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

@ 128 Functions—software controlled ® 82 x 16 or 892 x 22 format—plus graphics
@ 7 x 12 matrix, upper/lower case letters @ Printer output port
@ 50 to 38,400 baud—selectable ® "CHERRY' keyboard

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

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

Circle 350 on inguiry card.
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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 1/0O and five on-
board programmable timers.

Add to that vectored interrupts.

Circle 80 on inquiry card.
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ENORMOUS EXPANDABILITY

Besides all these features the Cro-
memco single card computer gives you
enormous expandability if you ever need
it. And it's easy to expand. First, you
can expand with the new Cromemco
32K BYTESAVER PROM card mentioned
above. Then there’s Cromemco’s broad
line of S$100-bus-compatible memory
and 1/O 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.

Card Cage

Cromemco

Specialists in computers and peripherals

1/0 Port #3

87K B TESAVER PRO o

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

.u IMHU.U.H
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g __ Programmable
Baud Rate
UART with

Interval Timers

for System
Expandability

The single card computer

with the features
that help you in real life

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 /O ports and memory locatipns —
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.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400
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Model Z-2

Up to 512K of RAM/ROM

Z-2D
Compurerfystem_»

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

.Z-2D
ComputerySyseem_,

A s

» Ly
;jCNNmeo System Two .:

System Two

Dual disk

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

K'ill 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

Suco wveTEw v—--.}

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.

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

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

Cromemco

Specialists in computers and peripherals

e Cromemco card support of more
than a dozen circuit cards for
process control, business sys-
tems, and data acquisition in-
cluding cards for A-D and D-A
conversion, for interfacing daisy-
wheel or dot-matrix printers, even

a card for programming PROMs.

The industry’s most professional

software support, including

COBOL, FORTRAN 1V, 16K Disk-

Extended BASIC, Z2-80 Macro

Assembler, Cromemco Multi-

User Operating System, Data

Base Management System, Word

Processing System — and more

coming.

e 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.

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

Circle 86 on inquiry card.
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FAST FOURIER TRANSFORMS ON YOUR HOME COMPUTER
Software—Stanley-Peterson

DESIGNING A UNIVERSAL TURING MACHINE: A Software Approach
Software—Munnecke
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ZAPPER: A Computer Driven EROM Programmer
Hardware—Gable
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CREATING A CHESS PLAYER, Part 3: Chess 0.5 {continued)
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LIFEWITH YOUR COMPUTER
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SOME FACTS OF LIFE
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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 Pubkcations 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
}J 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 128

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 fromNorthStar

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.)

NortH Star * Covpeuters
2547 Ninth Street

Berkeley, California 94710

(415) 549-0858

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

Articles Pollcy

BYTE Is continually seeking quadlity
monuscripts written by Indlviduals who
ore goplying personal comgputer 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, potentlal outhors should send a
large (9 by 12 Inch, 30,5 by 22,8 cm),
self-addressed envelope, with 28 cents
US postage dffixed, to BYTE Author's
Gulide, 70 Main St, Peterborough NM
03458.

Articles which ore occepted are
purchased with a rate of up to $50 per
magazine poge, based on technica
quality ond sultabliity for BYTE's
readership, Each month, the outhors
of the two leading orticies In the reader
poll (BYTE's Ongolng Monitor Box or
“BOMB") are presented with bonus
checks of $100 and $50. Unsolicited

fals should be acc led by full
nome and oddress, aos 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
cenfters

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,
{305) 264-2983. Tampa: MicroComputer
Systems, {813) 879-4301. IL: Lombard: Midwest
Microcomputer, {312) 495-98889. |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.,

(301) 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. RI: Warwick:
Computer Power. Inc., {401) 738-4477.

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

{817) 469-1502. Arlington: Micro Store, (817)
461-6081. 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, 93-1988 0r 57-7177. AUSTRALIA:
Sydney: Automation Statham, {02) 702.4144.
BELGIUM: Bruxelies: 5.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 Manita: 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 car



Sol.The small computer that won't
fenceyouin.

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 datain
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 personalcomputershave the
capacity to grow and handle
meaningful work in a very real
sense. And they don’t come
for peanuts.

Remember, there's no
free lunch.

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

Sol small computers are at the
very top of the microcomputer

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

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

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

Build computer power
with our software.

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

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

Processor Technology FORTRAN
is similar to FORTRAN 1V 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.

Processorlechnology
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“hich personal computer 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,

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

to spend weeks and months in assembly.

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

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

owners on top of what’s new.

Apple is so powerful and easy to use

that youll 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 colors & hi-resolution
graphics, too.

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

Back to basics, and
assembly language t00.

Apple speaks three languages: fast
integer BASIC, floating point BASIC
for scientific and financial applications,
and 6502 assembly language. That’s
maximum programming flexibility. And,
to preserve user’s space, both integer
BASIC and monitor are permanently
stored in 8K bytes of ROM, so you
have 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: Qurs 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

:




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

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

Apple is the
proven compnuter.

Apple is a state-of-the-art single
board computer, with advanced LSI
design to keep component count to a
minimum. That makes it more reliable.
If glitches do occur, the fully socketed
board and built-in diagnostics sim-
plify troubleshooting. In fact, on our

Apple peripherals

are smart peripherals.

Watch the far right column of this ad
each month for the latest in our grow-
ing family of peripherals. We call them
“intelligent interfaces.” They’re smart
peripherals, so you can plug them in
and run them from BASIC without
having to develop custom software.
No other personal computer comes
close to Apple’s expandability. In addi-
tion to the built-in video interface, cas-
sette 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

assembly line, we use Apples to
test new Apples.

/

*Apple Il plugs into any standard TV using
an inexpensive modulator {not included).

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

wclpple compu

Programming is a snap!
I'm halfway through Apple’s BASIC
manual and already I've programmed

/ my own space wars game.

= 95014.

nquiry card.
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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
ﬁ‘ are available now.

. With Apple’s Stock
%"’:‘:‘f‘x Quote Reporter
y et — program, a local tele-
v ’A T phone call

i links you to

‘-. Dow Jones’

' continuously
‘_;;“} ’ & updated
o & 3 stock quotes for

< :/ é% more than
._:?- L rap 6000 com-

*»  panies listed
A4  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
1s 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.
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PASCAL PRAISE

| have just finished absorbing the
Pascal articles and editorial in the August
1978 BYTE. If | were a crowd, 1'd carry
you off on my shoulders, cheering.

The pressure of monthly deadlines
seems to have reduced most computerist
periodicals to compendia of “How | Did
This" and ‘‘How to Make That.”” Recent
themed issues of BYTE, though, show
exceptional maturity and some solid
planning. Your reasoned advocacy of a
powerful, common language, with sup-
portive material gathered into one
reference issue, ranks as the most impor-
tant contribution yet.

Pascal appears satisfactory for all our
purposes. The concept of p-code pro-
vides the mechanism for bringing it to
fruition.

Onward, computerists! The milling
about is over.

Paul F Doering
56 Elmore Rd
Rochester NY 14618

AUTOMATON TRUMPETER LIVES

On pages 105 and 106 of "“Antique
Mechanical Computers, Part 2" in
August 1978 BYTE there are references
to automaton trumpeters and a state-
ment that none survive.

| just returned from Europe and ob-
served at the Deutsches Museum in
Munich Germany a life-sized auto-
maton trumpeter. One half (left side)
is clothed and the other half is exposed
5o that the mechanism is visible. Pressed
for time, | was not able to find out if it
still operates, or who constructed it.

William Harmon
2662 Grand Summit
Torrance CA 90505

COMPUTERS AND ADVERTISING

| am working on both a book and a
magazine piece about the use of com-
puters in the field of advertising—parti-
cularly in media control, including
production scheduling, space acquisition
and scheduling for print and broadcast
media.

| would be grateful if any BYTE
readers with experience in this relatively
untapped software area could send me
any information they may have, includ-
ing any programming information which
might be helpful.

I am also interested in a program
which not only ‘includes production and
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scheduling control, but carries the whole
program right through to a daily alert
printout, client billing, and acquisition
of advertising space and time.

Maybe I'm asking for too much—but
| have a feeling that someone out there
may have already worked this out or is
at work on it.

In any event, to anyone who would
care to send me information | can use in
my projected book and article, | would
be most grateful.

Larry Ashman
1624 Dole St #1004
Honolulu HI 96822

SIGNETICS 2650: A CORRECTION

| have just finished reading ‘"How to
Choose a Microprocessor’” by Lou
Frenzel, page 124, in July 1978 BYTE. |
feel that the advice he gives is excellent;
however | also feel compelled to correct
an inaccuracy in his section on the
Signetics 2650. | own and constantly use
a 2650 based microcomputer made by
the Central Data Corp. This is available
in a basic 1 board configuration com-
plete with on board programmable
memory, read only memory, cassette
and video input and outout (IO). It is
expandable to an S-100 system with
floppy disks, 8 K and 12 K BASIC
interpreters, assemblerfeditor, and de-
bugging program. Central Data also
publishes a regular newsletter to com-
municate with the already large number
of users of this system.

| have programmed PDP-11s, 8080s,
the 2650, and a SC/MP. The 2650
instruction set comes closest to the
power of the PDP-11, and I find it a real
pleasure to use.

Gordon Brandly

RR 2

Fort Sask

Alberta CANADA T8L 2N8

SOME REFERENCES ON
NETWORKING AND PROTOCOLS

Concerning your editorial in July
1978 BYTE, there are two pieces of
literature which your readers may want
to review. Both concern the Octopus
computer network in use at Lawrence
Livermore Laboratory in Livermore
CA, which is one of the campuses of the
University of California.

The first article is in Datamation,
April 19 1973, pages 58 thru 63. The
second article is in Computer Design,
July 1978, pages 77 thru 86.

The most impressive points of the
Octopus network design are simplicity of
both software and hardware implemen-
tation; suitability for use with standard,
inexpensive, byte oriented, asyn-
chronous modem hardware; and easy

Continued on page 158

56 GREAT LOCATIONS

Computerland’

NOW OPEN:

ALABAMA
Huntsville
CALIFORNIA
Dublin
El Cerrito
Hayward
Los Altos
Los Angeles
Mission Viejo
San Bernardino
San Diego
San Francisco
San Jose
San Mateo
Santa Rosa
Thousand Oaks
Lawndale
Tustin
Walnut Creek
COLORADO
Colorado Springs
Denver
CONNECTICUT
Fairfield
DELAWARE
Newark
FLORIDA
Boca Raton
Ft. Lauderdale
GEORGIA
Atlanta
HAWAII
Honolulu
ILLINOIS
Arlington Heights
Downers Grove
Niles
Oak Lawn
Pearia
INDIANA
Indianapolis
KENTUCKY
Louisville
MARYLAND
Rockville
MICHIGAN
Grand Rapids
Southfield
MINNESOTA
Bloomington
NEW HAMPSHIRE
Nashua
NEW JERSEY
Cherry Hill
Bergen County
Morristown
NEW YORK
Buffalo
Ithaca
NO. CAROLINA
Charlotte
OHIO
Cleveland
OREGON
Portland
PENNSYLVANIA
Harrisburg
TEXAS
Austin
Dallas
Houston
WASHINGTON
Bellevue
Federal Way
Tacoma

WASHINGTON, D.C.

WISCONSIN
Madison
INTERNATIONAL

Sydney, NSW Australia

Winnipeg, Canada

Circle 75 on inquiry card.

(205) 539-1200

(415) 828-8090
(415) 233-5010
(415) 538-8080
(415) 941-8154
(213) 776-8080
(714) 770-0131
(714) 886-6838
(714) 560-9912
(415) 546-1592
(408) 253-8080
(415) 5728080
(707) 528-1775
(805) 495-3554
(213) 371-7144
(714) 5440542
(415) 935-6502

Call Directory Assistance
(303) 759-4685

(203) 374-2227
(302) 738-9656

Call Directory Assistance
Call Directory Assistance

(404) 953-0406
Call Directory Assistance
(312) 255-6488
(312) 5600193
(312) 967-1714
(312) 422-8080
Call Directory Assistance
Call Directory Assistance
(502) 425-8308
(301) 948-76 76

(616) 942-2931
(313) 3568111

(612) 884-1474
(603) 889-5238
(609} 795-5900
(201) 845-9303
(201) 5394077

(716) 836-6511
(607) 2774888

(704) 536-8500
(216) 461-1200
(503) 6206170
(717) 736-1116
(512) 452-5701
Call Directory Assistance
(713) 9770909
(206) 746-2070
(206) 838-9363
(206) 581-0388
Call Directory Assistance

(608) 273-2020

29-3753
Call Directory Assistance
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BEFORE YOU BUY COMPUTER 1, ST 1

I the truth is thot you wont o
computer . . . then we wont to be your
computer store.

We're Computerlond, the #1
computer stare chain in the U.S. What's
meoningful about thot foct is, that
ComputerLond hos been chosen by more
people os having whot they've been
looking for. And, since you're locking, let
us tell you whot you'll find, when you visit
o Compvuterlond store.

You'll find o praduct line thot's
continuolly evoluoted to provide you with
the widest ond best selection in quolity,
broand nome microcomputers onywhere.
You'll find on enthusiostic ond
knowledgeoble stoff oble to interpret all
the equipment specificotions, in terms of
how they opply to you, ond in o woy
you'll understand. You'll find demanstration
oreos where you con get o firsthond
experience of running a computer yourself.

GOMPUTERS
FOR BUSINESS

You'll find educotionol moteriols to give
you o tofol insight into the world of
microcomputers.

You'll find o fully equipped service
department to provide whotever ossistance
is required fo keep your computer running
in top-notch condition. You'lt find computer
user's clubs to join, where you con shore
ideas with people as enthusiastic os
yourself, And, with each new visit, you'll
find excitement —from the people you deol
with, the equipment they offer, and from
your own ever-growing personal
involvement.

-’
Enough obout us. How obout whot
computers do. To oftempt to describe oll
the things your computer might do, would
be to describe your imoginotion. So
insteod, we’'ll briefly list some of the mony
things for which smoll computers ore
olready being vsed.

In business, the odvent of the
versatile ond compact microcomputer hos

put the benefits of computing within reoch

of smoll componies. With systems storting
at less thon $6000, the businessmon con

computerize things like occounting,
inventory control, record keeping, word
processing and more. The net result is the
reduction of odministrotive overheod ond
the improvement of efficiency which ollows
the business to be monoged more
effectively.

In the home, o computer con be used
for personol budgeting, trocking the stock
morket, evaluoting investment opportunities,
controlling heoting to conserve energy,
running security olorm systems, ovtomaoting
the gorden’s watering, storing recipes,
designing chollenging gomes, tutoring the
children . . . and the list goes an.

In industry, the besic opplications ore
in engineering development, process
control, ond scientific ond onolyticol work.
Users of microcomputers in industry
hove found them to be relioble, cost-
effective.tools which provide computing
capability to many who would otherwise
hove to woit for time on o big computer,
or work with no computer ot oll.

Sar

And now we come to you, which leads
vs right bock to where we storted: If you
want a computer, then we want to be
your computer store.

Whether you want a camputer for the
home, business or industry, come to
ComputerLand first. We'll moke it eosy for
you to own your first computer. Becouse,
simply put, we reclly want your business.
When you come right down to it, that's
what makes us #1.

Computerland’

WE KNOW SMALL COMPUTERS

14400 Catalina St., San Leandro, CA 94577 {415) 895-9363 « Franchise Opportunities Available
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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 hobbyists.

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

FRRST SMALL SYSTEM WITH
BIG SYSTEM STORAGE

Many applications handle large
quantities of information, so the DB8/2
uses two quad density S-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 S-inch drives to
fully utilize CP/M,* the most widely
accepted disk operating system. We
also supply and support BASIC, FOR-

* CPM 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 OF ALL

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

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

operator safety.

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

THE INSIDE FACTS

The DB8/2 Computer System in-
cludes two 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
CP/M.

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

The DB8/4 Disk System, designed
to be the mass storage companion to the
DB8&/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 yourlocal dealer.

DINABYMTE

YOU CAN DEPEND ONIIT.

Circle 110 on inquiry card.
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(a)

(b)

x{t)

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) is
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

—j2nft

xtf= [ xe | dt

where X(f}) is the Fourier transform of x(t).
[The constant jis used in electrical engineer-
ing to denote A/—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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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 itt Designed the industry's
first fully reliable, field proven, dual-head
design—now availablein 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 price.

To save time and moneyin 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 Pe1Sci 1170 is 2-80 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 tull 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 spectrumofa
signal is known, the time function may be
determined from the inverse transformation
which is given by

x(t) =f oaX(f)en"hdf

x (n)

POINT WHERE NEW
[ I PERIOD BEGINS
T N-1 TIME INTEGER
(”) j— tp !
Ix tm}]|
'y
L ] |
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4 7 ' : |
H |
ro
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P
| : I I POINT WHERE NEW
\ ? { Pl /pEmoo BEGINS
I t poit ol
L N S S G B I
N/2 N-I FREQUENCY INTEGER
S AL (HARMONIC NUMBER)
(b) —— t g — |

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 N2 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
timesignal is t, = NT.

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

;N
X(m) =5 D x(nywm"
n=0

where
—27
N

W=e

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 [X(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



It ma be a hobby, or it may be an Asset... |

It SHOULD be a Heathkit’ Computer System

No matter what your computer system
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N-1
x(n) = Z X(m)w "

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

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 (2’ 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 charl. 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 cyclc, 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 uniqie
spectral components, the total number of
computations required to generate 4 com
plete spectrum is of the order of N2. The
Cooley-Tukey algorithm, published in 1965,
demonstrates orie 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-
guent 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 i shown in tigure 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.

2 DIM X1(256),X2(256)

4 N=2%é | L=8 ! P1=3.,1415%

6 REM -~ GENERATE TIME FUNCTIUN --

10 REM

20 REM LINE NUMBERS 10-499 ARE USED TO

30 REM GENERATE OR INPUT THE TIME FUNCTION
40 REM

500
310
520
230
340
550
260
580
600
610
620
630
6430
650
660
670
675
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
930
960
970
975
980
985
990

PRINT DO YOU WANT A LISTING OF THE GENERATED TIME FUNCTION *;
INPUT AS

IF A$2°ND" THEN 640

IF A$<>°YES® THEN 500

B=X1(0)

FOR Z=0 TO N-1

IF ABS(X1(2Z))»B THLN B=ABS(X1(Z))

NEXT 2

FOR Z=0 TO N-1

FPRINT X1(Z)i; TAB(41+420%X1(Z)/B)i 4"

NEXT Z

REM - SCALE INPUT TIME FUNCTION -

FOR Z=0 TO N-1

X1(Z)=X1(Z) /N

NE