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

e Parallel printer 1/0O 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
SAN ANTONIO, TEXAS 78216 (512) 344-0241
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Cromemco 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.

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

microcomputers with (a) 5-inch
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Reproduced from the
July 31, 1980 issue of
Electronics magazine.
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Cromemco logo on
computer board shown

S AGAIN.

Announcing MBC/2 and MB(/3,
the newest members of Data
General's growing fatily of
microNOVA™ board computers.
They're the best computers on a
board moneycan buy. You getup
to 64K b}ies of memory, serial
and parallel 1/O lines, and soft-
ware support from MP/QOS,
our famous micro operating
system. You even get supporting
8 languages like Ml’?PASCAL and
MP/EORTRAN V. See for yourseli,
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The competition will always
sing the praisesoftheirlittle single
board computer . But from now
on thevll be doing it falsetto.
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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 1V
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-

P t e d

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 POTHT
RCSOLUTION

A prtical) v TUb Uhurtrerial

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 SDI 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, vy, r, c).

*U.S. Pat. No. 4121283

Circle % on inquiry card.

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.

Cromemc

&Y ®

Z-ZH

Sugaargdipen_

K Cremimece

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

DISPLAY MEMORY

Along with the SDI 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.

d

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94043 = (315) 964-7400

Tomorrow's computers today
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UCSD*

PASCAL
FORTRAN

PORTABLE
Develop on a Z-80T,
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 fullrange 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-11} 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 D gital 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

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).

Circle 4 on inquiry card. =—p



TRS-80* Model I Computer Owners . .

Double-density storage.
It’s really here!

Here at Percom. And your authorized 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 precisely meets your application

needs.

Not to mention the service and quality 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-
1E:ending 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.

TFD-40™ Drives

1 TFD-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-
A | lypriced, TFD-40 drives receive the same full Percom

', quality control measures as TFD-100 and TFD-200
drives.

TFD-100™ Drives

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

TFD-200™ Drives

4l | TFD-200 drives store 350 Kbytes (double-density) 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.

muademark of Tandy Radlo Shack Corporation which has no relationship to Percom Data Company

Prices and specifications subject to change without nofice.

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
2= ..~ data — 350 Kbytes —ononesideofa
promemee  minidiskette as you can store using a
Tandy standard Model | 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-density 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 TRSDQOS* 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.

It 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 tc 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 SCO01 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 poli (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.

8  February 1981 © BYTE Publications Inc Circle § on inquiry card.
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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.

onfernyysSemns™

Ithaca Intersystems Inc.

Micros for bigger ideas.



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

o1

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 5-100 Bus
Standard. Offering you extra ver-
satility in 8-bit applications today.
And a full 16 bits tomorrow.

We call our new line Series
Il. 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 $-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 |EEE 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
IEEE 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 |/O board. Qur 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 |EEE 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

looferyyysiems™

Ithaca Intersystems Inc.

Micros for bigger ideas.



High
Technology

We make our
competifion
opsolete

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 knowtedge is necessary.
Putitin your Apple |I*, 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. Its 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 |ater
without redoing
all the work
you've
already
done.
Ask
about
it

High
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 ol
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, | 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.
Isolated 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, I 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

FIFD
BUFFER

COMMAND

REGISTER SERIAL, CODED

PARAMLTER LATA

Photo 2: The TM55200 LPC (linear predictive coding) speech-
synthesizer chip from Texas Instruments.
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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.

IEEE-488 bus cable
(6 ft. with stackable connectors)

Industrial grade circuit board

PROM firmware for powerful user interface

68488 IEEE-488 controller chip

.
-
- G

Slot-independent connection to Apple L

774

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 ‘remarkable’. .. 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 [l and The Cashier are trade names of Apple Computer InC.
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Editorial

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 ASCIL. 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 (nonsilent) “e’ on the
end of my last name, which is not surprising. 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 Tl
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 vital information, 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 54" 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
0502 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
history pass you by. Visit your nearest
#»  Apple dealer or call 800-538-9696.

In California, 800-662-9238. Or write:
g 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
A invented the Minifloppy, the SA410 and SA460
represent the culmination of all previous 5Y-
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.

proven performance have always been the hallmark
B\ of the Minifloppy tradition. And the SA410/460 are the

the SA410 and SA460 use a multi-step positioning
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 TP| §%-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. O

JA.Shugart

The next generation is 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 ] 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

Two for

Pkg oftwo ...... ...

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

Qume Datatrak 8" dbi sided, dbl density.
QME-8DS (851R compatible) ..., .......

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

2.2, cabinet, power supply & cables ........ $1395.00
I Two B801R disk drives with cabinet, power supply
AN e $1100.00
M Dual 8" Drives:
Dbl den drives in cabinet only
2 sglsided(801R) ......coiiiiiiiiiiiiin, $ 989.00
2 dbl sided (QUME) ...t $1409.00
5Y%" DRIVES
MPI-B51T MPIB-51..00inninnennns $250.00 MPI-BS1MPIB-81.................. §375.00
Sgl Sided SgI/0bl Den Sgl Sided. Dbl Den. 77 Tracks
Exact Replacement for $A-400 PERTEC FD-200 PER-FD200 ........ §225.00
MP1-B52 MPI B-52..............000s §350.00 Sg! Sided. Sgi/Dbl Den
Dbl Sided. Dbl Den Shugart SA400 SHU-SA400 ......... §250.00

15620 South Inglewood Ave.

$775.00

coio.... $599.00
vevar.. $549.00 ea

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 Digitat 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. Our 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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AN i

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.

"y uunmumuu,,..

|/

tem can be used in conjunction wjth 5Va-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 Canagda. 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
Heathkif

nearby Heathkit Electronic Center”.

Send for FREE catalog
Write to Heath Company, Dept. 334-744,

Benton Harbor, M1 49022

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

Heathkit

IBMis a registered trademark of International Business Machines Corporation. CP/M Is a trademark of Digital Research, Inc.




tricks (such as nscdlzl 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 compl«c answer (o yow

ions about impr

algorithm will have to ot lngexnh
experimentation by 1BM and others.

Comments on the Heath H-89

In uuni to Mark Dahmke's review
of the H-99 (see “The Heath H-89 Com-

puter,” August 1980 BYTE, page 46), 1
agree wim:: unti) 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 (Heath User's Group} or
other sources in Buss. He also mentions
the lack of 3 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.
Al 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 M WAND“W«d Processing

System offers you the best features of any system

in the micro market

FEATURES INCLUDE:
Full-scteen kext edior

without modification

M.w Dart or al of one e wilh
snother

Spodl printing
Print 8 13¢ while ediing anolher
Easy page lormalling
Simple commands set marQing, page

Give any command rom the key-

board 85 wed 83 in lie
Variablepitch control

Change Dll:h n mid-fng, even

ovidl-wor

Up o128 uuavdelned variablas

Sting. numeric or doftar lormat
Formleiter generalion krom extermnal
daia lles

Compativle with both sequential and

tixedrecord les

ommands

Any command may be condiional
Frint 10 dick and/ot printer

Save all 0f part 0 ouiUt On disk
Swilchirom speciatly prinfer to CPIM
81 0evice:

Print the same e on ether speciaky

of gtandard printer

For more information, call or write: .,
applications, \og.

3220 Louisiana * Suite 205 * HOuSION, Texas 77008 * 713-528-5158
B —

small business

Version 1.1 8 now avalsbhin

EASE OF OPERATION
With al s power, the MAGIC WAND is
temarkably eagy to use This ts no acci
dent The command stuctu e is designed
to be flexible and logical 80 halyou can
Dorom BASIC lunctions with a minimum of

Wehave included in tha manual a step-
by-step instructional program, lor the per-
80 who hag never used 8 word-f0Ces-
s0r belore Tha krainee uses sample 1les
rom the sysiem disk and compares his
work 10 srudaled 8creens and prntouts.

tn addition lo the lessons, the manual

wm;mnmmcv’
non-programmers and a glossary. The

tather

for greater legioty.

‘Wehave written the manual in non-
technical English, because we wanlyou.
toread X We dont overioad youwih 8
bunchof jasgon hat coud conluse even 8
PhD in Compuler Sciences.

We 9end oul newslalters 80 that users
of the MAGIC WAND can leara msl:hl
applicabors of the print commands. F o
example, we mighl show you how locre-
atea mading Esl of 881 up an index for
atie,

10 ShorL we've done everything we can
10make things easyior you Because ihe
best soltwase in the wond is just 8 bunch
ofcode # youcan'iuse .
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Crcle ¥ on inguiry cord.

mMmper to open and the HM jumper to
closed in the disk unit on the “program-
ming phus.” Then the head stays loaded
as long as the motor stays on, about a
minute after the last operation. Of
:wn:f, you could Eme-delay the Joad

$ig!

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 earkier than 1.6: and, if
you land on a disk not in PIP or
ONECOPY, the SYSCMD.SYS will
load. If the verions differ, you might get
@ 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 Piskston
Sahillo MS 38866

1 | may add a few things to Mr
Dahmbke's review of the Heath H-89:
Heath's BH BASIC is neither fast nor
high in precision (my Ohio Scientific C3
:rill run circles :’wnd it), bmt::ed‘:\c-

ave one great advantage for the di
g hne of pm;mmm ng. While other
ASICs ond) all variable and array

values upon a revision of any bne of
ogram, however trivial, BH BASIC
does not. Thus you can stop execution,
fix up @ 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-
granw requiring many INPUTS to get

going

A detail | like about the H-99 is its
ability to take commands in Jowercase,
converting input to uppercase as needed.
That's very nice if you spend a Jot of
Gme in the word-processing mode.

Oddly, Mr Dahmke had little to say
about the display and keyboard. | have
to cope daily with a Teevideo 912, an
industrial-grade terminal which will
cause you to aﬁpnmu the upmot
qudal*y of the H-89 display and

The 912 is susceptible to f

Iney contacts, which cause the
display to do truly weird things, thereby
forcing you to abendon your input and
to refresh the entire display. k ako gives
no sudible confirmation of key contact;
and the 80character Lne is limited to
perhaps t 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
bp—a difference :ptcnlly noticeable in

for which execution time is limited by
the disply, 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—like 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
Chassis is your answer. Drop by your Apple
dealer for a demonstration, or contact
Mountain Computer for the location of

the dealer nearest you.

Mountain Computer

INCORPORATED

Circle 15 on inquiry card.

Performance You Demand

Eight mirror image I/0 slots of the Apple

Fully buffered, bi-directional data lines

Apple || compatible interface card

Dual selection capability; hardware or

software

® Immediate or deferred selectionin
software mode

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

o Compatible with all software

¢ Dedicated power supply with

approved power transformer

‘q Mountain Computer

INCORPORATED

300Harvey West Blvd., Santa Cruz, CA 95060
(408) 429-8600 TWX 910 598-4504

Applgas-atiademark of Apple Cotiputer ing.
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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,
touching 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 I 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
TMCo0281.

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.
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expand the Apple.

7440A Programmable Interrupt Timer Module.
Time events in four operating modes—oontinu-
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.

77204 Poraliel Interface. T'wo bi-directional 8-bit
1/0 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 Asithmetic Processor. Interfaces with
Applesoft, so you just plugin and run. Based
on the AM 9511 device, provides full 16/32-bit
arithmetic, floating point, trigonometric, loga-
rithmic, exponential functions, Programmed I/0
data transfer, much, much more.

77104 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% BCO A/D Converter. Convertsa 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 Interfoce. 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.

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

7500 A Wire Wrap Boord. For prototyping your
own designs.

75104 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.

Apple]], Aé)ple 11 Plus,and Applesoft aretrademarks
of the Apple Corporation.

CCS makes the difference.



We see the Apple
a little differently.

We see it as a good
way to get things done.

Apple has built a great computer. We at CCS have
built a great line of peripherals and components to expand
the Apple. To do almost anything you want to get done
with a computer.

If you want to do business with an Apple, we've got
tools to connect the Apple to standard business printers and
terminals. Or to modems, for communications over tele-
phone lines, with other computers, even with other Apples.

If you want to apply your Apple to engineering, scien-
tific, or graphic projects, we've got tools for high-powered,

high-speed math functions, and fast, high resolution graph-
ics. And tools to connect the Apple to lab test equipment
like function generators or plotters.

And we have tools to connect the Apple to the outside
world, including A/D converters and interval timers with
extermal interface.

We make components for the S-100 bus, the PET, and
the TRS-80, too.We built our products to deliver hard-
nosed value to the OEM, and tothe inventor who knows the
best, at prices that are unbeaten.

To find out how much computer your Apple {I can be,
see things our way. Because for serious users with serious
uses for the Apple, we've got the tools.

California Computer Systems

' 250 Caribbean Sunnyvale, CA 94086 (408)734-5811



UNBEATABLE i

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) .......
cerrreneeeneneneene.. $1250

Apple Disk Drive $550
Pascal Language Card

$450

Above plus $20 shipping charge.
IMPORTANT—N o shipments made with-
in the state of lllinois.

THE COMPUTER ROOM
P.0. BOX 11375
CHICAGO, IL 60611
1312} 427-1941

ORDER FORM
Enclosed $
For Via U.P.S.
I Ship to:
l Name
l 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. | 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, help!
The computer train is rolling so fast and
I am unable to climb aboard.

When I first became "motorized,” 1
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, ==



MICROSETTE

C-10—$1.00 C-60—$1.75

Al

TAPE FEET

MICROSETTE CO. 475 Ellis St.. Mt. View. CA 94043

MICROSETTE CO. 475 Ellis St., Mt, View, CA 94043

Al

o L

100

TAPE FEET

MICROSETTE CO. 475 Ellis St., Mt. View, CA 94043

‘ln the amaz”lng mioro*.bmputer ,_ind’lrsttym_& ,ﬁ di
a three-year-old pro&hct’ is a _ ,"_Qomhs':
product. Microsette users acclaim
excellent value and reliability of~these--
cassette tapes for safe storage of their
computer programs. Mlcrosette 50-foot .
. and 100-foot length cassettes are backed
by a 30-day warranty for use on all popu-
lar microcomputers: The two convenient
lengths store the complete memory _
contents of most HjcIacamputers, The Dealer prices are 50% of list.. Availableln 250 quantity

tapes are as excellent for Hi-Fi audio as  cace lots only. Write or call (415) 9681604 for complete
for microcompuiter use. “ details. ,

Microsette Co., 475 Ellis St., Mountain View, CA 94043

el ek

isalso an audxophnle. - Fey
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Have some
great
memories.

16K PROM boards.

B PROM card has 2708-type memory

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

PRICE—8K—3%175; 16K—3$315; 24K—%$475;
32K—$620; 8K add-on kits—$135

{Calif oria residents add 6 X sales tax)

Call or write Artec for details

A Ry, W
ARTEC €ICCTRONICS, INC.

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

-E;rq:i' =
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from it. As far as | 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 | 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,
b

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

root =

return{NULL) ;
}

(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 ;
) g
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 8C1S.
Stringy/Floppy... TRS-80 User’s Journal
speed,capacity New “How-0”info

and reliability for the serious
foeonly $249.50 TRS-80user

Exatron's Stringy/Floppy mass storage system 80-U.S. is expanding-with more pages, programs
gives you the speed, capacity and reliability of a mini-disk and color with heavy emphasis on advanced
system at far less cost. Thousands of ES/F users agree. TRS-80 applications. ..plus a regular Exatron
Here’s vour complete Stringy/Floppy feature.
Start ely Svst em'p Special Introductory offer $9.95 per year
y ) ) We'll send you six issues of 80-U.S. for only
® ES/F Operating Manual ® Datal/O Program $9.95...almost half the regular price. If you purchase an
® Basic ES/F System ® FREE 1 Year Exatron Stringy/Floppy System, we'll send them FREE.
($249.50) Subscription to 80-U.S, OFFER VALID UNTIL MARCH 31, 1981.
e 10 Blank Wafers the User's Journal
e ES/F Monitor Program  ® Complete info Package Send to:
. o C lete Starter Kit: 80-U.S. Joumnal
® Tutorial Demo Program $20€I9’gp5%e SRET 3838 South Wamer Street
® 2forl Bus Connector ) Tacoma, WA 98409
(206) 475-2219
CALL OUR FREE HOTLINE Sign me up! | can'tresist at $9.95!
(800) 538-8559 [ Check [JMoneyOrder [JM/Cor Visa
IN CALIFORNIA: (408) 737-7111
CARD NUMBER EXP DATE
Or contact: .=
NAME
; exatron ADDRESS i Nl T = h
181 Commercial Street L s S O -t i
Sunnyvale, CA 94086 *TRS-80 Trademark of Tandy Co. Ty STATE ZP

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 sysiem 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 ail existing /0
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
$580. 16K bytes $990.

CMOS clock board. On-board battery
back-up keeps clock running a year. New
LSI chip carries date, hours, minutes and
seconds. Read or write directly from 11O
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.

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

Listing 1

10 cL.s

20 FOR A = 15360 TO 15391

30 FOKE A,E

40 BE=58+1

90 NEXT A

&0 FRINT

70 END

Listing 2

5000 F=15360

5010 FOR V =1 TO 15 ¢ FOR H = 0 TO 63
5020 IF FEEK(F) < 32 THEN F'$ = CHR$(FEEK(F) + 64) ELSE

F'$ = CHR$(FEEK(F))
LFRINT F$; ¢ F = F +
LPRINT" "

NEXT V

RETURN

1

¢ 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, I 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 benefits in 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:

UMIS 2500
2800 Lockheed Way

mrennsnonar  Carson City, NV 89701
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What can you honestly
expect from an interactive
data terminal that costs only
$369?*

Well, to begin with, color graphics.

P 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
LSl 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. “
©1980. RCA "
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Letters

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 (origina
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. I
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 2nd Generation is 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 15,200.
been specifically designed for use with Available in four or eight channel versions.

multi-user and network
operating systems such
as MP/M, CP/NET, and
OASIS. Every product is
fully tested and burned-
in, comes with a 1 year
guarantee, and offers
you features not
currently available from
any other source.

DOUBLE DENSITY
FLOPPY DISK
CONTROLLER BOARD—
controls up to four 5%-
inch or 8-inch disk drives
using IBM soft sectored
formats. It features 1K
of on-board buffering,
DMA controlled data
transfers and the per-
formance character-

— The mos e ey— istics of the superior
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 /0 ports for the

memory bank addressing. The memory is

For use in configured as four totally independent 16K

expanded systems requiring up to eight additional software-selectable banks, with each bank
serial /O ports. Features include: 16 maskable addressable on any 16K boundary.

*All products meet the new |EEE 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 Division of 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.

[ 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 | 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

Assoon 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 Il and tried it out,
it worked perfectly.

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

Next [ connected it to an Apple II-Plus computer, using
its Paralle] 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
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= 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

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
. is available for 32K Apple® 1l and 1l
~= Plus and 32K TRS-80"™ Model | Level

1l 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

g * ]
- S family. -
- & W ' Arcade Classics is a new TRS-80
e 7 action game featuring Cosmic
2 Y —-:h.’f"' Raiders, Pinball, Ricochet and

» __5;."{,—- %’% Blockade® A great way to
4 B &2 M have fun without feeding
quarters into the machines

s Zork, MONTY Plays Mon-
ﬁ opoly and Arcade Classics—

. more fun and games with
your.computer, now 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.
at 408/745-7841, 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.

~4 ! } may be the only thing that can save
“. v & your life.
Yet, you can succeed. Discover the 20
. J - treasures of Zork, return them to the Trophy
yJ
i’

2

EEFSO““E

Zork is a trademark of Infocom, Inc.; Apple is 3 registered
trademark-of Apple Computer, Inc.; TRS-80 is a trademark
af Radiv Shack Division of Tandy Carp.; MONTY is a
trademark of Ritam Corp.; Monopaly is o trademark of
Parker Brothers, Inc.; MONTY is not sponsered or
endarsed by Parker Brothers, Inc. Blockade” isa
registered trademark of Gremlin Industries, Inc.




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

Name

Daisy Wheel Printer
II—catalog number
26-1158

Audience

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

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
%: 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%0

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

Hardware Required
TRS-80 Model [, 11, 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. mechanism: pinch-feed
platen; power
Software requirements: 120 VAC,

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

50/60 Hz, 141 W 220
VAC, 50 Hz (for
European operation)

Hardware Options
Tractor feed, $249 extra

Documentation

38-page manual, 22 by 28
cm (8%: 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.

[
I[
"‘F’I
[
|
[
[
[
|
|
[
[

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

1"§886 () *+,-./0123456789:; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\]"_"

“abcdefghi jklmnopgrstuvwxyz { |} “agep® "t=oeliiqéue FSyABUe_#5un
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How to tell if it's a White Computer.

You see, 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 exceltent 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.

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 a registered trademark of Digital Research,
MP/M is a trademark of Digital Research.

L VWHI ] E

T L R S

€O M Pl

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
computer

will be
ered! by
Thursday.

——
e
[

e o p— e B -
LI ——
e

WHOLESALE PRICES

AVAILABLE.
Authorized stocking
distributor for North

Star. GBC also main-

tains readY stock on
the followihg prod-
ucts and software:

¢ NEC Spinwriter
* Turnkey North Star
Business Software

(609) 424-0465

¢ Centronics
¢ Perkin-Elmer
= Epson

@ mc.

General Business Computers

2020 Fairfax Avenue
Cherry Hill, New Jersey 08003
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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 Y5, of an inch
27,03 Space '/, of an inch
27,04 Space Y/, 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 a last 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

o 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.

®The 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.

o 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, |
wouldn't have believed it. Now | do.m




*** A PERCOM BULLETIN * « «

Adapter for TRS-80* computer eliminates disk read errors

Garland, Texas — Harold
Mauch, preS|dent 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 IC
wams against.

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

P PERCOM DATA CO.

e :F OATA SEPARATOR

INC

Percom adapter fixes TRS-80*computer disk controller.

— one which has been used The SEPARATOR™ s
reliably in Percom disk con- 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-
;:atliad socket of the host con-
roller.

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. Circia 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$399fora 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.

Circla 48 on inquivy 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
dc:ubla density disk 0 <J)eratmg sys-
tem — whlch is included — can be
increased to as much as 354

Kbytes per minidiskette.

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

Cicie 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 eciually
well for either smgle -density or
double-density storage, and users
may continué to run programs
under TRSDOS*, 0OS-80™ and
other single- densny operating sys-
tems with the adapter installed.

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

BACKGROUNDER

CRC ERROR! TRACK LOCKED OUT!

by the Technical Staff
Percom Data Company

This proglem started while
we were studying an annoylng
problem with t¥1 ql'
puter. Disk drives sold by Peroom
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 — perfecta/ 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 intemnal data separator of
the FD1771 disk formatter/con-
troller IC. Use of the FD1771 in-
ternal data separator is not
recommended by Westemn Digital,
the IC manufacturer. The follow-
ng note appears on page 17 of
the FD1771 data sheet:

Internal data separation
may work for some appli-
cations. However, for ap-
plications requ1ring h|?
data recovery reliability,
WDC recommends exter-
nal data separation be
used.

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

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 ooan%ured it to plug dlrecuy
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 external
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 controk
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.

Cucla 323 on InQuiry card.

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



An Extremely
Low-Cost Computer
Voice Response System

A computer speech-output system
can be buik which requires no A/D
(analog-to-digital) or D/A (digital-to-
analog) converters, no multiple-pole
filters, no complex hardware, very
litle 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 applicaions Tlns means
that a 400-word can be

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,
hlsh rehabllny ease of use, and mass-
of this system make it a

stored on one side of a sinsl’e-demly
8-inch floppy disk, the average word
duration being 0.5 seconds. Similar-
ly. the 16 hexadecimal digits, 0 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
afew random bit faikires can be used.
Thus. for limited vocabularies, the
MIMIC speech processor may be the
lowest-cost computer speech-
processing system available, Other
applications include:

twodtone telenhonesional decadi

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 a
possible).

clipped. and integrated speech. Figure
1 on page 38 is a diagram of the essen-
tia) 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,
1C2), two diodes, and two resistors.
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
Ioudne{s and distance from the

Sixteen spoken

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

There are basically two reasons
yvhy speech-storage memory can be

ealarm signal
ic word by

oThe f s

computer (using software pattern
matching against stored speech

o sound effects
ecomputer-generated musical tunes
smetronome

orhythm generator
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yield on perfect
circuits plus slightly defedwe circuits
{those with 1% of the bits bad) will be
er than the yield on cir-
cuits alone.
oMemories 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 at pnces
far below those of dard

The output of the compressor goes
to a simple R/C (resistor/capacitor}
differentiator which has a pole at ap-
proximately B kHz. The differentiator
performs quite well over the entire
range of s equencies from
100 Hz to S kHz (300 Hz to 3 kHz is
considered “telephone qualny 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 vesistor is in series with the

g input to P for
the input bhs current of the com-
parator. thus preventing distortion
due to “center clipping” of the signal.
Only a small amount of DC oﬂset

ductor memories.

Hndwm
The technique to be used here is
called dlﬂtrmhaud. infinitely

| in the comp
a large degndmon in speech in-
telligibility,
This would complete the speech
daa-in t path exeer for one prob-
lem: wi en no s is present, the



Speech Processing

Many techniques 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 continuously for
more than a week.

Many of the time-domain 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
CVS5D chip produces is meaningful
only to another CVSD chip.
Forexample, if the highly encod-
ed CV5SD 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, when
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

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
material representative of the
sound statistics of a language, a
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.
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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 1C4a. 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 IC5,
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 1C4c and an R/C
network which has a pole at approx-
imately 16 Hz. The buffer (1C7) 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 11, 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 systeminput 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 fi(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(t) has a
positive slope and is rising from a
valley to a peak. Similarly, for f'(t)
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/m) [sin t — (1/9)sin 3t +
(1/25)sin 5t — (1/49)sin 7t

D]

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 |
(NG TR OL L ER R TIE
—————t
| STORE DATA —} COMPUTER
IN MEMORY
| QUTPUT BIT STREAM |
AT 10kHz RATE
———— —
{ +
; | "1 .
fi1) b3 p e
= COMPARATOR T THTET
)\ p . -
DIFFERENTIATOR INTEGRATOR

Fxgure 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 i)
Ifi(t)]

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 (fy(t)=sin 6.5t), the differen-
tiator will produce the wave of (f)
(f(t)=6.5cos 6.5t). The zero-crossing
comparator produces the square wave of
(g) (fat)/| f2t)|), which may be recorded
quite accurately. When this information is
played back, the wave of (h) will be pro-
duced:

S faft)
|fa0)]|

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:

(i) fs(t) = sint + 61—5 sin(6.5t + 2.3)

(i) fa(t) = cost + cos(6.5¢t + 2.3)

fat)
(k) ﬂtllnnld(t) = —
[fa(t)]
fat)
() f]’cl"pp.d(t)dt =
S S [fa(0)]
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