes of this article, an object
is a cluster of connected bits or cells, a
collection of clusters which will cause
births by being near one another, or a
collection of clusters that prevent some
birth that would otherwise occur. Figure 2
gives some examples of patterns that would
be objects and some that would not.

A collection of distinct objects is re-
ferred to as a constellation. Some con-
stellations are so common that they are
named as though they were a single object.
Some of these are presented in figure 3.

Objects

Most people with access to some sort
of computer have probably had a chance
to observe the variety of patterns that
exist within Life and to note some of the
special properties particular to some of these
objects. In order to be able to manipulate
these objects, they have been classified.

The major groupings of classification
are still lifes, oscillators, spaceships, uniform
propagators, and a catch-all group of random
objects. A rough outline of this system is
shown in table 1. | shall attempt to describe



Table 1: Classes and subclasses of objects occurring in Life, along with Table 2: The number of small still life patterns

supplementary information. which occur for each number of live cells up to 14.
a b c d
I
[¢]
o[ [0 (s
O] |0 O] [O (¢
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(«](e] O[o] O O
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O] [0 O[O (s)(e]
O] |0
O

Figure 3: Commonly occurring constellations. These are not a single object, but bear names for convenience, as follows: a,
traffic light; b, honeyfarm; c, fleet; d, bakery.

a b ¢ d e f g h
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() [)[e)
i J k / m n o P

Figure 4: An assortment of still life objects. These remain stable from generation to generation when not disturbed by other
objects. They bear names as follows: (top row, left to right) a, block; b, tub; c, boat; d, beehive; e, ship; f, barge; g, snake; h,
aircraft carrier; (bottom row, left to right) i, burloaf; j, long boat; k, long snake; |, period 3 eater; m, pond; n, long barge; o,
shillelagh; p, hat.
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Note:

A bibliography containing
all Scientific American Life
articles referred to in text is
provided at the end of this
article.

each class and some of the objects of par-
ticular note within each class.

Class I: Still Lifes

Still lifes are objects in which there are
no births or deaths and so remain the same
from generation to generation. These par-
ticular objects are fairly easy to enumerate.
An associate of mine, Peter Raynham,
wrote a program which found all still lifes
of less than 15 bits. The statistics of their
distribution are presented in table 2. Some
of the smaller ones are shown in figure 4.

One of the most practical uses of a still
life is as an eater. An eater is an object
capable of destroying or modifying another
object and being able to return to its original
configuration. Still lifes are good for this
since they are able to attack any configura-
tion at any phase (they are period 1 objects
and do not change).

At present we know of three different
eaters, each able to attack different types
of objects. By differing objects, | mean
objects that have different border config-
urations. Since the eater attacks only the
outside surface of an object, this outer
surface determines which type of eater
might be suitable for use. Each eater will
be described with an object that it can “eat”
to show how that eater works.

The smallest member of the eater family
is the block, shown in figure 4a. The block
is effective in consuming objects that have
one connected bit in the row facing it
(as in figure 5). Its other reason for utility
is the fact that it is very small. In oscil-
lators and spaceship guns, where there may
be little room for the removal of spurious
debris, there is usually enough room for
a block.

The second object of this family is the
most important and versatile. It is the 7
bit still life referred to in figure 4l as the
period 3 eater. This object attacks other

0 7 2 3
% } IOOlO
(e)(e) (o] [e](e](e](e](e) d“G (e]
O[O] [0 () O[0|O[O] O (e] (<] O] [O O
O[O] O[O O[O[O] |0 Oo (] O[O] (e]
(]
O O O (e]
(¢] (] (e]
O O O[O (][] [o)(e]
O[O O[O O[O [](e]
4 5 6 7

Figure 5: A block devours a beehive. This process requires seven generations,

as shown here.
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objects that exhibit a flat connected outer
border that is at least two bits long. Fig-
ure 6 shows such an attack. Almost all ob-
jects will develop this type of border if
they expand. This property renders the
period 3 eater invaluable. Although it is
not quite as small as the block, it is still
very much smaller than any other of the
eater family.

The third such object, the period 6
eater, exhibits similarities to the period
3 eater in the way it eats; however it re-
quires six generations to dispose of its
prey and return to its initial state, whereas
the previous eater takes three generations.
This increase in time is important for su{:-
cess if the object being eaten has left somie
transient debris near the eater. If the eating
mechanism were to reform itself quickly,)
this debris could kill the eater. In this case,
the eater does not reform for an extra three
generations, during which time this debris
may well vanish.

Most of the period 6 eater’s prey are the
same as the period 3 eater’s; but both are
able to attack certain additional objects,
complementing each other very nicely.
Figure 7 shows the period 6 eater con-
veniently disposing of a block.

Class Il: Oscillators

Oscillators are nonmoving objects with
periods of two and greater. A blinker, shown
in figure 8a, is a simple oscillator consisting
of three cells alternating in subsequent
generations between a vertical and hori-
zontal row. At present, we know of roughly
150 unique oscillators with a period greater
than two.

There is a large undetermined number
of period 2 oscillators, since they are very
easy to construct. The oscillators have been
subclassified by relating their mechanisms
and their degree of naturalness. (Natural
objects are those which may evolve from
random patterns of live cells without inter-
vention by the experimenter.)

Since there are only two basic ways in
which a period 2 oscillator can work, these
objects are very well defined. Therefore,
they are assigned to their own subclass
(class lla). They must work as flip flops,
on-offs or a combination of the two. In a
flip flop, deaths occur because of wnder-
population. In an on-off, any deaths that
occur are due to overpopulation. (This
is almost always true. Figure 9 is a period
2 oscillator, which if traced, will reveal
that it adheres to both definitions.) A
variety of small period 2 oscillators is
shown in figure 8; the type of each oscil-
lator is also given.

Next in the hierarchy are billiard table
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configurations (class |lb). These oscillators
are configurations that oscillate within an
enclosed area, like balls on a billiard table.
Billiard table configurations are considered
to be very artificial, since they have not
turned up in the histories of any random
objects. By this, | mean that if live cells
are placed randomly on the plane, the pat-
terns which they generate probably will
never evolve into an artificial object, such
as a billiard table configuration.

They are quite large, as evidenced by
the examples in figure 10. The first example
is the smallest such object, and it consists
of 18 bits. This subclass of oscillators con-
tains the only known examples of oscillators
with periods of 7, 10 and 11.

The next class, /nductors (class 11c),
are natural oscillators that exist in two or
four pieces with an imaginary line of sym-
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Figure 12: Shuttle objects. Object a is the basic shuttle; object b is the twin
bees shuttle, These move back and forth with a relatively long period. Eaters
are used to remove debris from their path.
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Figure 13: Two eater bound oscillators. These differ in that they are stabi-
lized by two different eaters. Oscillator a has a period of 6; oscillator b has a
period of 5.
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metry between them (exhibiting one-way
or two-way orthogonal symmetry). Pulsators
(class 11d) are also so far considered to be
natural oscillators except that they do not
have this line of symmetry. One of their
properties is that they require no external
stimulus to continue oscillating.

The aforementioned subclasses have
greatly similar characteristics, so | have
grouped them together. Most of the initial
oscillators that were found were from this
group, since the methods for harnessing
random objects into oscillators were not
known at the time.

Some of these oscillators are presented
in figure 11; the most important of these
is the pentadecathlon. This object throws
off several sparks (small collections of dying
bits) that can be used to reflect a glider,
reflect two gliders, turn a glider into a block,
turn a block into a glider, etc. Some of the
early research into Life probably might
not have occurred if this object had not
been discovered.

Shuttles (class lle) are important for the
existence of much of the interesting re-
search into Life. Shuttles are objects that
move back and forth with a relatively
large period. The two primary shuttles,
the basic shuttle and the more complex
twin bees, leave debris at their extremities
which would fatally wound the shuttles
if the debris were not removed before they
returned (see figure 12). This is one of the
uses of the eaters that was discussed in the
section on still lifes. In the examples | have
used blocks to remove the debris from the
ends, but just about any of the eaters would
have suited some phase of this debris. The
debris left behind may at first seem to be
somewhat of a bother, but without it there
would most likely not be any known glider
guns (defined later).

The very last class (class Ilg) contains
eater bound oscillators. These oscillators
consist of patterns which generally must
be manipulated in order for the object
to return to its initial state. In figure 13
a good example of two eater bound oscil-
lators is given that also shows the differ-
entiation between two eaters acting on the
same object (which is not often possible).
A period 52 oscillator (figure 14) is shown
to illustrate the unusual properties of ob-
jects being eaten. The center object will
be attacked by one eater twice each time
it rotates (the object rotates 90° every 13
generations). The example in figure 15
is a period 6 oscillator using the period 6
eater. The 7 bit eater is not suitable here
because it would have returned to its original
state too soon and would have attacked
the reforming object. (If the 7 bit eater
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Figure 14: A long period eater
bound oscillator. This object
has a period of 52; 13 gener-
ations are required for 90° of
rotation. The central section is
attacked twice by one eater
each time it rotates.

Figure 15: A period 6 oscil-
lator which employs the period
6 eater. This matching of
period frequencies prevents the
eater from disrupting the re-
forming central group.
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is used, the patterns results in two blinkers,
six blocks, and one tub in 110 generations.)

Class I11: Spaceships

Regrettably, there have been no new
spaceships reported since the orthogonal
spaceships presented in Scientific American
in 1971. These are summarized in figure 16.
The glider (figure 16a), which features
diagonal movement, has been used for
many simulations and constructions.

Movement by an object of one space
in one generation is referred to as move-
ment at the speed of light (c). There is no
distinction made between diagonal and
orthogonal movement, even though alge-
braically the distances are not the same.
The glider travels at c/4 and the three
other spaceships travel at c¢/2. The interest-
ing thing to note is that the three larger
spaceships travel orthogonally. The ortho-
gonal spaceships are most useful in several
of the types of puffer trains to be discussed
in the next section.

Class 1V: Pattern Producing Mechanisms

Class 1V is divided into two sections: the
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first contains static patterns that produce
moving progeny, and the second contains
moving patterns that produce some type
of stationary or moving output.

Spaceship Guns

Class 1Va consists of spaceship guns.
These objects eject projectiles of class [l
objects. The main two objects of class IVa
are the glider guns of primary period 30 and
46. There are no primary guns which pro-
duce any of the other three spaceships.
However, such a mechanism can be built
using glider guns.

The period 30 glider gun (figure 17)
works by having two shuttles of the type
presented earlier aimed at one another.
The debris that would normally be removed
by eaters collides and just happens to create
a glider that escapes without harming the
shuttles. The period 30 glider gun is of
paramount importance to simulations in Life
and the possible existence of computing
mechanisms. These implications will be
discussed in a later article.

The period 46 gun, known as a newgun,
also works by having two shuttles collide.
It may be seen in figure 18. In this case
the shuttle consists of two B heptominos
(described later) travelling opposite one
another to produce debris at both ends of
travel. A glider is produced when these two
shuttles, which are of the twin bees type,
collide at right angles. There are other
arrangements of this shuttle that produce
gliders in other ways, including an ambi-
dextrous variety.

There is another interesting variation:
if one of the debris removing blocks is
removed from the end of one of the twin
bee shuttles, the gun will still work.

Puffer Trains

Puffer trains are patterns that move and
leave debris in their wake. Because these
patterns do move, as opposed to the sta-
tionary spaceship guns, they are not only
able to produce moving debris but also
trails consisting of stationary objects. Leav-
ing stable objects is useful when the inten-
tion is to produce a train of puffers to build
some sort of construction on the fly.

The three basic puffer trains all work
by different means. The train which was
discovered first is presented in figure 19.
The center object is a pre-B heptomino,
which, if traced, will seem to move forward
until the debris in the back of it stops the
uniform forward motion. In this case,
the B heptomino is bounded by two light-
weight spaceships able to control the object;
the whole configuration puffs along at c/2.



This object reaches a stable period of 140
after a startup time of over 1000 genera-
tions. Additional spaceships may be added
to the end of the object to further adjust
the output from it in order to reduce the
final period, the startup time necessary
to reach a stable period and to adjust the
output to blocks, gliders, etc.

A type of puffer similar to the previous
one is called a Schick ship (after its dis-
coverer). This is an interesting object (con-
sult figure 20) in that the “engine’’ is really
a tagalong, an object capable of being
pulled along behind another object (usually
a spaceship). Here, a heptomino follows
a pair of mirrored spaceships. It is quite
remarkable that this configuration leaves
a small trail of debris behind it and that,
although this debris would die if left alone,
additional spaceships following behind are
able to trigger the debris into varying forms
of static debris. The static debris can be
left behind and used later. It is relatively
useful for building armadas because of the
relative simplicity of creating this object
from gliders (producing a basic ship requires
11 gliders).

The last type of puffer train is the small-
est, a mere 11 bits at startup — the size is
somewhat larger when the final repeat
cycle is known, since there is transient
debris in the field. This particular train
travels very slowly, taking 96 generations to
traverse eight spaces (speed c/12). It is also
very unusual in that it is the only known
puffer train that travels diagonally — the
same direction as the glider, but three
times as slow.

Unlike the other puffer engines, this
train does not require that any other space-
ship exist to bound it. To stabilize the basic
engine, a block must be placed somewhere
in the debris produced by the object to
prevent the debris from destroying it. If
the engine is run without a stabilizing block,
some rising debris finally catches the engine
after 11 full cycles and destroys it. The
remaining field settles down to a final
census only after 3911 generations!

Pertinent to the above paragraph is the
fact that random patterns are quite often
able to produce certain types of edge con-
figurations, which enable them to surge
forward with a great burst of speed for short
periods of time. In the case of the switch
engine, when some random exhaust manages
this type of movement, this slow moving
engine is easily caught.

The switch engine (presented in figure
21) will produce, after its startup time,
eight blocks every 288 generations. Other
debris can be produced, including gliders.
Since this train travels so slowly, there are
presently no real uses for it.
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Figure 16: The four known spaceships which occur in Life. Their appellations
are: a, glider; b, lightweight spaceship; c, middleweight spaceship; and d,
heavyweight spaceship. The glider travels diagonally at a rate of one space
every four generations. The other three travel orthogonally at one space
per two generations.
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Figure 17: This glider gun, which has a period of 30 generations, was the
first object of class |Va to be discovered. It periodically emits a glider which
travels away diagonally. The four block still lifes are used as eaters to dispose
of debris. Glider guns are of great importance in simulations, where gliders are
made to collide, thus forming new objects.
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Figure 18: A period 46 glider gun which is called the newgun. Two twin
bees shuttles collide at right angles to produce one glider every 46 gen-
erations. As before, the block still lifes are used to remove debris which
could cause disruption of the formation.
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Figure 19: A puffer train constructed from the precursor to a
B heptomino and two lightweight spaceships. After a startup
period of over 1000 generations. it stabilizes into a period of

140 generations.

Figure 20: A Schick ship puf-
fer train. The engine in this
object is pulled along behind
another object. In this exam-
ple, a heptomino tags along
behind a pair of mirrored
spaceships. This object has a

period of 12.
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Figure 21: The switch engine puffer train, with a basic period
of 96. After startup, it produces eight blocks every 288
generations after the initial stabilization of debris. Although
much various debris may be created with this train, its slow

speed limits its usefulness.

Figure 22: Several com-

mon nonterminal random

objects. These are desig-

nated as follows: a, R

pentomino;, b, B hepto-

mino; ¢, T heptomino, and

d, acorn. The acorn is a

Methuselah type object.

Finding all the descend-

ants of such an object is a
difficult challenge.
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Class V: Random Objects

A random object is simply anything
that does not fit in any of the above classes.
It appears that all random objects eventually
become something from one of the above
classes. It has been assumed that there
are no objects that expand irregularly
forever (this is a common problem in other
cellular spaces using other rules). There
are some very popular nonterminals in life,
which, due to their commonality, have been
given names. In some cases these have been
rather heavily investigated. In figure 22 are
some of the more common nonterminals and
their names.

The most common object of this class
must be the oft publicized R pentomino
(figure 22a), which many people still believe
runs forever. The result of this pattern was,
however, published in Scientific American;
it runs for 1103 generations, producing
four blinkers, eight blocks, one boat, four
beehives, one ship, one burloaf, and six
gliders.

The B heptomino (figure 22b), with a
census of three blocks, one ship and two
gliders in 148 generations, is one of the more
heavily investigated objects, as is evidenced
by some of the material presented in this
article. It has the following interesting
property: the front configuration of the
object moves along to reappear the same
every other generation, but flipped over.

A close relative of the previous object
is the m heptomino (figure 22c) with a
census of five blinkers, six blocks and two
ponds in 173 generations. Phase 1 of this
object was called a blasting cap by the
artificial intelligence researchers at Massa-
chusetts Institute of Technology (MIT);
we call phase 3 a house. If you trace the
house for 30 generations, you will notice
that a house reappears at the front of the
debris ten spaces ahead of where it started.
The house does not appear again after this
because the debris catches up with it and
kills it. Many attempts have been made
to stabilize this object, with no success
as yet.

A random object that consists of fewer
than ten bits and that has descendants
enduring for more than 50 generations is
referred to as a Methuselah. The acorn
pattern (figure 22d) is presently the record
holder for duration. This is presented as a
challenge to anyone who would like a diffi-
cult object to trace.

We hope that some of our investigations
into the more exotic corners of Life will
inspire readers to try their hands at this
fascinating pastime.m



Early issues of BYTE carried a never
completed series by Carl Helmers inad-
vertently entitled “LIFE Line,” which
was also the name used for Robert
Wainwright’s newsletter. These Helmers
articles appeared as follows:

“LIFE Line 1,”” September 1975 BYTE,
volume 1, number 1, pages 72 thru 80;
"LIFE Line 2,” October 1975 BYTE,
volume 1, number 2, pages 34 thru 42;
“LIFE Line 3,” December 1975 BYTE,
volume 1, number 4, pages 48 thru 55;
“LIFE Line 4,” January 1976 BYTE,
volume 1, number 5, pages 32 thru 41.

A bibliography of Scientific American
information on LIFE (all references are
to Martin Gardner’s ‘‘Mathematical
Games’’ column).

October 1970: page 120. This is the original
Life article, including the definition of
the facts of Life, and illustration of
numerous fundamental patterns.

November 1970: page 118. Answers to
several questions posed in the first

article on the subject, including defi-
nition of the several varieties of
spaceships.

January 1971: pages 105, 106 and 108.
Continued progress on the Life front
including answers to several unsolved
questions: and results of a flurry of
computer Life activity.

February 1971: Special ‘‘Mathematical
Games'’ article on “cellular automata
theory."”

March 1971: pages 108 and 109. Short
note about progress made by John
Conway and R William Gosper, plus
illustration of a large scale flip flop
pattern which is delicately balanced
and easily destroyed by minor disturb-
ances such as impact of a glider.

April 1971: pages 116 and 117. Examples
of fuses, the 5 cell cross series, and
announcement of Robert T Wainright's
Lifeline newsletter.

November 1971: page 120. Short note
on continued progress at the MIT Al
Laboratory.

January 1972: page 107. The discovery
of the eater by Bill Gosper at MIT.

Hurry down to your public library if
you wish to use these references, as due
to lack of space some local libraries may
be committing the unspeakable crime of
throwing away Scientific American . ...CH
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issue of BYTE will con-
tain an article b Mar
Niemiec which de

rithms for Life. Reade
who wish to experi-
ment with Life patterns
will find these algo-
rithms useful in writing

efficient Life programs;:

for their computers. ,,

NOW, A TOTAL BUSINESS SOFTWARE PACKAGE OF SEVEN
PROGRAMS ON ONE FLOPPY DISC MAKES IT A SNAP.

OurTBS software package has been in
use for over a year now without a
single failure thereby earning the
privilege of joining our national prod-
uct line. Written in a practical manner
for the businessman who needs a

total accounting system rather than
bits and pieces. The Total Business
System differs from other business soft-

ware offerings in that it is a Complete
package, fully interactive, with auto-
matic updating for all files. Available
on floppy disk under Microsoft Disk
Basic or CP/M the package requires
a minimum of 24K of free memory with
256K of disk memory. We've taken the
hard work out of business software for
micro computers!

INCLUDES

Payables
Receivables

Payroll
Inventory

Fixed Assets
Check Register  Etc.

Financial Reports

Requires licensing agreement—Dealer discounts available.

PO. Box 490099-B

Phone orders call 800-327-6543

Key Biscayne, FL 33149
Information — (305) 361-1153
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Figure 1: The state of a
cell in the next generation
is computed from its pre-
sent state and the states of
the four other cells in its
neighborhood. The neigh-
borhood of a cell consists
of all cells within a dis-
tance of two cells from
the cell in question.
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One-Dimensional Life

The game of Life is known to many com-
puter experimenters for its beautiful, sym-
metrical two-dimensional displays and for its
imaginary population of blinkers, beehives,
gliders, and other strange, pseudoliving or-
ganisms. Invented by the British mathema-
tician John Conway, the game was described
in the ‘Mathematical Games” section of
Scientific American in October 1970 and
February 1971. A series of articles on how
to program it for a home computer also

CELL X TO BE RECOMPUTED

|
L [l f =~ ]~] |
e —f
G e

NEIGHBORHOOD OF CELL X

[ [[] [[e]]e

| |
L]

| [® |@ o ¢ |®
; }

B

Jonathan K Millen PhD
661 Main St
Concord MA 01742

appeared in three of the earliest issues of
BYTE (“LIFE Line 1, 2, and 3,” BYTE Sep-
tember 1975, page 72; October 1975, page
34; December 1975, page 48). It is an attrac-
tive home computer software project, but
the program requirements in memory capa-
city, processor speed and display capability
were more than | possessed in my homebrew
machine. The programming effort also
looked formidable. | developed One-Dimen-
sional Life as a small scale substitute.

Conway’s Two-Dimensional Life traces
successive generations of a pattern of cells in
an infinite square array of cells like an un-
colored checkerboard. The generation rules
determine the state of a cell in the next gen-
eration based on its present state and the
states of its neighbors, the eight cells touch-
ing it.

Each cell has two possible states: off and

[ o] [efe] oo @0

| |
[]

OOCEO OOIE00)
| ¢

L

Figure 2: The generation rules, illustrated here for a few representative cases. Each cell is marked with a dot if it is on, and left
as an empty square if it is off. The next generation of the middle cell in each neighborhood is shown below it. 2a illustrates the
rule that a cell is “born’’ if and only if it has two or three on neighbors in its neighborhood (in each example, the square being
examined is shown in color). 2b illustrates that a cell survives if and only if it has two or four neighboring on cells. Note that a
cell dies if it has three on neighbors.
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on. A cell is “born” (ie: goes on when pre-
viously off) if exactly three of its neighbors
are on. A cell survives (ie: stays on) with
two or three neighbors on. Otherwise it is
off in the next generation.

Generation Rules

In a one-dimensional version, patterns
have to exist in a single row of cells. Each
cell in the row has two cells touching it. |
tried all possible generation rules involving a
cell and its two neighbors, and | was disap-
pointed in the results with all of them. It
finally occurred to me to try a larger neigh-
borhood including not only the adjacent
cells but also the two adjacent to them (see
figure 1). It still took several tries to come
up with generation rules that seemed to
yield a game approaching the richness of the
two-dimensional game. The rules illustrated
in figure 2 met my criteria for interest,
which included the existence of oscillating
patterns with long periods, patterns with
long lifespans that eventually vanish, and
gliders. The rules can be summarized as fol-
lows: Each cell is viewed with respecttoa 5
cell region including itself and two neighbor-
ing sights on either side. Cells with two or
three neighbors on are born and those with
two or four neighbors on survive. The rest
are off in the next generation.

The bare rules are rather plain without
some biological ‘““facts of life”’ to dress them
up. The following explanation is offered:

Rule 1: Birth. Cells that are off but
have either two or three neighbors on,
go on.

Rule 2: Survival. Cells that are on and
have two or four neighbors on stay on.
Those with zero or one neighbors on
die from loneliness; those with three
neighbors on die from overcrowding.
What keeps a cell with four neighbors
on from dying is not clear. Maybe
there is just not enough room to lie
down.

Examples

Let us trace the life spans of a few pat-
terns. The simplest oscillating pattern con-
sists of two adjacent cells on. Its next gener-
ation has two cells on with two cells off in
between, and the third generation regener-
ates the original pattern. Figure 3 shows
three generations of this pattern. Note that
the successive generations of a one-dimen-
sional pattern form a two-dimensional
pattern.

Another period 2 pattern is the flip flop
in figure 4. A line of five adjacent cells on is
also periodic, but with period 6. Seven gen-
erations of it are shown in figure 5.

A glider is shown in figure 6. It looks the
same in every generation, but in each genera-
tion it moves one cell to the right. It is easily
proved, incidentally, that One-Dimensional
Life, unlike Two-Dimensional Life, has no
stable patterns that repeat in one generation
in the same place.

v [l |ee [T
|

: | [[|@f | @ [ ]]
v

» ][] @@ [ ]T]

Figure 3: The simplest oscillating pattern, consisting of two adjacent cells on.
Three generations are shown. Every second generation recreates the original
pattern, so this pattern is said to have period 2. Its alter ego, the pattern with
two cells on separated by two cells off, also has period 2. The three genera-
tions are separated in order to emphasize that they are separate generations
rather than part of a Two-Dimensional Life configuration.
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Figure 4: A pattern with period 2 that oscillates between the starting pattern
and its mirror image. These Rinds of patterns are sometimes called flip flops
in conventional Life terminology. (Note that each line is the complete state
of the Life universe in one generation.)
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Figure 5: A line of five cells that regenerates itself after six generations. In my
experience, this pattern has the longest period of any One-Dimensional Life
pattern.
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Figure 6: A glider pattern, so called because it regenerates itself in a steadily
moving position. This glider has a period of 1.
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We have seen a glider of period 1 and two
static oscillating patterns of periods 2 and 6.
Are there patterns with all possible periods?
| generated the life spans of lines with up to
15 cells and found one new oscillating pat-
tern: a line of 12 cells that oscillates with
period 4. This suggested that static oscillat-
ing patterns could be found for even periods,
though | have not yet found any with pe-
riods longer than six. Of course if one starts
a line of 12 (period 4) and a line of five (pe-
riod 6) far enough apart to keep them from

GENERATION
ECIEOO0000
2 [ J oo oo
3 o0 O o o
Lo 00e0eee

Figure 7: A glider that moves right by one cell every three generations. It has
length 8, there is another period 3 glider of length nine. The two intermediate
patterns of this glider are, of course, also gliders of period 3.

Table 1: Vital statistics of the first 28 One-Dimensional Life patterns. The
convention used for identifying the patterns is to regard the pattern as a bi-
nary number: on cells are represented by 1s, and off cells by Os. Only the
cells between the leftmost and rightmost on cells, inclusive, are considered,
and a binary (or hexadecimal) number can then be generated to represent
the pattern.
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interacting, the pattern as a whole will not
repeat until tne twelfth generation, because
12 is the least common multiple of 4 and 6.

What about odd periods? Having found a
glider of period 1, | tried a number of similar
but longer patterns and discovered the pe-
riod 3 glider shown in figure 7. Readers
may enjoy discovering for themselves an-
other period 3 glider that is one cell longer
than the one in figure 7. It is tempting to
conjecture that gliders exist with all odd
periods. If anyone finds oscillating patterns
or gliders of period 7 or greater, | would like
to hear about it.

Tabulation

There is an obvious notation for specify-
ing a pattern without drawing a picture. A
one-dimensional pattern, being just a se-
quence of on and off cells, may be regarded
as a binary number. By convention, we can
consider the pattern proper as just the cells
between the leftmost on cell and the right-
most on cell, inclusive. Thus, the number for
a pattern will always be odd, except for the
‘““all off” pattern, 0. Pattern numbers can be
reported in decimal, octal or hexadecimal to
save space. For example, the first generation
shown in figure 3 (two adjacent cells) can be
represented by binary 11 (or hexadecimal
3). The second generation in figure 3 would
then be represented by binary 1001 (or
hexadecimal 9). The pattern of binary 11111
(hexadecimal 1F) goes through the following
cycles, all noted in hexadecimal: 6B, 17D,
49, 1B, 55 and back to 1F. (Note the 3-digit
hexadecimal number 17D, which is needed
because the figure is nine cells wide at that
point in the cycle.)

This numbering system also provides a
handy way of enumerating patterns in a
systematic sequence. This gives rise to the
idea of constructing a dictionary of patterns
in numerical order, listing for each pattern
its vital statistics: whether it oscillates,
glides, dies or leads to a noninteracting col-
lection of oscillating patterns and gliders. By
way of illustration, the first 28 entries in
such a table are shown in table 1.

Theoretically there is also the possibility
that a pattern may grow in mass (ie: the
total number of cells on) without bound,
like the glider gun found for Two-Dimen-
sional Life. No such infinitely growing pat-
tern has yet been found for One-Dimen-
sional Life.

Implementation

The discoveries of the period 4 pattern
and the large period 3 gliders were made
on my Turing machine computer. Imple-
menting the One-Dimensional Life rules was
easy and would probably have been easier if
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PRS ‘*Microfile’’ comes with a complete
and instructive handbook explaining ev-
ery procedure step by step. This unique
documentation is written in clear and
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But PRS **Microfile’’ documentation is
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DIRECTION OF SCAN
—_—

NEW GENERATION <F——F——1> 0OLD GENERATION

CELL BEING RECOMPUTED

F/\

CELL ROW

Figure 8: Calculating the next generation in One-Dimensional Life. The algo-
rithm uses a row of cells and three temporary cell variables. Each cell has one
of two values: 0 for off and 1 for on. Each cell is a bit, a byte, or a word,
whichever is most convenient in the programming language to compute the
algorithm. The states of the cells are recomputed in a scan from left to right.
Cells behind the front of the scan have already been recomputed; those ahead
of it still have their old states. As the algorithm scans from left to right, it
must temporarily remember the old states of each cell long enough to com-
pute the new values of its two neighbors to the right. (Similar temporary
value storage problems arise in conventional Life programs.)
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| had had a more conventional computer to
work with, instead of Turing machine (see
“A Universal Turing Machine,” December
1976 BYTE, page 114). The algorithm for
producing new generations according to the
rules is illustrated in figure 8, visualizing the
memory requirements, and figure 9, a flow-
chart. Note that, as in Two-Dimensional
Life, there is one complication to bear in
mind when computing the next generation:
When you change the state of a cell, you
must remember the old state long enough to
use it in computing the next state of its
neighbors. If the program scans the row
from left to right, changing cells as it goes,
it needs a temporary memory of three cells.
When the front of the scan is at cell N, the
program is able to recompute cell N, after
saving it, using its memory of the prior

NEIGHBORHOOD
CELLS USED TO
RECOMPUTE CELL N

states of cells N - 1 and N - 2, together with
the present states of cells N, N+ 1 and N +
2. The old state of N - 2 may then be for-
gotten and the scan moved right one cell.

I will spare you the details of how this
algorithm can be accomplished in Turing
machine language. A more universal problem
is how to get the patterns displayed. My
only output device, at first, was a single LED
(light emitting diode) that could be stepped
through memory, to display it one bit at a
time. To improve on this | built a visible
shift register, a cascade of two 8 bit shift re-
gisters with an LED on each output, giving
me a movable 16 bit window on memory. |
was considering extending the window to 32
bits when | was lucky enough to get a long
term loan of a SWTPC CT-1024 video dis-
play from a friend who had no present need
of it.

There is a coincidental resemblance be-
tween a Turing machine and a video display:
both normally change memory addresses by
* 1. It turned out to be easy and natural to
patch in the CT-1024 memory in place of
the Turing machine ‘“‘tape’”’ memory. Turing
machine computations were then directly
visible as they progressed on the video
screen. One more refinement was all that
was needed to display successive generations
of a pattern below one another as in the
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Somcn Seigh Deprec 2 Computes depreciation, 4 methods, any fime
% psnog
Virgin APPENDIX C — FAVORITE PROGRAM CONVERSIONS
You1-$2495 | ol.I—$2495 e | wily ~$995 YoLv-soss VoLvi-$4995 | voLwI-$3995 | Vol il $995
Bookl 90‘*'9 General Npooe Xpﬂ'lm”l’ ram W Professional Homeowner's
Games nmﬁ"%a R oy Programs Programs
Pictures Det| payron
AVAILABLE AT MOST COMPUTER STORES :gg ’sé 50‘0;;& volume handling, poc.:;i R Doyps xcopt 1:'0
Master Charge and Bank Americard accepted. aomect X WiNch g°p°yp°'°°°‘m Ros s"%'&‘&“"‘"m valume for o
Our Software is copyrighted and may not be reproduced or sold. 10% discount on purchases of four or more volumes.

Offer expires January 31, 1979.

& SCIENTIFIC RESEARCH

PO. Box 490099-B Key Biscayne, FL 33149
Phone orders call 800-327-6543 Information — (305) 361-1153
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Figure 9: Flowchart for
the One-Dimensional Life
algorithm.

BEGIN

Photo 1: One-Dimensional

Life

display. On the

author’s system, 1Is are
represented by excla-
mation points and 0Os by
blanks. Each line repre-
sents one generation of
One-Dimensional Life.
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BORN:
CELL (N)=I

INITIALIZE
N=I

Ti=0
T2=0

TO = CELL(N)

l

SUM=T2+TI
+CELL(N+1)
+CELL(N+2)

DIES:
CELL(N)=0

DISPLAY
CELL ROW

SHIFT:
T2=TI
TI =70
N=N+I|

figures: up and down cursor control. Out-
puts were created by decoding the last three
instruction address bits, effectively yielding
eight 1 bit output ports that were strobed
every time an instruction with the appro-
priate address was executed. Two of these
outputs became cursor control outputs.

After all this hardware activity and some
program modifications, the result was the
kind of display shown in photo 1. The
screen has the first 16 generations of a
line of seven cells. This pattern settles down
after 40 generations to a collection of non-
interacting oscillating patterns, but before
that happens it produces one of the most
intriguing displays of its kind, one that |
would never have seen without the help of
a home computer. Of course, readers can
verify these discoveries with any home
computer and share in some of the excite-
ment of exploration which | found.m



‘Software for the Percom LFD-400

Disk Operating and File Management Systems

INDEX™ : The most advanced Disk Operating and File
Management System available for the 6800. INterrupt
Driven EXecutive operating system features file-and-
device-independent, queue-buffered character
 stream 1/O. Linked-File disk architecture, with auto-
_matic file creation and allocation for ASCIl and binary
files, supports sequential and semi-random access

disk files. Multilevel file name directory includes

name, extension, version, protection, and date. Re-
quires 8K RAM at $AOOO Diskette includes numer-
Gloohliies 0 o0 00 e $99.95
MINIDOS-PLUSX: An easy to use DOS for the small
computing system. Supports up to 31 named files.
Available on ROM or diskette complete with source
BEIE o e e $39.95

Basic Interpreters and Compilers

L ‘SUPER BASIC: a 10K extended disk BASIC mterpre- o

ter for the 6800. Faster than SWTP BASIC, 9-digit
accuracy, program CHAINing, BASE O subscnptmg,
improved error reporting, disk data files, and print

column alignment. Program and data files may be
“prepared using one of the Text Editors described

Eolow . . e $49.95
BASIC BANDAID™: Turn SWTP 8K BASIC into a re-
spectable random access data file disk BASIC. In-
cludes many speed improvements and program

CHAINing. When ordering, specify versuon (2.0, 2 2 .

or2.3). Completewithlisting. ............. $17

STRUBAL™: A STRUctured BAsic Language Com—
piler for the serious professional programmer. In-
cludes elements of BASIC, PL/M, and assembly lan-
guage. Features 10-digit floatmg point, strings, scien-

tific functions, and 2-dimensional arrays. Requires

16K RAM memory and LINKING LOADER (see below).
Complete with RUN-TIME and FLOATING POINT
packanes 0T e $99.95

Text Editors

EDIT68: Hemenway Associates powerful disk- based ,

text editor. May be used to create programs and data
files. In addition to SEARCH, CHANGE, DELETE, and
MOVE functions, EDIT68 supports MACROs which
perform complex repetitive editing functions. effi-
ciently. Runs in only 6K RAM. “Spooling” permits text
files much larger than the available RAM memory to be
created andedited; . i sl $29.95
TOUCHUP™: If you already have the TSC Text Editor,
TOUCHUP will convert it into a disk-based text editor.

ROLL function permits text files much larger than the

available RAM memory to be created and edited.
TOUCHUP is supplied on diskette complete with
Soleelieting . - o v s L $17.95

ASSEMBLERS
PERCOM 6800 SYMBOLIC ASSEMBLER: Requires

only 8K of RAM memory to assemble programs with

200 labels. More convenient to use than most as-
semblers; assembly options may be specified at time
giassembly o G $29.95
Complete listing of above assembler ........ $29.95
MACRO-RELOCATING ASSEMBLER ‘This Hemen-
way Associates assembler is for the programming

professional. Generates relocatable and linkable ob-

ject code. MACRO facility permits nested macro
calls. Permits condmonal assembly. Requires 16K
95

RAM ....... B e o e $49.
LINKING LOADER for STRUBAL and the above as-
SemMblBE 0 $19.95
Business Applications -
GENERAL LEDGERSYSTEM ............. $199.95
FULL-FUNCTION MAILING LIST ...... ....$ 9995

Write or call for our complete software catalog.
PERCOM DATA COMPANY, INC.
Dept BP « 318 Barnes * Garland TX 75042
(214) 272-3421

Circle 301 on inquiry card.

For Your SWTP 6800 Computer...

shipping
paid

The LFD-400 is ready to plug in and 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
extra memory required * no “booting” needed

© Attractive metal enclosure.

O Interconnecting cable—fully assembled and tested.

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

© 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.
Minifioppy is a trademark of Shugart Associates.

MINIDOS is a trademark of PERCOM Data Company, Inc.

The LFD-400 is readily expanded to either two or three drives.
Write for details. Send for our free brochure for more informa-
tlofr:w 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 VISA welcome. COD orders require 30% deposit plus 5% handling charge. Allow three
extra weeks if payment is by personal check. The LFD-400 Floppy Disk System is available
nmlmedlately. Allow three weeks for testing and transportation. Texas residents add 5%
sales tax.
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Programming Ouickics
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William Englander
1966 Titus St
San Diego CA 92110

The game of Life was developed by John
Horton Conway and was introduced in the
““Mathematical Games” section of the
October 1970 Scientific American maga-
zine. Life is played on a grid of squares (in
this case a 22 by 22 matrix). A given square
is either occupied or empty. The program
user specifies which squares are occupied
initially.

The game of Life program produces new
generations of the matrix by applying life’s

VER 1.4

DIM AC22,22),R(22,22)

INFUT

FRINT "ENTER INITIAL COORDINATESS:

INFUT X»Y

IF X+Y=0 THEN GOTO 20

IF (X<1)OR(X>20)0R(Y<1)0R(X>20)

X=X+1% Y=Y+1

A(XsY)=A(X»Y)+10

FOR XW=X-1 TO X+1: FOR YW=Y-1 TO Y+1
ACXWr YW EACXW YW +1

THEN FRINT

NEXT YW: NEXT XW
GOTO 10
Lé= B e e o e s e o e o e G e o e o e e S S S e S A G S S s S S S S
INFUT "ENTER FAFER SIZE (IN LINES/FAGE)»

FOR I=1 TO L STEF 2

FRINT L¢
FOR Y=1 TO 22! FRINT "i"j}

B(X»Y)=0

NEXT X! FRINT "i®! NEXT Y
FRINT L$
FOR J=25 TO F: FRINT: NEXT J

FOR X=2 TO 21: FOR Y=2 T0O 21
AW=A(XyY)

"ENTER INITIAL NUMEBER OF ITERATIONS®"3L
0,0 TO END®

"ERROR RE-ENTER"?$

FOR X=1 TO 22
IF A(X»Y)<10 THEN FRINT * "3 ELSE FRINT

laws for birth, survival and death to the
present generation. These laws are:

Birth: An unoccupied square becomes

occupied if in the preceding
generation exactly three of the
eight neighboring squares were
occupied (squares that touch
horizontally, vertically or diag-
onally are said to be neighbor-
ing squares).
An occupied square remains
occupied if in the preceding
generation two or three neigh-
boring squares were occupied.
An occupied square becomes
unoccupied if in the preceding
generation fewer than two or
more than three neighboring
squares were occupied.

Survival:

Death:

Text continued on page 82

GOTO 10

SET UF FAFER & HIT ENTER"#FP

*C1*;

IF (AW=:3)AND(AW-=13) ANDI(AW=>14) THEN GOTO 30

B(XyY)=B(X»Y)+10
FOR XW=X-1 TO X+1¢
EB(XWs YW)=EB(XWyYW)+1
NEXT YW: NEXT XW
NEXT Y? NEXT X

FRINT L$

FOR Y=1 TO 22! PRINT

FOR YW=Y-1 TO Y+1

"i"3: FOR X=1 TO 22

IF B(X»Y)<10 THEN FRINT * *3 ELSE FPRINT "C1"}
A(X»Y)=0
NEXT X?: FPRINT *i®"! NEXT Y

FRINT L$

FOR J=25 TO F! PRINT: NEXT J

FOR X=2 TO 21! FOR Y=2 TO 21

BW=EB(XyY)

IF (BW<:>3)AND(BW<>13)AND(BW<>14) THEN GOTO 40

ACXrY)=A(X»Y)+10

FOR XW=X-1 TO X+1! FOR YW=Y-1 TO Y+1

AXW YW =A(XWy YW) +1

NEXT YW: NEXT XW
NEXT Y: NEXT X
NEXT I
INFUT "ENTER NUMBER OF ADDITIONAL ITERATIONS®"iL
IF L»0 THEN GOTO 20
STOF
END

ERRORS DETECTED

Listing 1: BASIC E program
and sample run of the game of
Life. A sequence of eight states
of Life demonstrates oper-
ation of the program.



professional quality you can count on!

- proudly announces

SUPER-SORT®

The ultimate in high performance
sort/merge

pecifications

IHigh Performance Tournament/Heapsort Algorithm

IMultiple Input Files Read in Parallel for True Merge
Operation. Up to 32 Sort and 32 Merge Input Files Handled.

IDynamically Invokable User Exit Routines

JRecord Selection via SELECT/EXCLUDE Statements

JHandles Fixed and Variable Length Records

JHandles Fixed and Variable Length Fields

JHandles up to 32 Sort Keys with Intermixed Sequence
Indicators, Data Types and Alternate Collating Sequences

JHandles Multi-Volume Diskette Files

JCompatible with CP/M* and any Derivative Including
ADOS, IMDOS, CDOS, etc.

18080/8085/Z-80 Compatible

1Specialized Optimizations for Floppy Disk Environment

lKeyword Command Input for Easy Operator Entry

1Benchmarked at Over 560 Records per Minute!

Jinvokable as a Subroutine from FORTRAN, COBOL
and Assembler

JFurnished in Relocatable and Executable Form for
Easy Load-Address Definition

JOptional TAGSORT Operation

JData Types Include ASCII, EBCDIC, Binary, BCD
(COBOL Packed Decimal), etc.

JSupports CP/M-compatible Diskette Files under
BASIC, FORTRAN, COBOL and Assembler.

‘rice $250** includes manual and single densitydiskette.
Aanual only $15 refundable with purchase.

WORD-MASTER®

The last word in text editing

Specifications

CJCompatible with any “Dumb” CRT Possessing Ad-
dressable Cursor and Backspace (Includes Hazeltine -
All Models, SOROC, Lear Siegler, IMSAI-VIOC, ADDS
Regent, Behive, etc.)

[IBi-Directional Word Tab, Line Tab, Screen Tab

[OBi-Directional Word Delete, Line Delete and Character
Delete

[JQuad-Directional Cursor Movements

[IMid-Line Insert and Delete

CJAutomatic RAM/Diskette Buffering With No User
Intervention :

[ONested Command Looping with Conditional Execution

[OGlobal String Search, Global String Replace

OScratch-Pad Buffer for Text Movement, Global
Replication, and String Command Storage

OMultiple Input File Merging with User-Controlled
Insertions for Easy Document Assembly

OMultiple Output File Control by Section Under User
Control

OCompatible with CP/M and Most of its Derivatives

__Including CDOS, IMDOS, etc.

[JUse TEX* for Print Formatting Functions

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

*CP/M and TEX are Trademarks of Digital Research.
** Prices and Specifications subject to change without notice.
© 1978, MicroPro International Corporation. All rights reserved.

ealer Inquiries lnyitedi Call (Northern California) (707) 544-2865, (415) 398-7062, (209) 445-0511, (408) 279-8980, (916) 485-
b19 (Southern California) (213) 224-1619, (714) 634-2908. Outside California Call Collect (707) 544-2865. Principal offices

cated at 5810 Commerce Blvd., Rohnert Park, CA 94928




Listing 1, continued:

RUN LIFE
BASIC-E INTERFRETER - VER 1.3

About the Author

ENTER INITIAL NUMERER OF ITERATIONS? 8
2z s ENTER INITIAL COORDINATES? 0,0 TO END

William Englander is a Sl

self-employed  computer ? 9510

? 10,10
programmer as well as an M

instructor at San Diego v 12510
S 7 0,0
State  University  and ENTER FAFER SIZE (IN LINES/FAGE)» SET UF FAFER & HIT ENTER? 33

National University.
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COULD SAVE
YOU MONEY

« Finally, an objective look at the top
24 micro systems sold throughout the world! ONLY

« Honest pros and cons of each system, plus a s 50
straightforward look at the micro computer 4

industry as it relates to you!

« Written in plain English for the layman. If you are ST VoL

considering the purchase of a personal
computer, this book will save you money!

SAMPLE CONTENTS

« Don’'t Get Hung up on the Chips « Now, about
the hardware « What? No software! « Helpful
suggestions before spending money

; C3
READ UP ON COMPUTERS BEFORE YOU \ N :
LY ;
"

Ed: EJ H

ca Cl H

Cliitd H

PUT YOUR MONEY DOWN! i ;
ONLY $4.50 PER VOLUME :
TELEPHONE TOLL FREE H
800-327-6543— :
or send this coupon! E
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Our Two Bits

Bit Pad Bit Pad One
Bit Pad Bit Pad Onc
Bit Pad Bit Pad OnG
Bit Pad Bit Pad Omne
Bit Pad Bit Pad One
Bit Pad One
Bit Pad Omne

Bit Pad™ is the low-cost digitizer for small computer systems. Better than a
joystick or keyboard for entering graphic information, it converts any
point on a page, any distance into its digital equivalents. It's also a menu for
data entry. You assign a value or an instruction to any location on the pad.
At the touch of a stylus, it’s entered into your system.

Who can use it? Anyone from the educator and the engineer to the hobbyist
and the computer games enthusiast. The data structure is byte oriented for
easy compatibility with small computers, so you can add a power supply,
stand alone display, cross-hair cursor and many other options.

Bit Pad by Summagraphics. The leading manufacturer of data tablet digitizers.
Bit Pad. The only words you need to say when considering digitizers.

$1,000 creativity prize. Just write an article on an original Bit Pad application
and submit it to any national small-computer periodical. If the editors publish
it—and the decision is solely theirs—Summagraphics will pay you $1,000.

11111

111 .
® ®
corporation

TR 35 Brentwood Ave., Box 781, Fairfield, CT 06430
Phone (203) 384-1344. TELEX 96-4348

1111
jNRENEN]

: Dealer inquiries invited
Circle 356 on inquiry card. BYTE December 1978 79
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The VB-2 Video Board. ..
it saves programming time, memory
space, and is built to U.S. video

standards.

Check out all our VB-2's great features, and

compare prices:

e It's an I/O controlled e Circuitry provided to
video interface that drive a speaker for
turns a TV or commer-  external “beep”
cial grade monitor into  tone
a video terminal e B84 x 16 character

* No need for another display includes up-
/0 board for key- per case letters, num-
board input and video  bers and symbols
display « Characters can be

* Hardware controlled switch selected for
cursor for line feed, white on black, or
carriage return, and black on white
backspace ¢ Full interlace for com-

* Reduced software plete compatibility
overhead frees up with video stan-
more memory space dards
for important data e S-100 compatible

e Extra adjustments include adjustable character
width, horizontal margin and vertical position

All for only $149.95. Available at over
100 retail locations, or direct from SSM.

SSM manufactures a full line of S-100 boards. For complete details,

i just send for our new FREE catalog.

S5

2116 Walsh Avenue Santa Clara, CA 95050 (408) 246-2707

*We used to be Solid State Music. We still
make the Blue Boards.

Circle 335 on inquiry card.

Listing 1, continued:
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ITHACA AUDIO

THE OEM MARKETPLACE

IA Expands
S-100 Line

I\)/.idelo
isplay
Board

Featuring a full 128 upper/lower case ASCII
character set stored in a 1K buffer memory.
Ea?{ to read 16 line x 64 character format can
be displayed on an inexpensive video monitor
or a modified TV set. Includes a TTY software
driver. Add our powerful K 2 FDOS to create a
versatile operator console.

$25.00

Disk
Controller
Board

Controls up to 4 single or double sided drives.
Data protect features include automatic
disable of write-gate during power-down for
data integrity. Supported by a reliable
software package, K 2 FDOS and complete
diagnostic documentation.

$35.00

K2
Operating
System

Power full disk software in the DEC tradition.
Includes Text Editor (T ED}. File Package (PIP),
Debu ﬂer g-lD‘Q Assembler (ASMBL
HEXBIN, 1 COPY, System Generator (SYSGEN).
Command syntax follows Digitals 0S-8, RT/11
format. Firstin a tamlp'oofhl h level software.
Soon to be released, FORTRAN & Pascal

$75.00

© 1978 ITHACA AUDIO

Mass Storage at
Incomparable

Prices.

lthaca Audio
Floppy Disk

® Up to 250K bytes, single sided

e Up to 500K bytes, double sided

e Data protect

o Powerful software operating
system includes 8 utility
programs, text editor.

Field-proven
reliable engineering

Over 10,000 boards worldwide prove Ithaca
a\udio %rowdes the quality and reliability you
emand.

Ithaca Audio Boards are fully S-100
compatible, featunng ?old edge connectors
and Iated-through oles. All boards (except
the Protoboard) have fully buffered data and
address lines, DIP switch addressing, solder
mask and parts legend.

2-80 CPU Board Most powerful 8 bit central
processor available. eatunn% })ower-on-
jump, provision for on-board 2708. Accepts

most software. $35_00

8K Static RAM Board High speed static memory
at the lowest cost per bit. Includes memory
protect/unprotect and selectable wait states.

Add the capacity of full size disk to your S-100
microcomputer. Controller, Disk Drive, and
Software available separately.

Memorex single sided

$25.00 | 550 Flexible Disk Drive  $456.
2708/2716 EPROM Board Indi?ensabletor stor- Memorex double sided
ing dedicated programs and often used soft- 552 Flexible Disk Drive $630.
ware. Accepts up to 16K of 2708's or 32K of
2716's. $25.00 | Disk Controller Board $35.

K2 FDOS Available on 8"

Protoboard Universal wire-wrap board for de- floppy disk w. manual $75

veloping custom circuitry. Accepts any size

DIP socket. $25_°o
Quality Components
ZILOG Z-80 $19.00
ZILOG Z-80A 23.00
INTEL 2708 11.00
FAIRCHILD 2102 LHPC 1.60
FAIRCHILD 2102 LIPC 1.35

IMSAI 8080 Kit with 22 Slot M.B.
$560.00

plus $10.00 shipping.

HOW TO ORDER

Send check or mo_neY order, include $2.00 shipping per order
N.Y.S. Residents include tax.

RAM!
32K for $359.

It(t’lgca Aﬁﬂf fis né)\sr §t%cking dthe Mo%tek ?g 15
add-on or S.D.’s Expandoram. Buy their i i M te to:
basic board, 3K of R AMptrom Us and SAVE For technical assistance call or write to

s ITHACA
= AUDIO

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

S.D. SALES Expandoram board
Ithaca Audio 32 4115's @ $5.00 ea.

32K Only

Circle 190 on inquiry card.

BYTE December 1978

81



A\ alpha
A /W Micro

See the exciting 16-bit world of Alpha
Micro at your local Alpha Micro dealer.

MA CONNECTICUT
HUNTSVILLE AMDEN
Computeriand JRV Computer Store
(205) 539-1200 (203) 2811453
ALASKA FLORIDA
ANCHORAGE CORAL GABLES
Data Com Sunny Computer
Systems, Inc“ [sstg;?.“):ucm‘ 5
(907) 344-45: i
FORT LAUDERDALE
ARIZONA Computer People
PHOENIX (305) 792-4965
Byte Shop of HIALEAH
(602) 265-0065 Metronix
TEMPE Computers, Inc
Byte Shop of (305) 885-4700
(602) 967-1421 MIAMI
LL:&SS?::D > Byte Shop of
305) 264-2983
(602) 327-4579 ‘" ) 4
CALIFORNIA HONOLULU
oAl Pan Pacific
Byte Shop of Computs
(415) 845-6366 s o
pany
CARSON (808) 737-5857
Shaw Brothers Small Computer
(213) 770-3688 Systems
COSTAMEBA (808) 732-5246
Orange County
Computer Center IDAHO
(714) 646-0221 BOISE
FRESNO Capitol Office
Electric Brain Machines, Inc
(209) 227-8479 Computer Division
GLENDALE (208) 342-8585
Beaumarc
(213) 244-9348 g:':‘:;: s
LA JOLLA
Tech-Mart Champaign
(714) 45912797 mmjgg“
ICERO
i sw_p o Digital Research
(213) 371-2421 o
MANHATTAN BEACH (EVA’N on
De Marco-Shatz e
Computer Systems MY h‘"V o
(213) 545-4539 31‘;‘ 5’):3 5800
MISSION VIEJO (SCN)AU e
pum"&:;:’ ta Domain of
SRANGE (312) 397-8700
Computer Mart INDIANA
(714) 633-1222 BLOOMINGTON
OXNARD Data Domain
APR Systems (812) 334-3607
fr?;)n‘:g;:f: 2 INDIANAPOLIS
Data Domain
{806) 483-1106 (317) 261-3139
PALO ALTO bk
Byte Shop of nlimited
(415) 327-8080 (317) 849-6505
PASADENA
Khalsa Computer 1OWA
(213) 684-3311 WATERLOO
SAN DIEGO The Computer
Computer Center Center
(714) 292-5302 (319) 232-9504
Computerland of
ol 00 OVERLAND PARK
Personal Computer
SAN LUIS OBISPO Vel g
Byte Shop of .
(805) 543-9310 (913) 640-5042
SAN RAFAEL KENTUCKY
Byte Shop of LOUISVILLE
(415) 457-9311 odiid
—— s
i 426-0429
(415) 450-1366 00 e
SANTA ANA :&':‘:W.Tg
Advanced
Microcomputer Computer Workshop
Products (301) 468-0455
(714) 558-8813 v
ik, b
(805) 966-2638 Computer Mart
SANTA MONICA °a'1?°;'9°e" %8
Mission Control (617) 869-
(213) 8295137 MICHIGAN
The Computer Store ANN ARBOR
(213) 451-0713 Computer Store of
SHERMAN OAKS (313) 995-7616
Peopies ROYAL OAK
Computer Co. Computer Mart of
TARZANA (313) 576-0900
rec
(213) 344-0153 MINNESOTA
VAN NUYS
Computer North Kato Supply
Components (507) 825-5475
(213) 344-0153 MINNEAPOLIS
WESTMINSTER Computer Depot
Byte Shop of (612) 927-5601
(714) 894-9131 MOOREHEAD
I
ORADO o)
coLonD (218) 233-6682
Byte Shop of MISSOURI
(303) 444-8550 PARKVILLE
DENVER Computer
Byte Shop of Workshop
(303) 399-8995 (816) 452-3690
Computer Hut
(Prime Radix) :Imm?s‘
o Mg Big Sky Byte Shop
Computer o (406) 252-2299
ENGLEWOOD
Miti Mini
Computer Co
(303) 770-5005

December 1978 © BYTE Publications Inc

NEBRASKA
OMAHA

Byte Shop of
(402) 339-7350
Omaha
Computer Store
(402) 592-3590

NEVADA

LAS VEGAS
Computer Systems
for Business, Inc.
(702) 873-7400
RENO

Byte Shop of
(702) 826-8080

NEW JERSEY
ISELIN
Computer Mart of
(201) 283-0600

NEW YORK

NEW YORK
Computer Mart of
(212) 686-7923

NORTH CAROLINA
BOONE

Alpha Digital Systems
(704) 264-7946
NEWELL

Digital Dynamics
(704) 3741527

OHIO
CINCINNATI
Digital Design
(513) 561-6733
CLEVELAND
Byte Shop of
(216) 333-3261
COLUMBUS
Midwestern Digital
Electronics
(614) 294-2001

OREGON
BEAVERTON

Byte Shop of
(503) 223-3496

PENNSYLVANIA
BURGETTSTOWN
Business Computer
Concepts

(412) 720-3510
FRAZER

Personal Computer
Corporation

(215) 647-8460
HUNTINGDON
VALLEY

Marketline Systems
(215) 947-6670

TENNESSEE
KNOXVILLE
Byte Shops

of Tennessee
(615) 584-0365

TEXA:!

FORT WORTH
Tandy Computers
(817) 335-7198
HOUSTON
Computercraft, Inc
(713) 977-0664
Computertex

(713) 526-6934
Alpha Computer Solutions
(713) 665-0477
LUBBOCK
Computer Mart of
West Texas

(806) 765-7134
RICHARDSON
The Micro Store
(214) 231-1006

UTAH

SALT LAKE CITY
Byte Shop of
(801) 355-1041
Data World

(801) 943-0033

VIRGINIA
ALEXANDRIA
The Computer
Hardware Store.
Incorporated
(703) 548-8085
SPRINGFIELD
The Computer
Workshop of North
Virginia, Inc

(703) 321-9047
VIRGINIA BEACH
Home Computer
Center, Inc.

(804) 340-1977

WASHINGTON
BELLEVUE
Byte Shop of
(206) 746-0651
SPOKANE
Microsystems.
Incorporated
(509) 747-4135

WISCONSIN
MILWAUKEE
The Milwaukee
Computer Store
(414) 259-9140

WYOMING
JACKSON

Teton Data Systems
(307) 733-6313

ARGENTINA
BUENAS AIRES
Marketon S.A

AUSTRALIA
GORDON
Trudata Pacific
498-67/

WEST PERTH

Australian Computer
roducts

(09) 322-6497

ALICE SPRINGS

Microcomputer

Systems

Alice Springs, NT

NORTH FREMANTLE

James McLarty & Son

-4677

35

NORTH SYDNEY
Kingsway Computers
929-9901

pul
(02) 538-9093

CANADA
TORONTO

The Computer Place
(416) 598-0262
QUEBEC

tore 3
(604) 438-3282
Quill Computer

ems
(604) 684-5032
WINNEPEG
Micro-Byte Ltd
(204) 633-2010

ENGLAND
LONDON
Computer
Applications
Research

(01) 373-4834
SALFORD
MANCHESTER
Computer Design
Systems.

FRANCE

PARIS

Computer Boutique
310-095-047

Euro Computer
Shop Paris

GERMANY
HOLSTEIN

Digitronic
Computersystems 4103
73-93/4103 68-69
MUNICH

Datameg KG

(089) 460-4993

HOLLAND
Romca
Telex 50463

HONG KONG
CAUSEWAY BAY
Teltec
5-783-669

Nihon Terminal
Computer
Tokyo 170

SPAIN
BARCELONA
Infotecnos
(000) 235-7110

SWEDEN
BROMMA
Mentor. AB

SWITZERLAND
ZURICH
Comicro. A G
(01) 242-2603

VENEZUELA
CARACAS

E.DC MEGA.CA
33-79-90

Circle 4 on inquiry card.

Listing 1, continued:
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Text continued from page 76

The Life program in listing 1 was written
in BASIC E and run on an IMSAI 8080.
Since it is necessary to reference the present
generation’s matrix while developing the
next generation’s matrix, two arrays, A and
B, are used alternately. When an array ele-
ment represents an occupied square, it is
given a value of 10. 1 is added to it for each
occupied neighboring square (including itself
for convenience). Consequently a square in
the next generation becomes occupied if its
corresponding element in the present genera-
tion array is equal to 3, 13 or 14 (an empty
square with three neighbors or an occupied
square with two or three neighbors).

Statements 1 through 13 establish the
number of generations to be printed and the
initial occupied squares (in the A array).
Statements 19 through 25 print the contents
of the A array and zero the B array. State-
ments 27 through 34 generate the B array
from the A array. Statements 36 through 42
print the B array and set the A array to zero.
Statements 44 through 52 generate the A
array from the B array and then loop back
to produce the next two generations.m



Thinking of adding mass
memory to your S-100 bus?

You say you're ready for greater storage?
Well now, with average access times of 28
milliseconds, large, on-line direct access car-
tridge disk files have become a reality in
microcomputing. And, ALPHA MICRO
offers you not one, but TWO ways to vastly
increase your system capacity...and do it
without overtaxing your budget.

First, there’s the ALPHA MICRO AM-500™
Hard Disk Subsystem. It uses the popular
CDC 9427H (Hawk) cartridge disk drive
with a total of 10 megabyte capacity (5 fixed,
5 removable). The AM-500 comes com-
plete with interface formatter/controller,
cabling, and disk drive. You can expand
your mass memory to meet your require-
ments, in 10 megabyte increments, up to
40 megabytes.

Circle 4 on inquiry card.

Think twice!

Thinking of even more mass memory?
Check out the ALPHA MICRO AM-400™
Hard Disk Subsystem. It features the
CALCOMP TRIDENT Series Hard Disk
Drive in a choice of models with 25, 50, 80,
200, or 300 megabyte capacity. And, you
can daisy-chain up to four units, on-line, in
any mix. How’s that for capacity?

So, if you're thinking of adding mass
memory to your S-100 bus, be sure to check
out the ALPHA MICRO AM-400 or AM -500
Hard Disk Subsystem at your nearest ALPHA
MICRO Dealer. And while you're there, ask
him to show you the rest of the ALPHA
MICRO hardware and software lines.

-

AM 400™ AM 500™

“ alpha
" .‘ micro
17881 Sky Park North
Irvine, California 92714
(714) 957-1404
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Chess 4.7 versus David Levy

J R Douglas
25 Cannon Dr
Elk River MN 55330

The Computer Beats a Chess Master

After 29 years, computer chess finally
achieved a victory in human competition at
the master class tournament level. During
the fourth game of a match held at the
Canadian National Exhibition from Au-
gust 26 to September 4 1978, International
Master David Levy resigned to Chess 4.7/
CYBER 176 after 56 moves, although he did
win the tournament, 3% to 1%.

David Levy was three years old in 1949,
when the American mathematician and
computer science pioneer Claude Shannon
produced the first paper describing the
methodology for producing chess playing
computer programs. Not until 1956 did any
machine win a game against a human op-
ponent: MANIAC, a system developed at the
Los Alamos Scientific Laboratory, won a
greatly simplified chess game against a
novice player in 23 moves.

12 vyears later, Levy, expert rated and
Scottish National Champion, attended the
Fourth Annual Machine Intelligence Work-
shop. There he took exception to the views
of John McCarthy of Stanford University
and Prof Donald Michie of Edinburgh
University, who agreed that within ten
years a computer system would be World
Champion of chess. Levy countered that not
only would computers fall short of that goal,
but they would be unable to defeat him in a
tournament style match within that 10 year
period. Neither side was able to shake the
other’s convictions and, as a result, Levy
wagered £1250 sterling that he could defend
against the computer advances.

The machine intelligence community had
expected Levy to be defeated by a large net-
work of computers participating in the
game, until 1970, when a Northwestern
University program called Chess 3.0, written
by Larry Atkin, Keith Gorlen and David
Slate, clearly emerged as the leading effort
in the first US Computer Chess Champion-
ship. David Levy was then 24.

The original feeling of confidence Levy
held must have been somewhat shaken as the
years 1973 and 1974 saw Chess 4.0 achieve a
United States Chess Federation rating higher
than that of the average US tournament
chess player. [Note: the version number of
the program increases along with its skill.]
Then, in 1976 and 1977, when Chess 4.5
and 4.6 won the class B championship at the
Paul Masson Open Chess Tournament and
won outright at the Minnesota Open, Levy
conceded that he had begun to think that his
match with Chess 4.7, “would not be a for-
mality but could be just a bit of work.”

The latter part of 1977 and early 1978
saw a series of 2 game matches between
Levy and Chess 4.6, the Duchess program
from Duke, Greenblatt’s MIT program, and
Kaissa from the USSR. Levy handily de-
feated all the programs in the first game.

Chess 4.7, running on a Control Data
Corp (CDC) CYBER 176, had compiled a
rating of 2030 after 31 tournament games
and a speed chess performance rating of
2450, when the last challenge was given. The
issue was to be resolved on the tenth an-
niversary of the original wager, with play to
begin on Saturday, August 26.

Getting a computer to a chess match,
which was the duty of this author and Dr
Dave Cahlander, is a considerably more
difficult task than getting a human to a
match. Crossing the Canadian border with
microprocessor controlled chessboards, and
setting up and testing telephone lines and
modems between Toronto and the CYBER
176 in Arden Hills MN consumed most of a
week.

The glass box in which the match was
held, standing beside three bowling lanes
and a fencing exhibition, faced a large
demonstration chessboard and seats for on-
lookers. A square of chess tables used in
simultaneous play filled the rest of the
room. Opposite the glass box was the stand

Photo 1: International Master David N L Levy ponders his move while sitting in the glass enclosed booth at the Canadian Na-
tional Exhibition. A crucial position in one of the match games appears on the electronic chessboard, which is connected by
telephone lines to a Control Data Corp CYBER 176 computer.
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POSITION AFTER 2. P-KR3

Figure 1: Position occurring in round 1

after White's 12th move.

The player of

Black next unleashes an attack which wins
material and disrupts White'’s Kingside.

P-KN3
B-N2
P-Q3
N-KB3
0-0
P-N3
B-N2
P-QR3
N-K1
10. P-Q4
11. P-K3
12. P-R3
13. PxN
14, P-KN4
15. R-B2
16. Q-K2
17. QxQ
18. KxB
19. PxP
20. P-B4
21. K-N1
22. N-QB3
23. K-R2
24, N-Q1
25. R-B1
26. BxB
27. N-N2
28. PxP
29. K-N1
30. R-B8 check
31. B-B3
32. N/1-K3

CONPOIWN

QxP/6 check
B-N6

QxR check
BxQ check
P-B4

N-K2

RxP check
P-B3

R-R4

R-KB1

N-N3

BxP

R-B8

R-B6

R/4XB check
PxP

N-B1

R-Q6
R/RxN

. NxR

B-N4

. R-Q8

RxP

. R-Q8

R-R8
P-Q5

. P-Q6

. RxP

. R-R5

. B-B3 check

R-K5

. B-N4

R-K7

. RxP/4

R-K7
K-N2

. K-R2
. K-N2
. P-R4
. P-R5

PxP

. P-N7
. PxN
. B-Q6

P-N8=Q
BxR

. B-B4
. B-Q2
. B-K1
. B-B2
Game agreed drawn,

RxN
R-KB6
P-KR3
RxP
R-KB6
P-KN4
P-KR4
K-N2
R-B2
K-B3
K-N3
R-B6
R-B5
R-B2
R-Q2
P-R5
P-N5
P-N3
R-Q1
N-Q2
N-B3
N-Q4
NxR
R-KR1
K-B3
RxQ
KxP
K-B3
K-N3
K-N4
K-R4

Table 1: The score (record of moves) of game 1 of the match. The reader is
asked to examine this game, and to form an opinion concerning which player

had which color of pieces.

lo (callsrgn KA 0A CN)

J R Douglas has 16 years of expérlénce asa in/croprogfilmme/;
g maintains an interest in ,artificla/ intelligence. His hobbles include
photograph y and amateur rad . '

and
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of Josef Smolij, local speed chess king and
guru of the all-night, outdoor Yonge Street
Chess Association. Josef, we were to learn,
would play a large part in the first win ever
for a chess machine at the master level.

The relationship between the opponents
in the Levy match is difficult to describe.
The two Davids, Levy and Slate, and the
CDC folks stayed in the same hotel and ate
meals, travelled and generally spent the en-
tire time together as friends. Levy even con-
sidered the machine to be sort of a friendly
foe. Each night the entire group found itself
on the sidewalks of Yonge Street playing
chess on overturned milk cartons with Joe
Smolij until the small hours of the morning.
Joe demonstrated his ‘““Smash-Crash” Gam-
bit (also known as the Greco Counter Gam-
bit for those who have not yet met Josef)
for 50 cents a lesson.

Levy’s plan for the match was not diffi-
cult to anticipate, since he had demonstrated
that, while tactical positions favored the
computer, strategic positions favored him,
He had used close, quiet games to defeat the
computers in each defense of the wager,
playing a strategic game until a weakness
developed in the computer’s position, then
winning against that weakness.

The game score of round 1 is presented
in the form of a Turing experiment. For
those not familiar with him, Alan Turing
proposed a method for determining whether
a machine should be called ““intelligent.” In
this test, a human, linked via teletypewriter
with a machine, is told that he is communi-
cating with either a machine or another
human. If he is unable to determine with
which of them he is communicating, the
machine can be termed ‘“‘intelligent.” The
question: was Levy White or Black in game 1?
Consult table 1 and form an opinion. The
answer appears in the text box on page 90.

The first game was a draw. This created
a great deal of speculation, as most of the
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POSITION AFTER 63. ...K-R4
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Figure 2: The final position reached in
game 1. The participants agreed to a draw.



BUY NOW PAY LATER

Computerland

; ; TEXAS INSTRUMENTS
Innovations in Calculator Technology

Advancements from Texas Instruments are available in
many forms at ComputerLand. Like the Tl Programmable 58 with
plug-in Solid State Software™ modules. A Master Library module with
25 pre-written programs, including math, statistics, and finance, is
virtually a tool kit for today’s professional. And there are optional
modules available.

With the Tl Programmable 59, you can use blank magnetic cards to
record custom programs to run individually or with programs in
the library modules. And with the Tl Programmer, fast, accurate
conversions and calculations can be performed in either
hexadecimal, octal, or decimal number bases.

Want more? The PC-100A Printer, Plotter will turn your

TI Programmable calculator into a quiet, high-speed

printing calculator that prints, lists, and traces your program.

Programmer

NECTOR GM?HC ‘ A Powerful, Personal S-100 Computer

The Vector 1 digital computer is a powerful, personal com-
puter based on the 8080A or Z-80 microprocessor and the
common S-100 bus structure. Vector 1 has 78 basic machine
instructions and a minimum instruction cycle of two micro-
seconds. There is room for up to 64 K of directly address-
able memory using a parallel 8 bit word/16 bit address
and up to 256 separate input and output devices can be
addressed. For simplicity, reliability, and quality, see Vector
1 and the complete Vector Graphic line at ComputerLand.

s SRRy

minidisigs

¥

The Quality Mini Recording Media

Your data is worthless if you can’t store it safely until you need
it. And not all brands of data storage media provide the safety
you desire. Chances are you've already discovered that the
hard way.

Reason enough to buy Verbatim diskettes and storage files

at ComputerLand. Verbatim diskettes, cassettes, and car-
tridges store your data word-for-word until you call for it.
The captured data is then played back bit for bit, byte for
byte, verbatim. That saves your time. And your money.

When you want to be sure of your data, specify Verbatim

at ComputerLand.

elr)batim®

You're always welcome at ComputerLand

AL: Hayward San Mateo CT: GA: Oak Lawn  MD: NH: Ithaca OR: Dallas INT'L:

Huntsville Inglewood Santa Rosa Fairfield Atlanta Peoria Rockville Nashua ®Long Island Portland Houston Sydney, Australia
AR: Lawndale Thousand Oaks DC: HI: IN: Mi: NJ: NC: PA: WA: Brussels, Belgium
Little Rock Los Altos Tustin Washington  Honolulu Indianapolis Detroit Cherry Hill Charlotte Harrisburg Bellevue Toronto, Canada
AZ: Mission Viejo  Walnut Creek DE: IL: KA: Grand Rapids Morristown OH: TN: Federal Way Winnipeg, Canada
Phoenix San Bernardino CO: Newark Arlington Heights®Kansas City MN: Paramus Cleveland Memphis  Tacoma

CA: San Diego Colorado Springs FL: Downers Grove KY: Minneapolis NY: Columbus TX: wi: ° o X
Dublin San Francisco Denver Boca Raton  Niles Louisville MO: Buffalo Austin Madison oPemng n
El Cerrito San Jose Ft. Lauderdale Springfield Clear Lake Milwaukee December

\ ComputerLand® Corp., 14400 Catalina St., San Leandro, CA 94577 (415) 895-9363 J
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POSITION AFTER 47. ...K-K2

Figure 3: Position reached in game 4 after Black has made his 47th move.
The human chess masters present, including Canadian Master Bruce Amos
and 14 year old US National Master Joel Benjamin, were of the opinion that
White must lose material. White did have a move they missed, and played it.
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POSITION AFTER 56. P-B6

Figure 4: The final position of game 4.
White’s pawns will march irresistibly to the
eighth rank and become Queens. Black can
find no way to stop them, and resigns.

Chess 4.7 Levy Chess 4.7 Levy
1. P-K4 P-K4 30. R-K3 B-R3
2. N-KB3 P-KB4 31. N-K2
3. PxP P-K5
4, N-K5 N-KB3 Chess 4.7 forces the exchange of minor
5. N-N4 P-Q4 pieces, and thereby defangs Levy's attack.
6. NxN check QxN
7. Q-R5 check Q-B2 Biliisisgnig BxN
8. QxQ check KxQ 32. R/1xB P-B4
9. N-B3 P-B3 33. P-B4 RxR
34. RxR R-R5
At this point, Levy announced to the spec- 35. K-N3 R-R8
tators that he was playing the “Smash-Crash’ 36. B-B2 R-Q8
Gambit, attributed to Josef Smolij of Toronto. 37. R-R3 PxP
38. RxP check K-B1
10. P-Q3 PxP 39. R-Q7 R-Q6 check
11. BxP 40. K-N2 B-B4
41. RxP/5 R-Q7
Possessing a one pawn advantage, the com- 42. P-N4 BxP
puter has forced Black's King to remain in the 43. R-Q8 check K-B2
center of the board. 44. R-Q7 check K-B1
45. RxP/4 R-N7
(e N-Q2 46. K-B3
: if 12. B-KB4 N-B4
Photooi. 47ose;jm:/%trte/;i 13. P-KN4 NxB check This move avoids the pin of the Bishop to
gurd e ng 14. PxN B-B4 the King — see why in the next move.
Chess Association, as he 15. 0-04 P-5R4 o o
: i idni 16. N-R B-Q5 gl -
presides over his midnight 17. BK3 B-K4 47. R-08 check K-K2
lessons in the Smash-Crash 18. P-Q4 B-0O3 48. B-R4! check
Gambit. 19. P-KR3 P-QN3
20. R/B-K1 B-Q2 The human masters present did not see this
21. N-B3 PxP move. They thought the computer was certain
22. PxP R-R5 to lose material.
23. P-B3 R/1-R1
48. ... K-B2
Levy has seized command of the King Rook 49, P-N5 P-N3
file. The defense is not at all obvious. 50. R-Q7 check K-B1
51. PxP RxP
24, K-B1 B-N6 52. P-B5 R-R6 check
25. R-K2 B-B1 53. K-N4 R-R5 check
54, K-R5 R-Q5
The move 25. . . R-R8 with check fails 55. R-QB7 B-K2
because of the reply B-N1. 56. P-B6
26. K-N2 B-Q3 Black has no way to prevent the steamroller
27. B-N1 R-R6 pawns from advancing to the eighth rank.
28. R/1-K1 R-N6 check
29. K-B2 R/1-R6 56t Resigns.

Table 2: The score of the fourth round game. The computer had the White pieces and the first
move. After Levy lost the game, Joe Smolij complained that the Smash-Crash Gambit was for
use against people, not machines.

88 December 1978 © BYTE Publications Inc



Photo 3: In game 4,
David Levy stolidly pon-
ders the position after his
move 51 . ... RxP. The
computer’s material and
positional advantage is
large, but tenaciously he
seeks the best defense.

Photo 4: Levy forms his
plan, and reaches out over
the flickering electronic
chessboard to put it into
effect. He may persuade
the computer to trade
Rooks. Getting rid of
Chess 4.7’s troublesome
Rook would allow some
freedom of movement for
Levy’s beleaguered King.

Photo 5: The computer
decides not to trade
Rooks. Levy pulls his
Bishop back to act as a
shield against the final
assault. He smiles as he
sees that the steamroller
pawns will not stop.
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Photo 6: David Slate
(left), of Northwestern
University, and David Cah-
lander of Control Data
Corp watch the computer
terminal as it displays one
of Chess 4.7’s moves in
game 4.

90  December 1978 © BYTE Publications Inc

assembled experts had predicted a 3 game
conclusion to the 6 game match. The rules
required that Levy obtain only three points
to win his wager. Now play would be forced
to at least four rounds. Levy’s concentration
during the opening phase of the second game
did not falter as he quietly put away the
machine without apparent trouble.

Round 3 was not scheduled for six days,
so the glass booth, looking much like an
abandoned bus stop enclosure, sat empty
while various masters played simultane-
ous exhibitions against spectators, amidst
the sounds of three bowling lanes and the
clank of sabers from the adjacent fencing
matches.

Play resumed on September 2. The third
round was another closed and quiet game
which Levy won without apparent effort.
The score then stood % to 2l with Levy
needing only a draw to win the match.
However, he chose to confront Chess 4.7
directly in the fourth round by playing the
Greco Counter Gambit. His decision was
made only hours before, while sitting on a
milk carton playing chess against Joe Smolij,
the Smash-Crash Gambit expert.

Round 4 commenced with fireworks that
never died out during the entire game. The
moves of that game are given in table 2.

Though Levy finished the match in the
fifth round with another closed game and
held his 10 year wager, those on the com-
puter chess side of the contest did demon-
strate the ability to produce master level
games. The most frequently heard comment
after the match was that there were no losers
in Toronto.

What happens now? A new version of the
program, Chess 5.0, waits in the wings, the
CYBER 176 spends most of its waking hours
hard at work aiding in the design of its suc-
cessor, and Levy has offered a prize of
$5000 to the developer of a system which is
able to defeat him in match play within the
next five years. Here we go again.m

The answer to the Turmg experlmen
question (page 86) ;

David Levy was playmg White; (
4 7 was playing the Black pleces .

The computer found a surprising
combination in game 1. The diagram of
figure 1 shows the position immediately
following Levy’s move 12, P-R3. In the
opinion of the computer operators,
Chess 4.7 did not have any definite plan
when it moved its Knight to the fifth
rank. But Levy took 510 seconds to ad-
vance his Rook pawn. The program, cal-
culating during dall this time, explored
enough move trees to find the hidden
benefit in the otherwise unlikely appear-
ing move of Knight takes King pawn.

The key move in the combination
came after Black played its Queen to
King Knight 4. Levy later said that if a
human master had played the Knight
sacrifice against him, he would have
resigned immediately. As it was, he
played on, confident that he could
outmaneuver the machine in the end-
game.  His confidence was justified,

and he managed to salvage a draw.




TRS-80

PLAY CHESS WITH

MICROCHESS is the culmination of two years of chessplaying
program development by Peter Jennings, author of the famous 1K
byte chess program for the KIM-1. MICROCHESS 2.0 for 8K PETs
and 16K APPLEs, in 6502 machine language, offers 8 levels of play
to suit everyone from the beginner learning chess to the serious
player. It examines positions as many as 6 moves ahead, and
includes a chess clock for tournament play. MICROCHESS 1.5 for
BRIDGE CHALLENGER by George Dulsman for 8K PETs, Level Il
16K TRS-80s, and 16K APPLESs: You and the dummy play 4 person
Contract Bridge against the computer. The program will deal hands
at random or according to your criterion for high card points. You
can review tricks, swap sides or replay hands when the cards are
known. No longer do you need 4 people to play! ........ $14.95

ORDERS: Check, money order or VISA/Master Charge accepted;
programs and cassettes guaranteed. If you have questions, please
call us at 617-783-0694. If you know what you want and have your
VISA/MC card ready, you can DIAL TOLL FREE 1-800-325-6400
(24 hours, 7 days; in Missouri, dial 1-800-342-6600). Or you can

Radio fhaek theComputerStore Computerland’

PET

APPLE

YOUR COMPUTER!

4K TRS-80s, in Z-80 machine fanguage, offers 3 levels of play (both
Level | and Level |l versions are included and can be loaded on any
TRS-80 without TBUG). MICROCHESS checks every move for
legality and displays the current position on a graphic chessboard.

You can play White or Black, set up and play from special board
positions, or even watch the computer play against itself! Available
now at a special introductory priceofonly.............. $19.95
STIMULATING SIMULATIONS by Dr. C.W. Engel for 8K PETs, 4K
Level | and || TRS-80s, and APPLEs with Applesoft II: Ten original
simulation games such as Forest Fire, Lost Treasure, Gone Fishing
and Diamond Thief, progressing from elementary to quite complex
with most suitable for schoolchildren. Includes a 64 page book
giving flowcharts, listings and suggested modifications . .. $14.95

mail your order to the address below. Personal Software™ products
are now available at all Radio Shack® stores throughout the United
States and Canada, and from the PET and APPLE dealers listed
below. New dealers are being added daily. For the name and
address of a dealer near you, call us at 617-783-0694 today!

ALASKA

ALPHA ELECTRONICS
601 E. Northern Light Bivd.
Anchorage, AK 99503

CALIFORNIA

ADVANCED COMPUTER PRODUCTS

1310 B East Edinger
Santa Ana, CA 92705

BYTE SHOP
87 Marina Center
Suisan, CA 94585

CAPITOL COMPUTER SYSTEMS
3396 EI Camino Ave.
Sacramento, CA 95616

MARIN COMPUTER CENTER
70 Skyview Terrace
San Raphael, CA 94903

RAINBOW COMPUTING
10723 White Oak Ave.
Granada Hills, CA 91344

SMALL SYSTEM SOFTWARE
2178 Hood Dr.
Thousand Oaks, CA 91360

WASHINGTON D.C.

COMPUTER CABLEVISION
2617 42nd St. NW #2
Washington, D.C. 20007

FLORIDA

FOCUS SCIENTIFIC ENTERPRISES
1601 Biscayne Bivd.
Miami, FL 33132

r.0.Box 136-812 Personal Software’
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MICROCOMPUTER SYSTEMS
144 S. Del Mabry Hwy.
Tampa, FL 33609

ILLINOIS

EMMANUEL B. GARCIA JR.
AND ASSOCIATES

3950 N. Lake Shore Dr. #2310
Chicago, IL 60613

MASSACHUSETTS

THE COMPUTER STORE, INC.
120 Cambridge St.
Burlington, MA 01803

NEW ENGLAND ELECTRONICS
248 Bridge St.
Springfield, MA 01103

MICHIGAN

COMPUTERLAND
29673 Northwestern Hwy.
Southfield, M| 48034

COMPUTER MART OF ROYAL OAK
1800 W. Fourteen Mile Rd.
Royal Oak, M| 48073

LEVEL FOUR PRODUCTIONS
32020 Cheboygan
Westland, M| 48185

NEW DIMENSIONS IN COMPUTING
541 E. Grand River
East Lansing, MI 48823

NEWMAN COMPUTER EXCHANGE
1250 N. Main St.
Ann Arbor, Ml 48104

MINNESOTA

COMPUTERLAND
8070 Morgan Circle Dr.
Bloomington, MN 55431

NEW YORK

THE COMPUTER CORNER
White Plains Mall

200 Hamilton Ave.

White Plains, NY 10601

THE COMPUTER FACTORY
485 Lexington Ave.
New York, NY 10017

COMPUTER MICROSYSTEMS
1311 Northern Bivd.
Manhasset, NY 11030

LONG ISLAND COMPUTER
GENERAL STORE

103 Atlantic Ave.

Lynbrook, NY 11563

NORTH CAROLINA

BYTE SHOP
218 N. Elm St.
Greensboro, NC 27401

COMPUTERLAND
3915 E. Independence
Charlotte, NC 28205

MICROCOMPUTER SERVICES
108-110 Arcade Bldg.
Hickory, NC 28601

OHIO

ASTRO VIDEO ELECTRONICS
504 E. Main St.
Lancaster, OH 43130

OKLAHOMA

BUSINESS MICRO SYSTEMS
7228 W. Reno, Rte. 5
Oklahoma City, OK 73108

PENNSYLVANIA

A B COMPUTERS
c/o Innomark

1411 Callowhill
Perkasie, PA 18944

TENNESSEE

COMPUTER LABS OF MEMPHIS
627 S. Mendenhall
Memphis, TN 38117

TEXAS

COMPUTER TERMINAL
2101 Myrtle
El Paso, TX 79901

UTAH

THE HI-FI SHOP
4680 Holladay Blvd.
Salt Lake City, UT 84117

VIRGINIA

THE COMPUTER PLACE
2718 Colonial Ave.
Roanoke, VA 24015

COMPUTERS PLUS
678 S. Pickett St.
Alexandria, VA 22304

COMPUTER HARDWARE STORE
818 Franklin St.
Alexandria, VA 22314

HOME COMPUTER CENTER
12588 Warwick Blvd.
Newport News, VA 23606

WASHINGTON

YE OLDE COMPUTER SHOPPE
1301 George Washington
Richland, WA 99352

CANADA

COMPUTER INNOVATIONS
36 Beechmont Crescent
Ottawa, Ontario K1B 4A8

KOBETEK SYSTEMS
RR #1 Wolfville
Nova Scotia BOP 1X0

ENGLAND

BYTE SHOP
426-428 Cranbrooke Rd.
Gants Hill, liford, Essex

PETSOFT SALES
P.O. Box 9
Newbury, Berkshire RG13 1PB

GERMANY

ING. W. HOFACKER GMBH
8 Munchen 75
Postfach 437

NETHERLANDS

COMPUTRON
P.O. Box 18663
Den Haag 2502 ER

Cambridge, MA 02138
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Nybbles

Z-80 Assembler

Patrick A Crowe

22 Ringsbury Close

Purton

Swindon ENGLAND SN5 9DE

A Z-80 assembler that implements all of the Zilog defined mnemonics is
available from BYTE. This assembler uses the conventions established by
Zilog in the Z-80 Assembly Language Programming Manual. 1t recognizes
uppercase characters for labels, operators and operands. All defined pseudo-
operations have been implemented except for macroinstructions and con-
ditional assembly commands.

The assembler can be implemented in read only memory. It assumes that a
console display and a paper tape reader and punch are available. However,
since the user must supply the input and output routines for the program,
this is not necessary, and the required functions can point to locations in
memory.

The Nybbles Library is an inexpensive means for BYTE readers to share
some interesting but specialized forms of software. These programs are
written by readers with small computers and printer facilities, and are there-
fore designed for particular systems. The algorithms and programming tech-
niques in these programs can be directly used by readers with similar equip-
ment, or can serve as an inspiration for improvisation on computers of
different characteristics.

Potential authors of such programs should send us a self-addressed
stamped envelope, with a request for a copy of our “‘Guidelines for Nybbles
Authors.” Payment for Nybbles items is based on sales and length of the
item. Rates are set at the time of acceptance.

Nybbles Library programs are sent in listing form, printed on 8.5 by 117
inch paper on both sides. The Nybbles Library programs are 3 hole punched
for collection in loose leaf binders, and come in an attractive folder which
serves as a cover. j

This month “The Z-80 Assembler” (# 101) has been added to the Nybbles
Library. To order your personal copy, at $4 postpaid, fill out the coupon
below.

Please send copies of BYTE Nybble # at$ postpaid.

Check Enclosed

Bill my BAC = Exp Date
Bill my MC & Exp Date
Name
Street
City State Zip Code

N t t '88 BYTE Nybbles Library, 70 Main St, Peterborough NH 03458

You may photocopy this page if you wish to keep your BYTE intact.
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BrighterWriter-

at
these stores.

Arizona

Byte Shop, Tempe, AZ

Byte Shop, Tucson, AZ

California

Jade Computer Products,
Hawthorne, CA

Byte Shop, Lawndale, CA

Computer Center, San Diego, CA

Byte Shop, San Jose, CA

Byte Shop, San Rafael, CA

Computer Store, Santa Monica, CA

Connecticut

The Computer Store, Windsor Locks, CT

Colorado

Computer Technology, Denver, CO

Hawaii

Microcomputer System, Honolulu, HI

Illinois

lllinois Microcomputers, Naperville, IL

Iowa

Memory Bank, Davenport, [A

Kansas

Computer Systems Design, Wichita, KS

Louisiana

Microcomputers of New Orleans, LA

Massachusetts

CPU Shop, Charlestown, MA

Computer Mart, Waltham, MA

Michigan

Newman Computer Exchange,
Ann Arbor, MI

United Microsystems Corporation,
Ann Arbor, MI

Hobby Electronics, Flint, MI

Computer Mart, Royal Oak, Ml

Nebraska

Omaha Computer Store, Omaha, NE

New Hampshire

Computer Mart, Nashua, NH

New Jersey

Computer Mart, Iselin, NJ

New York

Mini-Micro Mart, Syracuse, NY

Ohio

Cybershop Microcomputer Systems,
Columbus, OH

Dayton Computer Mart, Dayton, OH

21st Century Shop
Cincinnati, OH

Oregon

Real Oregon Computer Company,
Eugene, OR

Computer Pathways Unlimited,
Salem, OR

Texas

Micro Mike’s, Amarillo, TX

Interactive Computers,
Houston, TX

Byte Shop, Richardson, TX

Virginia

Computers Plus, Alexandria, VA

The Computer Place, Roanoke, VA

Washington, D.C.

Georgetown Computers,
Washington, DC

Computerland
at most stores

Integral Data Systems, Inc.
‘e 14 Tech Circle, Natick, MA 01760
(617) 237-7610



Pay a little bit more
and get a printer that’s
brighter than your computer.
The BrighterWriter.

When a few dollars more buys
you a first-class impact printer,
why settle for atoy? The Brighter-
Writer gives you quality to start
with. And versatility that stays
aven if you outgrow your
present personal computer.

Built smart like the big ones.
The BrighterWriter's a smart
printer. There’s a microcomputer
inside. It outwits even the bigger,
higher-priced printers. So you
get versatility to do all kinds of
printing. And power to grow on.

s Prints fat, skinny,
tall, small.*
This printer can
.. beascreative
# asyourimag-
mimmedndt Ination. Stretch
GLMR1 Y outyour chic
acters. Squeeze them close.
Make them high. Low.
Bold. Banner. You nameit. <

Plugs into your computer

Most popular personal
computers interface to the
BrighterWriter. Simply and
quickly. Hundreds of
BrighterWriters are working in
Apple, TRS-80, Heathkit, S-100
and many other personal com-
puter systems right now.

Picturesandfancy ; .. g
symbols.* Rt

The BrighterWriter
drawsoutyourcre-
ativity. You can print
drawings, graphs, i
diagrams, bold symbols, or just
about any graphic you can
imagine.

Picture your page as thou-
sands of dots. The BrighterWriter
canfill in the dots, plot them con-
tiguously, stack them, or scatter
them. And its special set of gra-
phic characters
simplifies the
process.

Prints any char-
U ea iU acteratypewriter
et com.Fasier.

The BrighterWriter can prmt
plain and simple. With 7x7 dot
matrix clarity. You get all the let-
ters, numbers, and standard
symbols ofa
regular

typewriter. At up
to 80 cps throughput.

Ordinary paper.

Fancy or plain, the Brighter-
Writer prints on ordinary paper.
Better yet, it prints on many
shapes of paper. Single sheets.
Roll. Fanfold.

Want more copies? The
BrighterWriter prints multiple

copies without extra adjustments.

Four easy buttons.

Operating the BrighterWriter
couldn't be simpler. Up-front con-
trols are easy to getto. Apower

*Some of these advantagesrequire extra-cost options

Circle 177 on inquiry card.
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e

button toturn it on. Atest button to

self-test your printer. A paper feed

button to advance the sheets or

forms. Aline feed button to

advance the paper aline at
atime.

¥ g Lt prints
any-which- way.

The BrighterWriter comesin
two models. The IP-225, at $949,
gives you a BrighterWriter with
tractor-feed drive for precision
forms control. This one can
handle everything from labels to
812" paper widths.

It has eight form lengths and
gives you all the features of our
IP-125.

Abrighter . . . ...
buy. I e
Our IP-125,

friction-feed ,BrighterWriter
has a 96 character set and
prints on 82" wide paper.
Upper and lowercase. It prints
expanded characters, too.

You can choose a RS-232 serial
or parallel interface. $799

Lots of goodies.

There’s more. Choose allkinds
of options for your BrighterWriter.
Upto 132 characters perline, var-
iable character densities, larger
buffers, special graphics pack-
ages, interface cables, and more.

Give us a call or write. Integral
Data Systems, 14 Tech Circle,
Natick, MA 01760, (617) 237-7610.

Better yet, see the Brighter-
Writer at the store nearest you.

@ Integral Data Systems, Inc.
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Interface Your Computer

to a Printing Calculator

Robert H Astmann
58A Spring St
Red Bank NJ 07701

ey ordechns There are many microprocessor applica-
Ve e Vel . tions in which it is desirable to produce a
E e - hard copy of numeric information being
= - = measured or computed, yet even the cheapest
o o e of today’s low cost printers could easily
o " o 3 be the most expensive component of such a
02 o e system. A solution to this problem is to use
02 . o2 g one of the thermal printing calculators now
02 04 “6 available. By means of an interface to a
o1 o1 i microprocessor, the calculator integrated
o = = circuit can be given stimuli identical to those
L L . received during the normal pushing of the
OF 08 L . . .
calculator keys. In this article | describe
oF 04 Paper Advance A 5 %
5 . e such an interface which was implemented
o8 08 , 5 using an Intel 8080A processor and a Texas
Instruments 5050M printing electronic
calculator.
Table 1: Contents of the row vector and column vector tables (RWVCT and
CLVCT, respectively) referenced by the program in listing 1. Basic Control Procedure

I first describe the method by which
data is normally entered on a calculator
keypad. Referring to figure 1, each button

CA e ATEN Crdua on the keypad provides a unique con-

“coL coL 2 co 3 coL 4 coLs nection between a column output line
and a row input line. The calculator inte-

Q Q Q U O grated circuit outputs a scan pulse to each
v v v v v column bus sequentially, and looks for an

input pulse from one of the rows. The
interpretation given to a detected row signal
is therefore dependent on which column
is being accessed during the given time

—
~

5
LT

c "F/a"
& ol
% *g" =
b &5 b b b period.
h| ’] >1 1 ,1 The job for the microprocessor in this
5 : {> row 1 ] application is to monitor the column signals
B AR k/'s" H/""" P = until the column containing the desired
’1 ’1 1 T - character key is active and then to drive the
. b Srowz | 2 correct row bus to a high level so that the
ny 2 t29 P 9 calculator circuit senses the input while the
*/'*l o o "/’1 "/"l T o8 given column signal is still active. The
: : ! > row 3 23 microprocessor software controls this proce-
Ao "y £ dure by using two stored lookup tables (see
b b b T table 1): a list of column vector bytes and a
>] b] 1 ok rons list of row vector bytes. The entries in these

two tables, together with the code for the

Figure 1: Keyboard arrangement of the Texas Instruments 5050M printing calculator. Calculator logic outputs a scan pulse to
each column bus sequentially and looks for an input pulse from one of the rows. This uniquely identifies the key pressed by the
user. Although there are only four row inputs to the calculator circuit, there are five rows of keys. Signals from the upper row
of keys appear simultaneously on all four row inputs through the diode network.
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SOMING!

FRIDAY, SATURDAY, & SUNDAY, APRIL6, 7, & 8,1979

Be at the Northeast’s most exciting show featuring
microcomputers and small computer systems.

The Northeast Business & Personal Computer
Show will be the largest presentation of hardware and
software ever gathered in Boston. And it will all take
place at the spectacular Hynes Auditorium in Boston’s
Prudential Center. Hundreds of displays and exhibits
will showcase microcomputers and small computer
systems for businesspeople ® hobby-

You'll be entertained, educated, enthralled! Win
valuable prizes in the computerized mouse maze
contest, programming contests, and other electronic
competitions. Hear computerized music synthesizers.
See computer-generated art, graphics, and animation.
Watch computer amusements. Play dozens of elec-
tronic and video games.

Internationally recognized speakers will give

lectures and seminars for all cate-

$ . 3 s Ty S T Ty WY = -
ists ® doctors Wscientists engineers i = iEw—. 5 = = = gories andlevels of enthusiasts,

® accountants ® homeowners :":ﬁ!':ﬂ-‘_: T 'B—E;i'ﬂf § including introductory classes for
m researchers ® programmers L~ 3‘-’_ e L UDSEINE. novices. You may even have a
mtechnicians mstudents®educators. & & R Er= I B B. Be chance todemonstrate your own
With special exhibits for children, ' =¥== S = mm= & equipment and applications. So
featuring calculators, computers, - Ee mEam plan to be in Boston this April. This
and educational displays. — - =. v is one show you won't want to miss!

HYNES AUDITORIUM, P

For more information call or write Northeast Expositions, Box

(=2}
oo

NTIAL CENTER, BOSTON

78, Brookline Village, Massachusetts 02147. Phone (617) 522-4467

lullllﬂm
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—--+17V

[+ 40puS coL. |

coL.2

coL.3

COL.4

COL.5

Figure 2: The sequence of column scan signals outputted by the calculator
circuit,

18 JLeSV 22K _n.onv
PBO <] coL
1
oo 12 - <] coL2
20
PB2 v <] coLs
21
L P83 —] coL 4
8255 Tt S e
BORD PROGRAMMABLE H eI
LI paediavon H 7407 4
14 Lesv N2 | 17V
INTERFACE e 1> ; —{"> row
i )
15 ' sh 4 1
PCI lb/ {> row2
) )
16 'sINe '
PC2 c = { > ROW 3
17 : 1/9'\3 :
PC3 L d {T> rowa
: i
[ g 4
< 5.6K
-7
(FROM

CALCULATOR)

POWER WIRING TABLE

wumser | Tree +5 | crouwo
el ] o | s )
2 8255 | 26 ;

Figure 3: Circuitry for interfacing the 8255 programmable peripheral inter-
face to the Texas Instruments 5050M printing calculator. The diodes prevent
the inputs to the 8255 from going above 5.7 V when a column signal goes to
17 V. The output lines from the interface are connected to open collector
drivers (IC1) which translate the 5 V signals to 17 V.
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desired character, determine the mapping of
a column input into a row output.

Hardware Interface

The signalling between the Tl 5050M
calculator integrated circuit and keypad is
illustrated in figure 2. A 17V pulse of
40 us nominal duration is outputted to each
column bus with the entire sequence being
repeated every 7.3 ms. This signalling con-
tinues as long as no button is pushed. When
a button is pushed, the column signals are
extended to about 150 us to validate the
button push. This pulse width is maintained
until the button is released, during which
time any other button push is ignored. It
is immediately apparent that to interface
this calculator to the 8080A processor,
level translation circuitry in both directions
is required. The circuitry | used in this
application is shown in figure 3. An Intel
8255 Programmable Peripheral Interface
integrated circuit was chosen because it
was already interfaced to the 8080A as a
keyboard port. The diodes tied to +5 V in-
sure that the inputs to the 8255 do not go
above +5.7 V when a column signal goes to
+17 V. The output lines from the 8255 are
connected to open collector drivers which
translate a +5 V signal to +17 V.

The necessary connection points within
the calculator case were easily accessed
since there were large metal strips connec-
ting the printed circuit board to the keypad.
A dual trace oscilloscope was used to deduce
the identity of each connection. Once the
columns were identified by noting the time
displacement of the scan pulse on each bus
relative to the others, the rows were identi-
fied by pressing buttons and looking for
responses on the connections that normally
did not exhibit any signalling.

Software Interface

At the heart of the printer control soft-
ware is the driver program, INTER. INTER
is called when a single decimal digit or con-
trol character is to be entered. A 4 bit BCD
representation of the digit must first be
loaded into the C register of the 8080A.
As shown in listing 1, this character code is
used to select the correct column and row
vectors from the two lookup tables con-
tained in table 1.

In my microcomputer system, which is
based on an Altair 8800 computer, this
program was executed out of programmable
memory which utilizes a processor wait



At last, you can get a mammoth 32K memory
without paying a beastly price.The SuperRam™ 32K
static memory kit is just $649 for S-100 systems
(2-80 version, add $70).

The latest of George Morrow's heavyweight
memory designs for Thinker Toys™ the SuperRam™
32K features two independent 16K blocks, each
addressable and write-protectable. It meets the
Proposed IEEE S-100 Standard with full buffering
of both data and address lines. Uncommonly
efficient, the Morrow design utilizes just 7 IC's for

Circle 255 on inquiry card.

control and buffering, drawing typically 2.6 amps.

Ask your local computer shop to order the
SuperRam™ 32K kit for you. Or, if unavailable locally,
order direct from Thinker Toys™, 1201 10th St.,
Berkeley, CA 94710. Or call (415) 524-2101, weekdays
10-5 Pacific Time. Add $3 for handling. (Cal. res.
add tax.)

Morrow makes memory for

Thinker Toys

Judy' the elephant courtesy Marine World - Africa USA




state on each memory access. This had the
effect of reducing program execution speed
to the point where it was not possible to
determine when the desired column was
active and thus to output the appropriate
row signal before the termination of the
same 40 us column signal pulse. Instead,
INTER actually scans the column inputs
until the column to the immediate left of
the desired column is sensed active. Then
there is a software delay, after which the
correct row output is activated. Next there
is a second software delay, after which all

Op
Label Code Operand Commentary
LHLD POINT ; load HL with memory data pointer
MOV CcM™m ; load C from memory with 2 low order digits
INX H
Segment MOV B.M ; load B from memory with 2 high order digits
of INX H
Main SHLD POINT ; save memory data pointer
Program: CALL OUTPR ; enter the four digits
Mvi C,0CH Tyl
CALL LINE ; terminate the line
CALL SKIP ; skip a line
OUTPR: MOV AC ; get 2 low order decimal digits
STA SAVE+1 ; save
MOV AB ; get 2 high order decimal digits
MVI B.O ; clear B reg for INTER
CALL PR2DI ; enter 2 high order digits
LDA SAVE+1 ; retrieve 2 low order digits
JMP PR2DI ; enter 2 low order digits
PR2DI: STA SAVE . save low order digit
RRC
RRC
RRC
RRC ; BCD value for digit to be entered now
occupies right side of accumulator
ANI OFH ; clear left side of accumulator
MOV C,A
CALL INTER ; enter the high order digit
LXI D,0F000H
CALL DELAY , delay for calculator response time
LDA SAVE ; retrieve low order digit
ANI OFH
MOV CA
CALL INTER ; enter the low order digit
LXI D,0F000H
JMP DELAY
SKIP: MVI C,0BH ; paper advance
LINE: CALL INTER
LXI D,0
JMP DELAY ; delay for thermal print head response and paper advance
INTER: LXI1 H,CLVCT ; HL points to head of column vector table
DAD B ; HL points to correct column vector byte
MOV DM ; load D reg. with column vector
LX1 H,RWVCT ; HL points to head of row vector table
DAD B ; HL points to correct row vector byte
COL: IN PORTB ; read status of column signals
ANA D ; is desired column active?
Jz coL ; No, keep looking
MOV AM ; Yes, prepare to output row signal
MVI C,0FCH ; initialize first delay counter
WAIT1: INR (o3
JINZ WAIT1
ouTt PORTC ; time to output row signals
MVI C,0OFOH ; initialize second delay counter
WAIT2: INR Cc
INZ WAIT2
XRA A . clear accumulator
ouT PORTC ; reset row signals
RET
DELAY: INR E
JNZ DELAY
INR D
JNZ DELAY
RET

Listing 1: Assembly language program for interfacing an Intel 8080A pro-
cessor to a Texas Instruments 5050M printing calculator using an 8255 pro-

grammable peripheral interface. Row vector and column vector (RWVCT and

CLVCT) contents are listed in table 1. The first section in the list is the por-
tion of the main program that calls the routines.
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row outputs are zeroed. The initial values
for the software delay counters were deter-
mined experimentally (ie: they were ad-
justed until the calculator consistently
printed a character each time INTER was
called).

The entries in the column vector table
are set up so that a 01 vector will recognize
column 1, 02 will recognize column 2, etc.
Since INTER looks for the column to the
immediate left of the column contain-
ing the desired character, characters in
column 1 (ie: C, %, x, etc), cannot be
printed unless INTER is modified to enable it
to recognize when column 5 is active, then to
delay for about 7.1 ms (ie: until column 1
is active) before outputting a row signal.

Just above INTER in the software hier-
archy is PR2DI, the routine which enters
two decimal digits. The source listing shows
that INTER is called twice by PR2DI.
Each call to INTER is followed by a soft-
ware delay to allow the calculator chip to
store the entered digit and return to the
scan mode. (The digits are not printed,
since the complete line of digits has not yet
been terminated.) The two desired digits
are passed to PR2DI in BCD form via the
accumulator.

In my application, the largest number to
be printed is four digits long. Hence the
routine OUTPR enters four decimal digits
by calling PR2DI twice. The BCD values
for the four digits are passed to OUTPR
via the BC register pair.

Finally, a segment of the main applica-
tion program is shown. A series of 4-digit
numbers is printed as they are fetched from
memory. These numbers are already stored
in BCD form in memory since they are the
result of arithmetic operations that were
followed by the 8080’s decimal adjust
instruction. First, the BC register pair is
loaded with the codes for the four decimal
digits. The memory data pointer must then
be saved in scratchpad programmable
memory since the HL register pair will be
used by INTER. Next, OUTPR is called to
transfer the four digits to the calculator.
Following this operation, the calculator is
waiting for either more digits or a line
termination. The 5050M can be made to
terminate and print a line by means of an
operation keystroke or by using the #/S
key. (If this key is pressed after an operation,
it is interpreted as a request to print a sub-
total. If pressed after a series of digits have
been entered, the numbers are printed and
the line is terminated with a “#’. These
numbers are ignored by the calculator, but
serve as an index for the benefit of the



user.) Hence, at this point in the application
program the code for the #/S key is loaded
into the C register and the subroutine LINE
is called. LINE proceeds to call INTER
and then causes a delay of about 0.5 seconds
which enables the calculator to activate the
thermal print heads and advance the paper.
Finally, the subroutine SKIP is called in
order to skip a line before printing the next
number.

Conclusions

When using a microprocessor in a control
application, it is necessary to be able to
“shake hands’”’ with the device to be con-
trolled. This is best accomplished by struc-
turing the software so that a low-level driver
routine makes the handshaking transparent
to the higher level software.

In this application, the signalling protocol
of the printing calculator is utilized as a
control mechanism by the processor. The
interface between the two devices is easy
to implement and the result is low cost
numeric printing capability. Whenever the
calculator is disconnected from the pro-
cessor interface, it will operate normally
again.m

: ;I;TLES'—

- by Terrapin, e

Small home robots
controllable
by your computer.

Attachable to any computer via parallel interface
(not included.)

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

Computer not included (batteries not needed).

Brochures available Terrapin, Inc.

Kit $300, Assembled $500 33 Edinborough Street
S-100 Bus Interface Kit $40, 6th Floor

Assembled $50 Boston, MA 02111
U.S. postage $5 (617) 482-1033
Mass. residents add 5% sales tax

CLIP axo STRIP

e

Model CAS-130

$198

= CUTS AWG 30 WIRE
TO DESIRED LENGTH

= STRIPS 1”OF INSULATION

MINIMUM BILLING $25.00
ADD SHIPPING CHARGE $2.00
NEW YORK STATE RESIDENTS
ADD APPLICABLE TAX

OK MACHINE & TOOL CORPORATION

3455 Conner St., Bronx, N.Y. 10475 « (212) 994-6600 » TELEX 125091
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Zapper

A Computer Driven EROM Programmer

G H Gable One of the most fascinating and useful
50 Cliftwood Dr products of recent technology is the read
Halesite NY 11743 only memory (often abbreviated as ROM)

and especially useful for the experimental
systems designer is the erasable and electri-
cally programmable read only memory,
variously abbreviated EROM or EPROM.

In designing my first microprocessor
based system, a read only memory was a
must to contain the operating system and
the floating point arithmetic firmware. |
did extensive research into read only memory
systems and after a week or so | was ready
to make a specification. | had previously

Photo 1: The prototype computer read only memory board with four EROM
parts in the center. The eight sockets on the right hold the 1 K bytes of pro-
grammable memory which is selected by a jumper on the pins in the lower
center of the board (off pin 24 of the lowest EROM). The 8212s on the left
are the address bus drivers (lower pair). 8212s are abundantly used because
they are the author’s favorite all purpose medium scale integration chip.
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chosen the processor for the system to be
the MOS Technology 6502 which requires
a memory access time of about 500 ns when
running with a 1 MHz clock. It was very
desirable to have the read only memory
meet this specification for two reasons. First,
because of the dynamic nature of the 6502,
it does not wait for slow memory very
readily. Second, and by far most important,
| wanted my arithmetic routines in read only
memory to run as fast as possible since |
would be using them very often. These con-
siderations ruled out the older 1702 type
memories as too slow.

The choice was obvious as soon as | read
about the Intel 2708. It had all the requisite
features: fast (450 ns) access time, large
array (1024 8 bit words) on a single chip,
and easy straightforward programming. When
| designed this programmer the going price
was $100; currently the prices have dropped
to about $10, making this chip even more
desirable.

The chip is also numbered 8708 to fit
into Intel’s 8000 line which includes the
8080. The 2708 and the 8708 are identical
as far as | know. They are definitely inter-
changeable at a pin level. There is also a
variation of the design called the 2704/8704
which is arranged as an array of 512 8 bit
words. The 2704/8704 is electrically and
logically identical to the 2708/8708 but con-
tains only half as much memory. The high
order address line is not defined for the
2704/8704. (Rumor has it that 2704/8704
parts are identical to 2708s but wired into
the package with the high order address bit
unconnected.)

System Design

My design called for 4 K bytes of read
only memory resident firmware which could
be built up over a period of time as the
operating system and arithmetic routines
were debugged. My approach to this was to
prototype the eventual firmware in normal



programmable memory and then transfer
it to read only memory after debugging. |
designed a 4 K byte read only memory board
(photo 1) which has four 2708 PROM chips
plus 1 K bytes of programmable memory.
The programmable memory can be jumper
selected to occupy any 1 K page on the
board. This allows for prototyping a routine
in the actual address space that it will even-
tually occupy. The system has worked out
extremely well.

It was my original intention to have the
read only memory programmed by profes-
sionals offsite. My impression was that 2708
programming was somewhat complex and
that a programmer board for a limited
number of burns was not very practical. After
learning more about the 2708 my attitude
changed. A little thought convinced me that
a computer driven programmer could be
simply constructed at minimum cost. It
would be very convenient to be able to
program the chips in my own computer and
to be able to make changes and corrections
with a short turnaround time.

Programming the EROM

When initially received, and after each
erasure, all the bits of the 2708 are in the
“1” state (output high). The content of
the 2708 is programmed by selectively
changing state to ““0” in the desired bit
locations. Programming a given byte requires
the address of the byte on the address input
pins and the data byte on the data pins, all
at TTL levels (+5 V) with the write enable
pin held at +12 V, a program pulse of +26 V
at 20 mA is applied to the program pin. The
2708 specifications require that the program
pulse be between 100 us and 1000 us wide.
A series of pulses are required to program a
particular address. Intel recommends that
one pulse be administered to each address
location in a loop. The number of times
the loop must be repeated is a function of
the pulse width. The final accumulated pro-
gram current time to each address must be
greater than 100 ms. Such a scheme is a
natural for computer control.

The Zapper programming board shown
in photo 2 and figure 1 is designed to have
the address and data multiplexed to it
through a peripheral interface adapter (PIA)
with at least eleven output lines. | use the
peripheral interface adapter that is available
on my MOS Technology KIM-1 single board
computer to drive the Zapper. If you do not
have one of these PIAs | recommend either
the MOS Technology 6520 or the Motorola
6820. The address and data are passed

through the lower eight lines (PAO-PA7)
while three of the upper lines (PBO-PB2)
control the multiplexing and programming
current.

The driving computer is expected to
direct the following sequence of events
which will program one address location in
the 2708:

® PBO is brought high to enable the
upper 8212 (IC1) eight bit latch.

® The lower eight bits of the address
are loaded on PAO-PA7 and thus into
the 8212.

® PBO is brought low latching the low
address onto the outputs of IC1 which
are wired to the address inputs of the
2708.

® PBT1 is brought high to enable the lower
8212 (IC2). The upper two bits of the
address are loaded on PAO-PAT1 and
latched when PB1 goes low.

® The data byte is loaded on PAO-PA7
and latched by the PIA.

® PB2 is brought high for the pulse time
gating the program current to the
EROM.

This sequence is repeated the required
number of times to program the EROM.

A Note About UV Bulbs:

MSC Macalaster is located
at Rte 111 and Everett
Tpk, Nashua NH 03060.

Photo 2: The Zapper board with the EROM in the upper left corner. Data
from the PIA as well as logic power and ground come in via the ribbon
cable at the bottom which is connected directly to the computer. Program
power comes in on the cable in the upper right corner from an external
power supply.
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