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YOUR CHOICE -smart either way

e Over 140 software driven functions

* 82 x 24 or 82 x 20 screen format — software selectable

e High resolution 7 x 12 matrix characters — P-31 green phosphor
e Upper/lower case character set — plus graphics character set

e b6-key alphanumeric keyboard — plus 12-key cursor, numeric pad
e Internal editing functions — insert, delete, scroll, roll, slide, etc.

e Parallel printer 1/0 port

* 50 to 38,400 baud operation — programmable

e Cursor type, cursor position, print control characters, protected fields,
shift inversion, dual intensity and many other features

8212 — twelve-inch diagnonal screen or 8209 — nine-inch diagnonal screen

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
e SAN ANTONIO, TEXAS 78216 (512) 344-0241
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Cromemeco accepts
your challenge,
Data General

Yes, Data General, we saw your
ad. :
So we realize you hope to win
over some of our computer
business.

And we can see you have reason
to be pleased about your line of
minicomputers. They are MINIs
though.

Reproduced from the
July 31, 1980 issue of
Electronics magazine. |

Circle 1 on inquiry card.

But Cromemco produces state-
of-the-art MICROcomputers.

Powerful ones.

And our micros have some
outstanding advantages.

For example, Cromemco is the

double-sided, double-density floppy

disk drives and with (b) 8-inch

double-sided, double-density floppy

disk drives AS WELL AS (c) 8-inch

Winchester hard disk drives.

only microcomputer manufacturer

to support a broad range of

Cromemco logo on
computer board shown
In original ad

microcomputers with (a) 5-inch

2

i Announcing MBC/2 and MBG/3,
the newest members of Data
General's growing fatnily of
microNOVA™ board computers,
They're the best computers on a
board money can buy. You getup
to 64K bytes of memory, serial
and pam?)vi I/O lines, and soft-
ware support from MP/QS,

our famous micro operating
system. You even get supporting
languages like MP/PASCAL and
MP/EORTRAN IV. See foryourself.
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The competition will always
singthe praisesof their little single
board computer . But from now
= on theyll be doing it falsetto.

That means, of course, that our
customers have a wide choice of
disk storage capability.

UNEQUALLED
SOFTWARE SUPPORT
OK. That was one point.
Here’s another: our stunning
selection of software support.
Cromemco is the only micro

manufacturer to produce both

single-user and multi-user multi-

tasking computers with software

_like this:

SYSTEM SOFTWARE

® CDOS (a CP/M-like operating
system)

CROMIX (a UNIX-like operating
system)

RPG-Il (IBM-compatible)
COBOL

BASIC

FORTRAN IV

RATFOR

LISP

C !

Macro Assembler

APPLICATION SOFTWARE

Word Processing System
Data-Base Management
General Ledger
Accounts Receivable
Accounts Payable
Inventory

All of this is available now with
more coming all the time.

So there you are, D.G.

You can see why we know our
microcomputers will stand the test.

Cromemco eagerly accepts the
challenge.

Cromemco*

Tomorrow’s Computers Today

280 BERNARDO AVE. MOUNTAIN VIEW, CA 94043
(415) 964-7400 » TWX 910-379-6988
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Management Information Display

Ultrasonic heart sector scan

HIGH POINT
RESOLUTION

402 (eertical) hor Lzontal)

High-resolution display with alphanumerics

Get the professional color
display that has
BASIC/FORTRAN simplicity

LOW-PRICED, TOO

Here’'s a color display that has
everything: professional-level resolution,
enormous color range, easy software,
NTSC conformance, and low price.

Basically, this new Cromemco Model
SDI* is a two-board interface that plugs
into any Cromemco computer.

The SDI then maps computer display
memory content onto a convenient color
monitor to give high-quality, high-
resolution displays (756 H x 482 V pixels).

When we say the SD! results in a high-
quality professional display, we mean you
can’t get higher resolution than this
system offers in an NTSC-conforming
display.

The resolution surpasses that of a color
TV picture.

BASIC/FORTRAN programming

Besides its high resolution and low
price, the new SDI lets you control with
optional Cromemco software packages
that use simple BASIC- and FORTRAN-
like commands.

Pick any of 16 colors (from a
4096-color palette) with instructions like
DEFCLR (c, R, G, B). Or obtain a circle of
specified size, location, and color with
XCIRC (x, y, r, ©).

*U.S. Pat. No. 4121283
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Model SDI High-Resolution Color
Graphics Interface

HIGH RESOLUTION

The SDI’s high resolution gives a
professional-quality display that strictly
meets NTSC requirements. You get 756
pixels on every visible line of the NTSC
standard display of 482 image lines. Ver-
tical line spacing is 1 pixel.

To achieve the high-quality display, a
separate output signal is produced for
each of the three component colors (red,
green, blue). This yields a sharper image
than is possible using an NTSC-composite
video signal and color TV set. Full image
quality is readily realized with our high-
quality RGB Monitor or any conventional
red/green/blue monitor common in TV
work.

Model SDI plugs into Z-2H 11-megabyte
hard disk computer or any Cr 0
computer |

DISPLAY MEMORY

Along with the SD! we also offer an ™

optional fast and novel two-port memory
that gives independent high-speed access
to the computer memory. The two-port
memory stores one full display, permit-
ting fast computer operation even during
display.

CONTACT YOUR REP NOW

The Model SDI has been used in scien-
tific work, engineering, business, TV,
color graphics, and other areas. It's a
good example of how Cromemco keeps
computers in the field up to date, since it
turns any Cromemco computer into an
up-to-date color display computer.

The SD! has still more features that
you should be informed about. So contact
your Cromemco representative now and
see all that the SD\ will do for you.

Cromemco

r a

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94043 ¢ (415) 964-7400

Tomorrow’s computers today
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UCSD’

PASCAL
FORTRAN

PORTABLE

Develop on a Z-80,
runonLSI-11%, T. 1. 990,
6800 or vice versa

EFFICIENT
Structured, readable
Speeds development X5
Easy maintenance

POWERFUL
Full standard Pascal
plus extensions

ANSI '77 Fortran Subset

COST EFFECTIVE
Complete system including
interpreter, screen editor,
utilities, filer, assembler,
and compiler.

with Pascal $350

with Fortran $400

with Both $550

APPLICATIONS

PFAS
(Pascal File Access System)
Keyed-ISAM in 6K user

memory $200

INTELLECT V1.2
A full range LISP interpreter
for UCSD p-systems $200

MEDOFFICE
Professional medical office
software for 1 to 5 doctors.
Call for pricing.

DATEBOOK
Appointment scheduling on
your micro $295

READY TO RUN ON
DECPDP-11f or
TRS-80 MODEL 11§

PCD SYSTEMS

P. 0. Box 143
Penn Yan, NY 14527
315-536-3734

*TM Univ. of Calif.
ITM of Zilog

TM of Digital Equipment
§TM of Tandy Corp.
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Computer Speech: An Update

Guest Editorial by Mark C Dahmke

In 1972 [ saw an advertisement in Scientific American for the Votrax speech
synthesizer — a multiple-board system that produced fairly intelligible speech.
Although digital speech synthesis has been with us for more than a generation,
it wasn't until the early seventies that relatively low cost, compact synthesizers
were available for use in industry. At the time, [ became very interested in the
concept and wanted to experiment with a synthesizer, but the price was still
too high for my budget.

Finally, in August 1976, BYTE published an issue on speech synthesis. The
article “Friends, Humans, Countryrobots: Lend me your Ears” described in
detail the Computalker CT-1 speech synthesizer designed by Computalker

comPUTALKIR

Photo 1: The author of this month’s guest editorial, Mark Dahmke (left),
demonstrating the special speech-generating computer system, "“The Bionic Voice,” he
developed for his friend Bill Rush. The Computalker-based system allows Bill, a quadri-
plegic, to “speak” with the aid of a head stick. Mark and Bill were the subjects of a
feature story in Life magazine last year that was later condensed in the Reader’s Digest.
Hollywood is interested, too: a movie is being produced for television that will tell their
story and show how personal computers can make a profound difference in people’s
lives. Mark is a Consulting Editor for BYTE, and has had a continuing interest in com-
puter speech for many years. His forthcoming book, Microcomputer Operating
Systems, will be published by BYTE Books later this year....CM (Photo courtesy Brian
Lanker).
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TRS 80* Model l Computer Owners . .

Double-densnty storage.
It’s really here!

Here at Percom. And your authorlzed Percom dealers.

And double-density storage is here in a

big way. Because now

you can choose from three different levels of mini-disk systems |

all double-density rated.

And get the storage that precxsely meet

needs.

our applicatio‘ .

Not to mention the service and quahty that s made Percom the

industry leader.

Although rated for double-density operation, all
levels of Percom drives work equally well in single-
density applications.

You can operate these drives in ordinary single-
density format using TRSDOS¥*, Percom OS-80™
or any other single-density operating system.

Or, you can add a Percom DOUBLER™ to your
Tandy Expansion Interface and store data and
programs in either single- or double-density
format.

Under double-density operation, you can store
as much as 350 Kbytes of formatted data — de-
gending on the drive model. — on one side of a
ive-inch minidiskette. =~ That’s four times the
capacity of standard 35-track Model I mini-
disks, almost 100 Kbytes more than the capacity
of the eight-inch IBM 3740 format!
Available in 1-, 2- and 3-drive configurations in
all three model lines, Percom burned-in, fully-
tested drives start at only $399.

Tl-fD-llOTM Drives

1 TED-40 Drives store 180 Kbytes (double-density) or

102 Kbytes (single-density) of formatted data on one

. | side of a 40-track minidiskette. Although economical-

: J ly priced, TFD-40 drives receive the same full Percom
o (cj]uality control measures as TFD-100 and TFD-200
rives.

TFD-100™ Drives

TFD-100 drives are ‘“‘flippy’ drives. You store twice
he data per minidiskette by using both sides of the
| disk. TFD-100 drives store 180 Kbytes (double-
|| density) or 102 Kbytes (single- density) per side.
| Under double-density operation, you can store a 70-
il page document on one minidiskette.

TFD-200™ Drives

| TFD-200 drives store 350 Kbytes (double- den51ty) or

197 Kbytes (single-density) on one side of a minidis-
| kette. By comparison, 3740-formatted eight-inch
 disks store only 256 Kbytes. Enormous on-line stor-
age capacity in a 5” drive, plus proven Percom
| reliability. That's what you get in a TFD-200.

Quality Percom products are available at authorized dealers.
1-800-527-1592 for the address of your nearest dealer or to order directly from

Percom. In Canada call 519-824-7041.

™ trademark of Percom Data Company, Inc.
mnndemnrk of Tandy Radio Shack Corporation which has no relationship to Percom Data Company

Prices and specifications subject to change without notice.

The DOUBLER™ — This proprietary
adapter for the TRS-80* Model | com-
puter packs approximately twice the
data on a disk track.

Depending on the type of drive, you
can store up to four times as much
data — 350 Kbytes — on oneside of a
& ; minidiskette as you can store using a
Tandy standard Model I computer drive.

Easy to install, the DOUBLER merely plugs into the disk
controller chip socket of your Expansion Interface. No rewir-
ing. No trace cutting.

And because the DOUBLER reads, writes and formats
either single- or double-density disks, you can continue to
run all of your single-density software, then switch to dou-
ble-density operation at any convenient time.

Included with the PC card adapter is a TRSDOS*-
compatible double- densxt% disk operating system, called
DBLDOS™, plus a CONVERT utility that converts files and
programs from single- to double-density or double- to sing-
le-density format.

Each DOUBLER also includes an on-card high-
performance data separator circuit which ensures reliable
disk read operation.

The DOUBLER works with standard 35-, 40-, 77- and
80-track drives rated for double-density operation.

Note. Opening the Expansion Interface to install the
DOUBLER may void Tandy’s limited 90-day warranty.

Free software patch This software patch, called PATCH PAK™
upgrades TRSDOS* for operation with improved 40- and 77-
track drives. For single-density operation only.

PERCOM

PERCOM DATA COMPANY, INC.
211 N. KIRBY + GARLAND TX . 75042

(214) 272-3421

Call toll free




Consultants of Santa Monica, California. The CT-1 was
an S-100 board, consisting of a formant-based syn-
thesizer, driven by nine parallel output ports. The data
rate required was only 100 bytes per control parameter
per second, or 800 bytes per second for normal speech.

Several software packages were provided: the
CTMON program and later CTEDIT, allowing the user
to enter and edit parameter data. Another package called
CSR1, the Computalker Synthesis by Rule Program, ac-
cepted as input a character string of phonemes from the
International Phonetic Alphabet and generated fairly
good speech. During the mid-1970s, several other single-
board speech synthesizers became available, allowing
hobbyists and researchers to experiment with state-of-
the-art hardware and software without going into debt.

[t was not until early in 1979 that I obtained a Compu-
talker board for experimentation. The project was to de-
sign a “Bionic Voice” for my friend Bill Rush, a student at
the University of Nebraska who has cerebral palsy. (See
my article, “A Voice for Bill,” in the Winter 1979 issue of
onComputing.) I used the CSR1 package and wrote a dic-
tionary handler program to make the system easy to use
(since Bill does not have full control of his limbs, he types
hunt-and-peck style using a stick attached to a band
around his forehead).

More recently, I attended a VOCA (Voice Output
Communication Aid) Conference in Berkeley, California,
in May 1980. It is obvious from such conferences and
discussions that voice output for the nonvocal and non-
verbal (and talking terminals for the blind) are high on
the list of potential applications of voice input/output
technology.

On the consumer electronics front, VIO (voice in-
put/output) technology seems to be the trend setter of
the eighties. This becomes immediately apparent when
one walks through a consumer electronics show, the
West Coast Computer Faire, or numerous other product
shows. Instead of just flashing lights and color video
displays, products are now talking at, about, and with
you.

Some recent developments in speech synthesis include
the Votrax SCO1 single-chip formant synthesizer men-
tioned in “Articulate Automata” in this issue. Texas
Instruments has been at the forefront of the LPC (linear
predictive coding) approach. One of its most successful
products, Speak & Spell, shows what can be done in the
consumer products market.

Articles Pollcy

BYTE is continually seeking quality manuscripts written by indi-
viduals who are applying personal computer systems, designing
such systems, or who have knowledge which will prove useful
to our readers. For a more formal description of procedures and
requirements, 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, POB 372, Hancock NH
03449.

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.
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PASCAL/Z™ Q.E.D.

Ithaca Intersystems PASCAL/Z is the most powerful CP/M™
compatible Z-80™ Pascal compiler ever . . . and here's why:

PASCAL/Z generates true Z-80 native code — ROMable
and re-entrant — 5-10X faster than P-code interpreters;
permits separate compilation; supports Direct File Access
and variable length STRINGs; utilizes fast one-pass recursive
descent organization; the macro-assembler generates
relocatable object modules; and much, much more.

Complete package includes compiler, macro-assembler,
linker/loader and source for the full library on one disk; with
free copy of Jensen/Wirth book and complete documenta-
tion. Only $395.00.

IT'S DEMONSTRABLE!
Don’t just take our word for it. Ask for a demonstration of
these features and more today at Computerland® and other
full-service computer stores.
Ithaca Intersystems Inc., 1650 Hanshaw Road
P.O. Box 91, Ithaca, N.Y. 14850. Phone (607) 257-0190

Computerland is a registered trademark of Computerland Corporation.
CP/M and Z-80 are trademarks of Digital Research Corp. and Zilog, Inc. respectively.
PASCAL/Z and interSystems are trademarks of Ithaca Intersystems Inc.

Lnnfertyysiems

Ithaca Intersystems Inc.

Micros for bigger ideas.



The InterSystems
price-performance-reliability story
now has three versions

While everyone’s been busy
trying to convince you that large
buses housed in strong metal
boxes will guarantee versatility
and ward off obsolescence, we've
been busy with something better.
Solving the real problem with the
first line of computer products
built from the ground up to con-
form to the new [EEE S-100 Bus
Standard. Offering you extra ver-
satility in 8-bit applications today.
And a full 16 bits tomorrow.

We call our new line Series
II. And even if you don’t need the
full 24-bit address for up to 16
megabytes (!) of memory right
now, they're something to think
about. Because of all the perform-
ance, flexibility and economy

Circle 6 on inquiry card.

they offer. Whether you're looking
at one of our three mainframes, at
a new mainframe, expanding your
present one or upgrading your
system with an eye to the future.
(Series Il boards are compatible
with most existing S-100 systems
and all IEEE S-100 Standard cards
as other manufacturers get around
to building them.)

Consider some of the fea-
tures: Reliable operation to 4MHz
and beyond. Full compatibility
with 8- and 16-bit CPUs, pe-
ripherals and other devices. Eight
levels of prioritized interrupts. Up
to 16 individually-addressable
DMA devices, with IEEE Standard
overlapped operation. User-selec-
table functions addressed by DIP-
switch or jumpers, eliminating sol-
dering. And that's just for openers.

The best part is that all this
heady stuff is available now! In
our advanced processor—a full
|[EEE Bus Master featuring Memory
Map addressing to a full mega-
byte. Our fast, flexible 16K Static
RAM and 64K Dynamic RAM
boards. An incredibly versatile and

economical 2-serial, 4-parallel
Multiple I/O board. Our 6-serial
/0 board. Our Double-Density
High-Speed Disk Controller. And
what is undoubtedly the most flex-
ible front panel in the business.
Everything you need for a com-
plete IEEE S-100 system. Available
separately, or all together in your
choice of DPS-1 mainframe styles.
Whatever your needs, why
dump your money into obsolete
products labelled “IEEE timing
compatible” or other words peo-
ple use to make up for a lack of
product. See the future now, at
your Intersystems dealer or call/
write for our new catalog. We'll
tell you all about Series Il and the
new |EEE S-100 Bus we helped
pioneer. Because it doesn’t make
sense to buy yesterday’s products
when tomorrow’s are already here.

Ithaca Intersystems Inc.,
1650 Hanshaw Road/PO. Box 91,
Ithaca, NY 14850
'607-257-0190/TWX: 510 255 4346

lnoferSyysiems

Ithaca Intersystems Inc.

Micros for bigger ideas.



High
Technology

We make our
competition
onsolete

with Information Master.™

Information Master™ is the sophisticate of
software packages, but it also speaks your
language. Its uncomplicated English-
speaking design makes it easy to learn.
No programming knowledge is necessary.
Putitin your Apple Ii* and you're ready
to go.

High Technology's Information Master
organizes and prints everything from
mailing lists to stock market data. Specify
what records to store, type in the informa-
tion, and Information Master organizes,
calculates, stores and reports. Design your
own reports and labels. Information Master
is revolutionary in its adaptability and
comes with a simple step-by-step instruc-
tion manual. lts screen layouts are designed
to show you maximum information for
easy operation. Information Master is so
smart it stops mistakes that our competition
lets you make.

If your computer dealer doesn’t have
Information Master, see one who does.

High Technology's perfect complement to
Information Master, Data Master,™allows
you to change your mind months later
without redoing
all the work
you've
already
done.
Ask
about
it!

Technology, Inc.
Software Products Division
P.O. Box B-14665

8001 N. Classen Blvd.

Oklahoma City, Okla. 73113

405 840-9900

*Apple Il is a trade name of
Apple Computer, Inc.
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As VIO technology has become more readily available,
there is a natural tendency to make everything from
washing machines to automobiles talk back. Although
the concept is a novel one, I have enough noise pollution
to contend with without adding anonymous electronic
voices. The real problem with voice output is that it is
omnidirectional. If you're surrounded with devices that
spontaneously vocalize, it's not always easy to determine
where the voice came from. Picture the executive who
has three or four telephones on his desk all ringing
simultaneously, all sounding the same. Just as high-den-
sity video displays can cause sensory overload, multiple-
voice-output devices can also overload the aural channel
to the brain.

Voice recognition has taken longer to develop because
of the many differences between speakers and the dif-
ferent shades of nuance inherent in contextual informa-
tion. Factors such as the emotional content of the
speaker’s voice, the accent or dialect, and (the biggest
problem) continuous recognition, have slowed the evolu-
tion of voice input technology. Continuous recognition
means that the computer must be able to determine the
beginning of one word and the ending of the last — not a
trivial project. For example, the machine may have to
distinguish between “I speak” and “ice peak.” The prob-
lem is further compounded by regional accents and other
variables. While great strides have been made in this
area, it will probably be many years before generalized
continuous voice recognition systems become available.
I[solated word recognition is a much simpler problem,
and systems are now available with better than 90 per-
cent accuracy when working with a limited vocabulary.

With any new or evolving technology, the challenge is
to use it effectively, efficiently, and with imagination.
Voice input/output promises to open a whole new di-
mension to the man-machine interface, one that can be
sensed without needing to be seen.

At the end of my onComputing article, “A Voice for
Bill,” I wrote, “I cannot even begin to imagine what uses
Bill will find for his new voice. But if past accom-
plishments are any indication of things to come, [ want to
be around in five or ten years to see the results of the
seeds we have planted.” A year and a half later, my sen-
timents haven't changed a bit.

MPU-COMPATIBLE
SPEECH SYNTHESIS
PROCESSOR

SERIAL, CODED
PARAMETER DATA

COMMAND
REGISTER

Photo 2: The TMS55200 LPC (linear predictive coding) speech-
synthesizer chip from Texas Instruments.

Circle 8 on inquiry card. ==



Make the Apple II* a powerful
IEEE=488 Controller in a snap.

Just plug the SSM A488 board into any Apple II* expansion slot for a low-cost,

full-featured instrumentation interface. SSM gives the Apple II the power and
versatility of a $9,000 IEEE-488 controller. At a fraction of the price.
Our board converts the Apple II into a truly sophisticated controller that
programs and controls up to 15 different instruments connected together
on the 488 bus.

We make programming easy. The 68488 chip, designed by Motorola, forms the
heart of our A488. We back this chip with powerful on-board firmware to
give you system control via simple string commands. The only software
you need is easy-to-program Applesoft* Basic. To develop special purpose
firmware, simply replace our PROM with a RAM. With the A488, bus com-
munications operate at top speed—without depending on software loops for
timing. And like the more expensive IEEE-488 controllers, this system interfaces
with more than 1200 instruments and peripherals.

Suitable for OEMs as well as end users. Whether you make test/measurement systems for re-
sale, or simply for yourself, the SSM/Apple combo gives you top performance. As it cuts
your costs. Call your local dealer or SSM today for complete details.

Industrial grade circuit board IEEE-488 bus cable
(6 ft. with stackable connectors)

PROM firmware for powerful user interface

68488 IEEE-488 controller chip

Slot-independent connection to Apple 1

7774

SSM’s A488 board expands the Apple II to SSM Microcomputer Products, Inc.
a high-performance IEEE-488 controller. 2190 Paragon Drive
San Jose, CA 95131
: (408)946-7400 Telex: 171171
* Registered trademarks of Apple Computer Inc. TWX: 910-338-2077




High
Technology

Have you heard?

The Cashier” has been
promoted to

The Store Manager,

The Cashier has so much more to offer
than its name implies that we decided to
give it a new name. This valuable software
package can save time and increase profits
for small business owners by providing:

* real-time inventory control

* point-of-sale functions

» customer & vendor address lists and
mailing labels

* informative management reports

* up-to-the-minute sales monitoring

* invoices, quotations, & packing slips

* purchase orders & receiving reports

* daily, monthly, and year-to-date sales totals

* physical inventory checklists

* and much, much more.

But what can you call a software package
for the Apple II* that does so much? You
might call it ‘remarkabile’. .. we call it

The Store Manager.

Drop by your local
computer store and
see what The

Store Manager

can do
for you.

High

Technology, Inc.

P.O. Box B-14665

8001 N. Classen Blvd.
Oklahoma City, Oklahoma 73113
405 840-9300

*Apple lland The Cashier are trade names of Apple Computer Inc
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I visited Texas Instruments in early November and was
given a demonstration of their text-to-speech tech-
nology. The text-to-speech system uses a TMS5200
LPC (linear predictive coding) speech-synthesizer
chip similar to that used in the Speak & Spell product
line (see photo 2). A message may be entered in stan-
dard English, represented in ASCII. The text is then
converted to allophone codes (allophones are subsets
of a phoneme, the basic unit of speech) which are in
turn used to retrieve LPC parameters from an
allophone library stored in ROM (read-only memory).
Several algorithms are used to smooth the resulting
parameters and adjust the amplitude and intonation to
yield continuous-sounding speech. The system has in-
herent advantages; the allophone tables are quite
small, typically 3 K bytes for 128 allophones. Other
languages may be implemented by changing the text-
‘to-allophone rules. I experimented with a version of
text-to-speech that ran on a T1 99/4 personal computer
development system. It accurately interpreted the
silent “e" on the end of words like “while” and
“release” but misinterpreted the ( nonszlent) “e" on the
‘end of my last name, which is not surprzsmg When
given the word "synthesizer" is said “syntheniner."

Tl is also working on a timesharing system that is
similar to The Source. It will interface with the TI 99/4
and use its graphics, sound, and voice outputs. The
system is completely menu driven, and will even log
“on for you. It sends blocks of information to the TI
99/4, each with a label indicating what kind of data is
coming. In this way text, graphics, speech, and music
may be sent independently. If the user’s system doesn't
 have certain features, it simply ignores the blocks of
data it can't handle. If you ask for the weather reports,
it draws a picture on the screen of a sun, rain clouds,
or something in between, plays an appropriate tune
(ie, “Rainy Days and Mondays"), displays text giving
the temperature and other v:tal mformutlon and can
“also recite the temperature using text-to-speech. It
will be interesting to see how the system is received on
the consumer market....MCD

New Computer Speech Developments

Scott Instruments of Denton, Texas, recently an-
nounced the VET/2 — a speech-recognition interface for
the Apple II. It will run with any existing software
because, once loaded, either keyboard or voice input
may be used. The program will handle forty-word vocab-
ularies, with the option of overlaying other vocabularies
to double or triple the number of words.

Street Electronics of Anaheim, California, has an-
nounced the Echo series of speech synthesizers. Versions
are being designed for the Apple II and the TRS-80. The
units use the Texas Instruments TMS5200 LPC syn-
thesizer chip mentioned in the editorial. The software
driver runs in about 900 bytes of memory. Individual
vocabulary words take between 10 and 20 bytes, depend-
ing on the length of the word....MCD m
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Edison had over
1,800 patents in
his name, but

you can be just as inventive
with an Apple.

Apple is the company with the brightest ideas in
hardware and software and the best support — so you can
be as creative with a personal computer system as Edison
was with the incandescent bulb.

How Apple grows with you.

With Apple’s reliable product family, the possibilities of
creating your own system are endless. Have expansion capa-
bilities of 4 or 8 accessory slots with your choice of system.

Expand memory to 64K bytes or 128K bytes. Add an
A to D conversion board. Plug into time sharing, news and
electronic mail services. Use an IEEE 488 bus to monitor
lab instruments. Add 4 or 6 disk drives — the 5Y4"/ 143K
bytes, high-speed, low-cost drive that's the most popular
on the market.

Apple speaks many languages.
Since more than 100 companies create software for
Apple, you'll have the most extensive library in the personal

computer world. Want to write your own programs?
Apple is fluent in BASIC, Pascal, FORTRAN, PILOT and
6502 assembly language.

There’s even a series of utility programs called the
DOS Tool Kit that not only lets you design high-resolution
graphic displays, but lets you work wonders with
creative animation.

More illuminating experiences in store.
You won't want to miss all the Apple products being
introduced at your computer store all the time. Don’t let
4 history pass you by. Visit your nearest
4 Apple dealer or call 800-538-9696.

; - In California, 800-662-9238. Or write:
i Apple Computer, 10260 Bandley Drive,
Cupertino, CA 95014.
appic computer Inc.



The Minifloppy tradition. The standard is set for high-
performance 96 TPI Minifloppys. And it's by Shugart. Double
track and double density, the single and double-sided
. SA410 and SA460 Minifloppys deliver .5 or 1 MBytes
- ~ of unformatted capacity on a 5'%-inch diskette.
% Small wonder. Designed by the company that
invented the Minifloppy, the SA410 and SA460
represent the culmination of all previous 5-
inch disk drive technologies. What you get
today is the most thoroughly engineered, most
manufacturable, and most reliable Minifloppy
drive available. The SA410/460 are the new
standard in the eighties for price, performance,
. and capacity.

hugart introduces
of Minifloppys.

Step into the future. Innovation, experience, and

&% proven performance have always been the hallmark

L\ of the Minifloppy tradition. And the SA410/460 are the

£\ first of the next generation in that tradition. Utilizing

i\ technology proven in our 8-inch disk drive products,

=\ the SA410 and SA460 use a multi-step positioning

3 technique, thus eliminating pole asymmetry, an
inherent source of positioning errors and degraded

performance. The simplicity of this multi-step

positioning motor and the HeliCam lead screw
follower insure its manufacturability, consistent

high performance, reliability, and low cost.

. "“Trademark of Shugart Associates



Positioned for success. Shugart’'s new HeliCam™
positioner delivers far greater accuracy than that of
competitive actuators. The result is super precise
positioning tolerances that virtually eliminate the
problems of media interchange previously associated
with 96 TPI 5'-inch technology. The HeliCam
solution means that you can reduce, by a significant
margin, data handling errors—especially between
systems in less than ideal environments.

the next generation
SA410/460.

A new era starts today. Our commitment to the 5%-inch disk drive market is driven by
your requirements for low cost, highly reliable disk drive solutions. With unmatched
commitments in manufacturing and R & D resources, we're dedicated to delivering
innovative, standard-setting products that meet your needs—both today and tomorrow.
And we back all our products with superior technical support, design assistance, and
in-depth documentation. Call today. We’'ll be delivering in production volumes by
early 1981. 0 Shugart Associates: 475 Oakmead Parkway, Sunnyvale, CA
(408) 733-0100. Sales & Service: Sunnyvale, CA; Costa
Mesa, CA; Minneapolis, MN; Richardson, TX; Framingham,
MA; Mt. Freedom, NJ; Atlanta, GA; Toronto,Ontario;

Paris, France; Munich, Germany.

JA.Shugart

The next generationis here.
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Katching Up with Khachlyan

I would like to commend the authors
of “Khachiyan's Algorithm” (G C
Berresford, A M Rockett, and J] C
Stevenson) published in the August and
September 1980 BYTEs (pages 198 and
242, respectively). Their presentation il-
lustrated the essentials of the algorithm
without getting bogged down in its
derivation. However, now that I under-
stand it (I hope), it is somewhat disillu-
sioning to realize that the “amazing
shortcut” appears to be only a nonprac-
tical mathematical curiosity.

I have some observations regarding
the algorithm. First, the huge initial
volume subsequently requires the in-
credible precision. Hadamard’s initial
volume is much smaller, and this should
reduce the precision requirements; but
by how much? Also, if upper bounds
are defined for all X;, would this be
helpful?

Even if the precision problems are
solved, the total number of arithmetic
operations to solve a large linear-pro-
gramming problem still appears to be in-
tractable. The upper bound for the
number of iterations is 16Ln’, and each

iteration uses Order(n+m)’ multiplica-
tions for the matrix inner products.
Presumably, if a solution exists, the
number of iterations will be much less
than 16Ln* (but by how much?), and the
number of multiplications per iteration
can be reduced to Order(n +m)** via
Strassen's algorithm. However, both of
these appear to be greater than those re-
quired by the usual revised Simplex
algorithm. While the Simplex algorithm
can require Order(2") iterations, it usual-
ly finds the optimal solution in
Order(m). Also, each iteration needs
only Order(mn) multiplications (revised
Simplex).

Memory requirements also seem to
put Khachiyan's algorithm at a disad-
vantage. The giant A array (see state-
ment 430, listing 1, September 1980
BYTE, page 246) can be reduced to
negligible size using linked lists, and the
Q1 and W arrays could use the same
space, but this still leaves three (m+n)
by (m+n) arrays for Khachiyan’'s
algorithm. In contrast, the only large ar-
ray for the revised Simplex is the m by
m B array.

The problem of solving large linear-
programming problems looks more

QME-8DS (851R compatible)

Sgl Sided Sgl/Dbl Den
Exact Replacement for SA-400

Dbl Sided. Dbl Den

COMPUTER
SYSTEMS
INC.

Lawndale, California 90260
(213) 970-0952

2

/DISK DRIVE BONANZA BY QT

8" DISK DRIVES

Shugart 801R Sgl/side Dbl/Den $395.00

Two for ............
Qume Datatrak 8°dbl sided, dbl density.

.................. $ 599.00
................ $549.00 ea

Pkgoftwo ...................

QT DISK PACKAGES
I Dbl Den Controller, A & T, two 8" dbl den drives. CP/M®

2.2, cabinet, power supply & cables ........ $1395.00
II Two 801R disk drives with cabinet, power supply
& fan e $1100.00
O Dual 8" Drives:
Dbl den drives in cabinet only
2sglsided(801R) ....... ...ttt $ 989.00
2 dbl sided (QUME) ....................... $1409.00
5" DRIVES
MPI-B51 MPI B-51......ovvnenn.. $250.00 MPI-B91 MPIB-91.................. $375.00

PERTEC FD-200 PER-FD200 ........ $225.00
MPI-B52 MPI B-52.................. $350.00

Shugart SA400 SHU-SA400 ......... $250.00

15620 South Inglewood Ave.

$775.00

Sgi Sided. Dbl Den, 77 Tracks
Sgl Sided. Sgl/Dbl Den

Sgl Sided. Dbl/Den

WE ACCEPT M/C, VISA, AM EXP
PLACE ORDERS TOLL FREE
1-800-421-5150
(CONTINENTAL U.S. ONLY)
(EXCEPT CALIFORNIA)

CP/M is a trademark of Digital Research
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promising if array-oriented hardware is
used. For example, a clocked matrix
multiplier can read in, compute, and
write out the inner product of two n by
n matrices in 5 n clock periods. This
would be an immediate benefit for the
revised Simplex as well as a help to
Khachiyan's algorithm, if the precision
problem can be overcome.

William | Butler Jr
44 Dees Cr
Warwick RI 02889

Berresford, Rockett,
and Stevenson Reply

We are happy that you found our ar-
ticles on Khachiyan's algorithm so infor-
mative. Qur purpose was to encourage
such experimentation with the
algorithm. As the articles explained
(and, incidentally, earlier than any other
journal as logged in the February 1980
issue of Abstracts of Papers Presented to
the American Mathematical Society),
Khachiyan's algorithm is not capable of
immediate practical application largely
because of the incredible precision re-
quired.

In fairness to Leonid Khachiyan, it is
clear from his paper that he never in-
tended his result as a practical method
for solving linear-programming prob-
lems. In fact, linear programming is only
mentioned in one sentence in the intro-
duction, the rest of the paper being
devoted to the consistency problem for
linear inequalities. His purpose was a
purely theoretical one: to prove that
linear consistency and, therefore, linear-
programming problems could be solved
in polynomial instead of exponential
time. It was the American and European
press (with the exception of BYTE) that
erroneously construed the result as one
of practical rather than theoretical im-
portance. (In fact, many other journals
have had to issue retractions or correc-
tions of earlier ill-considered statements.)

As to your specific questions, there is
little we can say except to answer "yes”:
your suggestions would doubtlessly im-
prove the algorithm. Dr Philip Wolfe of
IBM (Yorktown Heights, New York) has
been serving as a clearinghouse and
evaluator for the numerous improve-
ments to the algorithm that have been
suggested, but none so far seem to ac-
celerate the algorithm by as much as one
order of magnitude. Thus, it is far from
competitive with the revised Simplex
algorithm. While the Klee-Minty exam-
ple shows that the Simplex method is an
exponential-time algorithm, problems
similar to Klee-Minty rarely occur in
practice, and when they do, standard
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Smnbategl

The Heathkit All-In-One Computer now has space
for 64K of addressable RAM, so you can run bigger,
more complex programs.

And our new CP/M® Operating System (Standard
ORG-0, Version 2.2) makes thousands of CP/M pro-
grams available to you. Heathkit systems can run
more, do more, store more than ever before.

A new 8-inch double-sided, double-density disk sys-
tem, with over 1 million bytes per drive, is now avail-
able for Heathkit H-89 and H-8 Computers.

The new 8-inch disk system features soft-sectored
disks for IBM® compatibility. It's capable of operat-
ingin standard IBM 3740 format. And the 8-inch sys-

VISIT YOUR HEATHKIT STORE

Heathkit products are displayed,
sold and serviced at Heathkit
Electronic Centers*, located in
major cities throughout the U.S.
and Canada. See your white
pages for the store nearest you.

*Units of Veritechnology Electronics
Corporation, in the U.S.

e
tem can be used in conjunction with 5%-inch
systems. For compatibility with the rest of the in-
dustry, Heathkit Computers may just be the most
flexible systems you can buy.
All Heathkit computers and peripherals are avail-
able in money-saving, easy-to-build kit form —or
completely. assembled and factory tested. All are
supported by the best documentation in the busi-
ness and by 62 service centers throughout the U.S.
and Canada. You’re never out in the cold.
For complete details and prices on Heathkit com-
puters, peripherals and software, write today for
the latest Heathkit Catalog or visit your
: nearby Heathkit Electronic Center™*.
Heathkil /

Send for FREE catalog

Write to Heath Company, Dept. 334-744,
Benton Harbor, Ml 49022

In Canada, contact Heath Co., 1480 Dundas St. E.,
Mississauga, Ontario L4X 2R7

Heathkit

IBM'is a registered trademark of International Business Machines Corporation. CP/M is a trademark of Digital Research, Inc.



Letters

tricks (such as rescaling) usually greatly
reduce the time needed for solution. In
fact, experience seems to indicate that
the revised Simplex method is almost
linear in the number of variables, thus
making it hard to beat.

A more complete answer to your
questions about improving Khachiyan's
algorithm will have to await large-scale
experimentation by IBM and others.

Comments on the Heath H-89

In regard to Mark Dahmke's review
of the H-89 (see “The Heath H-89 Com-

puter,” August 1980 BYTE, page 46), I
agree with him until he starts talking
about the “disadvantages.” The text
editor is not that hard to operate, and, if
he thinks it is, he can get a different one
from HUG (Heath User’s Group) or
other sources in Buss. He also mentions
the lack of a RUN “"FNAME” command
in BH (Benton Harbor) BASIC, but, in
version 1.6, which is the version Mr
Dahmke worked with, you can say
CHAIN “FNAME" with the same results.
All of Mr Dahmke's other observa-
tions are true, but there are cures. For
example, to keep the disk head from
banging up and down, change the HS

YOU THINK YOU’VE SEEN WORD
PROCESSING SOFTWARE?

The MAG?C WANDTMWord Processing

System offers you the best features of any system

in the micro market

FEATURES INCLUDE:

Full-screen text editor
Simple, control key operation
Edit programs as well as text
Assemble, compile or run programs
without modification
Files larger than memory
Files up to 256K
Library files
Merge part or all of one file with
another
Spool printing
Print a file while editing another
Easy page formatting
Simple commands set margins, page
length, etc.
Override commands at run-time
Give any command from the key-
board as well as in file
Variable pitch control
Change pitch in mid-line, even
mid-word
Up to 128 user-defined variables
String, numeric or doliar format
Form letter generation from external
data files
Compatible with both sequential and
fixed-record files
Conditional commands
Any command may be conditional
Print to disk and/or printer
Save all or part of output on disk
Switch from specialty printer to CP/M
list device
Print the same file on either specialty
or standard printer

For more information, call or write:

stall business applications, wne.

3220 Louisiana e Suite 205 ® Houston, Texas 77006 e 713-528-5158

Version 1.1 is now available

EASE OF OPERATION

With all its power, the MAGIC WAND is
remarkably easy to use. This is no acci-
dent. The command structure is designed
to be flexible and logical so thatyou can
perform basic functions with a minimum of
commands.

We have included in the manual a step-
by-step instructional program, for the per-
son who has never used a word-proces-
sor before. The trainee uses sample files
from the system disk and compares his
work to simulated screens and printouts.

In addition to the lessons, the manual
has a complete documentation of the
command structure, special notes for pro-
grammers, an introduction to CP/M for
non-programmers and a glossary. The
manual is typeset, rather than typewritten,
for greater legibility.

We have written the manual in non-
technical English, because we wantyou
toread it. We don't overload you with a
bunch of jargon that could confuse even a
PhD in Computer Sciences.

We send out newsletters so that users
of the MAGIC WAND can learn special
applications of the print commands. For
example, we might show you how to cre-
ate a mailing list or set up an index for
afile.

In short, we've done everything we can
tomake things easy foryou. Because the
best software in the world is just a bunch
of code ifyoucan'tuse it.

CP/M1s a registered lraciemark ol Digilal Research Corp
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jumper to open and the HM jumper to
closed in the disk unit on the “program-
ming plus.” Then the head stays loaded
as long as the motor stays on, about a
minute after the last operation. Of
course, you could time-delay the load
signal.

The last, and probably more impor-
tant, point is how not to need the
HDOS system on every disk. On ver-
sion 1.6, the command SET HDOS
STAND-ALONE can be used and, after
the warning message, the command
RESET SYO: will be honored. This might
mess up versions earlier than 1.6; and, if
you land on a disk while not in PIP or
ONECOPY, the SYSCMD.SYS will
load. If the verions differ, you might get
a FATAL SYSTEM ERROR, but, all in
all, it is a good trade-off. Be sure to
LOAD LP: and other DUDs before
RESETing after BOOT up.

Bill Pinkston
Saltillo MS 38866

If I may add a few things to Mr
Dahmke's review of the Heath H-89:
Heath’s BH BASIC is neither fast nor
high in precision (my Ohio Scientific C3
will run circles around it), but it does
have one great advantage for the debug-
ging phase of programming. While other
BASICs will null all variable and array
values upon a revision of any line of
program, however trivial, BH BASIC
does not. Thus you can stop execution,
fix up a defective line, and restart in
mid-program, rather than having to re-
run from the beginning—a real advan-
tage for long programs, and for pro-
grams requiring many INPUTs to get
going.

A detail I like about the H-89 is its
ability to take commands in lowercase,
converting input to uppercase as needed.
That's very nice if you spend a lot of
time in the word-processing mode.

Oddly, Mr Dahmke had little to say
about the display and keyboard. I have
to cope daily with a Televideo 912, an
industrial-grade terminal which will
cause you to appreciate the superior
quality of the H-89 display and key-
board. The 912 is susceptible to false
key contacts, which usually cause the
display to do truly weird things, thereby
forcing you to abandon your input and
to refresh the entire display. It also gives
no audible confirmation of key contact;
and the 80-character line is limited to
perhaps two-thirds of the screen width,
wasting the rest of the screen. The H-89
terminal runs at 9600 bps (bits per sec-
ond)—some have been pushed to 19,200
bps—a difference especially noticeable in
word-processing and financial programs,
for which execution time is limited by
the display, rather than by computation.



Mountain Computer

can now

EXPAND

Your Apple II Peripheral Capacity
EXPANSION CHASSIS

Quality You Expect

Eight more slots for your Apple! Now you
can bank-select eight more peripheral slots
with immediate or deferred software
commands—Iike having up to 16 peripheral
cards “on line”—or use the Select/Deselect
switch mounted on the front panel.
Expansion Chassis’ heavy-duty power
supply is primarily for peripherals, without
the heavy demand of motherboard support
chips required in your Apple. This means
much more power is available for peri-
pherals than in your Apple itself! If you've
run out of room in your Apple—Expansion
Chassisis youranswer. Drop by your Apple
dealer for a demonstration, or contact
Mountain Computer for the location of

the dealer nearest you.

Mountain Computer

INCORPORATED
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Performance You Demand

Eight mirrorimage /0 slots of the Apple

Fully buffered, bi-directional data lines

Apple Il compatible interface card

Dual selection capability; hardware or

software

e Immediate or deferred selectionin
software mode

e From BASIC, a single POKE command
turns the chassis ON or OFF

e Compatible with all software

e Dedicated power supply with

approved power transformer

ﬁ Mountain Computer

INCORPORATED

300Harvey West Blvd., Santa Cruz, CA 95060
TWX 910 598-4504

(408) 429-8600

Appleds atrademark of Apple Computer lnc.
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Letters

I have to disagree with Mr Dahmke’s
assertion that the Heath text editor is
useless. I use it, as a word processor, for
hours every day, with no difficulty;
however, I'm not hampered by familiar-
ity with any other text editors. Mr
Dahmke’s statement that the H-89's
reading of error messages from disk
takes “several seconds” is, frankly, an
exaggeration. The actual elapsed time is
under one second, though it certainly
seems longer. Also, the disk head does
not touch down for “each and every sec-
tor”; it reads the sectors in pairs,
touchmg down for every other sector,
which is noisy and slow enough.

If you want a sophisticated machine,
or a fast, high-precision computer, the
H-89 isn't it. The H-89 is a fine word-
processing and financial computer, right
for the user who doesn't want to get
deeply involved in computer hardware
and software.

Jack McKay
3200 19th St NW
Washington DC 20010

Mark Dahmke Replies

I thank Mr Pinkston and Mr McKay
for their comments about my review,
and for bringing the various "fixes" to
my attention and to that of BYTE's
readers. My philosophy for reviewing
equipment is that I am reviewing essen-
tially what comes out of the box. Any
updates from readers are greatly ap-
preciated, but | feel I must give potential
buyers an accurate indication of what
the product is like as it comes from the
manufacturer. As for the other com-
ments regarding the editor, I will stand
by my statements in the review.

Dissecting the
Speak & Spell Article

The article published in the September
1980 BYTE concerning the TI (Texas In-
struments) Speak & Spell (see “Dissect-
ing the TI Speak & Spell,” by Michael A
Rigsby, page 76) contains a number of
serious errors that must have upset staff
scientists Richard Wiggins and Larry
Brantingham at TI's Central Research
Laboratory in Dallas, Texas.

To suppose that the TMC0281 device
used in the Speak & Spell is the same as
the SN76477 is to greatly underestimate
Texas Instruments’ achievement. The
TMC0281 is, in fact, a complete speech-
synthesizer device fabricated in metal-
gate depletion-load p-channel technology
and contains an entire digital-signal pro-
cessor, with timing and decoding cir-
cuits, a ten-stage digital lattice filter, and
a D/A (digital-to-analog) converter. The
system is based upon the relatively new
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voice-compression technique known as
linear predictive coding. This technique
can generate high-quality speech from
low data rates (less than 2400 bits per
second). Linear predictive coding is so
called because of the way in which the
coefficients that characterize the digital
filter are predicted from a linear com-
bination of the previous coefficients.
This requires a great deal of number
crunching—in the case of the TMC0281,
160,000 additions and 160,000 10- by
14-bit multiplications every second. TI
confounded the many skeptics who said
it couldn’t be done. To get around the
speed problem, Wiggins transformed all
the calculations into a fixed-point format
and Brantingham designed a pipeline
processor that is contained within the
T™MC0281.

The coded speech data for the syn-
thesizer device is stored in the
TMCO0351's read-only memory. These
are 16,384 by 8-bit devices (ie: 128 K
bits) having an internal 18-bit address
counter/register and two 8-bit output
buffers. Fourteen of the address bits go
to the memory array directly, while the
4 most significant bits are used in a
1-of-16 chip select.

The controller chip, the TMC0271, is
a slightly modified calculator chip, a
member of the Texas Instruments
TMS1000 family. It has been modified
to enhance its BCD (binary-coded
decimal) arithmetic and expand its in-
struction set. Also, there is an output
multiplexer to reduce the pinouts needed
for the Speak & Spell application.

Contrary to the implications in the ar-
ticle that the “operation of the Speak &
spell involves many unknowns,” TI has,
in fact, published full details of its three-
chip synthesizer system (see Electronics,
August 31, 1978, pages 109 thru 116)
and many other articles have appeared.
A letter to TI brings (at least in my case)
a set of reprints.

Tim Spracklen
23 Buttermere, Greenways, Spennymoor
Durham, DL16 6UD, England

De Facto of De Matter

This is a plea for order in what could
be the next standards chaos: Sol Libes
mentioned a Massachusetts company
planning to use home VTRs (videotape
recorders) for hard-disk backup. (See
“Backing Up Winchesters” in
“BYTELINES" October 1980 BYTE,
pages 188 and 189.) Corvus also plans
such a system. Our company, D C
Crane Inc, is planning one using the
Digital Graphic Systems CAT-100 video-
display board.

The technique will allow saving and

Circle 16 on inquiry card.

A growin
Imge of Iogls to

expand the Apple.

Time events in four operating modes—contmu
ous, single shot, frequency comparison, and
pulse width comparison. Includes three 16-bit
interval timers, plus flexible patch area for
external interface. Programmable interrupts,
on-board ROM, and much more.

7720A Parallel Interface. Two bi-directional 8-bit
I/0 ports will connect your Apple toa variety of
parallel devices, including printers, paper tape
equipment, current relays, external on/off
devices. Full featured, programmable inter-
rupts, supports DMA daisy chaining.

7811 B Arithmetic Processor. Interfaces with
Applesoft, so you just plug in and run. Based
on the AM 9511 device, provides full 16/32-bit
arithmetic, floating point, trigonometric, loga-
rithmic, exponential functions. Programmed I/O
data transfer, much, much more.

7710A Asynchronous Serial Interface. Conform-
ing to RS-232-C A thru E 1978 standard, this
card will drive a variety of serial devices such as
CRT terminals, printers, paper tape devices, or
communicate with any standard RS-232 device,
including other computers. Full hand-shaking,
and fully compatible with Apple PASCAL!

7470A 3% BCD A/D Converter. Converts a DC
voltage to a BCD number for computerized
monitoring and analysis. Typical inputs include
DC inputs from temperature or pressure
transducers. Single channel A/D, 400 ms
per conversion.

7490A GPIB IEEE 488 Interface. A true imple-
mentation of the IEEE 488 standard—the
standard protocol for instrumentation and test
devices. Control and monitor test instruments
such as digital voltmeters, plotters, function
generators, or any other device using the
IEEE 488.

7114A PROM Module. Permits the addition to or
replacement of Apple I firnware without
removing the Apple I ROMs. Available with
on-board enable/disable toggle switch.

7500 A Wire Wrap Board. For prototypmg your
own designs.

7510A Solder Board.
7590A Extender Board.

Watch this space for new CCS products for
the Apple. We've got some real surprises in the
works. To find out more about the CCS product
line, visit your local computer retailer. The CCS
product line is available at over 250 locations
nationally, including most that carry the Apple.
Or circle the reader service number on this ad.

Applell, /-‘\g)ple 1IPlus,and Applesoftaretrademarks
of the Apple Corporation.

CCS makes the difference.



We see the Apple
a liftie differently.

We see it as a good
' ' th' g d high-speed math functions, and fast, high resolution graph-
way o ge lngs oneo ics. And tools to connect the Apple to lab test equipment
like function generators or plotters.

Apple has built a great computer. We at CCS have And we have tools to connect the Apple to the outside
built a great line of peripherals and components to expand  world, including A/D converters and interval timers with
the Apple. To do almost anything you want to get done external interface.
with a computer. We make components for the S-100 bus, the PET, and

If you warit to do business with an Apple, we've got the TRS-80, too.We built our products to deliver hard-
tools to connect the Apple to standard business printersand nosed value to the OEM, and to the inventor who knows the
terminals. Or to modems, for communications over tele- best, at prices that are unbeaten.
phone lines, with other computers, even with other Apples. To find out how much computer your Apple I can be,

If you want to apply your Apple to engineering, scien-  see things our way. Because for serious users with serious
tific, or graphic projects, we've got tools for high-powered,  uses for the Apple, we've got the tools.

B California Computer Systems
' 250 Caribbean Sunnyvale, CA94086 (408)734-5811



UNBEATABLE...

APPLEII OR
APPLEII PLUS

Shipped direct to you!

S 89900

(Plus Shipping)

We have orchard fresh Apple
products ready to ship. Im-
mediate delivery with cashiers
check. Orders with personal
checks shipped after bank
clearance. COD’s require ship-
ping charges be paid in advance.

16K UNITS........$899
64K (16K in slot) .......
crerrrnrecenenenenen.. $1250

Apple Disk Drive $550
Pascal Language Card

$450

Above plus $20 shipping charge.
IMPORTANT—No shipments made with-
in the state of lllinois.

THE COMPUTER ROOM
P.0. BOX 11375
CHICAGO, IL 60611
(312) 427-1941

I ORDER FORM
Enclosed $
I For Via U.P.S.
I Ship to:
I Name
I Address
(No P.O. Boxes—Street Address Only)
I City.
I State
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Letters

restoring hundreds of megabytes. It will
also establish de facto interchange stan-
dards. Could we learn from the past?
Just this once? Please?

I would like to hear from anyone in-
terested in helping develop or use such a
standard with a view toward document-
ing the problem and the solutions in an
article for BYTE. If a formal standards
commission is interested, so much the
better. Please write me at the address
below. I will put you in contact with
each other and contribute my ideas
toward a solution.

David C Crane

D C Crane Inc
POB 79286
Houston TX 77079

Have You Trled
onComputing?

For fifteen years I have dreamed of
using a computer for my one-man busi-
ness. I have tried to find the right one in
BYTE, on and between the lines. The
result of my search is the feeling that, to
become “computerized,” I must become
an expert in mathematics (Boolean and
otherwise), electronics, hardware, soft-
ware, semiconductors, integrated cir-
cuits, languages, and all the rest of the
stuff. Oh, my aching head! Help, helpl!
The computer train is rolling so fast and
I am unable to climb aboard.

When I first became “motorized,” |
didn’t have to be an expert in mechan-
ics, thermodynamics, aerodynamics,
electricity, tire structure, fuel chemistry,
etc. I simply sat in the car and—without
any help—taught myself the rules of the
road. Who can, for a moderate price,
link together and harmonize some of the
wonderful programs advertised in BYTE
to make a system coherent, practical,
and flexible?

R E Gilbert

Jozef Hermanslei 41
B-2510 Mortsel
Belgium

Of course, a computer is much more
complex than any automobile, but the
analogy is still valid. People should be
able to get what they want from a com-
puter with a minimum of fuss. Until
then, Mr Gilbert, guides are necessary:
enjoy the complimentary copy of
onComputing; she's our sister publica-
tion for the layman.

Sharp-Looking TRS-80

. Upon studying the advertisements for
the new TRS-80 Pocket Computer, I was
surprised to find the letter Y’s original

second function (ie: %, for the yen on
the Sharp PC 1211) deleted.

If that's the way the Tandy Corpora-
tion has to lure prospective customers
into thinking that the Pocket Computer
is All-American made, I pity any
Japanese importer trying to sell an
American computer without $tring-capa-
bility....

Marc H Bruna
Abrikozenstraat 31
2564 VK Den Haag
Netherlands

Tree Is Root of Problem

As a fellow member of the University
of Oklahoma, I feel it necessary to point
out some of the areas where I disagree
with Dr Bill Walker's article “Sorting
With Binary Trees” (October 1980
BYTE, page 96). These areas will be
dealt with in the same order as they ap-
pear in the article.

First, Dr Walker gives the impression
that a tree sort is both fast and allows
deletion of nodes in an efficient manner.
As he says, a tree sort is faster than a
bubble sort, but almost any serious sort
routine will be faster than a bubble sort.
Likewise, deleting a node from a tree is
faster than deleting an element from a
bubble-sorted list, but deleting nodes
from trees, except in the special cases of
AVL; B; and 2-3 trees, is not particular-
ly fast. (See The Design and Analysis of
Computer Algorithms, by Alfredo Aho
and Jeffrey D Ullman. Reading MA:
Addison-Wesley, 1974.)

Second, students of graph theory tend
to define a tree as an acyclic graph. (See
Graph Theory, by Frank Harary. Read-
ing MA: Addison-Wesley, 1969.) By this
definition, the object presented in Dr
Walker's figure 1 is not a tree, but a
rooted graph.

Third, Dr Walker states that one way
of scanning a sorted tree (a binary-
search tree) would be to first visit the
leftmost node in each branch, then the
parent, and finally visit the rightmost
node, repeating this sequence until
finished. He proceeds to say that this is
“tough for computers.” However, the
C-language routine in listing 1, page 24,
performs Dr Walker’s suggested
algorithm.

Next, the algorithm used to search a
tree can be cleaned up considerably, as
shown in listing 2. The algorithms used
to delete and add nodes are excellent,
and rewriting those in C would serve no
other purpose than to expose the defi-
ciencies of Pascal.

We now have nice, short algorithms
to do everything that Dr Walker wanted
to do to the tree, except to delete nodes

Circle 17 on inquiry card. =——p



MICROSETTE
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‘and 100-foot length cassetfes are backed
~ by a 30-day warranty for use on all popu-
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Have some
greal
memofries.

16K PROM boards.

B PROM card has 2708-type memory

B Quality board construction B 0-4 wait states
B Address any 4K group to any 4K boundary
B Control up to 8 banks of memory B Fully
assembled and tested B PRICE—$300

(California residents add 6% sales tax)

Expandable 5 MHz RAM boards.
8—32K expandable RAM board uses TI 4044
memory runs at SMHz B Fast 250 ns access
time M Bank select B Address any 4K block to
any 4K boundary B Quality board construction

PRICE—8K—$175; 16K—$315; 24K—$475;
32K—$620; 8K add-on kits—$135

(California residents add 6% sales tax)

Call or write Artec for details

8

ol

ARTEC €LCTROPI|C§, INC.

605 Old County Rd., San Carlos, CA 94070
Telephone (415) 592-2740

el
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from it. As far as I know, the algorithm
he used cannot be improved upon to
any great extent. This point is the basis
for my statement that it is not relatively
easy to delete nodes from a tree.

To achieve the operations Dr Walker
wants (easy insertion and deletion, while
maintaining a sorted list, plus easy
searching), I would recommend a
double-linked list. The algorithms for
dealing with this structure can be found
in any good data structures or
algorithms text.

Mike Meyer, Student
University of Oklahoma
POB 1749

Norman OK 73070

I thoroughly enjoyed Dr Walker’s arti-
cle on binary-tree sorting in the October
BYTE. He presented a subject that often
receives a boring and confusing treat-
ment in an interesting and clear manner.
Since the amount of data I must sort
daily has recently doubled, the article
came at the right time.

Time after time I have seen the subject
of trees presented in magazines and
books. Each time I lacked the incentive
to actually implement a tree structure on
my system. The whole thing seemed too
complicated for the results obtained.
However, Dr Walker provided the push
I needed to get it going.

Although some of the coding is redun-
dant, by the author’s own admission,
and is slightly inefficient in some areas

Listing 1

struct node {
int info ;
struct node *leftson,

!
visit(root)

if (root NULL) ret
visit(root -> leftson
printf("%d ", root ->
Visit(root -> rightso

Next, the algorithm used to
cleaned up considerably, as shown

search(root, item) struct nod
while (root != NULL)

Listing 2
if (root -> info == item)

return(root) ;
if (root -> info > item)

root =
else

}
return(NULL) ;

root =

(due mostly to the direct conversion
from FORTRAN and his desire to keep
the program portable), the program
makes sense. That sounds simple, but
many programs don’t make any sense at
all—they just work “somehow.”

Because of the use of highly structured
subroutines and “standard” BASIC, I
easily translated the program of his
listing 1 into Oasis BASIC and modified
it for operation on strings. This later
change is simple if the BASIC used
dimensions a string-array length rather
than a string length. The modification to
sort strings requires changing P in lines
200 and 205, KEY, and ALPHA to string
variables. It works well and fast.

I did, however, find one major design
problem. It is associated with the dele-
tion of a right terminal node that is not
the last node in the sorted sequence.
Both the coding of line 3090 and the
logic of table 1, Case II, Group B, Sub-
case 1 call for setting the right link
pointer of the parent Q to NIL (setting
RLINK(Q)=NIL). This tells the tree-
traversal routine that this parent is the
last item in the tree. Often it is not.

The proper logic is to set RLINK(Q)
equal to RLINK(P). In this way, the
parent Q of the deleted node P will
point back to the ancestor node, the one
that follows it in the sorted sequence. If
the deleted node P was the terminal
node of the entire tree, its parent, Q,
will assume this property when the node
P is deleted. That is the only problem I
found.

*rightson ;

struct node *root; {

urn ;

)
info) ;
n) ;

search a tree can be

e *root; {

{

root => leftson ;

root -> rightson ;

Circle 19 on inquiry card. =



Two proven ways to expand
your TRS-80" capability

Exatron’s

Stringy/Floppy...

speed,capacity
and reliability

Exatron’s Stringy/Floppy mass storage syste
gives you the speed, capacity and reliability of a mini-disk
system at far less cost. Thousands of ES/F users agree.

Here’s your complete
Starter System:

e ES/F Operating Manual ® Datal/O Program
® Basic ES/F System FREE 1 Year

($249.50) Subscription to 80-U.S.,
10 Blank Wafers the User's Joumnal
ES/F Monitor Program  ® Complete Info Package

Complete Starter Kit:

Tutorial Demo Program
$299.50

2 for1 Bus Connector

CALL OUR FREE HOTLINE

(800) 538-8559
IN CALIFORNIA: (408) 737-7111

Or contact:

' exatron
c 181 Commercial Street
Sunnyvale, CA 94086 *TRS-80 Trademark of Tandy Co.

| S8C_US.
TRS-80 User’s Journal

New “How-10” info

for the serious
TRS-80 user

80-U.S. is expanding with more pages, programs
and color with heavy emphasis on advanced
TRS-80 applications...plus a regular Exatron
Stringy/Floppy feature.

Special Introductory offer $9.95 peryear
Welll send you six issues of 80-U.S. for only
$9.95...almost half the regular price. If you purchase an
Exatron Stringy/Floppy System, we'll send them FREE.

OFFER VALID UNTIL MARCH 31, 1981,
Send to: L k

80-d.S. Journal

3838 South Wamer Street
Tacoma, WA 98409

(206) 475-2219

Sign me up! | can'tresist at $9.95!
[JCheck [JMoneyOrder [JM/C or Visa

CARD NUMBER EXP DATE

NAME

ADDRESS

CITY STATE Zip
Offer good only in the United States.
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TOUGHEST
BOARDS

IN TOWN
FOR S-100’s

Monitor and control
in wicked environments.

Want to put your S-100 system to
work in the world of computerized monitor-
ing and process control?

Dual Systems has all the boards it
takes to do the job in the toughest factory
environments. All are designed to function
dependably in the real world of industrial
control. All operate with Cromemco, North
Star and other S-100 systems.

A/D board. 12-bit precision. 32 single-
ended inputs. Or 16 differential inputs. 25
us conversion time. Vectored interrupt.
$635. Or $725 with 1 to 1000 gain trans-
ducer amplifier. Works with our thermo-
couple compensation board and our 4-20
mA input boards as well.

D/A board. Four independent channels.
12-bit precision. Input is binary or 2's com-
plement. Compatible with all existing 11O
mapped software. $495. Drives our ampli-
fier board which outputs 4-20 mA.

CMOS RAM board. On-board battery
back-up preserves data a year. 200 ns
read/write time. Runs at 4 MHz. 8K bytes
$590. 16K bytes $990.

CMOS clock board. On-board battery
back-up keeps clock running a year. New
LS| chip carries date, hours, minutes and
seconds. Read or write directly from 1/O
port. Vectored interrupt. $250.

We also provide complete main-
frame systems. OEM and dealer inquiries
are invited.

Contact Dual Systems Control
Corp., Dept. B, 1825 Eastshore Hwy., Berke-
ley, CA 94710. Phone (415) 549-3854.

THE NEW RELIABLES
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Many thanks to Dr Walker. It was a
great article; I would enjoy seeing more
articles from him in the future.

Jack Dolby
335 D-1 Hiddenwood Dr
Newport News VA 23606

Screen Print for TRS-80

In the October BYTE, Teri Li's
“Technical Forum” talks about some of
Radio Shack’s modifications for the
TRS-80. (See “Radio Shack’s Modifica-
tions to the TRS-80,” page 182.) The
screen-print problem created by the
lowercase modification has a simple
solution. Run the program shown in
listing 1.

Listing 1

10 CLS

20 FOR A = 15360 TO 15391
30 FOKE A,E

40 Bo= B+ 1

90 NEXT A

60 FRINT
70 END

Listing 2

5000 P=15360
5010 FOR V = 1 TO 15 ¢
5020 IF FEEKC(F)
F'$ = CHR$(FEEK(F))
5030 LFRINT F$; ¢ F = F +
5040 LFRINT™ "
H050 NEXT V

5060 RETURN

FOR H

32 THEN F$

1

The screen will display: @ABCD
EFGHIJKLMNOPQRSTUVWXYZ (up
arrow) (down arrow) (left arrow)

(right arrow) (dash)

This is how TRSDOS prints characters
to the display. The alphabet codes are
decimal 1 to 26. If we add 64 to each
decimal value PEEKed from the display
that is less than 32, then print the CHR$
equivalent to the printer, no problem
will be encountered.

The program in listing 2, called as a
subroutine, will print the contents of the
display to a line printer.

This routine works on uppercase and
upper/lowercase keyboards.

Gary E Alcorn
1037 E Redondo Dr
Tempe AZ 85282

0 TO 63

CHR$ (FEEK(F) + 64) ELSE

it

¢t NEXT H

Pain In the Exhaust

The article “FCC Regulation of
Personal- and Home-Computing
Devices,” by Terry Mahn (September
1980 BYTE, page 180) has consequences
for buyers and sellers of microcomputer
systems that are far-reaching and not
widely realized.

Compliance with the new FCC
(Federal Communications Commission)

regulations and the associated paper-
work, testing, and certification are ex-
pensive. Personal- and business-com-
puter systems will be more expensive
after the first of January, 1981, because
the consumer will be paying for com-
pliance with these regulations.

Let me first point out that, as a
licensed radio engineer, | must agree that
restricting radio emissions from personal
home-computing devices is both neces-



THE NEW RELIABLES

We used to be known as Industrial Micro Systems and
we made the best micro componentry around.

Now we're IMS International, and the best compo-
nents in the business are an integral part of the best and

broadest micro-based business system line around. Ours.

As adealer, here is a sales package with real teeth.

Easy to sell.

Reliable. Engineered equipment offering factory tech-
nical support a phone call away. (Though we have
equipment in operation since 1975, yet to fail.)

Low cost—well under $10,000 complete— with
the best margins and benefitsin the industry. Face it,
even the most impressive specifications are no replace-
ment for profits.

Our systems are designed to meet the specific needs

of your business computer customers today and tomor-
row. Our tested dealer sales package has been designed
for you and your needs.

Tailored sales plan. National advertising backup.
Point of purchase program. Protected territories.
Guaranteed complete system deliveries in 30 days.
180-day warranty to your customers.

We have what you and your customer need.

The package is complete. New. Reliable.

To become part of our expanded dealer network in
1981, call Fred Williams (collect) 714/978-6966,
or write us:

VS 3
2800 Lockheed Way

nTeERnationar  Carson City, NV 89701
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What can you honestly
expect from an interactive
data terminal that costs only
$3697?*

Well, to begin with, color graphics.

" RCA's VP-3301 has unique color-locking circuitry that gives
you sharp, jitter-free color graphics and rainbow-free characters.

Plus much more: Microprocessor control. Resident and
programmable character set. Reverse video. State-of-the-art
LSI video control. 20 and 40 character formats. RS232C and

20 mA current loop. Six baud rates. Eight data formats. ASCII
encoding. Light-touch flexible-membrane key switches for
reliability and long life. CMOS circuitry and a spill-proof, dust-
proof keyboard for hostile environments.

The VP-3301 can be used with a 525-line color or monochrome
monitor or a standard TV set through an RF modulator. It
serves a wide variety of industrial, educational, business and
individual applications including communication with time
sharing and data base networks such as those provided by
Dow Jones News/Retrieval Service, CompuServe and Source.

All this—for the low price of $369. And it's made by RCA. So
get the whole story about the surprising VP-3301 today. Write
RCA MicroComputer Marketing, New Holland Avenue,
Lancaster, PA 17604. Or call toll-free: 800-233-0094.

*Suggested user price. Monitor and modem not included. “ n
(©1980. RCA
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sary and desirable. The impact of this
restriction is not yet fully realized by
businesses or consumers.

I will discuss both views. My com-
pany functions as an OEM (original
equipment manufacturer), buying
boards, cabinets, floppy disks, etc, from
various companies and customizing these
into systems for our customers. We are
in a favorable location, where the FCC
is a local telephone call away, and its

‘testing labs, in Laurel, Maryland, are

right up the street. As a business, what
we have to do to legally advertise or sell
a system after January 1, 1981, involves
a lot of work and money. The testing
and certification are beyond our in-
house capabilities, and the necessary
spectrum analyzer—even to rent—is ex-
pensive. A lab in our area will do the
testing for us for $1500. Necessarily, this
forces us to raise our products’ prices.
There, then, is even more involved
paperwork and such. Now, $1500 is not
a lot to the Tandy Corporation, Apple
Computer, or Hewlett-Packard, but it
does represent a problem for the hun-
dreds of small computer businesses.

Also, we believe our main selling
point is S-100 compatability, whereby
we can choose from the wide spectrum
of available boards to customize a user’s
system. However, if we change anything
that would affect RF (radio frequency)
emissions (ie: substitute a different in-
put/output or memory board), we must
recertify the “new” configuration. This
will defeat any flexibility we now enjoy.
The key point is that larger manufac-
turers can easily absorb these expenses,
and we “little guys” are forced to raise
prices drastically, or go out of business.

For consumers, you'll be paying more
for a system that is certified to meet RF
emission/interference criteria. It is hard
not to draw parallels with emission-con-
trol equipment required on automobiles.
In principle, it is an excellent idea. In
practice, it is a pain in the exhaust, and
an expense,

Having presented the problem, let me
suggest some approaches. Even though
this matter has been studied by the FCC
for three years, it is being sprung upon
manufacturers rather quickly. I believe a
period of evaluation by the industry—
particularly the microcomputer “cottage
industry”’—is in order. I have mentioned
this to the FCC and to my congressman.
Also, I would be happy to discuss these
issues with any other interested parties.

This issue represents a critical turning
point for our industry and our hobby. 1
do not believe that many people are
aware of the consequence.

Patrick H Stakem, President
Interface Technology of Maryland
POB 745

College Park MD 20740m



THE DAWN OF
AGE

The 2nd Generationis here!

MEASUREMENT systems & controls proudly vectored priority interrupts, RS-232C interfaces
introduces its new and exciting “2nd Generation” with full handshake, asynchronous or synchronous
family of S-100* compatible products. Each has operation with asynchronous baud rates to 19,200.

been specifically designed for use with Available in four or eight channel versions.
multi-user and network BB W

operating systems such
as MP/M, CP/NET, and
OASIS. Every product is
fully tested and burned-
in, comes with a 1 year

DOUBLE DENSITY
FLOPPY DISK
CONTROLLER BOARD—
controls up to four 5%-
inch or 8-inch disk drives
%ﬁrzfag;ﬁjar,easngoct)ffers using IBM soft sectored
currently available from  {/ESERE R — > fg?@ﬁfﬁbgrgeﬁhﬂﬁifig;
any other source. - DMA controlled data
transfers and the per-
formance character-
istics of the superior

280 PROCESSOR
BOARD — The most

powerful CPU board available today. Outstanding NEC 765 chip.
features include 4MHz operation, high-speed serial
and parallel /O utilizing DMA or programmed 64K BANK SELECTABLE MEMORY BOARD —
control, eight vectored priority interrupts, and a Features include /O port addressing for bank
real time clock. select with 256 switch selectable /O ports for the
memory bank addressing. The memory is
MULTI-USER SERIAL 1/0 BOARD — For use in configured as four totally independent 16K
expanded systems requiring up to eight additional software-selectable banks, with each bank
serial I/O ports. Features include: 16 maskable addressable on any 16K boundary.

*All products meet the new IEEE standards.

“Attractive Dealer & OEM Prices”
See your nearest computer dealer, or
contact us for the complete story on

The 2nd Generation.

Systems L€l | |

A Divisionof MEASUREMENT systems & controls (714) 633-4460 TWX / TELEX: 678 401 TAB IRIN
incorporated



Hardware Review

Photo 1: The Radio Shack Daisy Wheel Printer II.

Radio Shack’s Daisy Wheel Printer II

Yvon Kolya, POB 22, Peterborough NH 03458

In August of 1980, Radio Shack introduced a series of
new products, including a daisy-wheel printer capable of
producing high-quality print for word-processing
systems. Radio Shack named the device the Daisy Wheel
Printer II.

I was fortunate enough to be among the first to receive
one of the new Daisy Wheel Printer IIs. I picked it up at
the store only a week after ordering it.

Physical Appearance

As I expected, the printer had an attractive ap-
pearance, using the standard Radio Shack colors black
and silver. However, much to my surprise, I found the
printer to be constructed entirely of heavy-gauge cast
aluminum. The only nonmetal parts were the miscella-
neous knobs and switches, which were brought out to the
surface of the cover for the user to manipulate, and a rub-
ber platen. Upon opening it up, I discovered that the
metal exterior was well supported by a cast aluminum in-
terior frame, with a layer of foam rubber sandwiched be-
tween the two for sound absorption. Everything else
seemed to be made of steel or chrome, except the pulley
wheels, which were nylon. All in all, the printer appeared
to be very solidly constructed. It was a bargain to get all
this excellence for hundreds of dollars less than an
equivalent letter-quality printer.

Connecting It

As soon as [ had unpacked the printer from its shipping
box, I plugged the carbon ribbon cartridge into place, a
very simple operation, and then I pressed the print wheel
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into position (also a very simple operation). When I con-
nected the printer to my TRS-80 Model II and tried it out,
it worked perfectly.

[ borrowed a friend’s TRS-80 Model I Disk System and
tried it out with the printer. It also worked perfectly the
first time.

Next I connected it to an Apple II-Plus computer, using
its Parallel Printer Interface Card. Unfortunately, it did
not work. After a little experimentation, I discovered that
the problem was with the ROM (read-only memory) soft-
ware on the parallel card. Normally, the Apple’s software
leaves the eighth bit of the data bus set high. When it's set
low, the characters on the video display flash on and off.
On the Centronics printers, and their look-alikes, this bit

is ignored. On the Radio Shack printer, however, the
eighth bit is used for the special characters. To correct

this problem, I grounded the line for the eighth bit, and
the printer then worked correctly with the Apple II-Plus.
I could have used a software routine to correct this prob-
lem, but I felt this method would be quicker.

Printer Controls

There are two control switches on the front of the
printer, an on-line/off-line switch and the pitch-control
switch. There are three modes of pitch control: 10 cpi
(characters per inch), 12 cpi, and proportional spacing.
The pitch control used depends upon the type font
mounted in the printer. For example, if the Courier 10
font daisy wheel is in place, this switch should be placed
in the 10 cpi position. If the Prestige Elite font is used, the
switch setting should be 12 cpi. The Madeleine font re-
quires that the switch be set to proportional spacing. To
some minor degree, the 10 and 12 fonts can be used at
either the 10 or the 12 cpi switch setting, although using

Circle 23 on inquiry card. e==p



o ZORK is more
than an adventure.

Zork™ is a computer fantasy of ultimate challenge. Un-
earthly creatures guard treasures beyond your imagina-

/ tion. Mazes confound your quest. So quicken your wits
\

# and pick your path carefully through the Great Under-
ground Empire. The least likely object
, / may be the only thing that can save
.« your life.
Yet, you can succeed. Discover the 20
,~ treasures of Zork, return them to the Trophy
Case and leave alive. But bring all the cunning
and courage you can muster. Because in-
Zork, they take no prisoners . . .
Zork, The Great Underground Em-
pire, was created by Infocom, Inc., and
4. is available for 32K Apple® Il and Il
. ~— Plus and 32K TRS-80"™ Model I Level
| 11 disk systems.
Also new from Personal Software
isMONTY ™ Plays Monopoly,* which
lets an Apple or TRS-80 play Amer-
ica’s favorite board game with the
family. ! '
Arcade Classics is a new TRS-80
R action game featuring Cosmic
S A Raiders, Pinball, Ricochet and
= %.%\ Blockade.” A great way to

] RS0

have fun without feeding
quarters into the machines
Zork, MONTY Plays Mon-
ﬁ %  opoly and Arcade Classics—
g more fun and games with
your computer, NOwW join-
ing our other Strategy
Games: Microchess,
Gammon Gambler,
Checker King, Bridge
Partner and Time Trek.
See these great strat-
egy games at your Per-
sonal Software com-
puter retailer. For the
dealer nearest you, call
Personal Software Inc.
at408/745-7841, or write
1330 Bordeaux Drive,
Sunnyvale, CA 94086.
‘When you put your
computer to work, use
Personal Software™ Pro-
ductivity Products:VisiCalc,*
DESKTOP/PLAN"™ and
CCA Data Management
System.

. sOor

' Zork is a trademark of Infocom, Inc.; Apple is a registered
/' trademark of Apple Computer, Inc.; TRS-80 is a trademark
of Radio Shack Division of Tandy Corp.; MONTY is a
trademark of Ritam Corp.; Monopaly is a trademark of
Parker Brothers, Inc.; MONTY is not sponsored or
endorsed by Parker Brothers, Inc. Blockade” is a
registered trademark of Gremlin Industries, Inc.

*w
1\



the 10 font at the 12 setting will make the letters appear
cramped.

At the top of the printer are two levers, one on the
right for releasing the grip of the platen on the paper, and
one on the left for controlling the number of carbon
copies (from 1 to 7) to be run through the printer.

At the rear of the printer are, once again, two switches.
One switch is directly above the power cable, and it is
used to turn the machine on and off. The other is over the
interface connector; it is the self-test switch. The self-test
switch prints out a series of characters to test both the
printer and the print wheel.

Inside the printer, to the right of the cabinet, there is a
three-position impression intensity control switch. It
allows you to adjust the amount of energy used by the
strike-hammer when printing.

__ At a Glance

Audience

Computer owners desir-
ing letter-quality printout
instead of dot-matrix

Name

Daisy Wheel Printer
II—catalog number
26-1158

Use Features

Letter-quality printer Print speed: 43 cps;
carriage-return speed:
300 ms/13% inches (34.5
cm); linefeed speed: 4
ips; printing pitch choice
of %, inch, %; inch, or
proportional spacing;
linefeed pitch: ¥ inch or
%2 inch; fonts: 124 char-
acter positions on

Manufacturer

Radio Shack

1 Tandy Center

Forth Worth TX 76102

Dimensions
20.45 by 62.5 by 39.5 cm
(8%0 by 24% by 15'%,

inches) double-daisy print wheel;
wheels: Courier 10

Price (supplied), Prestige Elite

$1960 12 (not supplied; catalog

number 26-1421),
Madeleine P S (not
supplied; catalog number
26-1422); characters per
line: 136 characters at 10
pitch, 163 characters at
12 pitch; impression con-
trol: high, medium, low;
interfaces (physical):
eight parallel and one
strobe; code: Modified
ASCII; paper-feed
mechanism: pinch-feed
platen; power
requirements: 120 VAC,
50/60 Hz, 141 W 220
VAC, 50 Hz (for
European operation)

Hardware Required
TRS-80 Model [, II, or III
computer, or any com-
puter capable of driving a
standard Centronics-
interface parallel printer;
requires a printer-
computer cable, available
from Radio Shack, for
whichever Radio Shack
computer the printer is to
be used with.

Software

None (if used with
appropriate configuration
of a Radio Shack com-
puter)

Hardware Options
Tractor feed, $249 extra

Documentation

38-page manual, 22 by 28
cm (8%2 by 11 inches),
includes schematics
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Printer Attributes

This printer does not require special software for use. If
you have the proper printer cable for your computer, you
can use the printer immediately. While in BASIC, you
can use it to print listings, or you can use it from withina
program to deliver hard-copy information. If you have a
word processor, such as Radio Shack’s Scripsit or
Michael Shrayer's Electric Pencil, you are really ready to
go.
Unfortunately, both Electric Pencil and Scripsit are in-
capable of using all the features of this printer. For exam-
ple, not all of the control codes accepted by this printer
are used by these two word processors. The codes ac-
cepted by the Daisy Wheel Printer II are given in table 1.

Unfortunately, Scripsit will access only the carriage-
return-with-linefeed code (decimal 13) of this printer. The
rest of the codes are not used.

Electric Pencil is only a little bit better in that it accesses
the backspace feature (to perform underlining) in addi-
tion to the carriage-return-with-linefeed code.

Fortunately, BASIC is capable of accessing all of these
codes (using the function CHR$(X)); the printer’s manual
provides several example lines of BASIC code that can be
used to do this. Listing 1 shows the first step of a maze
generated on the Apple II-Plus printed by this printer. A
word of caution: if your BASIC program uses the top-of-
form code (decimal control code 12), you will need a
special driver program for this printer. This special pro-
gram is available from Radio Shack free of charge.

Although BASIC can access all of the characters and
control codes used by the printer, the TRS-80 in com-
mand mode is incapable of accessing either the special
control codes or about thirty characters on the print
wheel because the keyboards of the Tandy Corporation
computers do not generate the necessary ASCII (Amer-
ican Standard Code for Information Interchange) codes.

The complete character set produced by the printer is
shown in listing 2. Notice that there are several foreign-
language characters, as well as special nonalphabetic

Listing 1: A test pattern to check registration. This pattern,
which is made from vertical bars and underline characters,
demonstrates the printer's capabilities of great printing
accuracy.

Listing 2: The character set of Radio Shack's Daisy Wheel
Printer 1I. Some of the special characters can be printed only by
sending special-character codes to the printer.

1U888 ' () *+,-./0123456789: ; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\]"_"

‘abcdefghijklmnopgrstuvwxyz { | ) “agep® "1"®0 11qéue  FS¥ADUe_45i8

Circle 24 on inquiry card. =—p



How to tell if it's a White Computer. -

You seg, it isn’t always white.
Until now, if you bought a White
Computer it was dressed up as some-
one else’s system. Now the White
Computer is available under its own
nameplate.

And the features that make the
White Computer the choice of many
system builders also make the White
Computer an excellent choice for you.

Features like White’s guaranteeto
ship replacement parts within 24
hours of your telephone call. CP/M®
and MP/M™ operating systems. Full
upgrade routes to multi-user and
hard-disk performance. (Like the
3-user 35 megabyte system shown.)
And 8-bit or 16-bit configurations.
Features that make the White Com-
puter the reliable, high performance

system you need for business, or
software development, or industrial
control uses. Al

- So.if you buy a computer that’'s
not white, it might still be White. But
make sure. Because if it’s not White,
chances are you're paying more, for
less computer.

White Computers are now
available from computer dealers
nationally. Call or write for more
information, and the name of your
nearest dealer.

CP/M is aregistered trademark of Digital Research.
MP/M is a trademark of Digital Research.

LWHIL

ToE Ry

C O M P U

White Computer Company /A 1876 Industrial Way
Redwood City, California 94063 A 415 364 7570



Photo 2: The print-wheel mechanism. The print wheel is a
double-daisy wheel (ie: each prong of the wheel contains two or
more characters, one closer to the center than the other), The
mechanism is shown tilted back, which is the position used for
changing the print wheel.

characters. Careful study of the type font indicates that
the Courier 10 print wheel supplied with the printer is
capable of printing both the French and German alpha-
bets. That's a really nice feature, if your software will
allow you to generate the required ASCII codes from the
keyboard.

Another worthwhile feature of this printer is a printer
optimizer. If a series of linefeeds, either positive or
negative, are received by the printer within 10 ms of each

DEALERS...OEM USERS.

Call on Monday...
your North Star
compﬂtle)r

delivered by
Thursday

R ——

WHOLESALE PRICES
AVAILABLE.
Authorized stocking
distributor for North
Star. GBC also main-
tains ready stock on

e NEC Spinwriter

e Turnkey North Star
Business Software

the following prod-

ucts and software: (609) 424-0465

¢ Centronics
¢ Perkin-Elmer @@ i
« Epson inc.

General Business Computers

2020 Fairfax Avenue
Cherry Hill, New Jersey 08003
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Circle 25 on inquiry card.

Code (decimal) Description
10 Linefeed, no carriage return
13 Carriage return with linefeed
27,10 Reverse linefeed
08 Backspace one character
15 Turn on automatic underline, all subsequent
characters will be underlined
14 Turn off underline
27,01 Space /g, of an inch
27,02 Space '3, of an inch
27,03 Space '/,, of an inch
27,04 Space '/,s of an inch
27,05 Space '/, of an inch
27,06 Space '/,, of an inch
27,14 Software set printer to '/,, of an inch character-
space mode
27,15 Software set printer to '/,, of an inch character-
space mode
27,17 Software set printer to proportional spacing
27,28 Half linefeed
27,30 Reverse half linefeed
Table 1 Control codes accepted by the Radio Shack Daisy
Wheel Printer II. Some of the operations are performed with
a two-code sequence.

other, they are temporarily stored until a character code
or control code is received, after which they are all per-
formed at once. That is, if ten linefeed codes are received
at less than 10 ms intervals, they are automatically
stored. Upon receipt of the eleventh code, which in this
example is not a linefeed, the printer moves the paper the
full distance of ten linefeeds, rather than the distance of
one line ten times, as other printers do.

As alast note, the documentation says that the printer
uses a multistrike carbon ribbon. This means that the rib-
bon is advanced very slowly, with each key striking on
almost the same place as the previous keystroke. Unfor-
tunately, when the end of the cartridge is reached, you
cannot rewind it and reuse the ribbon unless you disas-
semble the cartridge and rewind the ribbon from the take-
up reel to the supply reel by hand. This is a very tedious
and messy process. (I did it once when I desperately need-
ed a printout and did not have an extra cartridge avail-

able.)

Summary

e Radio Shack’s Daisy Wheel Printer II is a full-featured
printer capable of providing high-quality print; it is total-
ly suitable for use in word processors.

oThe printer accepts the Centronics-standard parallel
connector; thus it can be driven by any computer capable
of driving a Centronics-type parallel printer (although
some modification may be necessary to prevent the print-
ing of special characters that use the eighth bit high).
oThe print wheel supplied provides 124 different
characters, not all of which can be produced from the
standard ASCII keyboard unless a special software-
driver routine is written and used.

o The printer is constructed of heavy-gauge metal and
should be capable of heavy-duty use for a very long and
useful life.

e According to a label on the back, the printer was made
in Japan for Radio Shack. If someone had told me that
Radio Shack would be selling a word-processor printer as
solidly built as an NEC (Nippon Electric Company)
printer or a Diablo Spinwriter, only much cheaper, I
wouldn't have believed it. Now I do.m
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Adapter for TRS-80* computer eliminates disk read errors

Garland, Texas — Harold
Mauch, president of Percom
Data Company, announced
that the company is marketing
a simple plug-in adapter for
TRS-80* computers that cor-
rects a design deficiency in
the disk controller circuit.

The problem, which
causes disk read errors, has
been traced to Tandy’'s re-
liance on a circuit internal to
the FD1771 controller IC to
perform the function of
separating clock and data
pulses.

As explained in the
Backgrounder, use of the in-
ternal chip circuit for reliable
data-clock separation is a de-
sign shortcut which the man-
ufacturer of the controller I1C
warns against.

The Percom solution, a
PC card adapter called the
SEPARATOR™, eliminates
the problem by substituting an
explicit data separator circuit

iz L7450
CLOOK, 7 PAEN 1

1771

PIN 27
1771
PIN 25

15K DATA SEPARATOR

PERCOM DATA CO. INC.

Percom adapter fixes TRS-80* computer disk controller.

— one which has been used
reliably in Percom disk con-

The SEPARATOR™ is
installed without modifying the

trollers since 1977 — for the host system. The user merely

internal IC separator circuit.

removes the FD1771 IC from

the host controller, installs the
IC in the DIP socket on the
SEPARATOR™ card, and
plugs the adapter into the va-
cated socket of the host con-
troller.

Percom cautions that
opening the Expansion Inter-
face of the TRS-80* comput-
er, which is required to install
the SEPARATOR™, may void
the computer’s limited 90-day
warranty.

The SEPARATOR™,
which sells for $29.95, may
be purchased from Percom
dealers or ordered direct from
the factory. The Percom toll-
free order number is 1-
800-527-1592.

Payment for mail orders
may be made by certified
check, cashier’'s check or
money order, or charged to a
Master Card or VISA account.
Texas residents must add 5%
sales tax.

Circie 26 on Inquiry card.

Percom Mini-Disk Drives
Store More, Cost Less.

drive.

Percom mini-disk drives store more data, are
more reliable, yet a 40-track Percom drive
costs $100.00 less than a 35-track Tandy

You can store over 102 Kbytes per disk
on Percom TFD-100™ 40-track drives, over
197 Kbytes per disk on TFD-200™ 77-track

drives. -A patch — supplied free on minidiskette — upgrades
TRSDOS" for operation with the newer 40- and 77-track drives.
Both TFD-100™ and TFD-200™ models are available in
one-, two- and three-drive configurations.
Prices startat$399for a single-drive TFD-100™, $675fora
single-drive TFD-200™. Drives are supplied with heavy-duty
power supplies. Metal enclosure is finished in compatible silver

enamel.

See your nearby Percom dealer or order direct by calling

toll-free 1-800-527-1592.

Circle 48 on inquiry card.

Five-Inch Disks Store More
Than Eight-Inch Disks!

Garland, Texas — June 25,
1980 — Percom Data Company
has begun production of a
double-density disk controller
adapter for TRS-80* Model | com-
puters.

Harold Mauch, president of
Percom, made that announcement
here today, saying that data stor-
age capacity using the adapter and
double-density disk operating sys-
tem — which is included — can be
increased to as much as 354
Kbytes per minidiskette.

By comparison, the maximum
storage for larger ei%ht-inch disk
systems used with the TRS-80*

Circie 322 on inquiry card.

™ trademark o f Percom Data Compary, Inc.

Model | computer is about 290
Kbytes.

Mauch said the PC card adap-
ter, which plugs into the controller
chip socket of the computer Ex-
pansion Interface, works equally
well for either single-density or
double-density storage, and users
may continue to run programs
under TRSDOS*, 0S-80™ and
other single-density operating sys-
tems with the adapter installed.

Price, for the plug-in adapter,
the TRSDOS*-like double-density
DOS and a utility for converting
fles and programs from single- to
double-density format is $219.95.

This problem started while
we were stud¥]in an annoying
problem with the TRS-80* com-
puter. Disk drives sold by Percom
are realigned and tested before
shipment. We noticed, however,
that some disk drives would pass
the Percom inspection but just
would not work reliably on the
inner tracks with a TRS-80* com-
puter. These drives were within
the manufacturer’s specifications,
and would function perfectly on
other disk systems Percom man-
ufactures — ‘“‘perfectly” here
meaning more than 50 million
bytes read without error!

The disk read data separa-
tion arrangement in the TRS-80*
computer Expansion Interface
uses an intemal data separator of
the FD1771 disk formatter/con-
troller IC. Use of the FD1771 in-
ternal data separator is not
recommended by Westem Digital,
the IC manufacturer. The follow-
ing note appears on page 17 of
the FD1771 data sheet:

Internal data separation
may work for some appli-
cations. However, for ap-
plications requiring high
data recovery reliability,
WDC recommends exter-
nal data separation be

used.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUTNOTICE.
PERCOM DATA COMPANY, INC. 211 N. Kirby Street Garland, Texas 75042 (214) 272-3421

BACKGROUNDER

CRC ERROR! TRACK LOCKED OUT!

by the Technical Staff
Percom Data Company

We suspected the data
separator because the problem
was most severe on disk inner
tracks where storage density is
highest and data separation is
most critical.

To prove our point, a techni-
cian breadboarded a standard
Percom data separator circuit,
and configured it to plug directly
into the FD1771 IC socket of the
TRS-80* computer controller.

When connected to the
TRS-80* computer, a trouble-
some drive functioned perfectly!
We ran a BACKUP utility many
times and never got a track lock-
out. Before we added the extemnal
data separator circuit to the com-
puter, this same drive would al-

ways lock out tracks, and would
have difficulty reading from the
inner (higher number) tracks.

The Percom data separator
circuit fixes the mini-disk control-
ler of the TRS-80* computer. The
type of drives being used is ir-
relevant; the circuit eliminates
disk read errors resulting from the
inability of the Tandy controller
design to reliably separate clock
and data signals when reading
high density inner tracks.

Circle 323 on Inquity card.

*trademark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company.



An Extremely
Low-Cost Computer
Voice Response System

A computer speech-output system
can be built which requires no A/D
(analog-to-digital) or D/A (digital-to-
analog) converters, no multiple-pole
filters, no complex hardware, very
little software, and yet produces
speech which is quite intelligible even
to untrained listeners.

A data rate of 9600 bps (bits per
second) produces speech quality and
intelligibility acceptable for most
hobbyist applications. This means
that a 400-word vocabulary can be
stored on one side of a single-density
8-inch floppy disk, the average word
duration being 0.5 seconds. Similar-
ly, the 16 hexadecimal digits, O thru
F, can be spoken from the data stored
in only 8 K bytes of memory, the
average word duration for these
digits being 0.4 seconds. The memory
need not be high quality, and slow
memory devices or components with
a few random bit failures can be used.
Thus, for limited vocabularies, the
MIMIC speech processor may be the
lowest-cost computer speech-
processing system available. Other
applications include:

etwo-tone telephone-signal decoding
®alarm signal

eautomatic word recognition by
computer (using software pattern
matching against stored speech
samples)

esound effects

e computer-generated musical tunes
emetronome

erhythm generator

About the Author

James C Anderson is a graduate student at
the Massachusetts Institute of Technology. He
is the inventor of the MIMIC speech processor,
a device similar to the one described in this arti-
cle, which is manufactured and marketed by
MIMIC Electronics Company.
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James C Anderson
¢/o MIMIC Electronics
POB 921
Acton MA 01720

A good deal of redundancy is
maintained at 9600 bps since, for ex-
ample, a lower data rate is achievable
by the linear predictive coding
method (typically 2400 bps). This im-
plies that slightly defective memory
circuits can be used for storing the
speech, with essentially no degrada-
tion in speech quality (do not base the
cost of a speech-storage system on
high-priced memory). The low cost,
high reliability, ease of use, and mass-
producibility of this system make it a
good choice for consumer products
such as video games. Imagine what a
computer could say when it finds
itself losing a game (onomatopoetic
responses such as “awww” are also
possible).

Sixteen spoken

words can easily
be stored In 8 K
bytes of memory.

There are basically two reasons
why speech-storage memory can be
inexpensive:

o The manufacturer’s yield on perfect
circuits plus slightly defective circuits
(those with 1% of the bits bad) will be
higher than the yield on perfect cir-
cuits alone.

eMemories with slow access times
can be used. An access time of 10 ms
is more than adequate, and circuits of
this sort can be purchased atl prices
far below those of standard semicon-
ductor memories.

Hardware
The technique to be used here is
called differentiated, infinitely

clipped, and integrated speech. Figure
1 on page 38 is a diagram of the essen-
tial hardware. Model speech is input
through a microphone and a
preamplifier (IC1). The unprocessed
analog-speech signal is then used as
input to a compressor consisting of an
operational amplifier (or op amp,
IC2), two diodes, and two resistors.

The compressor has a pseudo-
logarithmic characteristic and greatly
amplifies low-level signals while
somewhat attenuating high-level
signals. In this system, the com-
pressor acts as a simple automatic
gain control, making the amplitude of
the speech signal at the compressor
output less dependent upon such
things as the human speaker’s voice
loudness and distance from the
microphone.

The output of the compressor goes
to a simple R/C (resistor/capacitor)
differentiator which has a pole at ap-
proximately 8 kHz. The differentiator
performs quite well over the entire
range of speech frequencies from
100 Hz to 5 kHz (300 Hz to 3 kHz is
considered “telephone quality” band-
width for speech signals).

The differentiated analog-speech
signal is then applied to a comparator
(IC3) which acts as a zero-crossing
detector, or infinite clipper, and turns
the analog speech into a digital bit
stream. A resistor is in series with the
noninverting input to compensate for
the input bias current of the com-
parator, thus preventing distortion
due to “center clipping” of the signal.
Only a small amount of DC offset
potential in the comparator produces
a large degradation in speech in-
telligibility.

This would complete the speech
data-input path except for one prob-
lem: when no speech is present, the



Speech Processing

Many techmques now exist for
speech processing or digitization
(the encoding, storage or transmis-
sion, and subsequent decoding of
data for speech signals). Some
techniques have definite advan-

tages over others depending upon

the application.

For example, phoneme syn-
thesizers, which are essentially
electrical analog models of the
human vocal tract, can produce
speech from very low data rates
(600 bps (bits per second) or less)
and are often used in systems
where bandwidth or memory is
at a premium. By contrast, time-
domain techniques such as delta
modulation require greater band-
width (9600 bps or more) and are
popular when a mass-storage
device (eg: a disk drive) is
available. Time-domain tech-
niques simply record speech-signal
parameters as a function of time,
and may or may not make use of
human-vocal-tract characteristics
to help reduce memory or band-
width requirements.

Cost constraints often determine
which type of speech processor
will be used in a system. Syn-
thesizers can be costly both in
terms of the initial hardware in-
vestment and in the programming
and testing time required to con-
vert words into phoneme strings.
Neither of these costs is likely to be

reduced significantly. It is often

more cost-effective to invest in
equipment of general utility, such
as a floppy-disk drive, and use a
low-cost time-domain speech pro-
cessor. Many forces are acting to
drive down the cost of mass
. storage. For example, optical
recording technology has pro-
duced a 30 cm disk with storage

capacity of 10 billion bits and data-

access times compatible with

speech-processing requirements.

Assuming the speech data has been
sampled at a rate of 16,000 bps,
such a disk can store enough data

to produce speech contmuously for

more than a week.

Many of the time- domazn tech-‘

niques for speech processing have
significant drawbacks. Pulse code

modulation, as used in telephone-
quality systems, requires a high
data rate (64,000 bps) and is
therefore seldom considered for
present-day computer speech ap-
plications. CVSD (continuously
variable slope delta) modulation
produces good-quality speech

from a 16,000 bps data stream, and

several manufacturers have recent-
ly introduced CVSD integrated cir-
cuits (MC3417 by Motorola,
HC-55516 by Harris Semiconduc-
tor, and FX-209 by Consumer
Microcircuits of America are ex-
amples). However, all the CVSD
units are sole-sourced (ie: non-
interchangeable with other units).

Each of these components re-
quires a considerable amount of
support circuitry for operation, in-
cluding a power supply,
microphone preamp, audio power
amp, and complicated filters which
use precision (1%) capacitors and
resistors. Perhaps the greatest
drawback to CVSD is the fact that
the speech data stream which a
CVSD chip produces is meaningful
only to another CVSD chip.

For example, if the highly encod-
ed CVSD speech data is to be used
for automatic word recognition, it
must first be decoded by some
rather time-consuming software
before any operations such as fre-
quency analysis can be performed.
CVSD data also proves to be dif-
ficult to “conference” (mix) in com-
munication networks,
several users are talking
simultaneously to a single listener,

When time-domain techniques
are used to store a large
vocabulary in memory, it often
becomes a difficult and time-
consuming task to reproduce the
words in the vocabulary at the
same volume level. This occurs
because it is nearly impossible to

hold the microphone in the same

manner and to speak always at the
same volume level when originally
recording the vocabulary. It is also
difficult to add new words to an
existing vocabulary for the same
reason. A similar problem arises
when attempting automatic speech
recognition with a computer, since
variations in volume produce

material re
~ sound statistics of a language, a

when

variations in the speech data pat-
tern. Such variations must usually
be eliminated by a lengthy
amplitude-normalization process
in software.

The MIMIC Speech Processor
presented in this article is a low-
cost time-domain system which
has a relatively low bit rate. Using
only standard components, the
MIMIC Speech Processor requires
minimal external hardware for
operation. The data produced is
not highly encoded, and is
therefore easy to analyze and use
in communication networks. The
MIMIC Speech Processor auto-
matically normalizes the amplitude
of all audio input signals, and is
therefore not subject to the prob-
lem of volume variation.

Speech Intelligibility

A common method for evaluat-
ing speech intelligibility is the “ar-
ticulation test.” Typically, a per-
son reads a list of syllables or
unrelated words to an 'untrained”’
group of listeners (recognition
ability improves with practice),
and the percentage of items iden-
tified correctly is taken as the ar-
ticulation score. By choosing test
representative of the

realistic test of the system can be
made. Word-articulation scores
for speech which has been differen-
tiated, infinitely clipped, sampled
at a 10 kHz rate, and integrated (in
that order) are in the neigh-

borhood of 90% for trained
listeners.
When words are used in

sentences, contextual information

is present which leads to con-

siderably higher articulation
scores. To test your system, try
recording the sentences “Joe took
father’s shoe bench out," and "She
was waiting at my lawn."”
Together, these sentences contain
all of the fundamental sounds in
the English language that con-
tribute toward the loudness of
speech.
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Figure 1: Speech-processing hardware.
Model speech information is input
through a microphone and preamplifier.
The analog signal is processed by com-
pressor and differentiator circuits, and is
then applied to a zero-crossing com-
parator. The result is a serial data stream
in which the bit width is modulated to
reflect the input frequency. A squelch cir-
cuit is provided to disable the processor
output when no speech signal is present,
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comparator (IC3) puts out unpleasant
high-frequency noise. This problem is
overcome by controlling the pro-
cessed speech-data signal with a
squelch signal.

The squelch circuit uses amplitude
information to shut off the data
stream through IC4a. When the
overall magnitude of the unprocessed
input signal is above a certain
threshold value, the circuit quickly
enables the data to pass. Op amp ICS5,
diode D1, and the R/C output filter
form an envelope-detector system
which follows the positive peaks of
the unprocessed speech signal. A
comparator with hysteresis (IC6 and
its voltage-divider feedback network)
is used to give the squelch circuit a
fast attack response, but a slow decay
characteristic. Thus, the differen-
tiated and infinitely clipped digital
speech data stream is created, and
squelched when necessary.

The processed speech, in the form
of a bit stream, may then be sampled
by a computer or other digital hard-
ware at a rate of approximately
10 kHz. The information may be
stored in some type of memory, and
used later to produce speech.

To reproduce stored speech, the in-
formation is dumped at a 10 kbps
rate. The speech-output hardware is a
filter consisting of IC4c and an R/C
network which has a pole at approx-
imately 16 Hz. The buffer (I1C7) feeds
an AC-coupled power amplifier (IC8)
with volume control. The speech pro-
duced by this digital recording system
has essentially been differentiated
before storage, then integrated upon
playback.

Quality

Although the storage requirement
is typically 10,000 bits for each sec-
ond of speech, the effective amount
of storage required can be reduced
somewhat by using phoneme con-
catenation. For example, the spoken
word “seven” can be stored as an ’s”
sound plus an “eh-vun” sound. The
same “s” sound can also be used in
other words such as “six ” (“s” plus
“ick” plus “’s”). Similarly, one record-
ing of the word “teen” will allow you
to generate “seventeen” with a simple
program which outputs “s” plus “eh-
vun” plus “teen.”

This method, unfortunately, will
not always produce acceptable
speech. When “dog” is broken up into
“duh” plus “aw” plus “guh,” the



resulting audio does not sound like
the intended word. This is due to the
fact that in natural-sounding speech,
the end of one phoneme often blends
into the start of the next (but not
always, as was shown in
“seventeen”). If all of the phonemes
are recorded separately, some
method is needed to blend them
together—a formidable task.

The speech quality of this system is
similar to a single-side-band radio
signal which is not quite tuned in.
The speech produced is quite intelligi-
ble yet rather “mechanical” sounding.
However, upon listening to speech
produced by this system, several peo-
ple have remarked that it “sounds just
like you'd expect a computer to sound
when it talks.” Thus, it seems to have
good public acceptance as far as
quality is concerned.

Theory

Why does such a simple system
work? The answer is not particularly
simple. However, an understanding

~of the theory can point to methods
for improving the speech quality and
can also give a feel for the system's
limitations. During World War II, it
was discovered that a large amount of
peak clipping could be impressed on a
speech signal with the speech re-
maining at least moderately intelligi-
ble.

Infinite clipping is a process which
preserves only the zero-amplitude
axis-crossing information of the
speech waveform (ie: the process tells
us whether the signal is positive or
negative). The intelligibility of an in-

dramatically improved if the clipper
is preceded by a differentiator circuit.
A simplified conceptual diagram of
the hardware is presented in figure 2,
which omits the squelch circuit. The
system input f(t) in figure 2 cor-
responds to the compressor output
(IC2) of figure 1.

The spoken word
‘“‘seven’’ can be
stored as an ‘‘s"”’

sound plus an

“eh-vun’’ sound.

Mathematically, taking the
derivative of a function and equating
it to zero yields the local maxima and
minima (peaks and valleys) of the
original function. For example,
assume that the system input in figure
2 is a sine wave, f,(t), as shown in
figure 3a on page 40. This sine wave
is differentiated so that the cosine
wave, fi(t), of figure 3b is present at
the input to the comparator. Notice
that whenever f;(t) equals zero, as at
t=m/2, the original function f,(t) is at
a peak or a valley.

In the next step of processing, the
comparator acts as an infinite clipper.
The comparator output is high when
f'(t) is greater than zero, which means
that the original function f(¢) has a
positive slope and is rising from a
valley to a peak. Similarly, for f'(¢)
less than zero, the comparator output
is low, which means f(t) is going from

zero, a critical point is occurring and
the comparator output is changing.
The comparator output is an infinite-
ly clipped version of f(t) as shown in
figure 3c. This may be sampled and
stored as digital information.

An approximation to the original
function f(t) can be obtained by in-
tegrating the stored digital informa-
tion (see figure 3d). Note that only a
triangular-type waveform can be ob-
tained at the integrator output
because the input to the integrator is
always a bivariate (two-level)
waveform. However, a triangle wave
is a close approximation to a sine
wave. In fact, the triangle wave of
figure 3d is given in Fourier-series
form as:

(4/7) [sin t — (1/9)sin 3t +
(1/25)sin 5t — (1/49)sin 7t
+...)]

The components other than the fun-
damental (sin t) can be considered as
contributions to distortion and can be
reduced by filtering. In general, a DC
offset may also be present, but any
offset can easily be eliminated in the
actual implementation simply by us-
ing AC-coupled amplifiers. In sum-
mary, the system of figure 2 will pro-
vide a triangle wave which can only
approximate the original sine wave.

Amplitude Decoding

In the system of figure 2, the fre-
quency of the “reconstructed” wave-
form (at the output) will be the same
as the original input frequency.

finitely clipped speech signal can be a peak to a valley. When f'(t) equals However, the output waveform'’s
| SAMPLE BIT STREAM |
{ AT 10kHzRATE
i T—
| ISNT%REEMSQJA | | COMPUTER
L
| OUTPUT BIT STREAM |
L AT 10kHz RATE
\| +
. /1 AV _-L o+
f(1) 3 E LALSD N
b COMPARATOR T £l
. /% - -
DIFFERENTIATOR INTEGRATOR

Figure 2: Diagram of the processing concept. This simplified diagram omits the squelch and compressor stages of figure 1. The process
is easy to follow: any analog input is differentiated and clipped before storage as a digital bit stream; upon playback, the bit stream is
simply integrated to recover the original waveform information.
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Figure 3: The basic process is illustrated
on the first four waveforms. If a sine wave
(a) is fed to the processor (f,(t) =sin t), the
wave will be differentiated to produce a
cosine wave (b) (fi(t) =cos t). Notice that
the cosine wave crosses zero whenever the
sine reaches a peak. This is also reflected
in the output of the infinite clipper stage
(c) where the waveform may be expressed
as: fi(t)/|fi(t)|. At this point, the infor-
mation may be stored digitally. An ap-
proximation of the original signal (f(t))
can be obtained by integrating the stored
information to produce (d):

S fi(t)
Ifit)]

Although the output waveform has the
same frequency, the amplitude is not
always accurately reproduced, since the
comparator has a constant amplitude out-
put regardless of input signal level If the
signal shown in (e) is fed to the speech
processor (f,(t)=sin 6.5t), the differen-
tiator will produce the wave of (f)
(fa(t)=6.5cos 6.5t). The zero-crossing
comparator produces the square wave of
(g) (f2t)/ | f5(t)|), which may be recorded
quite accurately. When this information is
played back, the wave of (h) will be pro-
duced:

§ fat)
|f(t)|

The amplitude is reduced because the
integrator stage is essentially a low-pass

filter. The same process is performed on
more complex waveforms as shown:

() fs(t) = sint + 1 sin(6.5t + 2.3)
6.5

() fa(t) = cos t + cos(6.5t + 2.3)
fa(t)

(k) f:’!clippzd(t) =
|fat)]

fat)
Ifat)|

Note that the overall wave shape and
relative amplitudes are well preserved.

dt

) | frewnpeatt)dlt = S

amplitude will diminish as the fre-
quency increases; and it will do so
regardless of the input amplitude. For
example, assume that the input to the
system is f,(t) =sin 6.5t, as shown in
figure 3e. The output of the differen-
tiator is then f;(t)=6.5 cos 6.5t,
which is a large-amplitude cosinusoid
(see figure 3f). This signal is applied
to the comparator and the square
wave of figure 3g results, with an
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amplitude independent of the input-
signal amplitude.

The square-wave signal is now run
through an integrator, which
drastically diminishes the amplitude
of the signal (see figure 3h). This'is so
because an integrator acts as a low-
pass filter, and causes a signal’s
amplitude to diminish in inverse pro-
portion to its frequency (ie: it at-
tenuates higher frequencies by 20 dB
per decade of increase in frequency).
Thus, the amplitude of f,(t) was not
preserved in the reconstruction, even
though the frequency was.

| e e ———_ R
The clipped-speech
approach presents

an alternative to
more complex
and costly systems.

We can get an accurate reconstruc-
tion of both frequency and relative
amplitude only if we guarantee that
the input waveform will diminish in
amplitude as a function of its frequen-

Listing 1: The author's MIMIC driver. Assembled on Cromemco's CDOS for Z80s, this
routine should work equally well on any 8080-based microcomputer. As noted in the
comments at the top, this software should produce a 10 kbpsdata rate for systems with

a 2 MHz clock.

0001 ;EXAMPLE: MIMIC DRIVER PROGRAM
0002 ;8080 OR Z80 INSTRUCTIONS
0003 ;ASSUMES 4 K OF MEMORY AT LOCATIONS 0 TO FFF
0004 ;ASSUMES MIMIC INTERFACED AT PORT B3 HEX
0005 ;ASSUMES 2 MHZ CPU CLOCK
0006 ;RESULTING SPEECH DATA RATE IS 10 KHZ
0007 ;
0000 0008 ORG 0 ;PROGRAM STARTS AT ZERO
0000 214800 0009 VIN LD HL,BUF ;ADDRESS BUFFER MEMORY
0003 OE08 0010 LD C.B8 ;INITIALIZE BITCOUNT
0005 DBB3 0011 V1 IN A,0B3H ;DIG OUT ACTIVE?
0007 17 0012 RLA ;CHECK FOR BIT 7 SET
0008 DA0S00 0013 1P C,V1 ;WAIT FOR IT
000B DBB3 0014 V2 IN A,0B3H ;GET DATA BIT FROM MIMIC
000D IF 0015 RRA ;SHIFT BIT ZERO INTO CARRY
000E 7E 0016 LD A,HL) ;GET DATA BYTE
000F IF 0017 RRA ;PUT BIT INTO BYTE
0010 77 0018 LD (HL),A ;STORE DATA IN BUFFER
0011 0D 0019 DEC C ;COUNT BIT
0012 C21E00 0020 1P NZ,V3 ;DONE WITH BYTE?
0015 OEO8 0021 LD C,8 ;RESET BITCOUNT
0017 23 0022 INC HL ;MOVE POINTER
0018 7C 0023 LD AH ;SET UP FOR COMPARE
0019 FE10 0024 CP 010H ;AT 4 K BOUNDARY?
001B CA2400 0025 JP ZNVOT ;YES, NOW PLAY BACK DATA
001E CD4100 0026 V3 CALL DEL ;100 MICROSECOND WAIT
0021 C30B00 0027 JP V2 ;LOOP AGAIN
0028 ;
0024 214800 0029 VOT LD HL,BUF ;ADDRESS BUFFER MEMORY
0027 OEO8 0030 LD CgB8 ;SET BITCOUNT
0029 7E 0031 VT2 LD A,(HL) ;GET DATA BITS
002A D3B3 0032 OUT O0B3H,A ;OUTPUT DATA TO MIMIC
002C OF 0033 RRCA ;ROTATE BITS IN DATA BYTE
002D 77 0034 LD (HL),A ;STORE DATA BYTE
002E 0D 0035 DEC C ;COUNT BIT
002F C23B00 0036 JP NZ,VT3 ;DONE WITH BYTE?
0032 OE08 0037 LD C,8 ;RESET BITCOUNT
0034 23 0038 INC HL ;MOVE POINTER
0035 7C 0039 LD  AH ;SET UP FOR COMPARE
0036 FEIO 0040 CP 0lOH ;AT 4 K BOUNDARY?
0038 CA2400 0041 JP ZNVOT ;YES, REPEAT AD INFINITUM
003B CD4100 0042 VT3 CALL DEL ;100 MICROSECOND WAIT
003E C32900 0043 JP VT2 ;LOOP AGAIN
0044 ;
0041 0609 0045 DEL LD B,9 ;CALIBRATE CONSTANT FOR DELAY
0043 05 0046 D2 DEC B
0044 C24300 0047 JP NZ,D2 ;LOOP UNTIL DONE
0047 C9 0048 RET
0049 ;
0048 00 0050 BUF NOP ;START OF BUFFER MEMORY
00s1 ;
0049 (0000) 0052 END
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cy. For example, (1/a)sin(at) is such a
signal, when a is an arbitrary real
(nonzero) constant. Thus, if we had
applied (1/6.5)sin 6.5t to the system
(instead of just sin 6.5t as in the
previous example), the output would
have been a reconstructed waveform
of both proper frequency and
amplitude.

The system of figure 2 is therefore
limited to reconstruction of signals
which fall off in amplitude by
20 dB/decade. Figures 3i, 3j, 3k, and
3l show what the system does to a
more complicated signal which meets
the restriction. The important thing
to note is that the wave shape (and
hence the frequency content) of the
original signal is faithfully repro-
duced, and the relative amplitudes
are maintained.

Speech signals (eg: a voltage
waveform produced by a microphone
whose output is linearly proportional
to pressure) generally have amplitude
components which drop off as a func-
tion of frequency by about 20 dB/
decade. This is true for both short-
term (125 ms) and long-term (a
minute or so) measurements. Hence,
one would expect the system of figure
2 to be capable of reproducing fairly
natural-sounding speech which, in-
deed, it does.

Actually, differentiated-clipped
speech is just as intelligible as
differentiated-clipped-integrated
speech (ie: no new information is pro-
duced by simply integrating the
bivariate waveform at the com-
parator output), but it is very
unpleasant to listen to. Some types of
music can also be recorded using this
system, with recognizable melodies
and harmonies.

Distortion

Distortion may come from several
different locations in this system of
speech recording and playback. If,
for example, the input signal does not
have components which fall off in
amplitude by exactly 20 dB/decade,
there is no hope for an “exact”
playback using the circuit of figure 1.
This situation arises when several
persons are speaking simultaneously
at different levels of loudness. The
voices tend to mask or distort each
other. A similar situation occurs
when one person talks in a noisy en-
vironment. Another source of distor-
tion comes from the fact that the
system can produce only ramp-type



waveforms at its output, no matter
what the input looks like.

With additional hardware and soft-
ware, these problems can be greatly
overcome, resulting in an improve-
ment in speech quality. If, instead of
a simple squelch circuit, the slowly
varying amplitude-envelope signal is
sampled with an A/D converter, and
if this data is used to amplitude-

modulate the constant-level clipped .

speech signal when it is reproduced
for output, the quality of the signal is
improved. However, the overall data
rate required is approximately
15,000 bps, and requires additional
hardware. The system of figure 1 is
about the best we can do in terms of
simplicity and cost when it comes to
low-bandwidth speech processing.

Sample Rates

If one is to use clipped speech as a
digital recording technique, distor-
tion due to a finite sampling rate must
be considered. Figure 1 shows a
typical system for recording a
vocabulary of selected words which
may later be used for computer voice
response. Experiments have shown
that highly intelligible speech can be
obtained with a sampling rate of
about 10 kHz. Note that this sam-
pling rate is an experimental result
and has nothing to do with the well-
known sampling theorem, which
states that the rate of sampling must
be at least twice the highest frequency
to be recorded, in order to ensure an
accurate reproduction. Here we are

essentially sampling a square wave,

which is not a band-limited signal.
To understand why the 10 kHz
sampling rate is adequate, consider
the fact that the human ear loses
resolution at high frequencies. For ex-
ample, the note A above middle C
has a fundamental frequency of 440
Hz. The next note above it (A sharp)
has a frequency of 440X '%/2 , or ap-
proximately 466 Hz. The highest A
on the piano, which is 3 octaves
above 440 Hz, has a frequency of
23X 440 or approximately 3520 Hz.
Similarly, the highest A sharp has a
frequency of 23X 466, about 3729 Hz.
The difference between 440 Hz and
466 Hz sounds the same as the dif-
ference between 3520 Hz and 3729
Hz, even though the actual frequency
difference is 26 Hz versus 209 Hz.
Thus, our ability to resolve frequen-
cies deteriorates rapidly with increas-
ing frequency. In the case of clipped

speech, time quanta of about 0.1 ms
are adequate and the ear cannot easi-
ly discern errors introduced in the fre-
quencies which are reproduced.
Sampling clipped speech at rates
much higher than, say, 20 kHz mere-
ly wastes computer memory while of-
fering no appreciable improvement in
speech quality.

Final Note

It appears that clipped speech
techniques can be used in cases where
a limited-vocabulary computer voice
response is needed. In terms of
simplicity, ease of implementation,
and low cost, it is probably optimal.
For persons on limited budgets such
as students, hobbyists, and even pro-
fessional electrical engineers (who see
applications for computer speech out-
put but would have trouble justifying
a large investment), the clipped-
speech approach presents an alter-
native to more complex and costly
systems.l
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A Computer-Controlled Tank

My guess is that when you first
scanned the title of this article and a
few of the photos, you immediately
recognized Milton-Bradley’s Big
Trak. Perhaps it was one of the gifts
your children received during the
holidays.

Big Trak, shown in photo 1, is a

Copyright © 1981 by Steven A Ciarcia.
All rights reserved

Steve Ciarcia
POB 582
Glastonbury CT 06033

computer-controlled, motorized toy
tank. Commands to move, to turn,
and to fire the "photon cannon” are
programmed by a user (via a keypad)
into the tank’s control system. After
the user presses the “Go” key, Big
Trak takes off, executing the stored
command sequence,

Big Trak’s keypad contains a key
for each command. Some commands
are completed with a single key-

stroke, while other commands re-
quire multiple keystrokes for the
entry of parameters. A list of com-
mand functions appears in table 1.
Commands may be chained and
carried out sequentially. For example,
pressing the sequence: Forward, 2,
Left, 3, 0, Hold, 1, 0, Fire, 3, Go,
causes the tank to drive forward 2
feet, pivot 180° wait 1 second, and
then fire three cannon blasts. This se-

Photo 1: The Big Trak microprocessor-controlled, user-programmable tank, sold by the Milton-Bradley Company.
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quence is four commands. Big Trak
can hold sixteen commands.

Considering this month’s Circuit
Cellar title and the description thus
far, you may think this article is
about Big Trak and the microcom-
puter control system it employs. You
are half right. Big Trak is indeed the
tank mentioned in the title. However,
the word "Computer” in “Computer-
Controlled Tank” refers to your per-
sonal computer, rather than the
microprocessor inside the tank!

For a long time [ have been in-
terested in robotics. I have always
fantasized about building a robot to
do simple tasks. [ am sure that many
others have similar interests. Unfor-
tunately, due to the high expense and
the mechanical expertise required,
most of us never get beyond the idea
stage.

Playing with Big Trak is a tease. It
is not a robot, nor can it be converted
into one. However, it has features
that are fascinating as well as ag-
gravating for robot-building pro-
crastinators like myself. Big Trak has
a control system that memorizes com-
mands and coordinates a mechanical
drive. It converts simple keystrokes
into complex movements combined
with light and sound effects.

While the microprocessor program
that controls the tank is interesting, it
is the price/performance ratio of the
mechanism that is impressive. Big
Trak incorporates a two-wheel/two-
motor gearbox. The wheels turn syn-
chronously for forward or backward
motion and contrariwise for turns.
Left and right turns are precisely
definable (to a resolution of 1 part in
60). This drive mechanism would
take many hours to fabricate if you
were building it from scratch.

For die-hard robotics types, this is
kid stuff. EXACTLY! But, to some-
one with just a passing interest, the
capabilities of this $50 toy are fasci-
nating. With a little ingenuity, it
could serve as a test bed for robot en-
thusiasts on a tight budget. It could
also serve as a school project combin-
ing programming and actual control
of a mechanical device.

If only it could be linked with a
larger computer and remotely con-
trolled!

This idea sounded like a fun pro-
ject, so I decided to write an article on
converting Big Trak to remote con-
trol. The result is an interface that
allows complete wireless control of

the tank’s operation from your com-
puter keyboard. Virtually no modifi-
cation is required to your computer if
it already incorporates a serial 1/0
(input/output) port and 300 bps (bits
per second) modem.

Writing the control program isn't
hard. Commands are communicated
as LPRINT CHR$(X) statements in
BASIC. (For example, an LPRINT
CHR$(81) fires the photon cannon.)
A program which demonstrates this is
included. (See listing 1.)

At the other end of the link, a cir-
cuit is installed in the tank to receive
control commands from your com-
puter and simulate the user pressing
the keypad. This is not a specialized
interface applicable only to Big Trak;
the receiver has useful applications
elsewhere. It is designed in two sec-

Multiple Entry:

pad is shown in photo 3.

e e et e R R e e e ]

Single Entry:
Test — Tests tank operation by moving and firing cannon
CIr  —Erase all previous command entries
Cls  —Erase last entry only
Ck — Execute last command entry immediately
Go — Execute complete command sequence

Backward/Forward — How far? Enter 1 to 99 feet.

Turn {Left/Right) — How much? Enter 2-digit turn value.

Fire — How many shots? Enter 1 to 99 shots.
Hold — How long?  Enter 0.1 to 9.9 seconds.
Repeat — How many steps back? Enter 1 to 15.

Table 1: Summary of commands as entered on Big Trak’s keypad. Some commands
are completed with a single keystroke, while other commands require multiple key-
strokes (to enter qualifying data, such as how far to travel). The actual Big Trak key-

tions: a tank interface specifically for
this application and a general-use
wireless receiver/demodulator. The
receiver/demodulator can easily
serve as a wireless serial RS-232C ex-
tension for your computer in other
applications. Don’t care to string
wires for a printer located in another
room? Use this receiver interface up
to 200 yards from the computer.

All this will be explained in detail,
but first, back to Big Trak.

Inside Big Trak

Big Trak gets its control capability
from a TI (Texas Instruments)
TMS1000-series 4-bit micropro-
cessor. This single 28-pin CMOS
(complementary metal-oxide semi-
conductor) integrated circuit contains
programmable user memory, ROM

Photo 2: The microprocessor control system inside Big Trak. The 28-pin integrated cir-

e e — -

",

cuit is a T] TMSI1000-series 4-bit microprocessor. The smaller package is a hex digit
driver used in this application to power the various tank functions.
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Figure 1: Pin usage of the TI TMS1000
4-bit microprocessor. The TMS1000-series
processors all have the same instruction
set, differing in the number of pins used
for 1/0 and in the amount of memory
contained in the package.

(read-only memory), and I/O capa-
bility. The low cost (under $1 in large
quantities) makes this the product of
choice for many simple applications
such as computer games and ap-
pliance controls.

The TMS1000 microprocessor
series is actually a family of fifty-odd
devices. They all share a common in-
struction set. The differences are the
number of I/O pins and the amount
of on-board memory. The package of
Big Trak's 28-pin microprocessor,
shown in photo 2, is marked only
with a "house” number. It is most
likely either a TMS1000 or a
TMS1100. The only difference be-
tween these two components is the
amount of memory they contain. The
TMS1000 has 1 K bytes of ROM and
32 bytes of programmable memory,
while the TMS1100 has twice as much
of each memory.

As shownin figure 1, the micropro-
cessor has four dedicated input lines
and nineteen dedicated output lines
(OO0 thru O7 and RO thru R10). The
eight data outputs, OO0 thru O7, are
wired in an unusual way and can be
set to only 32 out of the usual 256
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Pin Name Description Type
K1,K2,K3 K4 data input input
00 thru O7 data output limited code output
RO thru R10 control output output
0SC1, OsC2 timing input (resistor/capacitor)
INIT power-on reset input
PIN 26 PIN 25 PIN 24 PIN 23 PIN 22 PIN 21
GO cK TEST RPT cLS CLR
X ¢oX #_OX N oo\ e
PIN 8<_} 1 1 1 i l I
ouT 3 6 9 — FIRE
N o 8o o $oNX e
PIN 7<} 1 I I I 1 I
0 2 5 8 l T
o #oN =X e = ' e\
PIN GG I I I I I I
1 4 7 - HOLD
X X =X o\ o\
o 5 I [ I i [

Figure 2: Schematic diagram of the Big Trak's keypad matrix. The column lines are
connected to the R-series output pins on the TMS1000, and the row lines are connected
to the K-series input pins. The physical structure of the keypad can be seen in photo 4.

values possible with an 8-bit code.
This is because the O-series outputs
receive only the 4-bit values from the
accumulator and the status flag (1 bit)
as inputs. The enabled range of the 32
values (out of the 256) is mask-pro-
grammed during manufacture of the

The “wireless ex-
tension cord”’ can be
used with other
peripheral devices
besides Big Trak.

circuitry on the silicon chip.

The R-series output lines, on the
other hand, are treated as eleven con-
trol outputs. Each R output line can
be set or cleared individually.

The Big Trak uses these lines to
read input data from the keypad, gen-
erate sound effects, light up the
“photon cannon,” and coordinate the
operation of the two motors.

Because the TMS1000 is a low-

power device (about 90 mW), it can-
not directly drive a motor. A second
integrated circuit (an SN75494) and a
few transistors facilitate the connec-
tion. The 75494 is a hex digit driver
primarily intended to interface
CMOS devices to common-cathode-
configured LEDs (light-emitting
diodes). While the tank uses no LEDs,
the 150 mA drive-current capability
of the 75494 makes it particularly
suitable in this application.

Connection of the keypad (shown
in photo 3) to the microprocessor is
straightforward. The keypad is ac-
tually a matrix of processor [/O lines.
Outputs RO thru R5 and inputs K1,
K2, K4, and K8 form a 4 by 6 matrix
(only twenty-three keys are func-
tional—the In key has no contacts) as
shown in figure 2. The K signals are
the rows, and the R signals are the
columns.

Such a keypad operates on a
scanned-matrix principle. The pro-
cessor alternately places a signal on
each R line and reads the four inputs
for any completed circuit (which
shows a key being pressed). Entering
a command, therefore, is simply a



The Big Trak can
serve as a test bed for
robot enthusiasts on a

tight budget.

process of shorting one of the cross
points of the matrix.

The keypad has no springs, mag-
nets, or raised buttons. It is nothing
more than two photo-etched plastic
sheets with conductive traces,
separated by a thin insulator. At the
cross points of the matrix, the in-
sulator has a cutout. Any pressure on
the keypad surface over this point
flexes the plastic and shorts the two
contacts, completing the circuit.
Photo 4 shows the structure of the
keypad. '

Practically speaking, any connec-
tion between a column and a row of
the matrix will be perceived as a valid
data input to the processor. For ex-
ample, if you use a clip lead to con-
nect pins 8 and 26 on the processor
package, it will accept this as a Go
command and commence operation.
This concept is the premise of my
remote-control circuit.

External Keyboard Control

Remote control of Big Trak starts
with an interface that attaches to the
processor and functions in place of
the keypad. Figure 3 shows the sche-
matic diagram of a circuit that does
this. The prototype is shown installed
over the processor board in the tank.
(See photo 5.) Its location with
respect to the tank layout is better
shown in photo 6.

The integrated circuits [C2 and IC3
are 8-channel type-CD4051 CMOS
multiplexers. The 6 matrix column
lines are attached to IC2, and the 4
row lines are connected to IC3. The
selection of 1 of the 6 column lines
and 1 of the 4 row lines is determined
by the address-input lines A, B, and C
on each integrated circuit. A total of 5
address bits are required. While a six-
conductor cable (5 bits of data and
ground) strung between the computer
and the tank for parallel communica-
tions would work, it is hardly effi-
cient as remote control. Serial com-
munication is better, for a number of
reasons.

The components IC1, IC4, and IC5
function as a 300 bps serial-to-parallel

Photo 3: Commands are entered into Big Trak's memory through this keypad on the
top of the tank.

converter which operates on 9V
(note the use of the General Instru-
ment AY-3-1014A UART, a universal
asynchronous receiver/transmitter).
Data comes into pin 20 of IC3 at 300
bps where it is reconverted to parallel
format. Bits 0 thru 2 (DO thru D2) go
to IC2, and bits 4 and 5 (D4 and D5)
go to IC3. The choice is not arbitrary.

By selecting these particular bits as
the address inputs, the CMOS switch-
es can be set by binary codes that cor-
respond to ASCII (American Stan-
dard Code for Information Inter-
change) characters. This makes the

interface more flexible, since its func-
tions can be exercised directly
through characters output by use of
the CHR$(X) function in the BASIC
language. The necessary codes are
common, printable characters and
will not interfere with machine opera-
tion. (In some BASICs, the CHR$(X)
function can cause strange things to

“occur, depending upon the value of

X. In my computer system, sending a
CHR$(127) clears the screen and
resets the cursor.) Choosing printable
codes also aids troubleshooting.
Table 2 lists the twenty-three codes
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used in this interface. For example,
sending an “R” (with the output state-
ment LPRINT CHR$(82)) tells the
tank to make a right turn.

Oscillator IC5 (a 555 timer) is
tuned for 4800 Hz. This sets the com-
munication data rate at 300 bps. A
rate of 110 bps is set by changing the
oscillator frequency to 1760 Hz.

Operation is straightforward. The
UART is hard-wired for 8 bits of

data, no parity bit, and 1 stop bit.
When a character is received, the
data-output line becomes active and
the DAV (data available) line goes
high. One section of IC4 serves to
delay the reset pulse to the RDAV
(reset data available) input. This pro-
duces a 10 ms strobe signal which
closes the CMOS switches. (While the
data rate may be 300 bps, time must
be allotted between characters to

Photo 4: A rear view of the keypad, showing its construction. The keypad consists of
two plastic sheets containing photo-etched conductors separated by a layer of insula-
tion. At the locations of the function keys, the insulation has a circular cutout through
which the two conductive layers can touch when pressure is applied.

Photo 5: The prototype of the Big Trak control interface of figure 3. It is mounted on
top of the tank's processor board and is powered by the tank's 9 V battery. The inter-
face contains a 300 bps serial-to-parallel converter which directs the operation of the
CMOS switches attached across the keypad matrix.
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allow the tank control system to re-
spond. The effective data rate is more
like five commands per second.)
Whatever points were addressed on
IC2 and IC3 will be electrically con-
nected. The tank will then either store
or execute the command, depending
upon what it is.

Functionally speaking, you could
stop right now. If you don’t mind a
two-wire cord running from your
computer to the tank, you can con-
trol it with just the circuit so far .
described. Simply set your serial out-
put port at 300 bps and feed its signals
directly to pin 9 of IC4 in the inter-
face. This, in fact, was the way I had
to test the circuit before I went on to
the next step.

Constructing a “Wireless
Extension Cord”

The next step is, of course, the real
fun part of this project. Since we can
now command the tank through
serial-character transmissions, it is
only natural to consider eliminating
the wire and using wireless com-
munication,

Let's take stock. We have a tank
that for all practical purposes is
remote-controlled. All we have to do
is send TTL (transistor-transistor
logic)- or CMOS-level serial char-
acters to it, These characters, in turn,
come from BASIC LPRINT CHR$(X)
statements, the output of which is
transmitted serially. On the computer
side, we have a serial output, and on
the tank side we have a serial input.
Connecting the two requires an “ex-
tension cord,” either physical or
ethereal.

One method, shown in the block
diagram of figure 4, uses radio trans-
mission. The approach is not as
strange as it might initially seem. The
serial output from your computer is
FSK (frequency-shift keyed) modu-
lated and transmitted. Somewhere at
a remote location, a receiver picks up
this transmission and demodulates it.
The reconstructed serial data is fed in-
to the remote device, in our case, the
Big Trak control interface.

Please note the following: because
this interface uses standard serial-
data rates and voltage levels, any
wireless communication device we
design to accommodate computer/
Big Trak communication will also
work for any other similar-rate com-
munication. The computer doesn't
know whether it is “talking” to a tank
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Figure 3: Schematic diagram of the Big Trak remote-control interface. This circuit is installed inside the tank, replacing the function
of the manual keypad. The address-input lines on each of the two CD4051 8-channel multiplexers select the rows and columns of the

keypad matrix.

The AY-3-1014A UART is a product of General Instrument Corporation, Microelectronics Division, 600 W John St, Hicksville NY

11802.

COMPUTER
TTL/RS—232C
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ANTENNA

TRANSMITTER

\ 4

MODULATOR

Y

SERIAL INPUT
TO REMOTE
DEVICE
(BIG TRAK)
ANTENNA
RECEIVER #| DEMODULATOR

Figure 4: Conceptual block diagram of a typical wireless communications link.

or to a remote printer. The “wireless
extension cord” depicted in figure 5
can just as easily be attached between
the computer and any output
peripheral device.

Figure 5 outlines a simple way to
accomplish this communication. At
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the computer, an FSK modulator con-
verts the 1 and 0 levels to 2025 Hz and
2225 Hz tones. These tones are trans-
mitted using an inexpensive 49.86
MHz walkie-talkie. At the receiving
end (in this case, the Big Trak),
another walkie-talkie receives the

tones and a demodulator reconverts
the tones to logic levels which are fed
to the UART/control interface.

Figure 6 is a schematic diagram of
an answer-type modem modulator.
The assembled circuit is shown in
photo 7. Serial data from the com-
puter is fed into pin 1 of IC2, as
shown. A logic 1 input produces a
2225 Hz tone, and a logic 0 input pro-
duces a 2025 Hz tone. These tones are
amplified by IC3 and are directly fed
to the walkie-talkie transmitter,
through a connection across its
speaker.

Figure 7 is a diagram of the circuit
required at the receiving end. It con-
sists of an originate-type modem de-
modulator and a walkie-talkie
receiver. The guts of the walkie-talkie
are removed from its case and
mounted in the same enclosure with
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the modem board. Photo 9 shows the
receiver mounted in the bottom of the
box. The modem board is mounted
on stand-offs over the receiver, and
batteries are placed along the edge
and under the board, as shown in
photo 10.

The audio output of the walkie-
talkie is tapped from speaker leads; a
10-ohm resistor should be substituted
for the speaker if you don't wish to
hear the tones. This audio signal is
connected to the modem preamplifier
input. It is next sent through a band-

pass filter and limiter, which max-
imizes the signal level yet keeps it
under the saturation point of the de-
modulator. The demodulator, IC3, is
an XR2211 monolithic PLL (phase-
locked loop). It is set to work at 2025
and 2225 Hz. The output of the de-
modulator is a logic signal that is
compatible with the UART in the
tank controller.

The basic circuits showr in figure 6
and 7 were originally presented in the
Circuit Cellar article titled “A Build-
[t-Yourself Modem for Under $50”

Photo 6: Big Trak undergoing modification. The interface circuit of figure 3 may be

seen inside, in front of the keypad.

Photo 7: The modulator section of an answer-type modem. The serial data output from
the computer is modulated according to an FSK scheme into audio tones with frequen-
cies of 2025 and 2225 Hz.
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(BYTE, August 1980, page 22). I refer
you to that article for a more com-
plete explanation of modem com-
munication. (See also "BYTE's Bugs,”
BYTE, October 1980, page 332, and
November 1980, page 112.)

Wireless remote control in an auto-
mated-house application was dis-
cussed in “Handheld Remote Control
for Your Computerized Home,”
BYTE, July 1980, page 22.

The printed-circuit boards shown
in photos 7 and 10 are the production
modem boards originally offered as a
kit with components for those people
interested in constructing their own
modems from the August article.
These circuit boards are still available
and were used to construct the inter-
face described in this article. A text
box at the end of this article tells how
to order one of these boards.

The completed interface is a fairly
neat package. While it is large in com-
parison to the five-integrated-circuit
assembly inside the tank, it can still
be toted along behind Big Trak by us-
ing the Big Trak Transport, the tank's
cargo trailer. A cable and jack con-
nect the receiver to the controller in-

Photo 8: The output of the modem
modulator is connected by a cable to this
walkie-talkie (a Radio Shack number
60-4001) for transmission to the receiver
on the Big Trak. The connection to the
transmitter section of the walkie-talkie is
made across the speaker terminals, with a
10-ohm resistor inserted in the circuit in
place of the speaker. A phono jack in-
stalled on the front of the walkie-talkie
facilitates the connection.

Circle 29 on Inquiry card. =——p



SUPER

Once in a great while someone comes along
with a simple improvement for an already great
product. Take our SuperBrain, for example. Really a
simple concept. A high-powered, low cost micro-
computer packaged in an attractive desk top
cabinet. So how do you improve on that?

WE DID IT...

it wasn't enough that our SuperBrain had
such standard features as twin double density
5%" drives with over 300,000 bytes of disk
storage. A full 32K of dynamic RAM - expandable
to 64K in seconds. A CP/M* Disk Operating
System which assures compatibility to literally
hundreds of application packages presently availa-
ble. A crisp, 12" non-glare screen with a full 24
line by 80 column display. A full ASCIl keyboard
with a separate keypad and individual cursor
control keys. Twin RS232C serial ports for fast
and easy connection to @ modem and/or a printer.
And, dual Z80 processors which operate at 4 MHZ
to insure lightning-fast program execution. No, it
wasn't enough. So we made it better.

ANNOUNCING SUPERBRAIN QD...

Our new QD model has all of the features of
our phenomenally popular SuperBrain with the
addition of double-sided disk drives and an extra
32K of dynamic RAM. So, for only a modest in-
crease in price, you can order your next SuperBrain
with more than twice the disk and memory storage
capability. But, best of all, the new QD model has
the same tough, rugged construction and
exceptional quality that made our SuperBrain
such a success.

*Registered tademark of DigitalResearch, Inc.

HOW DID WE DO IT?

The secret of SuperBrain QD's incredible disk
storage lies within our new double-density double-
sided disk drives. A total of nearly 720,000 bytes
of data are formatted on two specially designed
5% drives. And that's more than enough to get
you started with most serious small business
applications. And SuperBrain QD's standard 64K of
dynamic RAM will handle even the most complicat-
ed programming tasks.

Of course, if you're into megabytes instead of
kilobytes, you may think neither SuperBrain is right
for you. Not so! Intertec offers 20-96 megabytes of
hard-disk storage which connects in seconds to
either the SuperBrain or SuperBrain QD. So, your
original investment is always protected. As you
grow. No matter how much your needs expand.

BUT IS IT RELIABLE?

Our best salesmen are our present users. Not
only have SuperBrain users been impressed with
the inherent reliability of the system, they tell us
that no other microcomputer system available
today offers such a unique modular design con-
cept. Just about the only tool required to easily

maintain the system is a common screwdriver. And
Intertec’s total commitment to product service and
customer support, with service outlets in most
major cities, insures your original investment will
be a valuable one for many years to come.

THE DECISION IS YOURS.

Whether your next SuperBrain is a regular
model or our QD version, you will have the
satisfaction of knowing you purchased what is
becoming one of the world's most popular micro-
computer systems. And regardless of which model
you choose, you'll probably never outgrow it be-
cause you can keep expanding it.

So, call or write us today for more infor-
mation. Intertec systems are distributed worldwide
and may be available in your area now.

INTERTEC

DAIA
25 SYJEMS.

2300 Broad River Rd, Columbia, SC 29210
(803) 798-9100 TWX: 810-666-2115
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Figure 5: Block diagram of the wireless remote-control system described in this article. FSK modulation is employed along with inex-
pensive walkie-talkies to create a "wireless extension cord.”
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Figure 6: Schematic diagram of the modulator section of an answer-type modem. The assembled circuit is shown in photo 7.

In this FSK-modulation scheme, a logic 1 input produces an output frequency of 2225 Hz, while a logic 0 produces an output fre-
quency of 2025 Hz. The output is connected across the speaker (which also serves as a microphone) in the walkie-talkie, which is con-
nected to the transmitter section. Capacitors marked with an asterisk (*) should be Mylar type parts.

terface. The combination tank/

trailer is shown in photo 11.

Programming Big Trak from Your
Computer Keyboard

Now that you have a remote-
controlled tank, you have to write a
suitable control program. The com-
plexity of the program depends upon
the level of sophistication you desire.
The interface was designed for simple
interaction, and it doesn’t require
much. Complete direction can be ac-
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complished with as little as the
following BASIC program:

100 INPUT A
110 LPRINT CHR$(A);
120 GOTO 100

In this program, the value of the
variable A should be one of the 23
decimal values listed in table 2. The
operator must keep track of the entry
sequence, and Big Trak and the com-
munication link must be powered at

all times, because commands are
entered singly and stored only in the
tank’s control system.

A much more sophisticated BASIC
program is shown in listing 1. This
program allows the operator to
assemble a command sequence off-
line with functional entries (Hold,
Fire, etc) rather than coded inputs. In
addition, the time needed to develop
a command sequence becomes less of
a problem, since power to the tank

Text continued on page 58



Listing 1: A program in BASICU tiwt allotws the operator to assemble a Big Trak com-
mand sequence using functionul entries. The command sequence is stored within the
host computer and is transmittced in its entirety to the Big Trak when the operator gives
the Go command.

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
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

REM ****x*xx*x&kx**x BIG TRAK RFEMOTE CONTROL PROGRAM ****kkkkk%
REM

REM

REM

REM Clear enough memory space for possible 16 command sequence
FOR Q=25000 TO 25048 :POKE Q,0 :NEXT Q :REM Clear Memory Table
REM

REM Load conversion table for ASCII 0-9 to tank code

DATA 38,53,37,85,52,36,84,51,35,83

FOR W=0 TO 9: READ B(W): NEXT W

REM

REM

PRINT:PRINT:PRINT:PRINT"COMPUTERIZED REMOTE CONTROL":PRINT

K=0 :REM Reset Command Counter
S=0:T=25000: POKE T,65: T=T+1
REM it clear code

:REM Set first code in table

PRINT"Command list to be repeated each time (Y or N)";:INPUT C$
IF C$="Y" THEN C=1 ELSE C=0 :GOSUB 990 :GOTO 300

REM

REM

IF C=1 THEN GOSUB 990 ELSE GOTO 310
PRINT:PRINT"Command" ; : INPUT AS$S

IF AS$S="M" THEN GOTO 440
IF AS="C" THEN GOTO 600
IF A$="H" THEN GOTO 650
IF AS$="R" THEN GOTO 720
IF AS$="T" THEN GOTO 760
IF AS="F" THEN GOTO 820
IF AS$="D" THEN GOTO 890
IF A$="G" THEN GOTO 920
IF A$="L" THEN GOTO 1290
GOTO 310

REM

REM =-===--- Move Command --------

PRINT" (F)orward, (B)ackward, (L)eft,or (R)ight":INPUT BS$

IF B$="F" THEN X=33 :GOTO 500

IF BS="B" THEN X=34 :GOTO 500

IF B$="L" THEN X=50 :GOTO 550

IF B$="R" THEN X=82 :GOTO 550

GOTO 300

PRINT"How many feet (1 to 99)";:INPUT Ql

IF Q1<=0 THEN 500

IF Q1>99 THEN 500

GOSUB 980

GOSUB 1090: GOTO 300

PRINT"Turn how many degrees (0 to 360)";:INPUT Q1 :Q1=INT((Q1l/360)*60)
GOSUB 980

GOSUB 1090 :GOTO 300

REM

REM --—-——- Clear Command =~==——=-—

K=0 :S=0 :T=25000 :FOR Q=25000 TO 25048 :POKE Q,0 :NEXT Q
PRINT"Stored sequence cleared --- Start Again":POKE T,65 :T=T+1
GOSUB 990 :GOTO 310

REM

REM —-=----- Hold Command ---—=-~—--

X=49 :PRINT"Hold how many seconds
IF Q1<=0 THEN 650
IF Q1>99 THEN 650

(total times .lsec)";:INPUT Q1

GOSUB 980

GOSUB 1090 :GOTO 300

REM

REM -====-- Repeat Command --------

X=67 :PRINT"Repeat how many steps";:INPUT Q1 :GOSUB 980
GOSUB 1090 : GOTO 300

REM

REM -——=--- Test Command --—------

IF T<=25001 THEN 770 ELSE 790
LPRINT CHR$(68); :PRINT"TEST COMMAND TRANSMITTED"

GOSUB 990 :GOTO 310

PRINT:PRINT"CAN NOT EXECUTE EXCEPT AS FIRST COMMAND" :GOTO 300
REM

REM -------- Fire Command -------—-

X=81 :PRINT"How many shots (1 to 99)";:INPUT Q1

IF Ql1<=0 THEN 820
IF Q1>99 THEN 820

GOSUB 980

GOSUB 1090 :GOTO 300

REM

REM —-=-—————- Dump (OUT) Command =——-———--

X=86 :GOSUB 1090 :GOTO 300

REM

REM -—-—————- Command Transmitter --------

X=70 :PRINT"COMMAND CONTROL SEQUENCE IS BEING TRANSMITTED TO TANK"

PRINT :PRINT

GOSUB 1200 Listing 1 continued on page 58
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NO ONE
GAN MAKE
A TRS-80

ORK
THE WAY
SNAPP
GAN!

SNAPP Il EXTENDED BASIC A family of en-
hancements to the Model Il BASIC interpreter.
Part of the package originated with the best of
APPARAT, INC.’s thoughts in implementing
NEWDOS BASIC. The system is written entirely in
machine language for SUPER FAST execution.
The extensions are fully integrated into Model Il
BASIC, and require NO user Memory, and NO
userdisk space. The package is made up of the
following six modules, each of which may be
purchased separately;

XBASIC—Six single key stroke commands to list
the first, last, previous, next, or current program
line, or to edit the current line. Includes quick
way to recover BASIC program following a NEW
or system or accidental re-boot. Ten single
character abbreviations for frequently used
commands: AUTO, CLS, DELETE, EDIT, KILL,
LIST, MERGE, NEW, LLIST, and SYSTEM. $40.00
XREF—A powerful cross-reference facility with
output to display and/or printer. Trace a vari-
able through the code. Determine easily if a
variable is in use. $40.00
XDUMP—Permits the programmer to display
and/or print the value of any or all program
variables. Identifies the variable type for all
variables. Each element of any array is listed
separately. $40.00
XRENUM—An enhanced program line renum-
bering facility which allows specification of an
upper limit of the block of lines to be renum-
bered, supports relocation of renumbered
blocks of code, and supports duplication of
blocks of code. $40.00
XFIND—A cross reference facility for key words
and character strings, also includes global re-
placement of keywords. $40.00
XCOMPRESS—Compress your BASIC programs
to an absolute minimum. Removes extraneous
information; merge lines; even deletes state-
ments which could not be executed. Typically
saves 30-40% space even for programs with-
out REM statements! Also results in 7-10% im-
provement in execution speed $40.00
ENTIRE PACKAGE ONLY $200.

8160 Corporate Park Dr.
Cincinnati, Ohio 45242

Call Toll Free
"""""‘? 1-800 - 543-4628

U
Ohio residents

call collect (513) 891-4496

All products now available to run with TRSDOS 2.0.

TRS-80 is a trademark of the Radio Shack
division of Tandy Corporation.

Now available for Model Il
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~ And now for the per

. Introducing 7 data-shield-
ing improvements from
Verbatim for greater disk
durability, longer data life.

Improvements to protect
your data from head-to-disk
abrasion. Improvements to
shield your data against loss
due to environmental condi-
tions. Improvements that'll
deliver a longer lifetime of
trouble-free data recording,
storage and retrieval than
ever before possible.

It's all made possible
by Verbatim, with these
improvements:

1. A longer-lasting lubri-
cant. Our new lubricant is
more resistant to diffusion, to
protect against data-destroy-
ing head-to-disk contact.

2. An improved liner.
Our new liner cleans and

< 1980 Verbatim Corporation

removes debris better. It also
enables more lubricant to
reach the recording head,
protecting against head wear.

3. A thicker, more dura-
ble coating. Our disks have
a more uniform oxide coating
for more adhesive and co-
hesive strength. We've also
made it thicker; providin
10% more protective lubri-
cant and an optimized signal
resolution for the new record-
ing heads.

4. Advanced polishing
techniques. Our burnishing
makes our disks uniformly
smooth, for better data trans-
fer, less head wear.

5. Reinforcing hub rings.
All Verbatim disks are avail-
able with hub rings to aid in
registration, eliminate slip-
page, reduce errors, and give

" Netbatin.

) 3-4000-8143

disk no’

Datalife




better alignment repeatability.

6. Testing standards that
go far beyond industry stand-
ards. Every Verbatim disk
meets or exceeds the most
demanding of IBM, Shugart,
ANSI, ECMA and ISO stand-
ards-because we insist on
Verbatim being the industry
standard of excellence.

We analyze raw materials
down to their molecular con-
tent. We subject every coatin
batch to more than 70 chemi-
cal, magnetic and electrical
tests. Two separate test groups
employ life-cycle tests using
more than 400 disk drives
from every manufacturer. And
we conduct “worst case” test-
ing of every bit of every byte
of every track of every single
disk. All to insure that Verba-
tim disks always pass the ulti-

s |

e

Circle 31 on inquiry card.

formance ofalifetime

mate test: satisfying you.

7. A100% Error-Free
Certification that means
more than just “100% error-
free! Our certification isn't
based on random sampling,
or statistical averaging. Rather,
it's based on extensively test-
ing every single disk. So we
can state that our disks really
are 100% error-free, and back
it up with a one year warranty.

“Try new Verb(ﬁ_im fol
performance of a lifé:

We playit back, Verbatim!
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MICROPROCESSOR
CROSS PASCAL RUN-
NING ON ALL PDP-11/

LSI-11 SYSTEMS

WRITTEN IN MACRO-
I SYMBOLIC P-CODE
OUTPUT . . . USER-

MODIFYABLE AND . . .

LOW COST !

TARGET

MICROPROCESSORS

8085 6809

8048 68000

280 Z8000

9900 8086

6500 PDP-11

6800

OPERATING SYSTEMS

UNIX
RT-11
RSTS
RSX-11D

RSX-11M
RSX-11M-PLUS

IAS

ALSO FROM
SYSTEM-KONTAKT

* DOWN LOADERS
- © SIMULATORS
® CROSS ASSEMBLERS

SYSTEM-KONTAKT, Inc.

6 Preston Court ® Bedford. MA01730U.S.A.
(617) 275-2333

58  February 1981 © BYTE Publications Inc

Listing 1 continued:

950 PRINT:PRINT"Retransmit Same Control Sequence (Y or N)",:INPUT QS$

960 IF QS$="Y" THEN LPRINT CHRS$(70);:

970 IF Q$="N" THEN 220 ELSE 950

1060 RETURN
1070 REM

GOTO 920

980 Al=INT(Q1/10) :A=Q1-Al*10 :RETURN

990 REM

1000 PRINT" COMMANDS :

1010 PRINT" (M) ove (F)ire"
1020 PRINT" (C) lear (D) ump"
©1030 PRINT" (H) old (G)o"
1040 PRINT" (R) epeat (D) ump"
1050 IF T<=25001 THEN PRINT" (T)est"

1080 REM Store Command Code in Memory Table

1090 POKE T,X :T=T+l:K=K+1
1100 IF A+Al=0 THEN RETURN

1110 IF Al=0 THEN 1130
1120 POKE T,B(Al) :T=T+l
1130 POKE T,B(A) :T=T+l

1140 PRINT"

Command Stored";

1150 IF K>=15 THEN GOTO 1160 ELSE 1170

1160 PRINT :PRINT"NEXT COMMAND MUST BE GO !"

1170 RETURN
1180 REM

:RETURN

1190 REM LPRINT Command Sequence from Memory Table

1200 POKE T,X

1210 FOR E=25000 TO T

1220 D1=PEEK(E) :LPRINT CHRS(D1);
1230 FOR C=0 TO 100: NEXT C

1240 NEXT E

1250 PRINT"TRANSMISSION COMPLETE"
1260 RETURN

1270 REM

1280 REM Display codes stored in memory table

1290 FOR N=25000 TO 25048
1300 GOTO 300

m

Command Name ASCI! Character Hexadecimal Code Decimal Code
Forward ! 21 33
Backward " 22 34
Right R 52 82
Left 2 32 50
Clear (all) A 41 65
Clear (last) B 42 66
Hold 1 31 49
Repeat C 43 67
Check E 45 69
Fire Q 51 81
Out \" 56 86
Test D 44 68
Go F 46 70
0 & 26 38
1 S 35 53
2 % 25 37
3 U 55 85
4 4 34 52
(5} $ 24 36
6 T 54 84
7 3 33 51
8 # 23 35
9 S 53 83

Table 2: Correspondence of ASCII characters to the twenty-three Big Trak com-
mand codes. The decimal values of the ASCII characters are sent to the transmitter
using the BASIC statement LPRINT CHR$(X).

:PRINT PEEK(N);" ";:NEXT N

Text continued from page 54:
and communication interface need to

be turned on only when the sequence

is to be executed. The Go command
transmits the entire repertoire to the
tank in one stream of data.

The datasent to thetank canin fact
be seen in the sample run of listing 2. I
used the same serial port designated
for the wireless communications link
to list the program. You'll note the

string of extraneous characters after
“COMMAND SEQUENCE IS BEING
TRANSMITTED TO TANK".
YA1%1%&Q$25%15&QTC %E"
is the string sent to the tank by the
CHR$(X) function. It ended up on the
listing (inadvertently) because both
devices (printer and tank) use the
same [/O-port address. If you com-
pare these characters to those in table
2, you will see that it represents the

Circle 33 on inquiry card. ==p
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That's right, if you can find a lower price in this magazine for any of the items listed in this ad, we will reduce our price
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PRINTERS (
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The |
reachable

oscillator, and builtin. S
_diagnostics and indicators. It's
- packaged inside an attractive in-
- jection molded case...and we
stand behind the STAR with a -
two year warranty!

STAR models are available
that interface directly with RS232
machines such as APPLE,
ATARI, and NORTH STAR or
IEEE 488 machines such as the
PET, and that operate with either
U.S. or European frequencies.

Available throughout the U.S,,
Canada, and Europe. For infor-
mation and nearest dealer, call
toll free (800) 227-2078, or (415)
447-2252 in California.

LLELi_vermore -

DATA SYSTEMS INC.
2050 Research Drive, Livermore, CA 94550
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commands entered during execution
of the program.

The program here, of course, is de-
signed more as a demonstration than
as a functional illustration of com-
puter intelligence. I don't play with
these interfaces every day, and it is
easy for me to forget the steps neces-
sary to enter a program on the key-

pad. By making it as idiot-proof as
possible, by prompting the correct re-
sponse,  can appear more intelligent
when I demonstrate Big Trak.

In Conclusion
Big Trak will not create any earth-
shaking movement within the robot-
Text continued on page 64

Photo 9: A second walkie-talkie is used in the receiving section of the remote-control
hardware. The working parts of the walkie-talkie have been placed in the same
enclosure that will shortly house the demodulator circuit. Here again, the speaker has
been removed from the walkie-talkie and a 10-ohm resistor substituted.

Photo 10: The originate-type modem demodulator of figure 7 has been constructed on
a printed-circuit board and placed in this box over the walkie-talkie circuit. The
modulator section of the circuit board is not used in this application; therefore the in-
tegrated circuits used only by the modulator have been removed. The circuit board is
mounted on stand-offs and is powered by two 9 V batteries. A shielded cable and a
phono jack connect it to the tank-controller interface, mounted inside the Big Trak.



New power at your fingertips.

Konan presents Hard Disk

Control, Tape Control, and
Serial 1/0 Boards for S-100
computers.

Konan, known throughout the industry for its
leading, innovative, guaranteed controllers
for S-100 systems, does it again. Now, it offers
you more of the expanded capabilities you
want.

Take your pick to suit your needs. There's
the SMC-100™ storage module (SMD or CDC
9760 interface) hard disk controller. There's
the HARDTAPE™ subsystem which offers
Winchester hard disk control with tape
back up. Or maybe you could use Konan's
new KNX-500, software compatible with
the AM-500*, for IO megabyte fixed/
removable media hard disks. The "DAVID”
is Konan's new error-correcting intelligent
disk controller for 51/4” and 8” Winchester
hard disk drives. And the "ENHANCER" is an
intelligent reel-to-reel tape controller with
high speed printer port for spooling, offline
sorts, copies, etc. Watch for new controllers
coming soon!

Also, Konan introduces OCTOPORT™ and
OMNIPORT™--two new serial I/O boards.
OCTOPORT™, the 8-port board, offers areal
time clock and full interrupt control. And the
16 port OMNIPORT™ offers you an efficient,
economical board where more than 8 ports
are needed.

With these and other quality products,
Konan shows again that when it comes to
S 100 systems, it is definitely in control (And
all at attractive OEM. and dealer pnc’e

Call Konan's toll-free order line:
800-528-4563.

Or write to: Konan Corporation
1448 North 27th Avenue
Phoenix, AZ 85009
TWX/TELEX 9109511552

*Alpha Micro AM-500 s a trademark of Alpha Micro Systems.

IN CONTROL. SMC-10O. HARD TAPE. KNX-500, OCTOPORT, and OMNIPORT
are trademarks of Konan Corporation.
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Now-Break Through The 64K
Micro-Memory Limit!

SWEET
SIXTEEN

Bank Selectable 16K Statlc RAM

SAVE $50.00
LIMITED TIME OFFER

Don't buy any more antiqgue RAMs (RAM without
bank select) — now there’s Netronic's new
SWEET SIXTEEN board featuring a universal soft-
ware bank select system. SWEET SIXTEEN is
capable of addressing 2,048 different banks.
With SWEET SIXTEEN boards you can add mem-
ory beyond the 64K limit, or expand to a multi-
terminal system.

LOOK AT THESE FEATURES:

® 300 NS, low power 2114's.

® Software Bank Selector — Universal decoder
works with Cromenco, Alpha Micro, Netronics, most
other systems, or your design. Onboard dip
switches: Bank Select Enable: Reset Enable; Reset
Disable; Port Address; Port Data.

® All Inputs And Outputs meet the proposed IEEE
standards for the S-100 bus.

® 4.0 MHz Operation.

Schmitt Trigger Buffer on all signals for maximum

noise immunity.

® Addressable On 16k Boundaries, 0-64k, dip

switch selectable.

Phantom Option, dip switch selectable.

PWR/MWRITE Option, dip switch selectable.

LED Indicator to display status.

Glass Epoxy PC Board with gold-plated contacts

and double-sided solder mask.

® Fully Socketed.

® Four Separate Regulators for maximum stability.

10-Day Monay-Bsck Policy For Wired & Tested
Unit: Try a fully wired board — then either keep it,
return it for kit, or simply return it in working condi-

LLLE Continental U.S.A. Credit Card Buyers

sssssssssss Outside Connecticut: annnsssansnay

CALL TOLL FREE:
800-243-7428

From Connecticut Or For Assistance:
{203) 354-9375

Please send the items checked below:

[ SWEET SIXTEEN kit; No. S-16 . ..
$249.95) now $199.95*

[0 SWEET SIXTEEN, fully assembled, tested,
burned in; No. S-16W . .. (reg. price $289.95)
now $239.95*

*Plus S2 postage & insurance. Connecticut residents
add sales tax.
Total Enclosed: S
[ Personal Check (1 Money Order/Cashier’s Check

{JVISA [ Master Charge (Bank No.

Acct. No. Exp. Date.

Signature
Print

Name
Address
City
State

I'\NETRONICS

RESEARCH & DEVELOPMENT, LTD.
333 Litchfield Rd., New Milford, CT 06776
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(reg. price
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Listing 2: An example of the user interaction produced by the program of listing 1. The
coded command-specification characters transmitted to the tank show up in this print-
out on the next-to-last line, because the same 1/O-port address was used for both the
remote-control transmitter and the printer interface.

run

COMPUTERIZED REMOTE CONTROL

Command list to be repeated each time (Y or N)? N

COMMANDS :

(M) ove (F) ire
(C)lear (D) ump
(H) old (G)o
(R)epeat (D) ump
(T)est

Command? M

(F)orward, (B)ackward, (L)eft,or (R)ight
?2 F

How many

Command?
Hold how

Command?
How many

feet (1 to 99)2 2
Command Stored

H

many seconds (total times .lsec)? 20
Command Stored

F

shots (1 to 99)? 5
Command Stored

Command? M
(F)orward (B)ackward, (L)eft,or (R)ight

Turn how

Command?

many degrees (0 to 360)2 90
Command Stored
M

(E‘)orward (B)ackward, (L)eft,or (R)ight

How many

Command?
How many

Command?

feet (1 to 99)2 10

Command Stored
F
shots (1 to 99)2? 6

Command Stored
R

Repeat how many steps? 2

Command?

Command Stored
G

COMMAND CONTROL SEQUENCE IS BEING TRANSMITTED TO TANK

A!%$1%8&Q$25$!56QTCSFTRANSMISSION COMPLETE

Retransmit Same Control Sequence

(Y or N) ?

Photo 11: When the electronic hardware has been built and is fully operational, the Big
Trak Transport (a cargo trailer) provides a convenient method for dragging the wireless
communication interface along.
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THE SOLUTION STORE

...MakesThe Difference! |

MicroAge Computer Stores sell solutions to your professional, business
and household-management problems, not just hardware. That's what
makes the MicroAge difference! From systems integration to easy-to-
understand application software, research and development to warranty °
service and repair, systems consulting to training and installation. In all S0 A SN
these, we offer the latest, most innovative approaches. That's why we are COMPU Il Sl
the forerunners . .. the pioneers in the microcomputer industry.

o

“Where Vision Becomes Reality”

But don'tjust take our word for it. Visit the MicroAge Computer Store nearest
you and see the difference solutions make. We have differences you'll
experience with every time and money-saving idea. The difference that
will keep you satisfied now and for years to come!

9530 Viscount

El Paso, Texas

(915) 591-3349

611 Rockville Pike 1707 Monroe Avenue 2065 El Camino Real West 83 South 10th Street 24 W.Camelback 2591 Hamilton Road
Rockville, Maryland  Rochester, New York Mountain View, California Minneapolis, Minnesota  Phoenix, Arizona Columbus, Ohio
(301) 762-7585 (716) 244-9000 (415) 964-7063 & (612) 338-1777 (602) 265-0065 (614) 868-1550

5742 E. Broadway 1220 Melbourne Drive 2525 N. Scoftsdale Road 1490 W. Spring Valley Road 4550-50 E. Cactus ~ Coming soon to:
Tucson, Arizona Hurst, Texas Scoftsdale, Arizona Richardson, Texas Phoenix, Arizona Denver, Colorado
(602) 790-8959 (847) 284-3413 (602) 941-8794 (214) 234-5955 (602) 996-2910 Milwaukee, Wisconsin

Indianapolis, Indiana

FOR FRANCHISE OPPORTUNITY INFORMATION CALL (602) 967-1421



PREAMP

BANDPASS FILTER AND LIMITER

4 N\ N\
2.2M
——M————
L«
0.01uF 1N914(2)
WALKIE- 30K
BEG | I e A
S 2 0.0
3 =H|'—wv—¢ . L.01pF &
0.1uF
= 3 7 [—4
ﬂh 1N914(2) 5
Ic2 3
LM1458
+9V 777
0.1uF
AY S
VAl
CARRIER
DETECT +9V
2.2M +
W = 9V BATTERY
2N2222 +9v 0.1pF —
j[ g iy 0.022uF
$5.1K CENTER - 9v BATTERY
>
1 (L B J FREQ T
Ic3 sk
XR2211 |;, 18K -9V
1M 220K OduF sl PLL AN
—w AMN—— .._al_
$ 200K 0.0047F
11 *
1 IN914 7 ) b
3 100K B )
o [, s—e——Pp 5100k 0.0047uF
— s 8 N
Ica 10pF 71
CD4011 i
7
_ +9V
510K 5.1K ?
Ic4 AAA— VWA
CD4011
5
SERIAL DATA OUT o -
TO FIGURE 3 6 Number Type +9V -9V GND
: IC1 LM741 7 4
IC2 LM1458 8 4
IC3 XR2211 1 4
IC4 CD4011 14 7

Figure 7: The demodulator section of an originate-type modem. This is required at the receiving end of the computer/Big Trak link to
decode the 2025 Hz and 2225 Hz tones received by the walkie-talkie. See photos 9 and 10 for views of the receiving system.

The XR2211 phase-locked loop is produced by Exar Integrated Systems, POB 62229, Sunnyvale CA 94086. Capacitors marked
with an asterisk (*) should be the type made from Mylar.

Text continued from page 60:
ics community, but neither will it go
unnoticed by those of us who like to
play with toys. I hope you will
recognize the independent capability
of the wireless serial-communication
link and use it in another application.
As regards extensions of the con-
trol concept, a few more ideas came
to mind while I was writing. The
wireless communication method de-
scribed in this interface is a one-way
link, computer to remote peripheral
device. However, the modem boards
used in the prototype have full-
duplex capability, even though only
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half of each unit is used. Further-
more, within the tank-controller in-
terface, I did not use the transmit por-
tion of the UART.

If two more walkie-talkies oper-
ating on a different frequency are
added, or if the two existing units
are switched back and forth between
send and receive, we could conceiv-
ably receive data sent back from the
tank. The required interface com-
ponents are presently available in the
hardware (the other halves of the two
full-duplex modem boards) but are
not utilized.

What data might the tank send

back? Do you remember that article I
did a while back on the Polaroid
Ultrasonic Ranging System? [In case
you don't, see "Home In on the
Range! An Ultrasonic Ranging Sys-
tem,” BYTE, November 1980, page
32....RSS|]

I'm sure you get the picture, but
unfortunately I didn’t have enough
time to add that feature now. How-
ever, if you don't mind looking at Big
Trak once more at a future time, I'd
like to consider adding “eyes” and
demonstrating control programs that
exhibit more machine intelligence.

Circle 37 on inquiry card. e==p



First compare quality.
Then compare cost.

Morrow Designs’10 megabyte
hard disk system: $3,695.

MORE MEMORY. LESS MONEY.

Compare Morrow Designs’ DISCUS™
M26™ hard disk systems
to any system available
for S-100 or Cromemco
machines. First, compare
features. Then, com-
pare cost per mega-
byte. The M26 works
out to under $200 a
megabyte. And the M10 is
about half the cost of com-
peting systems.

COMPLETE SUBSYSTEMS.

Both the M10 (8"), and the M26
(14"), are delivered complete with
diskcontroller, cables, fan, power sup-
ply, cabinet and CP/M® operating
system. It's your choice: 10 Mb 8"

at $3,6950r26 Mb 14" at $4,995.
That's single unit. Quantity prices are
available.

BUILD TO FOUR DRIVES.

104 Megabytes with the M26. 40+
megabytes with the M10. Formatted.
Additional drives: M26: $4,495.
M10: $3,195. Quantity discounts
available.

S-100, CROMEMCO
AND NORTH STAR*

The M26 and M10 are sealed-media
harddiskdrives. Both S-100 controllers
incorporate intelligence to super-

vise all data transfers through four I/0
ports (command, 2 status and data).
Transfers between drives and control-
lers are transparent to the CPU. The
controller can also generate interrupts
at the completion of each command
...materially increasing system through-
put. Sectors are individually
write-protectable for multi-
use environments. North
Star or Cromemco?
Call Micro Mike's,
Amarillo, TX,

(806) 372-3633

for the software
package that allows
the M26and M10 to run

on North Star DOS. MICAH of

:.A.iu

Morrow Designs’
26 megabyte

hard disk system:
$4,995.

@ g *CP/M is a trademark of Digital Research Corp.

Sausalito, CA, (415) 332-4443,
offers a CP/M expanded to full
Cromemco CDOS compatibility.

AND NOW, MULT-//O™

Mult-1/Ois an I/O controller that allows
multi-terminal and multi-purpose

use of S-100 and Cromemco computers.
Three serial and two parallel output
ports. Real time clock. Fully program-
mable interrupt controller. Designed
with daisy-wheel printers in mind.
Price: $299 (kit), $349 assembled

and tested.

MAKE HARD COMPARISONS.

You'll find that Morrow Designs’ hard
disk systems offer the best price/
performance ratios available for S-100,
Cromemco and North Star compu-
ters. See the M26 and M10 hard disk
subsystems at your computer dealer.
Or, write Morrow Designs. Need infor-
mation fast? Call us at (415) 524-2101.

Lookto Morrow
for answers.

5221 Central Avenue
Richmond, CA 94804

*Cromemco is a trademark of Cromemco, Inc.

“North Star is a trademark of North Star Computers, Inc.



Readers who wish to experiment with the wireless interface or want to
build an inexpensive modem may order the following:

Blank printed-circuit board (shown in photos 7 and 10) and construction
manual; can be built as either answer or originate full-duplex modem.
Full details of the circuit on the board are described in “A Build-It-
Yourself Modem for Under $50,” BYTE, August 1980, page 22, and con-
struction manuals included in each board.

Single circuit board — $14
Two or more boards — $12.50 each

Complete kit (printed-circuit board, components, and manual) necessary to
build a full-duplex originate modem.

Complete kit — $39.95

Order these from:

The MicroMint Inc
917 Midway
Woodmere NY 11598
(516) 374-6793

Please add $2 for shipping and handling. New York residents please add
7% sales tax.

MARK GORDON
COMPUTERS

DIVISION OF MARK GORDON ASSOCIATES, INC.
P.0. Box 77, Charlestown, MA 02129 (617) 4917505

o Sehi RIS OPERATING SYSTEMS
’:“‘“l ﬁ?gl("z'(’“ --------------- 7;%% NEWDOS by APPARAT INC 49.00
A:“; o oac ;5“’"‘ Ni5oT00 NEWDOS + by APPARAT INC 99.00
odel yseem ) MMS FORTH DISKETTE-PRIMER 79.95
16K Madel I1.y- e sy onie s s 859.00 NEWDOS 80. ..., 149.00
DISK DRIVES DISKETTE TRS-80*
40 Track S'a inch drive 314.00 BUSINESS SOFTWARE BY SBSG
80 T'ad( SVa i 544.00 Free enhancements and upgrades to registered owners for
4 Disk Drive Cable 39.00 the cost of media and mailing 30 daylree telephone sun-
PRINTERS port User reference on request
Centronics 730 599.00 Fully Interactive Accounting Package. General Ledger
EpsonMX80B ...................... 499.00 Accounts Payable. Accounts Receivable and Payroll
Centronics 737 849.00 Report Generating
Okidata Microline 83 ............. 1044.00 Complete Paclage (requires 3 or 4 drives) $475.00
Integral Data 440G 999.00 Individdual Modules (requires 2 or 3 drives) $125.00
NEC 5510 w-tractor 2679.00 Inventory Il (requires 2 or 3 drives) $ 99.00
Okidata Microline 80 ...............c.c... ... 599.00 Mailing L"‘ZN“"" & Address I $129.00
Diablo 630 . i s i st -« « - .2495.00 (requhres 2 rives) 129.
Intelligent Terminal System ST-80 111 $150.00
MISC HARDWARE Thetlectric Pencif from Michael Shrayer $150.00
Expansion int. TRS-80(Ok) 249.00 file Management System $ 49.00
Novation Cat modem 159.00
16K Men':‘ory Kit A:’;zz FINE PRINT
e deonitoy L8 TRS 805 a Tandy Corporationtrademark Use ol above operating sys
Printer Cable for above . 49.00 tems may requre the use of Radio Shack TRS.DOS Radio Shack
ISO-2 Isolator 54.00 equipment sudjecl to the will and whim of Radio Shack
ACLINEFILTER 24.00 ORDERING INFORMATION
We accept Visa and Mastercharge We wilishipC O D certified check
STORAGE MED'A or money orders only Massachusells res:dents add 5 percent s ales tax
Verbatim-box 10-5'4 25.00 To order call toli-free 1.800-343-5206
Memorex-box 10-5'4 22.00 For informalion call 617-491.7505
Plastic Storage Box 5.00 The Company cannot be liable lfor pictorial or typographical inaccuracies.
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Circle 38 on inquiry card.

Next Month:
Add a disk controller and 32

K-byte memory expansion to your
TRS-80.m

Big Trak is a registered trademark of the
Milton-Bradley Company.

Editor's Note: Steve often refers to
previous Circuit Cellar articles as
reference material for the articles he
presents each month. These articles are
available in reprint books from BYTE
Books, 70 Main St, Peterborough NH
03458. Ciarcia’s Circuit Cellar covers ar-
ticles appeating in BYTE from September
1977 thru November 1978. Ciarcia’s Cir-
cuit Cellar, Volume Il presents articles
from December 1978 thru June 1980.

BYTE's Bits

Johns Hopkins
Contest on
Applications for the
Handicapped

Johns Hopkins University is sponsor-
ing the First National Search for
Applications of Personal Computing to
Aid the Handicapped. The contest is be-
ing funded jointly by the National
Science Foundation and Radio Shack.

The contest addresses the full spec-
trum of physical and mental handicaps,
including: learning disabilities, visual
handicaps, hearing, language, neuro-
muscular or neurological disorders, and
limitations of movement. There are three
separate categories of competition—stu-
dent, amateur, and professional—with
both cash and equipment prizes awarded
in each category. Contestants must be
residents of the United States. Categories
of submission include: prototypes, com-
puter programs, and system concepts/
ideas. Individual rights remain with the
contestant.

We applaud all parties concerned for
conducting this worthy effort.

The deadline for submissions is June
30, 1981. For a descriptive flyer and
further information, write to:

Personal Computing to Aid the
Handicapped

Johns Hopkins University

POB 670

Laurel MD 20810m
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B Software Packages

Evergreen Data Systems

Evergreen Tax Package US1040 Tax return
package with selected state schedules  $1000

Computerized Accounting & Tax Service

Taxman* US 1040 tax return preparation. Con
handle 29 schedules $3000

cMC

Legal Billing* Allows attorney to monitor charges
based on hourly rates, cosls, or flat fees.
All AR functions $2500

Computer Management Systems

General Ledger & Payroil* Single diskette based,
easy 1o use program, Writes checks, W-2's and
914’s. Ideal for small retailer $500

Tek-Aids Industries, Inc.

0S65U fig-FORTH Hard disk multi-user, chains with
basic programs, requires 0S-65U $250

tig-FORTH Stand-alone version of the FORTH
Interest Group Model $175

BUS-I Original version, with GL, AR, AP. 6 diskettes
with new docs. S99

BUS/DMS * Most current version of BUS series
Special S150 discount for PO ‘s submitted with
original copies of Digital

Technology BUS-II $850
MEMTEST/2 Newedition of popular memory test for
OS! hardware. 8" and 5" disk $50
DCS Software Products
WP/INT* Interface belween WP-2 and any DMS file
for form feflers $80
Tra-Sta
Amway Distributors Package Order entry/inventory
Package for direct Amway buyer. Maintains
commission structure. $995
BBS

Data Director* Powerful data base manager.
Command oriented, very interactive

Tri-Comp

System Exerciser Self-prompting test routines for
end user froubleshooting S60

Farragher and Assoc.

Med-Bill Single doctor client billing

Frisch Computer Systems

Manufacturing Control System* Hard disk based
Standalone inventory with job costing and
bill-of-materiais. Extensively field tested. $3500

DQFLS

DQ Mail* DMS interface for WP6502 form letters

Version 1.2 S75

DQ Justity right-hand copy justification and
incremental spacing program V1.2 §50

WP6502 0S65U Version of popular word
processor. Version1.2 100 - Version1.3 $§250

UCSD System Users Society

USUS Software Exchange Library 6 diskette set of
UCSD Pascal programs, USUS membership. $80

Abacus Data Systems

Mailer* Text processor plus key file/sort capability.
Good moss moiler $190

Payroll* Thorough package for floppy or hard disk
End User Maintenance Service recomm. $495

General Ledger* Profit center support, journal
based, floppy or hard disk. $495

Digital Technology

BUS-II Manufacturer’s original version

*DMS Compatible

Affiliated Dealers

Creative Office Systems Indianapolis, ind. 4624 |
Small Business Systems, Inc. Gering, NE 6934 1
Kansas Computer Liberal, KS 67901

Custom Systems Development Wichita, KS 67214
BIP Murphysboro, IL 62966

Abacus Data Systems Greensburg, PA 15601
Business Computer of Joliet Cresthill, IL 60435
Business Data Systems, Inc. Boulder, CO 80301
Case Computer Bradley, IL 60915

Computer Management Systems Mitchell, SD 57301
CSB Houston, TX 77057

Cybertronics Houston, TX 77084

Data Buss Grayslake. IL 60038

Data Services Computer Corp. Denver, CO 80239
Delta Data Distributors Memphis, TN 38118
Farragher & Assoc. Milwaukee, W| 53213

Frisch Computer St. Paul, MN 55113

International Automation New Kensington, PA 15608
KMH Galesburg, IL 61401

MAP Systems Peoria His, IL 61614

Specialized Computer Systems Jackson, M149204
Taxman Salt Lake City, UT 84115

Tek-Aids Industries, Inc. Arlington Hts , IL 60004
Tra-Sta Computer Shoppe Pueblo, CO 81005
TriComp Inc. Denver, CO 80221

Total Data Systems Ft. Coflins, CO 80525
Whitlock International, Inc. Detroit, MI 48219

$995

$995

S150

Selecting software for your Ohio
Scientific computeris a chancy task at
best. There are few trustworthy ven-
dors with a national reputation. There
are no consistent quality standards
and the documentation is
often cryptic and inaccurate.
Ifyou are lucky enough
to find a good
package, there’s
no guarantee of
ongoing sup-
port. A wrong
choice results
in months of
wasted time,
effort, and money.

With the Software
Federation, you no longer
take that risk. The
Software Federation was
formed by three of the
largest Ohio Scientific hard-
ware distributors to select and
market quality software through
reputable dealers nationwide.

DEALERS

The Software Federation
solves the dealer’s problems by pro-
viding low cost access to high quality
software with the sort of demonstra-
tion packages, documentation,
and support that the dealer needs
to successfully sell machines.

AUTHORS

The Software Federation solves

the independent vendor’s problems

The Ohio Scientific Software Game

by providing a proprietary method
of software protection, aggressive
enforcement of software licenses, a
strong dealer base, primary support,
and national advertising.

END USERS
The Software Federation

solves the user’s problems by
providing quality software,
exceptional documenta-

tion, after-the-sale
support, and optional
software maintenance
services.

Why risk making
the wrong choice?
With the Software
Federation, everyone

wins!

See the dealer in your
area for a complete turnkey
demonstration.

Software Federation Inc.
44 University Drive

Arlington Hts., IL 60004

Phone: 312/259-1355




A Beginner’s
Guide to Spectral Analysis

Part 1: Tiny Timesharing Music

We live in two worlds that co-exist
in space and time; they touch each
other and interpenetrate at every
point and at every moment. In fact,
each world contains the other within
it.

One is a world of forms, of colors,
of sounds; the other is a world of
complex numbers, of mathematical
functions. Most people aren't aware
of this second world, but that doesn’t
make it any less valid as an expres-
sion of reality. It's not hard to peek
into this “alternate universe”: this ar-
ticle and the accompanying programs
will attempt to aid you in doing so. If
a student devotes some time to the
concepts suggested here, he'll find
himself rewarded with a set of extra-
ordinarily useful tools. Some facts
which aren’t obvious in one world are
obvious in the other; some tasks
which are slow, laborious, and ex-
pensive in the first world become
quick and cheap in the second.

My description may sound a bit
like Oriental mysticism, but it's not!
This article will try to sketch an in-
troduction to Fourier analysis, one of
the most powerful developments in
modern mathematics. It will empha-
size the feel of the subject, not the
complicated algebraic formalisms.
No advanced mathematical training
is required, but it may help to have
access to a small computer for some
parts of the discussion. The programs
that I've written for illustrative pur-
poses are in either BASIC or 6502
assembly language, and were specifi-
cally designed for the 8 K-byte Com-
modore PET. It should be a fairly
straightforward process to adapt
these programs to comparable ma-
chines.
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Mark Zimmermann
9410 Woodland Dr
Silver Spring MD 20910

The first part of this article will in-
troduce the one-dimensional Fourier
transform, and emphasize its impor-
tance to music and human perception
of sound. Included is a “tiny time-
sharing” program that is both edu-
cational and enjoyable. It generates
simple musical themes using the
building blocks of intervals, and
varies these themes via a series of in-
versions. New musical elements are
introduced pseudo-randomly, so the
patterns never repeat, and the tone
quality is also constantly varied. All
of this uses only about 0.1% (yes,

The “‘tiny timesharing’’
program generates
simple musical themes
using only 0.1%of the
computer’s time.

one-tenth of one percent!) of the com-
puter’s time, which allows other pro-
grams to be run simultaneously with
no noticeable loss of speed.

In the second part of this article, I
will outline the simple extension of a
one-dimensional problem into a two-
dimensional plane. The program that
illustrates this process uses pictures
drawn on the PET's video-display
screen and transforms them by a pro-
cess similar to that of making a holo-
gram with coherent light.

The references at the end of each
part should be useful for anyone who
wants more information on the topics
encountered. You may also find it
helpful to consult your neighborhood
Fourier guru, who has probably
chosen to be reincarnated as an elec-

trical engineer or radio astronomer.

The Frequency Domain

The central idea of Fourier (or spec-
tral) analysis is quite simple. One of
the best ways to understand it is to
think about a musical chord, pro-
duced by simultaneously hitting sev-
eral keys on a piano. Suppose you
play a chord and want to record it—
how can you do that?

One way to preserve a chord for
posterity would be to record it on a
tape deck or (if you collect antiques)
on a gramophone wax cylinder. In
either case, the method of recording is
essentially the same: the sound im-
pulses are translated into magnetic
field patterns, or into the wiggles of a
groove, and stored just as your ear/
microphone perceives them. If you
had an oscilloscope, you could dis-
play the sound on a screen and photo-
graph it.

But there’s also a completely dif-
ferent way to save the chord. You can
draw a musical scale and write down
the notes that are hit. This scale
doesn't show the moment-by-mo-
ment variations of air pressure
against your eardrums; instead, it
relates something about the frequen-
cy of these pressure waves, and the
set of frequencies that is being created
by the vibrating piano strings.

A recording method that stores a
sound as a function of time is said to
work in the time domain. A method
that breaks a sound up into its con-
stituent frequencies and records the
amount of each frequency component
that went into the original sound is
said to work in the frequency do-
main.

The usual musical notation for
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COMPUTER FACTORY

AL [ [{Sommodore Computer

Computers have virtually unlimited business
BU co'u mn capabilities. Accounts Receivable, Inventory
COm mndore Records, Payroll, and ’
other accounting
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PET 16N & 32N

COMPUTERS
® Full size keyboard
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BASIC in ROM, full ASC | | keyboard in a fight weight molded carrying case. CENTR ONICS 704
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| Paper Tiger 445
Paper Tiger 460
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® Expandable to 48K
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notes on a scale doesn't give enough
information to completely recon-
struct the original chord. Even if each
piano key produces a pure tone with
no harmonics or distortions, you
should still specify more than which
keys were punched. You must say
precisely how loud each note in the
chord was played and the precise time
that each note began (ie: the ampli-
tude and the phase of each pure note
in the chord). Given that amount of
data, the original sound can be repro-
duced exactly. The frequency-domain
method of recording then contains as
much information as the conven-
tional time-domain recording techni-
que.

That's really all there is to Fourier
analysis. There are, of course, precise
mathematical formulas for transla-
tion from the time to the frequency
domain, and back. There are also
modern improvements on these for-
mulas, such as the fast Fourier
transform, which can do the same job
in much less time than the old-fash-
ioned method. But the basic ideas re-
main the same: the Fourier transform
is a technique for changing notation
from one way to another in order to

record the same information.

There are many references (see re-
ferences at the end of this article)
that explain the mathematics of the
Fourier transform. I'd like to avoid
these, and try instead to explain the
meaning of the transform, and the
uses to which it can be put.

Why Transform?

I have already mentioned the ap-
plication of Fourier analysis to music,
and I'll return to this topic later.
There are numerous other uses for the
transform concept. Almost any
wave-like phenomenon can show in-
teresting behavior when looked at in
the frequency domain. Light, when
spread into a spectrum, reveals infor-
mation about the source that pro-
duced it: that's how astronomers
determine the composition of distant
stars. (The word “spectrum” is the
source of the term ‘spectral
analysis.”) Radio signals, grouped at
different frequencies, carry hundreds
or thousands of simultaneous tele-
phone calls, TV broadcasts, etc. A
receiver simply performs a partial
Fourier analysis in order to separate
one:program from the crowd. Ocean

FINDING SOLUTIONS
AND BEING COMPETITIVE

IS OUR BUSINESS.

Having problems and looking for a
computer to help solve them?
Are you finding computer dealers
come in one of two ways? Either
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waves can be resolved into frequency
components, each traveling with its
own speed. This approach helps, for
example, in understanding how tsu-
namis (tidal waves) are created by
undersea earthquakes and travel
thousands of miles across the water
before cresting on a shore.

Fourier analysis is also applicable
to things that aren't functions of time.
In calculating the heat distribution
within a nuclear reactor core, one
useful method involves breaking up
the spatial dependence of the tem-
perature into pieces that vary with
different spatial frequencies. Similar
techniques work to explain the shape
of a soap film over a bent wire loop,
the electrical field patterns inside a
microwave cavity resonator, or the
air density and pressure variations in-
side an organ pipe. (In the latter two
cases, time dependences also exist as a

part of the problem; the time depen-

dences can be easily solved once the
spatial Fourier analysis problem is
understood.)

In recent years, myriad practical
applications of spectral analysis have
been developed, particularly in elec-
trical engineering. If a signal is first
transformed into the frequency do-
main, it often becomes easy to filter
out noise and interference. On the
other hand, by scrambling frequency
components you can make a voice
incomprehensible (unless the
scrambling pattern is known) and
allow relatively secure com-
munications over a channel that is
not secure. Quite often, it's most effi-
cient to manipulate a signal by trans-
forming it into the frequency domain,
working it over, and then trans-
forming back; the cost of trans-
forming is more than repaid by the
speed and convenience of many oper-
ations when applied to the frequency
components of a function.

In the field of computing, Fourier
analysis concepts have proved to be
extremely helpful. The invention of
faster algorithms as an aid in multi-
plying large numbers got its start
from fast Fourier transform theo-
rems. The spectral test for random
number generators, one of the most
powerful tests known for detecting
non-random biases, is a Fourier
technique. Even before electronic
computers existed, mechanical “cal-
culating engines” were built to do
Fourier analysis because of the impor-
tance of the subject.
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NEC THE FIRST NAME IN LETTER
QUALITY PRINTERS.

CompuMart offers beautiful print
quality with NEC Spinwriter ter-
minals. Both KSR and RO versions
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allel & current loop standard. 180
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Listing 1: RMS Spectrum Plot for the Commodore PET. This program calculates and
displays on the screen the Fourier components produced by a given bit pattern in the
PET's shift register. The data is “played” with some extra hardware, as detailed in figure

1.

1 REMN-BIT POWER SPECTRUM ANALYZER, COPYRIGHT 1979 MARK ZIMMERMANN
10 INPUT “NUMBER OF BITS"; NB: INPUT “"HIGHEST HARMONIC"; HH
30 NM=NB-1: DIM S(NM), C(NM), F(NM), TS(NM,NM), TC(NM,NM)
40 FORI=0TO NM: X=2"7"I/NB: S(I) = SIN(X)/ar: C(I)=COS(X)/x: NEXT I
50 INPUT “NOTE (1 TO 255)"; NT: POKE 59467,16: POKE 59464, NT
60 FOR I=0 TO NM: FOR J=0 TO NM: X=I'l: Y=X+I: X=X-NB*INT(X/NB):

Y=Y -NB*INT(Y/NB)

70 TS(LJ)=S(Y)-S(X): TC(I,]) =C(X) = C(Y): NEXT J: NEXT I

80 REM SET UP MATRICES TO ALLOW SPEEDY INTEGRATIONS LATER

100 INPUT “TONE QUALITY"; D: IF D<256 THEN POKE 59466,D

110 DD=D: REM MAKE BINARY REPRESENTATION OF D IN LINE 120

120 FOR I=NM TO 0 STEP -1: F(I)=DD -2*INT(DD/2): DD =INT(DD/2): NEXT I
130 PRINT “[cls]”;D;"=";: FOR I=0 TO NM: PRINT F(I);: NEXT I: PRINT

150 FORK=1TO HH: X=K-NB*INT(K/NB): C=0:5=0

160 FORJ=0TO NM: C=C+TS(X,])*'F(J): S=S+TC(X,])"F(]): NEXT ]

170 C=C/K: S=S5/K: A=SQR(C*C+S5"S)

180 PRINT “[home]"”;: FOR I=1TO 0 STEP -0.05: IF A>I THEN PRINT TAB(3*K); "¢ ";

190 PRINT: NEXT I

200 NEXT K: FOR I=1 TO HH: PRINT TAB(3*I-1);I;: IF I>8 THEN PRINT “[cl]";

210 NEXTI: PRINT
220 GOTO 100

15uF
100K
82 i +|¢ >
(pin wy = _L \
>
<
S8k To.m,w TO AMPLIFIER
GND
cpin Ny > ,L >
+5V
“ Ii] 80 SPEAKER
27
2.2K
c82 2N2222

Figure 1: Circuits to adapt the PET to a common audio amplifier (top), or to produce

an audio output directly (bottom).

Music and the Fourier Transform

Unlike the other senses, the ear
seems to work naturally in the fre-
quency domain. Physiologically this
may result from the structure of the
cochlea in the inner ear; sounds of
different frequencies stimulate dif-
ferent spatially separated areas (so
that the motion of the eardrum is
Fourier transformed!). It is both in-
teresting and educational to experi-
ment with sounds of various frequen-
cy spectra. A microcomputer can be a
great aid to this kind of experimenta-
tion, since it can reliably generate
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precise, easily modified waveforms,
as well as perform the mathematical
work required to calculate the spec-
trum of any particular wave. Both the
pitch and the tone quality are vari-
able.

The program RMS Spectrum Plot
(see listing 1) was designed for just
this kind of experiment. The mathe-
matical parts can be run on any com-
puter that understands BASIC; on the
PET, the spectrum is graphically plot-
ted on the video display, but a nu-
merical output would be an accept-
able alternative. This program also

makes use of the recirculating shift-
register in the MOS Technology 6522
VIA (Versatile Interface Adapter) in-
tegrated circuit in the PET. The VIA
has an output to pin CB2 of the PET's
port edge connector. Any trivial am-
plification circuit (see figure 1) can be
used to amplify and isolate this out-
put to give an audible tone. Many
other microcomputers have similar
tone-generation capabilities; other-
wise, a separate waveform generator
may be used to study the sounds that
are being Fourier analyzed.

RMS Spectrum Plot performs a
straightforward N-bit power-spec-
trum analysis. For use on the PET and
most other microcomputers N=38 is
the case of interest, but there is no
harm in making a more general pro-
gram and allowing for an arbitrary
N. (Note that for N not equal to 8, the
tones produced by the PET’s shift
register are not the same as the tones
being analyzed by the program. Also
note that for N greater than 16, PET
BASIC will not correctly handle the
array look-up operations for arrays
TS and TC, which would need to
have more than 256 elements.) I
won't go into the mathematical oper-
ations that are being performed in the
course of the spectral analysis: some
of the references cited later do that in
great detail. Instead, I'll try to explain
the results, the physics and the physi-
ology that the program helps explore.

Earlier ] mentioned that in order to
describe a sound completely in the
frequency domain, you must provide
more than just the list of frequencies
that went into the original sound. A
complete specification also requires
the amplitude of each frequency com-
ponent and its phase. By phase, |
mean a measure of where a sinusoidal
signal is in its cycle of 0° to 360° at
some moment of time. (For example,
the functions sin(t) and cos(t) look
very similar, but one is 90° out-of-
phase with the other.) Two sounds
with the same set of component fre-
quencies and the same amplitude can
look completely different when dis-
played on an oscilloscope, and they
make completely different wiggles in
a phonograph groove (see figure 2).

So, phase information is crucial for
the accurate reconstruction of the
original sound. High-fidelity am-
plifier and speaker advertising em-
phasize this—you must spend lav-
ishly in order to get really good,
precise sound reproduction. Or must

Circle 43 on inquiry card. ap
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£(t) = sin(t) + 1 sin(3t) + 1 sin(5t) + 1 sin(7t) + 1 sin(9t)
3 5 7 9

’—\p/\ M
1 1 1 1 1 1 1 1 1 1

v

£(t) = sin(t) + - sin(3t) — = sin(5t) + —- cos(7t)— = sin(9t)
3 5 7 9

Figure 2: Different sounds that are composed of the same frequencies. These wave-
shapes are made up of the same component frequencies, but with a variation in phase

between them.

you? The program in listing 1 allows
you to see the difference that phase
information makes in perceived tone
quality. In my experiments, ['ve
found it to make no difference what-
soever. This agrees with most of the
unbiased technical references I've
read on the subject. The human ear is
a marvelous Fourier analyzer as far as
separating sounds into their compo-
nent frequencies, but the ear seems to
throw away almost all data about the
phase of the sounds. (Perhaps some
phase information helps to determine
whether sounds are coming from the
left, right, or in front of a listener, but
that too is unclear.)

Even without phase information,
sounds of the same fundamental fre-
quency produced by RMS Spectrum
Plot can reveal an interesting variety
of textures as their bit patterns are
changed. The program allows the
user to set the shift register shift rate
by choosing the value of the variable
NT, between 1 and 255. The fun-
damental frequency of the output is
then determined by the simple for-
mula:
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frequency =(62,500 Hz)/(NT +2)
For example, NT=140 closely ap-
proximates the standard frequency of
440 Hz, the note A above middle C.

Once the frequency of the note is
chosen, RMS Spectrum Plot allows
you to hear what an arbitrary bit pat-
tern (waveform) sounds like, while
the machine does a spectral analysis
of the pattern and displays the
results. These notes are composed of
a fundamental frequency component,
called f, plus varying amounts of
sound energy at frequencies 2f, 3f,
4f,...—the harmonics of the fun-
damental tone. After line 170 is ex-
ecuted, for each frequency K Xf, the
variables C and S contain the amount
of the Kth harmonic of the signal
which looks like a cosine (in C) or like
a sine (in S). A=SQR(CXC+SXS)
is the amplitude of the Kth harmonic
(the thing that the ear is sensitive to);
it is this amplitude A which is plotted
on the screen (see photos 1a, 1b and
1c for examples).

The best thing to do now is to stop
reading and to experiment a bit with

APPLE WORLD

3-D ANIMATED COLOR GRAPHICS
Written in machine code.

The program made famous on national T.V.!
by Paul Lutus

APPLE WORLD turns your Apple into a sophisticated
graphics system capable of creating animated
three-dimensional color images, proiecting them in
true perspective on the screen, rotate them, move
them cioser, further away, and many other exciting and
imaginative things.

Draws objects with 65,000 points per side.

A powerful screen-oriented text editor is included to
facilitateimage fomation. This program was recently
featured on Tom Snyder's Prime Time Saturday TV
Show and is now available for sale.

APPLE WORLD'S powerful editor is so easy to use that
children will love it. Youcan now “sketch”your dream
house. boat, car, or fantasy empire. Then view it as it
would be seen from 10,000 feet, or you can ZOOM in
until the screen is filled with a doorknob. You could
then go inside and move from room to room
examining furniture placement as your screen rotates
within the room. Images or specific parts of images
can easily be saved to disk or printer,

Does all this sound like science fiction?
You won'tthinksoafteryou have visited Apple World.

INTRODUCTORY PRICE $59.95
36 page manual included

For 48K Apple Il or Plus with Disk

*sp

SUPERGRAPHICS

& 3-D GAME DEVELOPMENT SYSTEM IN COLOR
by Paul Lutus

Watch colorful butterflys, birds, fly across your Apple
or Atari screenwith true 3dimensional perspective.
Have rocketshipsflyout at you in this incredible high
speed graphics package. 3-D SUPERGRAPHICS™ is

a 6502 machina language program that will

interface to your Basic or machine language

programs or games using simple "DOS-like” commands.

*

Features include:

* Simple image entry through editor

* Objects up to 256 points per side

® Uses all hi-res colors

* Allows mixed colored text & graphics
for promots and captions

® Translates on 3 axes

e Individual axis scales

e 21 different commands

* Rotate object 1.4° to 360°
increments at machine speeds

FOR 48K APPLE Il OR PLUS WITH
DISK Il $39.95 FOR DISK

FOR ATARI 800 WITH 40K MEMORY
(DISK OPTIONAL)

$39.95 FOR TAPE

OTHER SOFTWARE

APPLE COMPUTERS
Super Space Wars..... $9.95

States & Capitals ...... 9.95
Moving Point
Average.............. 19.95
Stock Ophons .. 2495
Finance . 12,95
Bonds . 12.95

COMMODORE PET
Stock Options
Finance........
Bonds .........
Stock Analyzer .
Mortgage .............
Space Intruders ("Best

Game of 1979")....... 19.95
Jury/Hostage.......... 9.95
Kentucky Derby/

Roulelte .............. 9.95

Battie of Midway ......
Laser Tank Battle 9.95
Swarm .
Baseball 5
Super Start

kF‘ET Music Box .

X
X
X
X
X
X
D
X
X
X
X
X




ATTENTION APPLE & PET OWNERS

MARCH 10,198

will mark the beginning of a new era in Microcomputer Software. A Relational
Database Management System and an Intelligent Accounting Systém will then
be available for Apple and PET users.

Request

Relational Query System for Management

* Most powerful database scheme known

e First TRUE relationaldatabase management system (ALL records
are cross-indexed to ALL other records!)

* Multikeyed random access (No sorts ever)

* Sophisticated screen formatting & data entry (Like on IBM 3270!)

® Full report writer

® Extensive search capabilities

* Automatic data compression for increased disk capacity

* Records up to 4K in length

* Interfaces to Visicalc™, The Source™, and word processors

® Much more!

Thinker

Accounting Software that thinks for itself.

EASY TO USE—
Fully Integrated Accounting System

The THINKER™ consists of 7 comprehensive interactive modules,
with all tr ions applied i iately and the results are
instantaneously accessible. They are:

* ACCOUNTS RECEIVABLE ®* ACCOUNTS PAYABLE ® SALES
ORDER ENTRY e PURCHASE ORDER ENTRY * INVENTORY
CONTROL » GENERAL LEDGER e MAILING LIST

FLEXIBILITY—
Software That Grows With Your Business

The THINKER'™ utilizes the DYNAFILE™ Multi-Keyed Fil Allocation
S which dy icall file length and records to meet
the businessman's needs and will automatically extend itself to work
on hard disks without any program modification. No disk space is
wasted because the system automatically recaptures space when
records aredeleted. DYNAFILE™ utilizes a sophisticated indexing
scheme, allowing direct access to any record. Machine language
programming insures DYNAFILE™ speed, reliability, and integrity.

SUPER KRAM

Now With Multi-Key Capabilities For Apple & Pet ., ..ccvum

Since KRAM™ was introduced in 1979 it has fast become known as the quickest
and most powerful access method for serious Apple and Pet users. Now, after
hundreds of requests we have added MULTI-KEY, MULTI-INDEX, functions,
as well as increasing processing speed.

1BM/370 users have VSAM (Virtual Storage Access Method) to
provide fast, flexible keyed-access to their data. Now SUPER KRAM
(Keyed Random Access Method), from United Software of America,
gives Apple and Pet users the same flexibility, substantially
increasing the processing power of the Apple and Pet.

Until SUPER KRAM the only “random access" capability in the
Apple and Pet consisted of a crude form of "relative record”
processing. While this is usable for very simple applications, it falls
far short of the needs of today’s business and analytical
applications. Using SUPER KRAM records may be processed by
any one of multiple "Key" values, which may consist of any kind of
data: numbers, letters, special characters, etc. Even Apples's long-
awaited DOS 3.3 doesn't have anything like this!!

KRAM™ 2,0 Only $99.95
SUPER KRAM™ Only $175

™A OF

750 3RD Avenue,

New York NY 10017
(212) 682-0347

UNITED
SOFTWARE

KRAM™ 2.0 Regular Features

© Written in 6502 machine code
Basic compatible

* Create/Open a dataset

* Put record by key

* Add & delete records by key

® Get any record by Full/Partial key

® Access by any key in as littie as .2 sec. {.1 sec. with Corvus disk)

e Supports multiple disks

* Read next or previous record

* Dynamic space allocation

* Dynamic space reclamation

* Dynamic index compression

* Files never need reorganization

* Compatible with language systems

SUPER KRAM'S™ Added Features

® MULTIKEY SUPPORT — Allowing simultaneous access to a
KRAM file by more than one key field.

* HI-SPEED READ — This feature allows increased I/O speed up to
60% faster during processing of SUPER KRAM read next, read
previous, put and delete requests.

© IMPROVED INDEX ARCHITECTURE — Allowing faster index
searchers and more efficient disk space utilization.

e INTEGRATED BASIC COMMANDS — Allowing SUPER KRAM™
commands to be coded in-line with Basic, providing easier usage
of KRAM than ever before.

* USER-SPECIFIABLE BUFFER POOL — Allowing the user to
specify how many KRAM files are allowed open at one time; will
support any number of KRAM files.

e LOGICAL RECORDS (KEYS MAY BE NON-UNIQUE)— Records
added to the KRAM fiies are immediately accessible by any of the
defined keys for the file (Automatic Upgrade).

* KRAM 2.0 files are totally compatible with SUPER KRAM

Look for the RED-WHITE-BLUE
United Software Display at your local
computer dealer, or send check or

moneyorder, plus $3.00 shipping to:

DEALER INQUIRIES INVITED

KRAM is a trade mark of United Software of America.
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Photo 1: Sample runs of RMS Spectrum Plot. The program ‘plays” an arbitrary bit pattern while displaying a power-spectral

analysis of the sound.

the program. Try to discover which
bit patterns are indistinguishable to
the ear; see which ones you like best.
(My favorite is 00101101, which has
no even harmonics and sounds rather
like a clarinet.)

Distinctive Voices

The bit patterns that produce
distinct frequency spectra are the
basic building blocks for generating
shift-register-type music. You can
certainly find all seventeen different
8-bit voices by trial and error or long
and tedious searching, but such an
approach becomes much more dif-
ficult as the number of bits increases.
In any case, there is a better way to
find the set of interesting bit patterns:
use a computer! The program Music
Generator (listing 2) uses a technique
that is simple, yet interesting, and ap-
plicable to many other problems.

In setting up the problem of finding
all distinct voices, the first thing is to
determine how two bit patterns can
be “equivalent.” (This is involved
with the mathematical concept of a
group, and is actually a good intro-
duction to that subject.) First, it is ob-
vious that patterns like 00000001 and
00001000 and 10000000 are all equiv-
alent since they look the same (a
single 1 and seven 0s) once they've
started cycling around in the shift
register. Similarly, 00101101 and
10100101 are equivalent: the second
pattern results from applying five
rotate-left operations to the first. We
can call the operation which takes the
leftmost bit of a bit pattern and
moves it to the right end ROL for
rotate-left. Any patterns which can
be converted into each other by a
series of ROL operations are equiva-
lent.
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But there are other ways in which
two bit patterns can be equivalent.
Consider the patterns 11111101 and
00000010. If you graph these pat-
terns, you can see that the waveforms
to which they correspond are exactly
the same, except for a shift of the
zero-voltage level and a change of po-
larity. The power spectra of these
patterns are also the same, except for
the zero-frequency component which
the ear can't hear and which isn't
plotted by RMS Spectrum Plot. (The
zero-frequency component is just the
average of the bits, eg: 7/, for the pat-

tern 11111101.) Since these patterns
are the same as far as the ear is con-
cerned, they should also be called
equivalent. In binary arithmetic, the
relation between these patterns is that
each is the 1's complement of the
other: all 1s are changed to Os, and
vice versa. Since the 1's complement
of a binary number [ is just
11111111-/ (if I has 8 bits), it's easy to
program in BASIC. We can call this
operation INV for inverse, and add it
to the list of operations that trans-
form bit patterns into other, equiva-
lent patterns.

Listing 2: Music Generator for the PET. When used to generate music waveforms, this
program will produce audibly distinct tones based on 8-bit patterns in the PET’s shift
register. Qualities are constantly modified through the application of symmetry opera-
tions (inversion, rotation, etc) to produce interesting variations.

10 REM BIT PATTERN GENERATOR (C) 1979 MARK ZIMMERMANN
20 DIM V%(7): REM ARRAY FOR BIT PATTERN DISPLAY
100 FORI=1TO 127 STEP 2: REM TRY ALL POSSIBILITIES THAT DO NOT OBVIOUSLY

FAIL
200
220
240
300

1 TO 127
320
340
360
400
500
600
620
660
680
800

NEXT K

X=I: FOR K=0 TO 7:
GENERATE BITS

900
1000
2000
5000
5020
5040
6000
6020

NEXT I

GOTO 9999

REM ROTATE BITS OF Z LEFT
2=2*Z: IF 2>255 THEN Z=7-255
RETURN

I

9999 END

Z=1: FOR K=1 TO 7: GOSUB 5000: REM ROTATE BITS OF Z LEFT

IF Z<I GOTO 1000: REM REDUCED TO A PREVIOUS CASE IF Z<1

NEXT K: REM PASSED FIRST TEST IF REACH HERE

X=255-1: REM INVERT BIT PATTERN (1's COMPLEMENT)—X>I SINCE LOOP WAS

Z=X: FOR K=1TO 7: GOSUB 5000: REM ROTATE BITS

IF Z<I GOTO 1000: REM REDUCED TO PREVIOUS CASE...

NEXT K: REM IF HERE, PASSED SECOND TEST

GOSUB 6000: REM REVERSE BIT ORDER OF I, RESULT RETURNED IN X
IF X<I GOTO 1000: REM FAILED AGAIN

Z=X: FOR K=1TO 7: GOSUB 5000: IF Z<I GOTO 1000

Z2=255-X: FOR K=1TO 7: GOSUB 5000: IF Z<I GOTO 1000

V%(K) =X -2"INT(X/2):

X=INT(X/2): NEXT K: REM

PRINT I;TAB(10);: FOR K=7 TO 0 STEP — 1: PRINT V%(K);: NEXT K: PRINT

Y=1: X=0: FORK=0TO 7: X=2"X: IF Y< >2*INT(Y/2) THEN X=X +1
Y =INT(Y/2): NEXT K: RETURN: REM RETURN WITH X THE REVERSED VERSION OF



In this age of runaway inflation...

Look what $795 will buy
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The HIPAD™ digitizer

Inexpensive input to your computer

The HIPADTM digitizer can be used for both converting graphic information into
digital values and as a menu. Utilizing either the stylus or the optional cursor, the
operator can input graphic data into the computer by locating individual points on
the digtizers 11" x 11" (28cm X 28cm) active area. In the “‘stream mode” a contin-
uance of placements of coordinate pairs may be input.

Not a kit, the HIPADTM comes complete with both RS-232C and parallel interfaces
and has its own built-in power source. The origin is completely relocatable so coor-
dinates may be positive or negative for a true reference value and oversized mater-
ial may be input by simply resetting the origin.

TS Accurate positional information, free form sketches,

e mm | e el nenoms | e mo even keyboard simulation
B OED | B iten/BEi BR | BE BE All can be entered using the multi-faceted HIPADTM digitizer. Its capabilities and
y low price make the UL listed HIPAD™ a natural selection over keyboard entry, inac-
curate joysticks, or expensive approximating light pens. It’s perfect for inputting
isometric drawings, schematics, X-rays, architectural drawings, business graphs,

and many other forms of graphic information, as well as creating your own graphics.
Use it with Apple [I™ ; TRS-80 Level Il ™, PET ™ or other
popular computers

The HIPAD’s™ built-in RS-232C and parallel 8 bit interfaces make it all
possible. (For Apple Il order DT-11A, for TRS-80 or PET order DT-11).
Furthermore, you get English or metric scaling, data format (Binary/BCD/ASCII),
selectable baud rates, and resolution of either .005" or .01".

Available with stylus or optional cursor.

' For complete information contact Houston Instrument, One Houston Square, Austin, Texas 78753.
. BEEN (512)837-2820. For rush literature requests, outside Texas call toll free 1-800-531-5205. For technical
information ask for operator #5. In Europe contact Houston Instrument, Rochesterlaan 6, 8240 Gistel,
Belgium. Telephone 059/27-74-45.

TM HIPAD is a trademark of Houston Instrument h o u S t 0 nin S t rum e n t

R A A A TRS-80 is a trademark of Tandy Corporation
Available with optional display. APPLE is a trademark of Apple Computer Inc. GRAPHICS DIVISION OF

PET is a trademark of Commodore Business Machines, Inc. BAUSCH & LO M B @

Circle 44 for literature

*U.S. Suggested retail price Circle 45 to have representative call



I've only been able to think of one
more symmetry operation to apply to
bit patterns. (If you find others that
leave the voice that the ear hears un-
changed, please let me know.) This
final operation is to reverse the bit
order. For example, reversal changes
11010000 into 00001011. Physically,
reversal corresponds to playing a bit
pattern backwards, or to reversing
the flow of time. I abbreviate this
operation REV.

Now there are three symmetry
operations: ROL, INV, and REV.
Applying any one of them to any bit
pattern leaves the sound that the ear
hears unchanged. By repeatedly

applying these operations, it's easy to
discover sets of bit patterns that
change into each other (the patterns
00110011, 01100110, 10011001, and
11001100 make up one such set).
How does this theoretical know-
ledge help you to determine which bit
patterns are distinctive voices and
which are redundant among the 256
possibilities? A crude way would be
to apply various combinations of
ROL, INV, and REV to a candidate
pattern, and consider it new if it is
never transformed into an already-
known or old pattern. A slightly
better method would be to systemati-
cally apply a series of the symmetry

DISPOSABLE HEAD. UNBEATABLE PRICE.

EPSON MX-80
Dot Matrix Printer

The world's first disposable print head.
When it wears out, just throw it away.

A new one costs less than $30, yet it's so
simple, you can change it with one hand.

Features: Bidirectional printing, logic seeking,

80 cps with up to 105 LPM throughput in 10
cps mode, odjustable troctor-pin type feed.

UST $645 00

MX-80 Serial Version . ... ... ..
MX-80 Parallel Version

MX-80 Serial Version

MX-80 IEEE488

Apple Cable

TRS80 Expansion Cable

$562.50

CP M s a trademark of Dnqital Research

60% FEWER WORKING PARTS.
MORE RELIABLE. LOWER PRICED.

The NEW
NEC Spinwriter
3500Q

UST $200000

NEC Spinwriter 3500Q Parallel . . . $1742.50
Horizontal Troctor Feed
Vertical Troctor Feed
Cut Sheet Feeder

$1080.00

INDUSTRIAL MICRO SYSTEMS, the industrial-
strength microcomputers priced like the light-
weights. All IMS systems feoture a Z80 4
mHz CPU, $-100 bus with 10 (series 5000)
or 12 (series 8000) slot motherboard, DMA
(IBM-compatible) double-density floppy disk
controller, 32K high speed (250 nS) static
RAM, rugged power supply, two RS232 serial
ports and one parallel port (all expandable).
Each IMS system comes in your choice of an
attroctive desk-top or rackmount enclosure.
CP/M is included.

SERIES 5000 with 5 1/4” drives
With two single-sided, double-density

drives $2531.20
With two double-sided, double-density

drives 2908.75
SERIES 8000 with 8’ drives

With one single-sided, double-density

drive $3359.00
With two single-sided, double-density

drives ‘ 4029.00
With one double-sided, double-density

drive 3659.00
With two double-sided, double-density

drives 4549.00
HIGH SPEED IMS S-100 MEMORY BOARDS
16K 250 nS static RAM 290.00
32K 250 nS static RAM 585.00
64K Dynamic RAM 937.50

MASTER CARD OR VISA WELCOME

PRICES AND SPECIFICATIONS SUBJECT TO

CHANGE WITHOUT NOTICE

CALL OR WRITE FOR FREE CATALOG
Microhouse

511 North New Street Bethlchem, PA 18018 (215)868-8219
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WORDSTAR 2.1 The List Microhouse
premier word-processing

saftwore by MicraPro 495.00 349.98
WORDSTAR 2.1 with

MaiMerge 64500 489.98
DATASTAR dota entry,

retrieval, and update

system from MicroPro 35000  279.98
SUPERSORT sort/

merge/extract soft-

ware gives your CP/M

micro the power of a

key-to-disk system 250.00 199.98
TGS/Afiarta Accounting System:

General

Ledger compare at 530.00 175.00
Accounts

Receivable ~ compare at 530.00 175.00
Accounts

Payable compare at 530.00 175.00
Payroll compare at 530.00 175.00
All four pockages 595.00
Somple printouts (all 4 pkgs

included) 10.00
Manudls (one pkg per monudl)Eoch  35.00

Circle 46 on inquiry card.

operations that would guarantee that
no possible transformations were
missed. For example, it's clear that
you need never apply more than
seven consecutive ROL operations to
a pattern, since the eighth application
brings you back to the original
pattern. It's also clear that applying
INV (or REV) twice in a row makes
no sense, since it just flips the bits
back again. There are many possible
sequences of operations that will find
all possible transformations of a
pattern. One simple sequence is: ROL
seven times, INV, ROL seven times,
REV, ROL seven times, INV, and
ROL seven times. After each opera-
tion, a potentially new equivalent bit
pattern is produced. Applying the
sequence to the pattern 00001011 will
generate all thirty-one other equiva-
lent patterns, with no repetition;
applying it to a pattern like 01010101,
which has only one equivalent
(10101010), will, of course, produce
many repetitions.

The program of listing 2 essentially
goes through this process in order to
find the set of seventeen distinct
voices, but with a few refinements to
speed it up. First, the program works
exclusively with the decimal number
corresponding to each bit pattern, not
with the pattern itself. This allows the
program to use simple BASIC arith-
metic operations to perform ROL,
INV, and REV. Only when a number
is discovered to be a new voice is it
converted into a bit pattern for dis-
play. Second, no time is wasted in
checking even numbers, or numbers
greater than 127. Every even number
corresponds to a bit pattern ending in
a 0, and a single rotation right (or
seven rotations left) will always pro-
duce a pattern corresponding to a
smaller binary number. Any number
greater than 127 can always be re-
duced to a number less than 127 by an
INV operation. Third, Music Gen-
erator doesn’t bother storing a list of
already-discovered old patterns with
which to compare the result of each
transformation. Instead, it uses a neat
yet trivial mathematical trick, one
that should be part of every alert pro-
grammer’s repertoire. Let me intro-
duce it to you with a short story:

An engineer, a physicist, and a
mathematician are taking an intel-
ligence test. Each is led, separately,
into a room containing a table and a
stove. On the table there is a pitcher
of water, a kettle, and box of tea.

Circle 47 on inquiry card. =—p



WHY THE MICROSOFT
RAMCARD MAKES OUR SOFTCARD
AN EVEN BETTER IDEA.

Memory — you never seem to have quite applications like the Peachtree Software account-
enough of it. ing systems. VisiCalc™ and other Apple software
But if you're one of the thousands of Apple packages can take advantage of RAMCard too.
owners using the SoftCard, there’s an economical And RAMCard gives you the extra capacity to
new way to expand your memory dramatically. develop advanced programs of your own,