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CT-64 TERMINAL SYSTEM

* 64 OR 32 CHARACTERS PER LINE

* UPPER AND lower case LETTERS
FULL 8 BIT MEMORY

128 CHARACTER ASCII SET

110/220 Volt 50-60 Hz POWER SUPPLY

*

*

* Kk x ¥ %

*

COMPLETE WITH —
monitor show in photo available.

Now you can buy it. The terminal that has all the fea-
tures that people have been asking us to include. The
CT-64 has all the functions that you could want in a
terminal and they may be operated by either switches,
or through a software program.

All cursor movements, home-up and erase, erase to end
of line, erase to end of frame, read on, read off, cursor
on, cursor off, screen reversal, scroll, no scroll, solid
cursor, blinking cursor, page selection and a beeper to

SCROLLING OR PAGE MODE OPERATION
CONTROL CHARACTER DECODING—-32 COMBINATION

PRINTS CONTROL CHARACTERS
USABLE WITH ANY 8 BIT ASCII COMPUTER
REVERSED BACKGROUND —[IIeiINIER{INe]

Chassis and cover, cursor control, 110-1200 Baud serial interface and keyboard. Optional

You may also switch from upper case only teletype style
operation to upper-lower case typewriter style operation.
You can reverse the field on individual words to high-
light them, or you can reverse the whole screen.

CT-64 is complete with keyboard, power supply serial
interface and case. A matching 9 inch monitor with
coordinated covers is also available to make a complete
system.

warn you of end of page; all are provided for your use jn  C1-64 Terminal Kit $325.00
the CT-64. MM-1 Monitor (assembled) $175.00
You are right, it's just what | have been asking for.
[] Enclose is $325.00 for the CT-64
[] Send the MM-1 monitor too. [7] Send Data
[JorBAC #
[Jor MC. Ex Date
| — NATE
219 W. Rhapsody ADDRESS
San Antonio, Texas 78216 CITY STATE Zip
Clrcle 29:0n Tnaiiey coed; Southwest Technical Products Corp.
219 W. Rhapsody, San Antonio, Texas 78216




Meet the most powerful
uC system available for dedicated work.
Yet it’s only $595.

Here's the muscle you've been telling us you wanted:
a powerful Cromemco microcomputer in a style and price
range ideal for your dedicated computer jobs—ideal for
industrial, business, instrumentation and similar applica-
tions.

It's the new Cromemco Z-2 Computer System. Here's
some of what you get in the Z-2 for only $595:

® The industry’s fastest uP board (Cromemco’s highly
regarded 4 MHz, 250-nanosecond cycle time board).

e The power and convenience of the well-known Z-80
1P,

® A power supply you won't believe (+8V @ 30A,
+18V and —18V @ 15A — ample power for addi-
tional peripherals such as floppy disk drives).

e A full-length shielded motherboard with 21 card slots.

Power-on-jump circuitry to begin automatic program

execution when power is turned on.

S-100 bus.

Standard rack-mount style construction.

All-metal chassis and dust case.

110- or 220-volt operation.

DEDICATED APPLICATIONS

The new Z-2 is specifically designed as a powerful but
economical dedicated computer for systems work. Notice
that the front panel is entirely free of controls or switches
of any kind. That makes the Z-2 vir-
tually tamper-proof. No accidental
program changes or surprise mem-
ory erasures.

e 00 0

Z-2

widely regarded as the standard of the future. So you're
in the technical fore with the Z-2.

BROAD SOFTWARE/PERIPHERALS SUPPORT

Since the Z-2 uses the Z-80, your present 8080 soft-
ware can be used with the Z-2. Also, Cromemco offers
broad software support including a monitor, assembler,
and a BASIC interpreter.

The Z-2 uses the 5-100 bus which is supported by the
peripherals of dozens of manufacturers. Naturally, all
Cromemco peripherals such as our 7-channel A/D and
D/A converter, our well-known BYTESAVER with its
built-in PROM programmer, our color graphics interface,
etc., will also plug into the S-100 bus.

LOW, LOW PRICE
You'll be impressed with the Z-2's low price, technical
excellence and quality. So see it right away at your
computer store—or order directly from the factory.

Z-2 COMPUTER SYSTEM KIT (MODEL Z-2K) (includes
4 MHz pP card, full-length 21-card-slot motherboard,
power supply, one card socket and card-guide set, and
front panel; for rack mounting) .............. $595.

Z-2 COMPUTER SYSTEM ASSEMBLED (MODEL Z-2W)
(includes the above as well as all 21 sockets and card
guides and a cooling fan; for rack mounting ). . .$995.

Computerfyseen_,

“’\

W
TR e e C'

G Cromemcob



|

o
| I W |

JOYSTICK CONSOLE

- -

Your computer’s usefulness de-
pends on the capability of its CPU,
memories, and I/O interfaces, right?

So here’s a broad line of truly
useful computer products that lets
you do interesting things with your
Cromemco Z-1 and Z-2 computers.
And with your S-100-compatible Al-
tairs and IMSAIs, too.

CPU

e 7-80 MICROPROCESSOR CARD.
The most advanced pP card avail-
able. Forms the heart of our Z-1
and Z-2 systems. Also a direct re-
placement for Altair/IMSAlI CPUs.
Has 4-MHz clock rate and the power
of the Z-80 pP chip. Kit (Model ZPU-
K): $295. Assembled (Model ZPU-
W): $395.
MEMORIES

e 16K RAM. The fastest available.
Also has bank-select feature. Kit
(Model 16KZ-K): $495. Assembled
(Model 16KZ-W): $795.

® 4K RAM. Bank-select allows ex-
pansion to 8 banks of 64K bytes
each. Kit (Model 4KZ-K): $195. As-
sembled (Model 4KZ-W): $295.

® THE BYTESAVER — an 8K capa-
city PROM card with integral pro-

TV DAZZLER

your computer
more useful-

a wide choice of
| memory, 1/0,CPU

grammer, Uses high-speed 2708 eras-
able PROMs. A must for all com-
puters. Will load 8K BASIC into RAM
in less than a second. Kit (Model
BSK-0): $145. Assembled (Model
BSW-0): $245.

e 16K CAPACITY PROM CARD. Ca-
pacity for up to 16K of high-speed
2708 erasable PROM. Kit (Model
16KPR-K): $145. Assembled (Model
16KPR-W): $245.

I/0 INTERFACES

® FAST 7-CHANNEL DIGITAL-
ANALOG |/0O. Extremely useful
board with 7 A/D channels and 7
D/A channels. Also one 8-bit par-
allel 1I/O channel. Kit (Model D +
7A-K): $145. Assembled (Model D
+ 7A-W): $245.

e TV DAZZLER. Color graphics in-
terface. Lets you use color TV as full-
color graphics terminal. Kit (Model
CGI-K): $215. Assembled (Model
CGI-W): $350.

® DIGITAL INTERFACE (OUR NEW
TU-ART). Interfaces with teletype,
CRT terminals, line printers, etc. Has
not one but two serial I/O ports and
two 8-bit parallel I/O ports as well
as 10 on-board interval timers. Kit

Tl o e ops el A ot e d
Specialists in computers and peripherals
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 = (415) 964-7400

Circle 41 on inquiry card.

(Model TRT-K): $195. Assembled
(Model TRT-W): $295.

® JOYSTICK. A console that lets
you input physical position data with
above Model D + 7 A/D card. For
games, process control, etc. Con-
tains speaker for sound effects. Kit
(Model JS-1-K): $65. Assembled
(Model JS-1-W): $95.

PROFESSIONAL QUALITY

You get first-class quality with
Cromemco.

Here are actual quotes from ar-
ticles by independent experts: “The
Cromemco boards are absolutely
beautiful” . . . “The BYTESAVER is
tremendous” . . . “Construction of
Cromemco /O and joystick are out-
standing’” . . . “Cromemco periph-
erals ran with no trouble whatso-
ever.'

Everyone agrees. Cromemco is
tops.

STORES/MAIL

So count on Cromemco. Look
into these Cromemco products at
your store. Or order by mail from
the factory.

We wish you pleasure and suc-
cess with your computer,
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In This

Some uses of a microprocessor
involve the connection to the outside
world through an analog interface.
When fooling around with such pro-
jects from music generation to robotic
control, however, it quickly becomes
necessary to have a large number of
inexpensive real world interfaces. To
help point you in the right directions
Douglas R Kraul supplied an article
on Designing Multichannel Analog
Interfaces.

In the past, readers have seen some
interest expressed in the concepts of
robotics, the use of small computers as
the brains of mobile automated
mechanisms. Robots have long been
fancied in science fiction literature and
cinema, but only rarely have people
taken any practical steps towards a
“real” robot as opposed to paper
romanticisms or stage dummies. One
of those rare cases is that provided by
Ralph Hollis and his associate Dennis
Toms, both of whom are physicists at
the University of Colorado, Duane
Physical Laboratory, Boulder CO.
Ralph has been pursuing the design of
practical robots as an avocation since
1957, and lately has progressed to the
point of a working mobile computer
system called Newt, whose picture
provides the theme of this month’s
cover. Turn to Ralph’s article, Newt:
A Mobile, Cognitive Robot for essen-
tial background information on con-
temporary robot design philosophies.

Hard copy is a most useful output,
but it tends to be somewhat expensive.
Dan Fylstra shows one very attractive
option in his article on Interfacing the
IBM Selectric Keyboard Printer. Dan
purchased a used print mechanism late
in 1976, and since then has success-
fully interfaced the device to his
KIM-1 system. Readers interested in
using these printers (which are avail-
able in significant numbers on surplus
markets) will find Dan’s article an
essential guide to the art.

How can hardware be used to
accomplish the details of Interfacing
With an Analog World? Turn to author
Joseph Carr's second part of a two
part series to find out some of the
details of basic conversion circuits
which use the outputs of sensors and
preamplifiers discussed in last month’s
article.

Much of the software that is avail-
able on the market today is available
on paper tape so as to be easily read
into your microprocessor. The prob-
lem is that most common paper tape
readers are so slow that it seems to
take forever to read a large program
into memory. In the article Come Fly
With KIM, Rick Simpson introduces us
to a solution to this speed problem:
the Fly Reader, which he uses with
MOS Technology’s KIM-1.

4

Now that you've got the hardware
built, how do you run it? Ken Welles
answers this question in Software for
the Economy Floppy Disk. His pre-
vious article (February 1977 BYTE,
page 34) described how to construct
an inexpensive floppy disk with min-
imal hardware. This month he provides
a series of subroutines to run it, which
could easily be expanded into a com-
plete floppy disk operating system.

Last month in the first part of his
article Artificial Intelligence, An Evo-
lutionary Idea, Michael Wimble intro-
duced us to the use of a simulated
evolution technique by which it was
possible for a program to alter itself
and reshape its responses as a direct
result of an outside stimulus. This
month in Part 2: Implementation, Mr
Wimble details how the computer ex-
perimenter can implement this type of
program on any small computer
system.

To many people the concept of
assembly language is that of the funda-
mental language of the computer next
to machine language. However, each
particular assembly language command
must be broken down into a series of
simpler command sequences. These
commands are known as microinstruc-
tions. In his article, An Introduction
to Microprogramming, S M Quek de-
scribes how the concept of micro-
instructions is a great benefit to the
user of a computer, allowing the easy
change of basic instructions.

In previous issues Michael McNatt
has shown us the availability of
Baudot teleprinters and the ways in
which they can be interfaced with
your microprocessor. In his concluding
article, A Guide to Baudot Machines:
Part 3, A Teleprinter Test Circuit, he
describes a test circuit that can be used
for generating Baudot characters for
alignment and adjustment purposes.



N

IMSAI Introduces the Megabyte Micro!

The Megabyte Memory

Until today, the largest memory you could
fitand address in a single microcomputer
CPU was 65K.

Now, IMSAI presents an incredible
memory system for micros 16 times more
powerful than yesterday’s best.

Imagine, a full megabyte of power from
sixteen 65K RAM boards.

And, to control all this, the IMSAI
Intelligent Memory Manager (IMM), the
super control board.

You can write protect blocks through-
out the full megabyte. Or, map in 16K blocks.

Plus, preset 16 mapping configurations
with protect for high speed transfer or rapid
chanﬁ;e. )

All interrupts are fully vectored, and
there’s an interrupt if an attempt is made to
write into protected memory.

There’s even a real “time of day” clock.

65K, 32K and 16K RAM
Boards

Until today, the most memory you could
plug into a single slot was 16K.

Now, IMSAI presenis memory boards
in astonishing multiples of sixteen: 65K,
32K and 16K low power, dynamic RAM
Boards. They can be used in any S-100 bus
computer individually or in combination
to form conventional systems up to 65K
bytes.

Every board is fast. With *“hidden
refresh™ and no “wait state.”

The Complete Megabyte
Microcomputer System

The IMSAI Megabyte Micro™ is only part
of the story. The full system can include
dual floppy disks, terminals, plotters,
printers and tape cassetles.

IMSALI also offers the finest high level
and peripheral software available. Paper
tape and Tape Cassette 1/0 and super Disk
Operating Systems. Plus, BASIC and Disk
BASIC with more high level languages
L'OI'I'IIl'lg.

Until today, the microcomputer’s
potential was just something you talked
about.

Now, you can put it to work. Powerfully.

Circle 12 on inquiry card.

GENTLEMEN:

I'm power hungry!

[[] Send 65K RAM Board Kit 52599 [7] Assembled 53899
[[] Send 32K RAM Board Kit $749 [] Assembled $1099
[[]Send 16K RAM Board Kit 3449 [T] Assembled $679
[[]Send IMM ROM Control Kit 8299 [7] Assembled $399
] Send IMM EROM Control Kit $499 7] Assembled 3699
[[] Send full catalog $1.00

Check/MO enclosed. Amt. §_____ —
Charge my: [JBAC[OM/C

# e - Exp.Date:

] Sig. - — — —
[ Send name of my nearest IMSAI dealer
MName

Company Title

Address___

City ——

State/Zip - =

IMISA

IMSAI Manufacturing Corporation
14860 Wicks Blvd.

San Leandro, CA 94577

(415) 483-2093 TWX 910-366-7287




Sol Terminal Computer

equails three
computers.

To do real work with any computer, big or small, it takes
a complete system. That’s one of the nice things about the
Sol-20. It was built from the ground-up as the heart of three
fixed price computer systems with all the peripheral gear and
soltware included to get you up and on the air.

Sol System I costs just $1649 in kit form or $2129 fully
burned in and tested. Here’s what you get: a Sol-20 with the
SOLOS personality module for stand alone computer power.
an 8192 word memory, a 12" TV/video monitor, a cassette
recorder with BASIC software tape and all necessary cables.

Sol System II has the same equipment plus a larger



memnry. t
$4237 in klt form,

5037 fully assembied and tested

And remember, though we call these small or personal computer systems, lhuy have more

The functional beauty of Sol Computer Systems is
more than skin deep. A look inside reveals a simple elegance
of design and sturdy construction.

power per dollar than anything ever
offered. They provide performance com-
parable with mini-computer systems priced
thousands of dollars more.

The Small Computer
Catalog for the rest of the real
computer system story.

Visit your local computer store for
a copy of our fully illustrated 22 page cata-
log. Or you may write or call us il more
convenient. Please address Processor
Technology, Box B, 6200 Hollis Street,
Emeryville, CA 94608. (415) 652-8080).

[OpEi==¥



See Sol Systems at your dealer

ARIZONA

Byte Shop Tempe
813 N. Scottsdale Rd.
Tempe, AZ 85281

Byte Shop Phoenix
12654 N. 28th Dr.
Phoenix, AZ 85029

Byte Shop Tucson
2612 E. Broadway
Tucson, AZ 85716

CALIFORNIA

Bits 'N Bytes
679 S. State College Blvd.
Fullerton, CA 92631

The Byte Shop
1514 University Ave.
Berkeley, CA 94703

The Byte Shop
2626 Union Ave.
Campbell, CA 95124

Byte Shop Computer Store
6041 Greenback Lane
Citrus Heights, CA 95610

Computer Center
1913 Harbor Blvd.
Costa Mesa, CA 92627

The Byte Shop
16508 Hawthorne Blvd.
Lawndale, CA 90260

The Byte Shop
1063 El Camino Real
Mountain View, CA 94040

The Computer Mart
624 West Katella #10
Orange, CA 92667

The Byte Shop
2227 El Camino Real
Palo Alto, CA 94306

Byte Shop
496 South Lake Ave.
Pasadena, CA 91101

The Computer Store

of San Francisco

1093 Mission Street

San Francisco, CA 94103

Byte Shop
321 Pacific Ave.
San Francisco, CA 94111

The Computer Room
124H Blossom Hill Rd.
San Jose, CA 95123

The Byte Shop
509 Francisco Blvd.
San Rafael, CA 94901

The Byte Shop

3400 El Camino Real
Santa Clara, CA 95051
The Byte Shop

2989 North Main St.
Walnut Creek, CA 94596

Byte Shop
14300 Beach Blvd.
Westminster. CA 92683

Recreational
Computer Centers
1324 South Mary Ave,
Sunnyvale. CA 94087

Byte Shop of Tarzana
18424 Ventura Blvd.
Tarzana, CA Y1356
Digital-Deli

80 West El Camino Real
Mountain View, CA 94040

COLORADO
Byte Shop

2040 30th St.
Boulder. CO 80301

FLORIDA

Byte Shop of Miami
7825 Bird Road
Miami, FL 33155

Microcomputer Systems Inc.

144 So. Dale Mabry Hwy.
Tampa, FL 33609

Sunny Computer Stores
University Shopping Center
1238A S. Dixie Hwy.

Coral Gables. FL 33146
Delta Electronics

2000 U.S. Highway 441 East
Leesburg, FL 32748

GEORGIA

Atlanta Computer Mart
5091-B Buford Hwy.
Atlanta. GA 30340

ILLINOIS

The Numbers Racket
518 East Green St.
Champaign. IL 61820
itty bitty machine co.
1316 Chicago Ave.
Evanston, 1L 60201
itty bitty machine co.
42 West Roosevell
Lombard. IL 60148

INDIANA

The Data Domain

406 So. College Ave.
Bloomington. IN 47401
The Data Domain

219 West Columbia

West Lafayette. IN 47905
The Data Domain

7027 N. Michigan Rd.
Indianapolis. IN 46268

fedincicay

Processor Technology, 6200B Hollis Street, Emeryville, CA 94608, Phone (415) 652-8080

Circle 24 on inquiry card.

The Byte Shop
5947 East 82nd St.
Indianapolis. IN 46250

KENTUCKY
The Data Domain

3028 Hunsinger Lane
Louisville, KY 40220

MICHIGAN

The Computer Store
of Ann Arbor

310 East Washington
Ann Arbor. MI 48104

General Computer Store
2011 Livernois
Troy. M1 48084

Computer Mart of Royal Oak
1800 W. 14 Mile Rd.
Royal Oak. M1 48073

NEW JERSEY

The Computer Mart
of New Jersey

501 Route 27

Iselin. NJ 08830

Hoboken Computer Works
No. 20 Hudson Place
Hoboken. N1 07030

NEW YORK

Audio Design Electronics
487 Broadway. Ste. 512
New York. NY 10013

The Computer Corner
200 Hamilton Ave.
White Plains. NY 10601

The Computer Mart

of Long Island

2072 Front Street

East Meadow. L.1. NY 11554

The Computer Mart

of New York

M4 Fifth Ave.

New York. NY 10001
Synchro Sound Enterprises
193-25 Jamaica Ave.
Hollis, NY 11423

The Computer Shoppe
444 Middle Country Rd.
Middle Island. NY 11953

OREGON

The Real Oregon
Computer Co.

205 West 10th Ave.
Eugene. OR 97401

Byte Shop Computer Store
2033 5. W. 4th Ave.
Portland. OR 97201

Byte Shop Computer Store
3482 S.W. Cedar Hills Blvd.
Beaverton. OR 97005

OKLAHOMA

High Technology
1020 West Wilshire Blvd.
Oklahoma City, OK 73116

RHODE ISLAND

Computer Power, Inc.
M24 Airport Mall
1800 Post Rd.
Warwick, RI 02886

SOUTH CAROLINA
Byte Shop

2018 Green Street
Columbia, SC 29205

TENNESSEE
Microproducts & Systems
2307 E. Center St.
Kingsport, TN 37664

TEXAS

The Micro Store

634 So. Central Expressway
Richardson, TX 75080
Computertex

2300 Richmond Ave.
Houston, TX 77098
Interactive Computers
7646 Dashwood Rd.
Houston, TX 77036

Byte Shop
3211 Fondren
Houston, TX 77063

WASHINGTON

Byte Shop Computer Store
14701 N.E. 20th Ave.
Bellevue, WA 98007

The Retail Computer Store
410 N.E. 72nd

Seattle, WA 98115

WASHINGTON, D.C. Area
Media Reactions Inc.

11303 South Shore Dr.
Reston, VA 22090

WISCONSIN

The Milwaukee
Computer Store

6916 W. North Ave.
Milwaukee, W1 53213

CANADA

The Computer Place
186 Queen St. West
Toronto, Ontario M3V 171

Trintronics

160 Elgin St.

Place Bell Canada
Ottawa, Ontario K2P 2C4
First Canadian

Computer Store Ltd.

44 Eglinton Ave. West
Toronto, Ontario M4R 1A1
Pacific Computer Store
4509-11 Rupert St.
Vancouver, B.C. V5R 214



The

Software
Dilemma;

How is it possible to simultaneously make software widely available (and
low priced), yet reward the producers of good software with adequate

compensation for their efforts?

By Carl Helmers

Conventional wisdom has it that propri-
etary software must come at extremely high
prices, commensurate with concentrated
work on the part of a small number of
dedicated and thoughtful programmers.
After all, this wisdom has it, we’ll only sell a
few copies of package X anyway, so why not
keep a tight lid on it and charge as much as
possible?

This conventional wisdom has worked
well in the past, when the typical computer
system might cost upwards of $10,000 or
$100,000. But when the typical computer
system comes in at a price on the order of
$1000, paying prices which are of this same
order of magnitude for software packages is
not a very likely move on the part of the
individual purchaser with his or her personal
budget.

In the personal computing field we are
participating in a market phenomenon
characterized by a change from the situation
which supports the conventional software
wisdom, to a new situation which has its
own characteristics. More and more people
are getting into the swing of things with
computer use, and thus more and more
people have needs which can and should be
filled by specialized software products.
Where computers are concerned, when we
talk about a 100,000+ person active indi-
vidual user market as we do today, we are
for the first time talking about the potential
for mass marketing of software in ways
unheard of in the conventional wisdom of
computing. Establishing a new ‘‘conven-
tional wisdom™ is clearly required; as a step
toward that goal, this paper provides a
survey of the prospects for mass marketing

of software, and a solution of the software
dilemma posed above.

Let’s Draw Some Parallels:
Woodworking

Like many individuals, | dabble a bit in
the arts of crafting furniture. Suppose, for
example, that | want to build a nice, neat
contemporary rolltop desk for my study. As
an individual with limited time available for
such leisure crafts activity, 1'd probably
want to start with an existing design rather
than working out all the details myself. In
seeking the end product of a rolltop desk,
I'd be in the same situation (as a wood
craftsman) as the owner of a computer
system desiring a compiler, assembler, appli-
cation product or peripheral. | know in
principle that rolltop desks exist and that in
principle | could design then fabricate one,
or use an existing one as a mental model
with my own variations. But to save time
and possible mistakes | might want to find
some source of a “proven’ design with
detailed information on achieving the goal of
a rolltop desk. Well, in the world of wood-
crafting, as in the world of photography, the
world of live steam model engines, or the
world of backpacking, there are numerous
sources of information including ready-made
designs and techniques. | refer, of course, to
books which are just published products
with specific orientation or theme.

Similarly, when | have a computer system
and | know that some neat language or
software development tool exists, | also
know that in principle | could write such a
package myself using my own design or
general design concepts taken from any

Continued on page 68

This editorial consists
of the text of a paper de-
livered at the First West
Coast Computer Faire in
April of this year.

About those missing
mailing wrappers and
the May issue:

A strike at the printing
plant was responsible
for May BYTEs arriv-
ing late to subscribers
and for May and June
issues being mailed with-
out the customary brown
wrappers. The wrappers
will be restored as soon
as our printing situation
is restored to normalcy. =




Intel delivers micro

ahead of the fast

In 1971, Intel invented the microcomputer
and quickly became the world’s largest
supplier of microcomputers and micro-
computer support products. We still are.

Over the past six years we've in-
vested millions of dollars to make the
microcomputer even more useful and
more economical. Today there are over
195 Intel” microcomputer hardware
and software products available to help
people like you keep ahead of costs,
ahead of the competition and ahead of
the fast changing world.

WeTe now offering seven microcomputer
families. Including the newest high performance 8085 and the single chip 8748
with resident PROM. And 81 LSI peripheral, memory and I/O support circuits to
help you cut design time, do more and get to market first. To reduce design time
even further, choose one of our SBC80 Single Board Computers or System 80

7 microcomputer families

s

81 LS| peripheral, memory and
I/O support products

33 software products, users' library
with 235 programs

Intellec Development System with
42 options and accessories

30 SBC 80 Single Board
Computer products
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2 Systern 80 packaged
microcomputer systems
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packaged microcomputer
systems.

But a wide selection of
microcomputer components
and systems is only half the
story. We also provide program-
ming support, including the
PL/M high level microcomputer
language to help you cut months
off those big software develop-
ment jobs. And Intellec® micro-
computer development systems
with [CE™ in-circuit emulation



computers to keep you
changmg world.

. and symbolic debugging to help reduce
B system integration and debug time.

Then there’s application assist-
ance, training classes and regularly
scheduled seminars available world-

wide. A users’ library with 235
programs and still growing.

Intel’s investment protects your
investment. Here are a few examples.
" Our new 8085 microprocessor offers
~ greatly improved performance over
our industry standard 8080, with sub-
stantial cost savings. Yet you use the same
software, the same peripheral, memory and
[/O circuits as the 8080. You don't have to go through a new learning experience or
re-invest in software to upgrade your system to 8085 performance. And that same
kind of protection comes when you invest in an Intel development system. Last
year’s investment in an Intellec system is preserved even when we introduce a new
microcomputer. Our newest 8085 and 8748 microcomputers are now fully
supported with development software
for your present Intellec system.
And you will soon be able to add
low cost ICE-85 and ICE-48 in-
circuit emulation modules.

Let Intel help you stay ahead. --
Get started now by asking for our new mlcrocomputer product line brochure
describing the full line of Intel microcomputer products, systems and software.
Use the reader service card or write: Intel Corporation, 3065 Bowers Avenue,

Santa Clara, CA 95051.

[ ] ® @
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AN APL LOVER'S STORY

Regarding the two letters by APL
enthusiasts in your February 1977 issue,
let me lend my voice to this group. While
still in high school, | got my first taste of
APL from a friend at IBM via a long-
distance line to Detroit, and got access to
Xerox Sigma 9 APL while a junior in
college. Since then I've written a lot of
APL code — including a 7 page pattern
recognizer program (imagine what that
would be in BASIC!) and about five
pages of n-dimensional optimization
routines, and now | am running IBM
5100 APL where | work. Needless to
say, | think APL is the greatest thing
since left-hand Turing machines,

| have just bought an ECD Micro-
Mind computer (graphics) system with
the explicit intent of buying 32 K of
memory when the price comes down,
and beg, borrow, buy, or if necessary,
write an APL interpreter. (What about
Tiny APL, analogous to Tiny BASICs
being written now?) Since my computer
will have graphics capability, | won’t be
interested in APL ROMs. (Might | sug-
gest mnemonics, eg: $R for APL “rho,”
$QQ for APL “‘character quad.”) | have
used them “‘without hardly noticing.”
But in any case, put my vote in for APL,
and | would be happy to hear from any
APL enthusiasts.

Gregg Williams
3439 Southern, #7
Memphis TN 38111

SOME APL
PERIPHERALS QUESTIONS

You can add my name to the list of
those who would be interested in an
APL character generator chip (Letters,
February 1977). Like a lot of people
who have used APL, | caught the bug,
and have been disappointed that there is
no software for the 8080 to support
APL. Though | suspect it's only a matter
of time,

A cost of $20 to $25 for a chip
“feels” right to me. This would require
about half the 500 buyers that Mr
Montgomery postulates in his letter, |
have a couple of warnings to add,
though. First, a full upper and lower case
keyboard is desirable, although it's
certainly possible to use a spare control
key to signal upper case and take care of
the translation problem in software.
Such keyboards don't seem to be as
cheap and available as the surplus upper
case ones, Second, | can attest to the
fact that using little stickers on the keys
to show you where the symbols are leads
to a lot of frustration. Better to have
keys imprinted with the letters and
symbols. What would it cost to have sets
of these made up for distribution with
the character generators?

I'm convinced that there's a real
market for a “small” (not tiny) APL
interpreter. The word would spread fast
to those who haven’t had a chance to use
it and are putting up with the inade-
quacies of BASIC (mainly the size
of source programs) without much
complaint.

James C Wilson
Ketron Inc

3250 Wing St #402
San Diego CA 92110

We know of one interpreter which is
nearly complete for the TMS-9900, plus

several 8080 versions. Watch future
BYTEs for some fairly extensive APL in-
formation. Articles are now in prepara-
tion concerning APL interpreter design,
use of APL, etc,

ON AUTOMATED BAROMETERS AND
OBTAINING MERCURY

| was very interested in Mr Firth’s
article on weather predictions (Decem-
ber 1976 BYTE, page 62), for there have
been very few articles in BYTE on
getting a computer to do things other
than to play Star Trek. | was especially
interested in his idea about getting baro-
metric readings into a computer. Being a
chemistry student | ran across an article
in the fournal of Chemical Education
(October 1976). Although the barometer
in the Jfournal is a little different, it's
basically the same as Mr Firth's.

Also, in Mr Firth’s article he men-
tions that you need a quarter pound of
mercury, and many lab supply houses
will not sell you mercury for any reason
without a company’s purchase order.
Another way of obtaining the mercury,
although it may take some time, is to
remove the mercury switches from old
washing machines. The mercury is not
very pure, but it can be cleaned up some-
what by passing it through a pin hole in
filter paper. The mercury obtained by
this method is good enough to be used in
the barometer. This may seem a lot of
work to go through, but it sure beats
paying $13 for a quarter pound of
mercury that you will probably use a
quarter of,

D Pasken
23 Farview Cir
Camillus NY 13031

Mr Pasken enclosed a Xerox shot of
the article he mentions, which can be
found on page 670 of the October 1976

SWIP 6800 OWNERS-WE HAVE A CASSETTE 1/0 FOR YOU!

The CIS-30+ allows you to record and playback data using an
ordinary cassette recorder at 30, 60 or 120 Bytes/Sec.! No Hassle!
Your terminal connects to the CIS-30+ which plugs into either the
Control (MP-C) or Serial (MP-S) Interface of your SWTP 6800
Computer. The CIS-30+ uses the self clocking ‘Kansas City‘/Biphase
Standard. The CIS-30+ is the FASTEST, MOST RELIABLE CAS-
SETTE 1/0 you can buy for your SWTP 6800 Computer.

Kit — $69.95*
Assembled — $89.95*
(manual included)

* plus 5% f/shipping

=

TEXAS RESIDENTS ADD 5% SALES TAX

PerCom has a Cassette |/O for your computer!
Call or Write for complete specifications

LpEHBDM] PerCom Data Co.

P.O. Box 40598 « Garland, Texas 75042 « (214) 276-1968

PerCom — ‘peripherals for personal computing’
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issue of the Journal of Chemical Educa-
tion. The design is by fohn T Viola and
William E McDermott of the US Air
Force Academy. The design, in detail, is
a recording manometer. Reference /s
made to a paper, circa 1953, by H T
Svec and D S Gibbs (in Rev Sci Instr, 24,
202, 1953). The paper also gives a
reference to a source of wire for the
measurement: 28 gauge bare nickel
chrome wire cable cord manufactured by
Consolidated Companies, Chicago L.

SOME SR-51 CALCULATOR
INTERFACE INFO

The new

2708 MB-8 .
| read with interest Ralph Getsla's BK-16K EPROM kit
(Letters of January 1977 BYTE) request for just $85.00

for information on interfacing his SR-52.
My interests are similar, only my out-
look evolves around the use of the SR-51
A terminal strip that can be seen upon
removal of the battery pack of the 51.
My plan here is to interface the 51 to the
modified TV typewriter terminal that |
am presently in the completion stages of
building, | was able, so far, to track these
lines back to their source by the use of a
hand held flashlight after disassembly of
the 51 (see interface diagram). If | can
get any information on the two chips in
question | believe | would be in business.

William D Lewis
469 Heatherbray Ct
San Jose CA 94136

Both the MB-8 2708 and the MB-3 1702A EPROM

Open boards offer these features:
28 —-= 15

'

T e Optional memory—option of 2K or 4K 1702A's, or
[ ot 8K or 16K 2708's.
i i e Dip switch selection of addressing and wait cycles.
Pheaviaies v e Reverse voltage protection.
10—s= e On-board regulators for all voltages.
e All sockets included.

g 14

¢ Gold-plated contacts.

g Contact your local dealer today for complete details.
‘@: Solid State Music
u1-14 28 15 2102A Walsh Avenue
Santa Clara, CA 95050
U217 — (408) 246-2707
1
D TME?JEQGJNL The 1702A MB-3 gives
i you lowest cost
5 EPROM versatility.
Board only  $65.00
| - 5 2K $105.00

Lz-10=—r

4K  $145.00

LLLLLLLLL,

PS: Could this interface be the same as
the SR-527 | will be writing Texas
Instruments for any information they
will be able to give me on these devices,
If not, | will operate via the probe,

Who knows?

Circle 178 on inquiry card.

Continued on page 122
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You've just run out of excuses
for not owning a personal computer.

Clear the kitchen table. Bring
in the color TV. Plug in your new
Apple IT¥ and connect any standard
cassette recorder/player. Now you're
ready for an evening of discovery in
the new world of personal computers.

Only Apple Il makes it that

easy. It's a

coleete, ready to use computer, not a
kit. At $1298, it includes video gra-
phics in 15 colors. It includes 8K bytes
ROM and 4K bytes RAM —easily
expandable to 48K bytes using 16K
RAMs (see box). But you don't even
need to know a RAM from a ROM to
use and enjoy Apple II. For example,
it’s the first personal computer with

a fast version of BASIC permanently
stored in ROM. That means you can
begin writing your own programs the
first evening, even if you've had no
previous computer experience.

The familiar typewriter-style
keyboard makes it easy to enter your
instructions. And your programs can
be stored on—and retrieved from—
audio cassettes, using the built-in

Apple II™ is a completely self-contained
computer system with BASIC in ROM,
color graphics, ASCII keyboard, light-
weight, efficient switching power supply
and molded case. It is supplied with
BASIC in ROM, up to 48K bytes of
RAM, and with cassette tape, video and
game /0 interfaces built-in. Also in-
cluded are two game paddles and a
demonstration cassette.

SPECIFICATIONS
» Microprocessor: 6502 (1 MHz).
» Video Display: Memory mapped, 5

cassette interface, so you can swap
with other Apple II users.

You can create dazzling color
displays using the unique color gra-
phics commands in Apple BASIC.
Write simple programs to display
beautiful kaleidoscopic designs. Or
invent your own games. Games like
PONG —using the game paddles,
supplied. You can even add the dimen-
sion of sound through Apple I[I's

built-in speaker.
But Apple II is more

than an advanced, infinitely
flexible game machine. Use
it to teach your children
arithmetic, or spelling
for instance. Apple II
makes learning fun.
Apple II can also
manage household finances,
chart the stock market or
index recipes, record collections, even
control your home environment.

Right now, we're finalizing a
peripheral board that will slide into
one of the eight available mother-
board slots and enable you to compose
music elec-
tronically.
And there
will be other
peripherals
announced
soon to
allow your
Applell to
talk with another Apple II, or to inter-
face to a printer or teletype.
pple Il is designed to grow

modes—all Software-selectable:

» Text—40 characters/line, 24 lines
upper case.

- Color graphics—40h x 48y, 15 colors

- High-resolution graphics —280h x
192v; black, white, violet, green
(12K RAM minimum required)

+ Both graphics modes can be selected
to include 4 lines of text at the bottom
of the display area.

- Completely transparent memory
access. All color generation done
digitally.

» Memory: up to 48K bytes on-board

RAM (4K supplied)

+ Uses either 4K or new 16K dynamic
memory chips

+ Up to 12K ROM (8K supplied)

s Software

- Fast extended BASIC in ROM with
color graphics commands
- Extensive monitor in ROM

= 1/0

- 1500 bps cassette interface

- 8-slot motherboard

- Apple game [/O connector

- ASCII keyboard port

- Speaker !

- Composite
video

with you as your skill and experience
with computers grows. It is the state
of the art in personal computing today,
and compatible upgrades and peri-
pherals will keep Apple II in the fore-
front for years to come.

Write us today for our detailed
brochure and order form. Or call us
for the name and address of the

Apple II dealer nearest you. (408)
I 996-1010. Apple Computer Inc.,
20863 Stevens Creek goulevard,
Bldg. B3-C, Cupertino,
California 95014.

“-"qpple computer Inc.

Circle 272 on inquiry card.

Apple ITis also
available in board-only
form for the do-it-yourself hobbyist. Has
all of the features of the Apple II system,
but does not include case, keyboard,
power supply or game paddles. $598.

PONG is a trademark of Atari Inc.

*Apple II plugs into any standard TV using
an inexpensive modulator (not supplied).




Games are More Fun with
Action Inputs

€|

This little truism can be confirmed
by anyone who has implemented and
played a space war with joystick control,
or used joysticks for direct control of
moving systems such as robots or other
mechanical marvels, Cromemco, 2432
Charleston Rd, Mountain View CA

A New Audio Tape Cassette Driver
for the Altair Bus

PerCom Data Company Inc, 4021
Windsor, Garland TX 75042, has just
introduced a new version of Harold
Mauch's Kansas City standard phase en-
coding audio signal interface board, a
version which plugs directly into an
Altair bus slot. Harold's design allows
phase encoding with redundancy at 300

bps (Kansas City standard), 600 bps,
1200 bps and 2400 bps. In addition to
the tape interface function, the CI-812
product also includes a companion
RS-232 terminal interface with data
rates from 300 to 9600 bps. The kit
price of this board is $89.95, and an
assembled version is $119.95.m

Circle 602 on inquiry card.

94043, has sent along this photo of the
new model |S-1 joystick console adap-
ters for their Altair compatible D+7A 10
board. What you get is two independent
game control boxes with two axis joy-
sticks, four game function buttons, and
loudspeaker outputs for aural effects
(such as photon torpedo or phaser
sounds). The kit form of the box (in
foreground) is available for $65.m

Circle 601 on inguiry card.

Hard Copy That's Hard to Beat for Speed

The Digital Group, POB 6528, Den-
ver CO 80206, has announced what is
probably the fastest and widest line
width matrix impact printer mechanism
and electronics package yet to be mar-
keted to personal computing users. In kit
form (kit refers to the electronics, not
the mechanics), prices for this printer
start at $495, What you get is a fast 120
characters per second 5x7 dot matrix
printer which gives 96 characters per line
at 12 characters per inch pitch, and line
spacing of six lines per inch.

Since it is a true Impact printer
mechanism intended for computer sys-
tems use, it will take up to four part
forms and should prove most useful to
business people for that reason. For the
amateur computer person with software
development in mind, the 120 character
per second rate means listings of assem-
blies and compilations which take one
twelfth the time of a 10 character per
second Teletype, but at a price for the
mechanism and its interface which is
lower than the new cost of a Teletype!
Other features of the OEM mechanism
selected by the Digital Group include
built-in ribbon reinkers for a total ribbon
life of 10,000,000 characters, use of
8.5 inch (22 ¢cm) wide standard roll, fan-
fold or sheet paper, an 8 bit parallel
interface ready to plug into your com-
puter’s output port after you wire up the
cable, and the option of double width
characters. For those with idle curiosity,
the inking life of 10,000,000 characters
before replacement of ribbon cor-
responds to over 23 hours of flat-out
printing, or 250,000 lines with 40 non-
blank characters per line.=

Circle 603 on inquiry card.
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Inexpensive Wire Wrap Tools

OK Machine and Tool Corporation,
3455 Conner St, Bronx NY 10475, has
come out with a unique product line of
wire wrapping tools and accessories for
the amateur electronics person. These
products include manual and battery
powered wire wrapping tools, precut and
stripped wire, wire rolls, dual in line
package sockets, and wire wrapping
“kits.” Of particular interest to people
on a tight budget is a new low in prices
for wire wrapping tools which are
powered. The OK BW-630 battery
powered wire wrap tool uses standard C
size batteries and comes equipped with a
bit and sleeve for wrapping AWG 30 wire
for only $34.95 (less batteries). This is
not a kluge, but a genuine wire wrap gun
with positive indexing mechanism to
return the bit to a well defined position
after each wrap, and the usual “anti-
backforce' spring loading of the bit to
prevent overwrapping. Both of these
features are standard items on the in-
dustrial wrapping guns which have been
used for years.m

Circle 604 on inquiry card.



Order your Applell now.

Use this order form to get your Apple II fast. As a special offer for
those who order now, we will include free a custom vinyl carrying case
(a $50 value). And we will also pay shipping charges to anywhere in the
continental United States.

Apple II Price List.

RAM Apple I1 Calif. Residents Apple II Calif. Residents
Complement System Add . Board-only Add
4K $1,298.00 $ 84.37 $ 598.00 $ 38.87
8K 1,398.00 90.87 698.00 45.37
12K 1,498.00 97.37 798.00 . 51.87
16K 1,698.00 110.37 978.00 63.57
20K 1,778.00 115.57 1,078.00 70.07
24K 1,878.00 122.07 1,178.00 76.57
32K 2,158.00 140.27 1,458.00 94,77
36K 2,258.00 146.77 1,558.00 101.27
48K 2,638.00 171.47 1,938.00 125.97

Memory is offered at a 20 % savings when ordered with the system—or board—as reflected in the prices above.
£

Additional RAM can be easily added-in at a later date as your needs develop.
One set 4K chips (4K bytes) $125
One set 16K chips (16K bytes) $600

Prices and specifications subject to change without notice.

wqpple computer inc.

20863 Stevens Creek Blvd., B3-C
Cupertino, California 95014
(408) 996-1010

Order Form

[J Please send me an Apple II System O Cashier’s check or money order enclosed.
[0 Board Only (Please allow 2 additional weeks for personal checks.)
with K bytes of RAM (4K minimum) at $ Please charge to my
California Residents add 6.5% tax 0 BankAmericard
Total $ 0O VISA
Name [0 Master Charge
AFidress Card Number
City s
State Zip Expiration Date
Phone Signature

Shipping Address (if different)

Mail to: Apple Computer Inc., 20863 Stevens Creek
Blvd., B3-C, Cupertino, California 95014

Circle 272 on inquiry card.




Douglas R Kraul
4373 Ashwoody Trl
Atlanta GA 30319

Designing Multichannel

Analog interfaces to and from the per-
sonal computer system can present a diffi-
cult dilemma to the small systems user: The
analog interface usually is a very expensive
proposition, especially if more than one
input and one output are needed. Schemes
like that suggested by Roger Frank [page 70
of the May 1976 issue of BYTE], can
greatly reduce hardware complexity, and
thus cost, since much of the interface
burden is left to the software of the com-
puting system. Direct extension of this
principle to the case of multiple input
voltages and multiple output voltages can,
however, result in a hardware cost that at
the least rises linearly with the number of
needed outputs and inputs. One alternative
scheme requires an additional bit of input to
the computer and one additional voltage

DIGITAL
TO ANALOG
CONVERTER
ANALOG
MULTIPLEXER .
_
PORT
r >—+ ouTPUT | oac o
[ D__.._.s
5 [ >——5
ANALOG 4 D 4 VOLTAGE
INPUTS | > 5 COMPARATOR
: i INPUT
2[>——2 outpur + 10
PORT
 [—i 8
INPUT
o> o  SELECT ouTPUT
L

Figure 1: Block diagram symbolizing the hardware that is needed for a
multiplexed analog to digital converter for eight inputs. The three outputs
from 10 port B select the analog channel, The output from the multiplexer is
fed to the negative side of a voltage comparator. An analog output from a
digital to analog converter is fed to the positive side of the comparator. When
the analog value from the converter js greater than the value being tested, the
voltage comparator will output a 1. Using successive approximations the

input voltage can be determined.

comparator for each additional analog to
digital input up to a total of 8. On the
output side each additional voltage output
leads to an additional 8 bit output port and an
additional 8 bit digital to analog converter.
This results in a situation where a many
input, many output analog interface requires
an inordinate amount of hardware, which
means money to the user. (We should not
kid ourselves by saying that large numbers of
analog channels are rarely needed. Many
worthy applications, like control of analog
music synthesis, automated test facilities or
control of robots would easily push the
number of channels needed beyond the
point of no return for the previously sug-
gested schemes of interface.) Thus one must
turn to a modified philosophy of interface
design in order to meet the necessary goal of
a less expensive analog interface.

Fortunately digital techniques provide us
with a method of solution to the problem:
time multiplexing. Time multiplexing is
simply the process by which one device can
be made to function as many logical devices.
To the user these virtual devices appear as if
they were full fledged dedicated devices.
Thus our objective is to find some technique
by which one analog to digital converter and
one digital to analog converter can be made
to function in many seemingly simultaneous
conversions.

Basics of Time Multiplexed Interfaces

The basic principles are illustrated first
for the analog to digital case. Figure 1
illustrates the hardware that allows multi-
plexed analog to digital conversions. An
output port, A, from the computer is used
to provide the necessary eight bits to drive
the digital to analog converter (DAC). The
output of the digital to analog converter is
connected to the minus input of the voltage



Analog Interfaces

comparator. The output from the com-
parator provides an input to the computer
by way of the most significant bit of an
input port to the computer. This structure
thus far is identical to the scheme proposed
by Roger Frank. The difference is that the
positive input to the comparator is no longer
connected directly to the voltage to be
converted. Rather the comparator is con-
nected to the voltage to be converted by
way of an analog multiplexer,

The analog multiplexer here is performing
the needed function that allows one analog
to digital converter to deal with many
channels. A typical application might use an
8 to 1 multiplexer. Thus any one of the
eight voltage inputs might become the volt-
age to be converted if the multiplexer selects
it.

The selection is accomplished by a binary
code applied to the select input of the
multiplexer. In an 8 to 1 device the binary
code 011 would pick the input labeled 3.
The code which selects the input was set by
the computer through an output port. For
our 8 to 1 example three bits would be
needed, possibly originating from the lower
three bits of an 8 bit output port.

This change results in almost no change in
the software that would service the analog to
digital conversions. In fact, the only neces-
sary modification is to preload the channel
selection word, which chooses the voltage to
be converted in the proper output port.
Then the analog to digital conversion routine
can be called.

Time Multiplexed Digital to
Analog Conversion

Multiplexing of the analog to digital
conversion really only solves half of the
analog interface problem. The problem of
economically generating multiple analog out-

puts from the converter still remains. We can
apply the versatile analog multiplexer to
solve this problem as well. (However, there
are complications that can mask the simplic-
ity of the method.)

The basic hardware of the multiplexed
digital to analog converter output is shown
in block form in figure 2. Once again the
source of the digital to analog converter’s
word is an 8 bit output port from the
computer. The output is now connected to
multiplexed sample and hold circuits. Much
like the multiplexer used in the analog to
digital conversion system the multiplexed
sample and holds connect the output of the
digital to analog converter to the desired
analog output which is chosen by the select
inputs to the multiplexer. The difference
between the plain analog multiplexer and

SAMPLE
AND HOLD ANALOG
CIRCUITRY MULTIPLEXER

r <——<H
8 3 < | & INPUT

ANALOG {“G <I =13
OUTPUTS

1 | QUTPUT
SELECT

o<a—<J—F
" STROBE

DIGITAL
TO ANALOG
CONVERTER

10
PORT

|

Figure 2: Block diagram of the basic hardware needed for a multiplexed
digital to analog converter for eight channels of output. Three bits of output
from 10 port B select the channel that is to be used, When a strobe is enabled
the chosen channel is activated. Each analog channel has a sample and hold
circuit which must be updated periodically due to the leakage of the

capacitor.
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COMMAND D

J: MEMORY CAPACITOR

Figure 3: Functional schematic of a typical sample and hold circuit. The
input switch can be mechanical or electronic. In the case of a multiplexed

interface it is an analog switch,

A:=NUMBER
OF

CHANNELS

P

SELECT
CHANNEL &
SET OUTPUT
VOLTAGE

|

ENABLE
STROBE

|

DISABLE
STROBE

RETURN

Figure 4: Flowchart of a
typical 10 driver for a
digital to analog system.
This program is called peri-
odically to update the
value that is being held by
the sample and hold
circuitry.

the multiplexed sample and hold is memory.
The multiplexed sample and hold has the
ability to remember the voltage that was
applied to the desired output (for a while).

Before proceeding, some background
information on sample and hold circuits in
general will prove instructive. A functional
schematic of a sample and hold circuit is
shown in figure 3. The major components of
the sample and hold circuit are an electronic
input switch, a memory capacitor and a high
impedance buffer. The sample and hold
circuit works as follows: The voltage to be
remembered is applied to the input. The
switch is closed, allowing the voltage to be
applied to the capacitor. The switch is then
opened and the input voltage can now be
changed because the output of the sample
and hold now reflects the formally applied
voltage. This discussion assumes ideal com-
ponents. There are a number of error
sources. The majority revolve around the
memory capacitor.

The remembered voltage is stored as an
electric charge in the memory capacitor,
Because of this any variation of charge with
time, ie: current, causes an error in the
remembered voltage. This explains the need
for a high input impedance in the buffer
amplifier so that it doesn't drain away too
much charge. A measure of a sample and
hold circuit’s ability to retain the voltage to
within a certain percentage is its hold time.
Another problem associated with the
memory capacitor is acquisition time. This
arises from the fact that charge cannot be
delivered instantly to the capacitor. A finite
amount of time is needed to deliver enough
charge to change the capacitor to the new
voltage. Thus we have two design para-
meters: hold time and acquisition time.

The multiplexed design is not much
different from the principles outlined above.
The sample switch is merely replaced by our
friend, the analog multiplexer. The output
to be changed is selected, the strobe then
enabled (closing the switch) and after the
acquisition time, disabled (opening the
switch). The select word and the strobe will
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possibly originate from the lower four bits,
for an 8 output system, of an output port
from the computer,

This type of interface does represent a
burden on the computer. The reason for this
burden is the very finite hold time of the
capacitor. No sample and hold circuit can
retain its value forever. The time can be
increased by using a larger capacitor, but a
limit is reached because a larger capacitor
leads to longer acquisition times. Thus, the
sample and hold device must be updated
periodically if the outputs are to remain
accurate. This situation is not unlike that of
dynamic memories which are effectively two
state sample and hold circuits.

Use of the Multiplexed Digital
to Analog System

Obviously this type of interface will
require much more computer intervention.
The software, though, is not difficult. A
possible 1O driver is flowcharted in figure 4.
For an 8 output system an 8 entry data file
is needed to hold the current output values.
Periodically (perhaps cued by the interrupt
system) with a period less than the hold time
a routine is executed to update the eight
outputs. The main loop of this routine
consists of the following: The value of the
output presently being updated is sent to the
digital to analog converter interface. The
output is then selected and strobed. This
action then repeats until all eight outputs
have been updated.

What Time Multiplexing Buys You

For the small systems user minimizing
hardware is essential. The potential saving of
a time multiplexed analog interface is high.
The reason for this in general is the reduced
hardware. Another not so apparent reason is
the ease of expansion.

The most obvious hardware savings
occurs in the digital to analog converter.
This is because eight channels can be had for
the cost of one converter, one 8 to 1 analog
multiplexer, eight memory capacitors, eight
output buffers, and two output ports. This is
contrasted to the eight converters, and the
cight output ports from the computer
needed by the conventional brute force
approach. On the input side the gain is not
as obvious. Here we have replaced eight
comparators with one comparator and a
multiplexer. Both cases require an output
port, an input port and a digital to analog
converter. A check of prices reveals, though,
that eight comparators cost more than one
multiplexer.

The clincher is when one considers up-
dating the system to more than eight chan-



nels. The output channel needs only to
increase the number of sample and hold
devices which is cheaper by factors of eight.
The brute force scheme required one more
converter and one more output port per
additional channel. Table 1 compares the
number of components needed for a con-
ventional and a multiplexed system based on
16 channels.

The multiplexed analog to digital con-
version process has an even more spectacular
success. In the dedicated hardware approach
each channel requires one comparator and
one bit of input to the computer. The
increment for the multiplexed approach is
only one multiplexer per eight additions,
and one bit of output. Table 2 compares the
needed components, based on 16 channels.
Thus overall we see that the multiplexed
approach offers a multitude of hardware
savings.

What Time Multiplexing Costs You

This design technique is typical of many
that trade hardware for software. Obviously
since we have taken so much out of the
hardware, the software and computer effi-
ciency will degrade. It is perhaps a truism
that if the interface is designed intelligently
these problems can be minimized.

The analog to digital interface suffers the
least. The main problem here is the amount
of time spent doing the conversion routine.
If fast changing inputs or a multitude of
moderate inputs are to be converted then
the computer is severely loaded. However,
many applications only require moderate
conversion rates. Foremost of these are
interfaces to human operators. Maximum
conversion rate needed here is around
100 Hz. Typically, this is around 0.001 Hz
to 0.1 Hz. Examples of this are the propor-
tional controls in games and operator set
parameters. Control signals in electronic
music also fall in these categories. Thus this
type of interface can work well in many

GLOSSARY

Acquisition Time: The time required for a sample
and hold circuit to change from its previous value
to its new value within a prescribed tolerance.

Analog Multiplexer: A solid state device that
allows a multitude of connections to be accessed
by a common line. The action is like an N position
switch.

Comparator: An analog device whose output is
logical 1 if the plus input is greater than the minus
input and logical 0 if the situation is reversed.

Digital to Analog Converter (DAC): A device
whose output analog signal (current typically) is
proportional to a digital word at its input.

Component Dedicated Multiplexed
Digital to analog
converter 16 1
10 ports 16+16 bits 2
8 to 1 multiplexer 0 2

Table 1: Comparison of the amount of
hardware that is needed for the direct
method of digital to analog converter versus
the multiplexed method of interfacing. The
table is constructed for an interface con-
sisting of 16 channels.

Component Dedicated Multiplexed
Digital to analog
converter 1 1
10 ports 3 2
Voltage comparators 16 1
8 to 1 multiplexers 0 2

Table 2: Comparison of the amount of
hardware needed for direct methods of
analog to digital interfacing versus the multi-
plexed method of interfacing. The table is
constructed for an interface consisting of
16 channels.

typical applications if the rates and the
numbers are not excessive.

The digital to analog interface suffers
from a similar situation. Here the main
problems are extremely slow changing out-
puts or large numbers of fast outputs. Here
again an analysis of likely applications re-
veals that a great number of output signals
reside in the frequency spectrum between
1 Hz and 100 Hz. Sample and hold circuitry
can be economically designed with hold
times in the excess of one second. Also the
whole refresh process can be made transpar-
ent to the main program if it is done under
interrupt control by causing the update
routine to be executed at the rate of the
fastest output in response to the request of a
programmable timer. As with the analog to

High Input Impedance Buffer: A device whose
input draws little current from any other devices
connected to it. It is important in a sample and
hold circuit since currents cause the voltage held in
the memory capacitor to discharge.

Hold Time: Amount of time that passes before the
output from a sample and hold circuit changes
from the originally held value by a prescribed
tolerance.

Sample and Hold: Analog memory device which
stores a voltage as electrical charge in a capacitor.

Time Multiplexing: Process of combining several
measurements for transmission over one signal
path. In our case, this signal path is the 10 port
structure of a processor.
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Figure 5: Schematic of the multiplexed analog to digital and digital to analog
interface. The parts were mostly chosen for speed and cost considerations,
The integrated circuits are mostly CMOS. All resistances are measured in
ohms and all resistors are 1/4 W, Be sure to bypass each power pin with a
0.01 uF capacitor to help eliminate any stray spikes originating from power

surges.

digital cases this type of interface works well
with a moderate number of medium speed
outputs or a multitude of low speed outputs.
Note that outputs which can be changed at a
rate up to that of the acquisition time (if
only one channel is used) can be had by
using fewer channels in the output program
loop. Outputs that meet these requirements
are some automatic testing signals, mechani-
cal devices and control signals for electronic
music.
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A Complete Design Example

To illustrate these principles in more
concrete terms a complete interface is des-
cribed in figure 5. The 8 channel interface
represents hardware well within the realm of
most small systems users. It is optimized for
signals from 0.1 Hz to around 100 Hz,
though lower and higher rates are possible at
the expense of efficiency. This type of
interface is wuseful in interactive games,
testing of equipment and electronic music.
Parts used are neither exotic nor expensive.

Figure 5 contains the complete circuit.
The following comments on component
selection are in order. The digital to analog
converter was chosen for cost reasons.
However, almost any state of the art current
output converter can be used. Note that a



multiplying converter can provide for scaling
of the output by a voltage, possibly from
another interface. The LM318 operational
amplifier was chosen to be the current to
voltage converter to minimize response time
of the DAC. As such, only an operational
amplifier of similar speed should be sub-
stituted unless you can tolerate slower
response. Also care must be taken to isolate
the amplifier from stray signals, or it could
become unstable and oscillate. The multi-
plexer chosen for both converters is one of
the CMOS variety. In order to meet the
specifications on this device and give an easy
design, the voltages of this system are re-
stricted to =5 V. This allows for adequate
range for most 8 bit applications. 10 V full
scale means one bit is 39.1 mV. This can be
scaled down if needed.

The sample and hold capacitor was
chosen to satisfy the acquisition and hold
time requirements. Changing its value can
tailor the system to individual needs. Always
use polystyrene capacitors since their char-
acteristics are essential to a good interface. |
used the new CMOS operational amplifiers
for the buffers because of their high imped-
ance and low cost. Notice that they operate
on the same power supplies as the analog
switches.

The comparator was chosen for its low
cost and speed. Similar devices could be
substituted. The necessary power supplies
are £15V and *5V. The %15V could be
reduced to 12 V if convenient.

The software for such an interface is not
difficult. Roger Frank’s article and figure 4
contain the basics. A complete routine
written for an MOS Technology 6502 based
system is shown in listing 1.

Summary

A multichannel analog interface can be
designed with a minimum of hardware if a

Listing 1: Typical program written for a 6502 based system to update eight
digital to analog conversion channels. The program sequentially addresses
each channel, outputs the desired voltage to be held, disables the channel, and
steps to the next channel. This is done once for each time that the program is
called. This program could be set up as an interrupt handler which responds
to a clock strobing an interrupt line.

Label Op Operand Commentary

UPDATE LDX #07 initialize pointer;

LOOP LDA zpa,X BUF get next byte for output;
STA DAC output byte;
TXA accumulator:=pointer;
STA CONT select channel and enable sample and hold;
ORA 04 turn sample and hold strobe off;
STA CONT turn selected sample and hold off;
DEX pointer:=pointer—1;
BPL LOOP if pointer >=0 then go to LOOP;
RTS else return from subroutine;

Data Definitions

BUF: A string of output bytes
DAC: Address of DAC output port
CONT: Address of control port

few software vs hardware trade offs are
made. Though the multiplexed approach
does impose some software burdens, for
most applications the variation of the
outputs and inputs is slow enough to make
this type of interface transparent under the
interrupt system. This type of interface
should make many real world applications
possible to the limited budgets of most
experimenters.®
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COMPUTER MUSIC WiTH OR WIiTHOdT

EQUALLY TEMPERED DIGITAL TO ANALOG CONVERTER

Based on a multiplying principle, the 8780 generates the
exact exponential stair-step function required to make
the simplest linear response oscillators and filters
produce equally tempered musical intervals, 6 bits of G
data generate over 5 octaves control voltage, Compatible capabilities and control
with PATA synthesizer modules, easily interfaced to any

processor with or without hand-shaking logic,

#8780 D/A CONVERTER KIT. , $34. 95 (+$1 postage)

THE PAIAHIGH LEVEL LANGUAGE FOR COMPUTER
MUSIC DATA ENTRY (We call it a keyboard)

Annkey rollover scanning matrix encoder tied to
a 37 note AGO keyboard provides 6 bits of date and
both STROBE and STROBE control outputs, Input
ccntm] lines to the encoder include SCAN (starts &
ﬁmhe encoder clock), RESET, START & RANDOM
g the keyboard universally apphcable toall
computer/processors fromthe largestto the smallest.

#8782 ENCODED KEYBOARD. , $109, 95 (+ freight 20 1bs)

N [rrrre—ges

_THECOMPUTER

o Jl_

WITH A COMPUTER s WITHOUT ACOMPUTER
Both the 8780 D/A and " An infinite hold, DIGITAL
the 8782 Encoded Key- [§ Sample & Hold and the heart
board easily interface toil of an entire system of mod-

any processor providing W e b T nreihs

including: Memories,
Polytcmc output modules
and others,

- 9 ules that will be introduced

never before possible with ' 3
music synthesizers

DETAILS
ON THESE & MORE
IN OUR FREE CATALOG

®

ELECTRONICS, INC.

DEPT. 6-B 1020 WEST WILSHIRE BLVD. OKLAHOMA CITY, 0K 73118

23 Circle 265 on inquiry card.



COMPLETE
FLOPPY DISK SYSTEM
FOR YOUR ALTAIR/IMSAI
$699

That's right, complete.

The North Star MICRO-DISK SYSTEMT™™ uses the Shugart
minifloppy™ disk drive. The controller is an S-100 com-
patible PC board with on-board PROM for bootstrap load. It
can control up to three drives, either with or without
interrupts. No DMA is required.

No system is complete without software: we provide the
PROM bootstrap, a file-oriented disk operating system (2k
bytes), and our powerful extended BASIC with sequential
and random disk file accessing (10k bytes).

Each 5" diameter diskette has 90k data byte capacity.
BASIC loads in less than 2 seconds. The drive itself can be
mounted inside your computer, and use your existing power
supply (.9 amp at 5V and 1.6 amp at 12V max). Or, if you
prefer, we offer a power supply ($39) and enclosure ($39).

Sound unbelievable? See the North Star MICRO-DISK
SYSTEM at your local computer store. For a high-performance
BASIC computing system, all you need is an 8080 or Z80
computer, 16k of memory, a terminal, and the North Star
MICRO-DISK SYSTEM. For additional performance, obtain
up to a factor of ten increase in BASIC execution speed by
also ordering the North Star hardware Floating Point Board
(FPB-A). Use of the FPB-A also saves about 1k of memory by
eliminating software arithmetic routines.

Included: North Star controller kit (highest quality PC
board and components, sockets for all IC’s, and power regula-
tion for one drive), SA-400 drive (assembled and tested),
cabling and connectors, 2 diskettes (one containing file DOS
and BASIC), complete hardware and software documentation,
and U.S. shipping.

MICRO-DISK SYSTEM . .. $699 To place order, send
(ASSEMBLED) . . ..... $799 check, money order or
ADDITIONAL DRIVES. . . $426 ea. BA or MC card #with exp.

date and signature. Uncer-

DISKETTES ............ 84.50 ea. tified checks rcquhu (5}
EPR-A e . . $359 weeks processing. Calif.

(ASSEMBLED) $499 residents add sales tax.

NORTH STAR COMPUTERS, INC.

2465 Fourth Street
Berkeley, CA 94710

Circle 155 on inquiry card. 24

A High Performance
Character Display Terminal

Volker-Craig Ltd, 266 Marsland Dr,
Waterloo, Ontario CANADA N2J 3Z1,
has introduced a new data terminal
intended for wuse in small business
systems, timesharing and other small
computer end wuser applications. The
features of this terminal include RS§232C
interface at rates from 110 to 9600 bps,
a 1920 character display (24 lines of 80
characters), 12 inch CRT display, com-
posite video output for extra slave
monitors, XY cursor addressing by
computer or operator, 64 key ASCII
keyboard with tactile feedback and auto-
matic repeat, and an optional separate
numeric data entry keypad. Options
include upper and lower case ASCII
keyboard and display, switched serial
interface, parallel input and output inter-
faces, and custom keyboard character
fonts such as APL or French. The
display is the model VC303A, and the
price is $1595 in quantities of one, $995
to distributors and OEM quantity
buyers.m

Circle 605 on inquiry card.

Here's a Product That Counts

E Barry Hilton, president of Auto-
mated Industrial Measurement Inc, POB




A complete language for
‘8008 /'8080" systems

including source listings,
routines, flow charts and

SCeL3:

SOr L \WiRRE

New books. .. for everyone who's into
their own computer. Programs.
Fun. Games. Languages. Excitement.

SCientific ELementary BAsic Language for *8008'"/''8080"
systems. A complete, illustrated program book. Routines.
Techniques. Source Listings. Flow Charts. And more.
Took several years to develop. Now yours for many years
to come. First time that intimate details of higher level
language has been offered for such a low price. Only $49!
You get 5 Commands: SCR, LIST, RUN, SAVE, LOAD.
14 Statements: REM, LET, IF ... THEN, GOTO, FOR with
STEP, END, INPUT, PRINT, NEXT, GOSUB, RETURN and
optional DIM. 7 Functions: INT, SGN, ABS, SQR, RND, SCELBAL SUPPLEMENTS...

CHR, TAB. And, it runs in 8K and more. Here's all the SCELBAL has taken off so fast, two special supple-
data needed to customize a high level language for your ments had to be printed. First, there’s Extended Math
system ... at a fraction of the cost! Functions: SIN, COS, LOG (BASE E), EXP (BASE E)
Order your copy today! Get $49 and ATN . . . only $5.00 ppd. The second supplement,
started advancing your system! ppd. String Handling Capabilities, includes the numeric
s functions LEN and ASC. It sells for only $10 ppd.

Cook up mouthwatering programs
for your “8080"” or “6800""!

Delectable “how to" facts, Random number generators.

including descriptions of And more. You even get float-

*'8080" or '6800" instruction ing point arithmetic routines!
| | sets. How to manipulate Input/output processing for

stacks. Flow charts. Source basic |/ O programming

{ listings. General pur- through interrupt processing.
| pose routines for And so much more, we can’t
| multiple precision list it all here. Scelbi's

operation. Program- Software Gourmet Guides
ming time delays for and Cookbooks for “‘8080""

real time applications. or “6800". (Specify!)

Order your copies today! $ 95
Start cookin’! Bon Appetite. each ppd.

muxv Microcomputer Outer
Space War Games ...
Captain your own starship on an inter-gallactic
journey to adventure. Meet alien ships in realistic
combat. Plan a painstaking journey filled with
battles, refueling problems, weaponry, warp
factors and more—all against your ““8008"/*'8080"
or “6800" computer. Either complete book, written
in machine language for 4K memory, is an
ongoing, ever-changing interstellar adventure,
including source listings, flow charts, routines and
much more. Choose your copy today. Blast off

to high adventure in outer space!

Order either GALAXY today! $1 495
each ppd.

v SCELED COMPUTER
CONSULTING ING

—

i T s e AR R e
Prices shown for North American customers.
Master Charge. Postal and Bank Money Orders i .
preferred. Personal checks delay shipping Scelbl BOOkS are ava"able
up to 4 weeks. Pricing, specifications, - -
avallability subject to change without notice. in many fll‘le computer Siores.

SCELBE COMPUTER :
Post Office Box 133 PP STN
CONSULTENG BNC. wviiford, CT 06460

Circle 26 on inquiry card.



END FRONT
PANEL
FIDDLING. ..
Use a

JUMP
START.

4KRAM

With a JUMP START 4K RAM
board in your Altair/IMSAL,
the system will jump to any
preset byte of memory after
power-up or reset. Never tog-
gle a jump to your monitor or
bootstrap again! Just power-up
or hit reset—]JUMP START
automalically transfers con-
trol to the selected address.
The JUMP START 4K RAM
board has these standard
features:

® 4K 450 ns low power RAM

e fully bulfered

* DIP switch address selection
* memory protect with POC

¢ batlery backup connector

e [ully socketed

» disabled during INTA

* oplional wait state

Prices:
Kit $145
Assembled 190

Call toll-free anytime to
place credit card orders:
800/648 5311
l'r:ﬁ};nd mail orders shipped postpaid

in USA. California residents add 6%
sales lax.

MICROMATION

MICROMATION INCORPORATED
524 UNION STREET

SAN FRANCISCO, CA. 94133
415/398-0289

Dealer inguiries invited

CIRCLE NO. 242

125, Wayland MA 01778, stopped by
BYTE’s offices in early February, toting
an Altair 8800 under his arm and an
interesting peripheral which his firm has
designed and is marketing. The peri-
pheral is the AIM-1005 frequency meter,
demonstrated to us mounted upon a
Vector prototyping card for the Altair
bus. (This was a demonstration setup; his
firm will soon have a $30 card with all
the connections to the Altair bus made
for piggyback mounting of the fre-
guency meter on a permanent basis.)
What this $178 product does for its user
is provide a programmable frequency
meter with 13 bits of precision, and 11
different time base ranges allowing
measurement over time periods from 10
us to one hour. The input logic has
scaling counters with an upper limit of
25 MHz, so it is possible to make a quite
useful general laboratory frequency
meter with outputs on a computer ter-
minal by simply driving this peripheral
with a simple assembly language or
BASIC program. The device is interfaced
through memory address space, decoding
the high order four bits of the 8080's 16
bit address bus.m

“ircle 606 on inquiry card.

A New Brochure

EDUCATION AND DEVELOPMENT]
MICROCOMPUTER

A Synthesizer Example . . ..

Al Cybernetic Systems, POB 4691,
University Park NM 88003, has sent
along some new information on their
Model 1000 Speech Synthesizer, which
was first described in Wirt Atmar's
article in August 1976 BYTE, page 26.
The picture here is the production
version of this device, which is an analog
model of the human vocal tract, digitally

programmed with commands that corre-

spond to American English phonemes.
Since the device works with coded
phonemes, the maximum informatjon
transfer rate for speech which is required
is about 50 bps. The device plugs
directly into the Altair bus and cost is
$325, with delivery from stock.

A significant and interesting bit of

literature which came with this picture
was ''Programming Example 1, an

E & L Instruments, 61 First St,
Derby CT 06418, has just released a new
8 page brochure describing the MMD-1
education and development micro-
computer and its optional accessories.
Copies of the MMD-1 brochure are avail-
able from the company, as well as its
representatives and authorized dealers.m

Circle 607 on inquiry card.

Altair BASIC program with an 8080
machine language subroutine for details
at a low level. The program is an
implementation of the well-known
Lunar Lander game, but with the novel
twist that the ““ship’s computer' tells you
your present height from the surface of
the planet as you land. It will run on any
Altair 8800 equipped with 12K of
memory. 5o, what you do is plug in the
Model 1000, read in BASIC, type in this
program and set up its machine language
support routine, then proceed to use a
new mode of interaction with the com-
puter system.m

Circle 608 on inquiry card.
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XiMepid PIedEND

The SOROC 10120

CURSOR CONTROL. Forespace, back-
space, up, down, new line, return, home,
tab, PLUS ABSOLUTE CURSOR AD-
DRESSING.

TRANSMISSION MODES. Conversation
{half and full Duplex) PLUS BLOCK
MODE — transmit a page at a time.

FIELD PROTECTION. Any part of the
display can be "protected” to prevent
overtyping. Protected fields are displayed
at reduced intensity.

EDITING. Clear screen, typeover, abso-
lute cursor addressing, erase to end of
page, erase to end of line, erase to end
of field.

DISPLAY FORMAT. 24 lines by 80 char-
acters (1,920 characters).

CHARACTER SET. 96 characters total.
Upper and lower case ASCII.

KEYBOARD. 73 keys including numeric
key pad.

REPEAT KEY. 15 cps repeat action.

DATA RATES. Thumbwheel selectable
from 75 to 19,200 baud.

SCREEN. 12 inch rectangular CRT — P4
phosphor.

SPECIAL INTRODUCTORY PRICING

Kit $ 995.00 Assembled $ 1,295.00

(Price includes block mode, lower case and 24
line options.)

Specials of the Month
North Star Micro Disk
with power supply and cabinet .. ... Kit — $699
Assembled — $799
IMSAI 1-8080 with TDL ZPU . .. ... Kit — $825

Assembled — $975 -

Digital Systems FDS Disk Drive with
CP/M Software (assembled only) . Single — $1,750

Dual — $2,350

Mountain Hardware PROROM . . . . . Kit — $145
Assembled — $210

Vector Graphic BK RAM . ... ... .. Kit — $235

Assembled — $285

NOW WE'RE
TOLL FREE
800-227-4440

(in California, Hawaii, and Alaska, call collect:
415/566-7472)

XIMEDIA OFFERS A FULL RANGE OF PRODUCTS FOR
THE PERSONAL COMPUTER ENTHUSIAST AND THE
SMALL SYSTEM DESIGNER. LET US QUOTE ON ALL
YOUR HARDWARE AND SOFTWARE NEEDS.

OUR RETAIL STORE — THE COMPUTERISTY™ — IS NOW
OPEN IN SAN FRANCISCO. CALL US FOR DIRECTIONS.
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Xinepid
1290 24th Avenue, San Francisco, CA 94122

(415) 566-7472 Circle 220 on inquiry card.

COD orders freight collect. Orders with payment shipped prepaid. California

residents add 6% sales tax. Please allow 3 weeks for delivery




The Digital Group adds character).

The Digital Group’s computer
systems have a lot of character
already. Just one quick look at
any of our products in their
unique custom cabinets con-
firms that. But we believe it
never hurts to add a bit more.

So, the Digital Group has added
character in a big way to give an
added dimension to the opera-
tion of our video-based com-
puter systems. We are pleased
to announce our new TV readout with a 64-character line.
It will give your system a ﬁlreat deal more capability. Give
it more character, if you will.

Here are the specifics on the Digital Group TV Readout
and Audio Cassette Interface:

1024 Character TV Readout
e 64 characters horizontal by 16 lines
* 7x9 character matrix (effectively 7x12 due to char-
acter shifting)
* 1K on-board RAM for buffer storage—requires
no main memory—completely independent
e 128 character ASCII
Upper case alpha
_Lower) case alpha with base line extenders (g,
Ir P, Y
Numbers and extended math symbols
Greek alphabet
» Software driven cursor—forward and backward
* Compatible with most microprocessors; Interfaces
with 1 8-bit parallel output port
Timebase may be driven with an external timebase
(may be synchronized to TV camera, TV set, etc.)
Readout timebase available at connector (can be
used for graphic driver, etc.)
¢ White characters on black, and/or black on white;
software selectable
Plugs into standard dual 22-pin TVC connector on
Digital Group Systems

L]

L]

Improved Audio Cassette Interface:
* Reliable FSK recording technique
e Uses standard unmodified audio cassette recorder

* Write cassette system
uses a digitally synthe-
sized frequency shift
system, derived from TV
system’s master crystal
oscillator

* Read cassette system
easily aligned using the
write system as an align-
ment aid.

e Runs at 1100 baud
(100 characters/second)—loads
16K in 3 minutes

512 TVC to 1024 TVC Upgrade Kit:

As always, when the Digital Group extends the capabilities
of our systems, it doesn’t mean obsolescence for any

roducts. We are offering an upgrade kit for present Digital

rou s_;lystern owners who wish to go to the lon er%ine
length. This kit uses most of the IC’s from our TVC-F read-
out. No unsoldering is required; all new sockets, capac-
itors, resistors, PC board and other necessary parts are
supplied.

Prices:

TVC-64—Full 64-character TV Readout & Audio Cassette
Interface:

Kit — $140 Assembled — $205

TVC-64UPG—Upgrade kit from TVC-F:
Kit — $65

If you already own a Digital Group system, our 64-charac-
ter line will definitely enhance its operation. If you're just
looking, you might want to keep in mind that the Digital
Group has a lot of characters.

Write or call now for details on our new 64-character TV
readout and all our other exciting products.

(the digftelgroup )

box 6528 denver, colorado 80206 (303) 777-7133

Circle 78 on inguiry card.



Peripheral Vision
impacts
your computer.

WITH A
FULL-SIZE
LOW-COST
IMPACT
PRINTER.

Until now, the hobbyist and small businessman have had one major problem in assembling
a reasonably price microprocessor system with the capabilities found in the more costly
computers. It was impossible to find a high-quality, high-output printer for hard copy needs at
an affordable price.

Peripheral Vision has come up with a solution.

We are offering a full-size impact printer designed for microprocessors—and it comes
with a mini price. Kit prices start as low as $495 for the printer and interface card. And that won't
impact your pocketbook.

Peripheral Vision's printer is loaded with capabilities. Take a look:

» |t's fast—120 characters per second

» 96 characters per line, 12 characters per inch horizontal, 6 lines per inch
e Makes up to 4 copies simultaneously

e Character set and pitch variable under software control

e 5 x 7 character matrix

* Ribbon has built-in re-inkers for a life of 10,000,000 characters

* Paper can be either a standard 8%-inch roll, fanfold or cut page

» Interfaces to 8-bit parallel ports

Just remember, Peripheral Vision is committed to helping you get along with your computer.
The new printer we are offering is another example. It is high quality, low in cost and will
definitely impact your system.

Write or call now to find out how to impact your computer.

o Yy

.“,' J
YU EN
PO. Box 6267 Denver, Colorado 80206 (303) 777-4292

Circle 194 on inquiry card.



Newt:

A Mobile,
Cognitive
Robot

Ralph Hollis
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Figure 1: The robot Newt as it will appear when completed. There are three main subsystems
shown in this diagram which was supplied by the author: motive, manipulator and sensory
turret. The entire machine is controlled by an on board microcomputer. The motive power
subsystem is built around two precision drive wheels actuated by stepper motors. The
manipulator, a simple hand capable of grasping, lifting and rotating, is also actuated by stepper
motors and includes various sensors. The sensory turret at the top is a platform which includes
a main image sensor, which can be tilted to look straight down or up at a slight angle using a
stepping motor; other sensors are shown in outline form, and are a subject for future experi-

mentation.

Dept of Physics and Astrophysics
University of Colorado
Boulder CO 80309

In the late 1930s, a young man named
Rossum began manufacturing industrial
robots in a small factory on the outskirts of
Prague. This venture was immediately suc-
cessful and would have virtually guaranteed
a second industrial revolution had it not
been for a singular tragic circumstance: The
robot workers became irrational and re-
volted. They turned on their masters and
burned the factory to the ground.

Fortunately, the preceding scenario is
only a work of fiction by the Czecho-
slovakian writer K Capek. Since ﬁapck's
coinage of the word “robot” in his 1923
play R U R it has been the subject of a great
many works of science fiction, including
Isaac Asimov’s /, Robot and the movies
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“Forbidden Planet,” "Gog,” “Silent Run-
ning,” “Westworld” and others.

Alas, the imaginative stories of the
science fiction writers have far outstripped
the efforts of the robot engineers. Progress
in building real robot devices has been
painfully slow over the past several decades,
although a few individuals and small groups
have produced some very interesting results.

It is not my purpose here to review these
works, but rather to describe a project with
which | have been personally involved for
some time: the construction of a freely
moving robot vehicle which will be capable
of interacting with its environment in a
rational way, and managing its own survival.
I he work is being done by a small group of
people in the Duaiie Physical Laboratory of
the Univeisity of Colorado. The project is
being financed through personal funds, and
in this sense qualifies as an ‘“‘amateur”
undertaking.



What are the requirements for such a
robot? It must be able to explore the
environment in some orderly manner, mea-
sure the attributes of objects and obstacles
encountered, classify them according to
some scheme, and incorporate them in its
evolving internal world model. The world
model must have a logical structure which
allows modifications to be easily made; it
must be compact with respect to memory
space, and it must use a design which can be
consulted in some reasonable way. The
roLot must be able to manipulate the world
model (cognition), derive informed decisions
from it, and carry out these decisions in
physical action to achieve broadly defined
goals. :

Figure 1 is a general view of the robot as
it will appear when completed. Practically
speaking, it resembles less a mechanical man
than, say, a shop type vacuum cleaner. The
machine is cylindrical, about 36 cm (14
inches) in diameter and 76 cm (30 inches) in
height, weighing approximately 27 kg (60
pol_.mds). All rigid mechanisms lie within the
cylindrical boundary or can be retracted
within the boundary if necessary. This de-
sign greatly reduces the number and diver-
sity of senses required. The robot will be
fitted with a smooth cylindrical skin (not
shown), removable in sections for easy in-
spection and maintenance. Modular con-
struction is used in the robot wherever pos-
sible. There are three main subsystems:
motive, manipulator and sensory turret.
These are presided over by an 8080 based
microcomputer with 8 K bytes of EROM
and 24 K bytes of programmable memory.
The entire system is powered by a 6 V, 84
amp-hour storage battery.

How the Robot Gets Around

The robot is given locomotion by two
main diametrically opposed drive wheels. A
third (unpowered) castoring wheel is located
at the rear. This motive geometry has been
successfully employed in several other robot
vehicles constructed by other groups, and
has been in use in the author’s robot
research since 1957. The vehicle's center of
gravity is located well aft due to the place-
ment of the battery and other heavy com-
ponents, obviating the need for a front
wheel. The wheels are constructed of
aluminum with neopreme O-ring tires. The
main wheels are driven by stepping motors
through precision 3:1 gearing. A single com-
mand step rotates a wheel 0.6 degrees, so
there is a total of 600 steps per revolution. If
both wheels are moved in the same direc-
tion, the vehicle travels forwards or back-

wards in a straight line. If the wheels are
moved in opposite directions, the vehicle
executes a perfect rotation about its vertical
axis. By stepping the wheels at different
rates, a circular trajectory is approximated
having a radius which can range from zero
to infinity. The hardware and software
necessary to drive the stepping motors are
discussed in some detail later in this article,
since they have very general application.

The robot navigates principally by open
loop dead reckoning. That is, it depends
largely on the precise control of the wheels
during acceleration, deceleration, and con-
stant speed motion to achieve accurate
positioning of the vehicle. The robot’s posi-
tion and azimuth relative to a fixed origin
are computed at the end of each motion
segment by counting stepping motor in-
crements and using trigonometry. The preci-
sion attainable is limited principally by
wheel slippage, unequal wheel diameters,
nonplanar floors, round-off errors, and step
quantization. In practice, all these errors are
small for short distarice movements.

The robot’s excellent open loop per-
formance makes it unnecessary to have
continuous closed loop servo systems, such
as have been extensively employed in other
robots. For example, consider the problem
of having a robot view a small object on the
floor a short distance away, and then go pick
up the object. One approach would be to
have the robot continuously view the object
as it moves towards it, adjusting its motion
in a continuous way to converge on the
object and pick it up. In this approach, a
rather crude motive system would suffice,
since errors are always nulled. A heavy load,
however, is placed on the sensor-computer
system. An alternative approach, the one
followed here, is to have the robot view the
object once, and then compute exactly how
to move to the object and pick it up. When
the computation is completed, the machine
simply carries out the proper motions in a
blind fashion. There is a greatly reduced
strain on the sensor-computer system, at the
expense of having to build rather precjse
motive machinery. Of course, this approach
assumes the relevant environment will re-
main fixed for the duration of the task.

In this general spirit, by using high
precision open loop movements throughout
the robot, only intermittent feedback
through the senses is required to close the
control loop. In this way, the overall com-
plexity of the robot can be kept at a
reasonable level, allowing the required com-
putations to fill within the abilities of an on
board microcomputer. '
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Scanning the Environment
with Electronic Senses

The sensory turret (see figure 1) provides
a general platform on which to mount
various senses, some of which might be quite
experimental and temporary in nature. [t
can pan a full 360 degrees, and a small
section containing the main image sensor can
tilt from approximately 30 degrees above
horizontal to 90 degrees below horizontal.
Both of these motions are controlled by
stepping motors. The main image sensor has
a motorized focus control. The geometry of
the ‘hand-eye’’ system allows orthogonal
views of objects held in the manipulator jaws
by using both image sensors under condi-
tions of controlled focus and lighting.

Each image sensor is a 32 by 32 element
integrated array of photodiodes on a silicon
chip measuring approximately 4 mm (0.1
inch) square. The array acts like a 1024 bit
memory. Each element is precharged to a
fixed voltage; then at some later time the
voltage of each element is read out, de-
creased in proportion to the amount of light
which has fallen on it. Several milliseconds
are required to digitize the image. Up to 16
levels of gray can be discerned, which means
that 512 bytes of computer memory are
sufficient for a single image. Once the image
is obtained, it is analyzed by appropriate
software. The extremely small size of these
solid state image sensors, and the simplicity
of their associated electronics, make them
ideal for robot use. Higher resolution devices
such as charge coupled sensors and miniature
television cameras are available, but their
cost and complexity make them unattractive
for such applications. Besides, the amount of
data generated would be too unwieldy to
handle with a microcomputer.

In addition to the main image sensor,
several simple phototransistor light sensors
are mounted on the tilting platform of the
sensory turret. These enable the robot to
locate and track point sources of light.

Several other proposed senses are to be
mounted on the turret. These are shown in
schematic form in figure 1. To the left of the
image sensor is shown an ultrasonic ranging
transmitter and receiver which should be ex-
tremely useful for finding the range to walls
at distances as great as 10 meters (33 feet).
The idea is to transmit short bursts of 40
kHz sound and measure the time required
for an echo to be received in order to com-
pute the distance. Much of the necessary cir-
cuitry is available in compact integrated
form.

Just to the right of the image sensor is
shown a long wavelength infrared radiation
detector with which it might be possible to
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locate sources of heat such as dogs, cats and
humans.

Located on an axis perpendicular to the
main image sensor are shown two micro-
phones which form part of a sound location
system. The intent is for each sensor to
acquire a short sample of sound. The com-
puter then attempts to find a phase relation-
ship between them, thereby locating the
direction of the source.

Many other possible senses can be
imagined; the sensory turret is intended to
provide a versatile platform and interface for
experimenting with them. For example,
using a helium neon laser, or perhaps a
compact metal vapor laser, it may be pos-
sible to provide an optical range finding
system with high resolution if a suitable
detector can be found. Eventually it is
hoped to provide limited forms of speech
synthesis and phrase recognition (using off
line electronics with an analog radio link).
This would make it possible to give general
spoken commands to the robot in con-
textual surroundings, and have verbal feed-
back to insure that the commands were
being properly interpreted.

Sharing some space with the sensory
turret system, and directly below the plat-
form in figure 1, is the necessary power
conversion electronics. These modules con-
vert the battery voltage to £12 V and +5 V
(regulated) for use by the electronics, and
also house the battery recharging circuitry.

Manipulating Objects in the
Environment

The number of tasks which a simple
robot can do is greatly increased if it has
some sort of hand with which to grasp and
manipulate objects in the environment. The
human arm and hand system, with its 27
degrees of freedom, is a marvelously versatile
mechanism. Large industrial manipulators
are fairly complicated and have six or seven
degrees of freedom. For practical reasons,
the present system is limited to a mere three
degrees of freedom which, when combined
with the two degrees of freedom of the
motive system, should be sufficient for
carrying out simple tasks.

The manipulator is able to grasp objects,
move up and down along the front of the
robot by means of a rack and pinion drive,
and to rotate about a horizontal axis. All
three motions are controlled by stepping
motors. The manipulator has a parallelogram
geometry which permits the jaw faces to
remain parallel regardless of their separation.
This feature simplifies the problem of pick-
ing up objects of varying sizes. When not in
use, the jaws open wide enough to bring all



parts of the manipulator within the cylin-
drical boundary of the robot, where it is out
of the way and does not cause problems
when the robot turns and maneuvers in tight
places.

An auxiliary 32 by 32 element image
sensor with fixed focus lens is mounted
directly in the manipulator assembly, pro-
viding a view of whatever object is between
the jaws.

In addition to mechanical force sensors in
the jaw faces, there are several infrared LEDs
in one face with opposing phototransistors
in the other face. These LED phototransistor
pairs define beams of light between the two
jaw faces. By scanning the manipulator up
and down, and moving the entire vehicle
forwards and backwards, these beams enable
the robot to measure the height and depth
of simple objects resting on the floor be-
tween the jaw faces, as well as to determine
when objects are correctly positioned for
picking up. The widths of objects are mea-
sured directly by counting the number of
stepping motor pulses required to close the
jaws on the object.

A tactile sensor is mounted on the front
of each jaw to enable the robot to sense and
locate large obstacles such as walls. The
robot can align itself accurately either
parallel or perpendicular to the wall, after
performing a simple series of maneuvers.
This action is convenient for many of the
tasks the robot might have to carry out. For
example, a simple strategy of maneuvers
allows the robot to “square itself off”" from
a corner in a room, thereby defining a
precise  origin  for its navigational
coordinates.

The tactile sensors double as electrical
contacts used for plugging into ordinary wall
outlets for the purpose of recharging the
robot's battery (more about this later).

All electrical power and signals to and
from the manipulator assembly are sent
through folding ribbon cables which are not
shown in figure 1.

Auxiliary Senses

In addition to the senses mounted on the
manipulator and sensory turret assemblies,
there are several auxiliary senses illustrated
in figure 1. A pair of retractable feelers are
provided in the rear of the vehicle and serve
much the same purpose as the tactile sensors
on the manipulator jaws. These rear feelers
enable the robot to detect and square up
from walls and corners if the manipulator is
occupied with holding some object.

In addition to the rear feelers, a pair of
retractable wall-follower feelers located on
the sides of the vehicle enable the robot to

travel parallel to a wall by measuring the
distance from itself to the wall. The rear
feelers and the wall-follower feelers are both
activated by double coil latching solenoids
and contain “microswitches” consisting of
movable masks and infrared LED-photo-
transistor pairs.

For all of the robot's varied and spe-
cialized senses we have discussed so far,
there is nothing to prevent the robot from
accidentally running at high speed into a wall.
To prevent just such a mishap, and to
provide a ‘“soft” broad area ‘‘sense of
touch,” the robot is equipped with a number
of proximity detectors, several of which are
shown in schematic form in figure 1. These
detectors work on a simple, but elegant,
principle. Infrared LEDs, amplitude modu-
lated by a 20 kHz signal, send broad beams
of light out from the robot. If a wall is
nearby, some of this light is reflected back
into phototransistor sensors located in the
same module. The received signal is amplified
and sent to a phase sensitive detector locked
to the outgoing signal. The computer is
notified if the signal exceeds some program-
mable threshold. These proximity detectors
are quite insensitive to ambient light condi-
tions, not very sensitive to the color or
texture of the reflecting surface, and have
useful ranges extending from several centi-
meters to perhaps one meter. With these
detectors, the robot is free to travel at fairly
high speed until a wall or other obstacle is
encountered, and can then slow down and
investigate it with caution.

It should be mentioned that all of the
senses interact with the processor through a
vectored priority interrupt system.

Robot Psychology

Up to the present time, the environment
of the robot has been intentionally re-
stricted. The robot is permitted to roam
freely within a large “playpen’ constructed
of plywood. As various sensory functions are
added, and the robot nears completion,
simple objects such as blocks of wood, and
larger obstacles constructed from plywood
will be introduced, and restrictions on the
environment will be gradually relaxed. While
this is happening, the complexity of the
software will greatly increase. It is ex-
pected to take several more years of effort
before the robot reaches a form which can
be considered ‘‘finished."” Whether the robot
will ever be able to cope successfully with a
“general” environment, such as a typical
research laboratory or home living room, is
certainly an open question.

The software will be developed as a
hierarchy of modules. The bottom strata of
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Photo 1: The feeding
trough. This is a photo-
graph of an ordinary wall
outlet with a white con-
crete block wall as a back-
ground. The robot must be
able to seek out and plug
into outlets such as this in
order to periodically
replenish its energy
supply.

this hierarchy will be occupied by hardware
oriented routines for motor control, inter-
rupt servicing, sensory data acquisition and
the like. These routines will be relegated to
EROM, where they will reside as powerful
appendages for the higher level software. In
the highest reaches of the hierarchy will be
the planning algorithms: heuristic program-
ming which will take into account goals,
subgoals, behavior, the structure of pri-
orities, and what may generally be called the
“psychology’ of the robot.

If the robot is turned loose in a strange
room, its immediate behavior will be to
begin exploring the room in some systematic
way, locating walls and the boundaries of
objects with respect to a specific origin. As
new features of the environment are en-
countered, they will be incorporated into
the world model. Particular interest will be
shown in the positions and heights of rec-
ognizable wall outlets, since these are crit-
ical for survival. As the model of the room
nears completion, the original intense curios-
ity will subside, and will be replaced by an
attitude of playfulness. The world model
will be consulted to find out which objects
(eg: wooden blocks) are small enough to be
manipulated. The robot may choose to
group together objects with similar charac-
teristics, build simple structures by stacking
blocks and so forth. When the energy supply
nears exhaustion, the robot will interrupt its
play, head directly for a convenient wall
outlet, plug in, and recharge its battery. The
recharging process might take several hours,
during which all motors will be turned off,
and all but one 4 K byte memory module
will be powered down. After recharging, the
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robot will unplug itself and continue on its
way. When the robot eventually “tires” of
its environment, it will perhaps leave the
room, wander down the hallway, and look
for other rooms to explore. An interesting
experiment would be to observe how long it
takes for the machine to recognize a room in
which it is arbitrarily placed, but has previ-
ously explored. In addition to observing
general behavior, one can give the robot
general tasks to perform, such as picking up
all small objects in a cluttered room and
placing them in a box in the corner.
(Mothers with small children, take note!)

Many of the computing requirements for
the robot will exceed the capabilities of its
on board microcomputer. For example, the
analysis of complicated scenes viewed by the
image sensors can, at present, be done only
by a very fast computer with lots of memo-
ry. For this reason it is planned to equip the
robot with a duplex radio telemetry link to a
“black box” which connects with a tele-
phone. The robot will then be able to
initiate telephone calls to a large timeshared
computer, and be able to communicate with
it via the 2400 bps telephone lines. Control
routines in the on board microcomputer will
invoke large analysis programs stored on
permanent disk files attached to the time-
shared computer.

A visual scene can be transmitted in less
than a second, and the large computer can
extract features of interest and send them
back to the robot in several seconds. It will
also be useful to take advantage of the off
line disk files to store large data bases such
as portions of the world model. When the
robot has finished its transactions with the



large computer, it simply “hangs up the
phone” and goes about its business, perhaps
reinitiating the hookup at a later time. It is
important to point out here that in no sense
is the large computer “in control” of the
robot. The robot is simply using the services
of the large computer to perform calcula-
tions that are too involved or too lengthy to
do itself, much as you or | would use a
computer to solve some problem. Also, it
should be noted that if the large timeshared
computer is busy, or if the computations are
long, the robot is free to continue with other
tasks until the requested analysis can be
performed.

This usage of an off line .timeshared
computer will permit access to a large
amount of general robot planning software
written in high level languages by other
groups. The telemetry hookup will, as a side
benefit, enable the robot to make calls to
human researchers (hopefully not in the
middle of the night) to report malfunctions
or unusual conditions in the environment by
means of coded audio signals. (The robot
night watchman?)

Finding Energy Sources

It may be necessary for the robot to
survive for weeks at a time without super-
vision or interruption of its operation. To do
so, it must manage its own energy supply.
The battery voltage and current are sensed
periodically and converted to digital form by
a simple software driven analog to digital
conversion system. This information, along
with the battery’s internal temperature
(sensed with a thermistor probe), allows the
state of charge to be determined. When this
reaches some minimum level, the robot is
obliged to renew its supply of energy by
finding a wall outlet and plugging in.

From the outset, it must be said that the
robot will depend heavily on prepro-
grammed strategies to accomplish this task.
A standard wall outlet mounted on a white
concerete block wall is shown in photo 1.
The cover plate is of brushed stainless steel,
and the receptacles are made of light colored
molded plastic. From a distance of perhaps
10 meters (33 feet), with the turret image
sensor focused on infinity, the*outlet ap-
pears as a small spot. Any such spot,
identifiable by the software as a few dark
picture elements surrounded by a light field,
is worth further investigation. If several
spots are visible, a single one will be selected
for closer examination.

Using the motive system and the sensoiy
turret in combination, the direction and
distance to the spot is then computed by
triangulation. After this is done, the robot

Photo 2: Here is an oscilloscope display of the wall outlet shown in photo T,
as viewed by an image sensor. Theie ure a total of 1024 picture elements in
this sensor, each with 16 levels of gray perceptible to the computer. The
picture has 32 columns and 32 rows of elements. The outlet appears as a dark
rectangle with a light background. The two receptacles can just be resolved at

this range.
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Photo 3: As the robot moves closer to the wall outlet, more detailed features
of the socket become apparent. This is an oscilloscope display of an
individual receptacle, as viewed at close range by the image sensor. By
applying pattern recognition techniques to images such as this and the image
in photo 2, the robot can recognize outlets and determine the exact position
and height of the electrical contacts, prior to its final maneuver to plug itself
into the wall.
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Figure 2: Output decoding logic used to create discrete (level) outputs and pulse outputs. This circuitry connects to an 8080
data bus through memory address space. The outputs are used to drive the various lines of stepper motor interfaces such as those
shown in figure 3. Each stepper motor individually uses one discrete level output (for forward or reverse direction control) and
one pulse output (to initiate one step sequence). Two discrete level outputs are also used to control the running versus standby,

or off, status of the motors.

drives to the approximate position of the
spot, and with LED proximity sensors and
the tactile sensors on the manipulator, it
attempts to sense and recognize the exist-
ence of a wall, which is hopefully associated
with the spot. If this is the case, the robot
moves out perpendicular to the wall for a
fixed distance, sets the image sensor focus
accordingly, and rescans for the spot which
hopefully should now begin to have the
shape of a wall outlet from this short range.
By a series of small maneuvers, the robot
positions itself exactly in front of the outlet
at a precise distance away. At this time, the
manipulator begins a vertical motion until
the outlet is centered in the field of view of
the auxiliary image sensor. The computer now
has a straight on, in focus view such as that
seen in photo 2.

At this point, fairly simple pattern rec-
ognizing algorithms are used to analyze the
shape, size and topology of the image
(feature extraction). These features are com-
pared with known properties of wall outlets.
If enough features match within certain
error bounds, the recognition is successful.
(In this respect, it is much easier to attempt
to recognize a specific object than to try to
analyze a general scene.) If the recognition is
not successful, several more attempts are
made at slightly different distances to over-
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come the granularity effects of the sensor. If
a recognition is still not successful, the robot
heads off to explore other spots. Assuming
success at this point, the robot moves in for
a high resolution image of a single receptacle
(see photo 3). Again, the image is analyzed,
and further recognition tests are made. If
everything is okay, the exact height and
distance to the electrical contacts are deter-
mined, and the manipulator jaws close to the
separation appropriate to the space between
the two contacts. An attempt is now made
to plug in, with the computer monitoring
the voltage between the two plug prongs on
the manipulator. Small searching motions are
made until contact is established, whereupon
the jaws open slightly to make good electri-
cal connections. The computer then directs
the recharging operation until the correct
charge is reached. It is expected that the
robot will normally be able to go about six
hours between recharging operations.

Stepping Motor Drives

In order to execute all of the motions
required of it, the robot must have precise
control of the motors. This is accomplished
by means of the stepping motor drive
modules which constitute the interface be-
tween the on board computer and the
stepping motors. There is a total of seven



identical drives: two for the motive system
(one for each wheel), three for the manipula-
tor (grasp, lift and rotate), and two for the
sensory turret (pan and tilt).

Figure 2 illustrates the logic used to
provide both pulse and discrete (level) out-
puts from the computer. For simplicity,
only eight pulse outputs and eight discrete
outputs are shown. The scheme can be
expanded to many more outputs, with the
addition of suitable logic. Low power TTL
provides the connection to the address, data
and control buses of the microprocessor.
Lines Ap to A3 select one of 16 possible
outputs, with A5 acting as an input output
select line. The sign bit, D7, is used to signify
whether a one or a zero will be written into
the selected discrete output line. Generation
of the negative going output pulses and
strobing of the data are done by the MEMW
pulse. A 9334 addressable latch and
74LS138 binary to octal decoder provide
the outputs to the system. If desired, one
pulse output can be wired to the CLR line of
the 9334 latch for simultaneous resetting of
all the discrete outputs.

Figure 3 shows an individual stepping
motor drive circuit which is sufficiently sim-
ple and general to permit many other non-
robot applications where precise computer
controlled motion is required. The circuit
generates the 4 phase pulse sequence of high
currents necessary to operate a Slo-SynTM
bifilar type stepping motor manufactured by
the Superior Electric Company. Inputs to
the stepping motor circuit are connected as
desired to the discrete and pulse outputs
shown in figure 2. The forward or reverse
input (FR) determines whether the motor
shaft turns clockwise (FR = 1) or counter-
clockwise (FR = 0) as viewed from the shaft
end of the motor. The forward limit input
(FL) prevents the motor from moving for-
wards (clockwise) if FL = 0. The reverse
limit input (RL) prevents the motor from
moving backwards if RL = 0. These inputs
are generally not controlled by the com-
puter, but are wired to simple limit switches
to prevent excessive motion of the motor in
a particular direction. In the case of the
robot, these "‘reflex inputs" are independent
to allow the computer to change the direc-
tion of motion after a mechanical limit has
been reached, and to establish “zero point”
settings for the various possible motions,
The pulse input (P) triggers on a negative
going transition and causes the motor to ad-
vance one step (1.8 degrees) in the direction
specified by the FR input. Thus, 200 pulses
on the P input cause the motor shaft to
rotate exactly one revolution. The maximum
pulse rate is of the order of several hundred
pulses per second without error, but this

depends strongly on the motor size and the
driven load. The clear input (CLR), when
momentarily brought low, resets the count-
ing flip flops to zero in case it is necessary to
establish a standard shaft position when
power is turned on. The off input (OFF),
when brought low, removes all current from
the motor windings, and frees the shaft
except for a small holding torque caused by
the permanent magnets. |f OFF = 0 and
standby (SBY) is brought high (SBY = 1),
the shaft position is maintained, but at
greatly reduced current. The off and standby
inputs are critical for application in the
robot, since they permit substantial power
savings. In figure 3, series 7400 logic can be
substituted for the 74L and 74LS series if
desired, but at the expense of extra power.
Resistance values in the drive circuits are
typical, and might need to be optimized for
a particular motor. The diodes in the emitter
circuit of the 2N3055s should have a high
surge rating, and moderate heat sinking for
2N3055s is advised.

Connections to a Slo-SynTM stepping
motor are shown in figure 4. In the robot, all
motors are powered directly from the main
6 V battery (+MV). Values for the resistance
R can vary from zero to several ohms and
are selected to be compatible with the
motor's maximum current rating and
dynamic characteristics.

Robot Control: Software Aspects

The previous discussion dealt with several
general and specific aspects of the robot
system and how it is intended to operate,
once completed. Of the three major subsys-
tems, motive, manipulator and sensory tur-
ret, only the motive subsystem is fully
operational at present. The others are in
various stages of detailed design and con-
struction. Photo 4 reflects the current state
of construction, which includes several tem-
porary items such as the hand wired com-
puter backplane and stepping motor drive
modules, the crude “hand’ made from sheet
metal, and the cables leading to conventional
power supplies. The 16 kg (35 pound) bat-
tery is on board to maintain balance, but not
used, awaiting completion of the power
conversion electronics, The open area at the
front of the robot will be taken up by the
manipulator assembly when it is completed.
The power conversion modules and the
sensory turret will go in place above the
computer.

Software for the robot is created on the
CDC-6400 computer using an 8080 cross
assembler written in FORTRAN IV by
Robert Mitchell. Object code for the 8080 is
punched on 8 level paper tape by the 6400

37



Figure 3: Each stepper motor (there are seven presently incorporated into Newt’s design) requires a drive circuit as shown here.

This circuit contains counting logic and high current drivers needed to create the 4 step sequence of signals required by a
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Slow-SynTM stepping motor. The inputs to this interface circuit include one level (FR) signal and one pulse signal (P) derived
from an output port such as the one shown in figure 2. The forward and reverse limit inputs are used to override commands
when a sensor detects that rotation of the motor has reached some mechanical limit of the motor's activity. The power control
logic (summarized in the chart) is used to conserve battery power by allowing a “standby’ mode for the motor when it is not
being actively driven, This standby mode holds the motor shaft positon actively, but uses less current than the full torque state

used to move the shaft from step to step.

system, and is subsequently read into the
robot’s memory through an ASR33 Tele-
type. A modest resident monitor program is
stored in the first 666 bytes of EROM,
which allows dumping and modifying of
memory, punching and reading of paper
tape, and branching to any memory loca-
tion. The monitor is essential, because the
computer has no conventional “front panel”
with switches and lights.

The current robot control program oc-
cupies about 1000 bytes of programmable
memory, not including table areas of vari-
able size. It provides a method for exercising
direct control of the robot for testing
purposes. The coding, written by Dennis
Toms, is very general, modular and compact.
In order to start and stop the stepping
motors without error, it is necessary to
provide a profile of acceleration and de-
celeration. This is most conveniently done
by using a time-delay table giving the appro-
priate time intervals between stepping motor
pulses. The table is precomputed to yield a
uniform acceleration over some time period.
It is sufficient to have a single table for all
motors. Each motor has associated with it a
14 byte motor status word (MSW) whose
format is given in figure 5. The motor
number and motor flag each occupy one
byte; the other entries are two bytes (one
word) each. The motor number byte is a
fixed number which associates the MSW
with a particular motor. The motor flag byte
is a code which gives the current state of the
motor (off, on, standby, accelerating, de-
celerating, emergency stop, etc). The speed
pointer word is an index which points to the
current entry in the time delay table. The
top speed word specifies the index to the
delay table entry, giving the shortest per-
missible delay between stepping motor
pulses (maximum motor speed). The total
steps word specifies the number of steps the
motor is to execute. The acceleration, con-
stant speed and deceleration counters speci-
fy the number of steps to be taken in the
acceleration, constant speed and decelera-
tion phases of the motion, respectively.
These counters are decremented appro-
priately as the motion takes place, so that if
necessary, at any time during the motion the
state of the motor can be determined by

- GREEN / WHITE
=
> GREEN
CABLE R
chs R WHITE
MOTOR
oo T{ b (SEE TEXT) ()
CIRCUI AV
(FIG.3) R  BLACK \
= RED
LE=— RED/WHITE

Figure 4: Wiring and color code for the Superior Electric Slow-Syn TM bifilar
stepping motors. The resistance R should be set (see text) to reflect typical
operating characteristics of the motor’s use. The wiring is shown by color
designations, and is connected to the drive circuit of figure 3. The ground
return to figure 3 can be via the robot’s chassis or through an additional
circuit in the cabling.

interrupt handling routines. After all bytes
of the appropriate MSW have been loaded
with proper values, low level software takes
over to carry out the motion. A pulse is
issued to the selected motor causing it to
advance 1.8 degrees. After a delay specified
by the first entry in the delay table, a second
pulse is issued, and the speed pointer is
incremented to point to the second value in
the delay table, and the acceleration counter
is decremented. This process continues until
the acceleration counter reaches zero. When
this occurs, the acceleration phase is com-
plete and the constant speed phase is en-
tered. For this phase, the speed pointer is

Figure 5: Format of the Motor Status Word
motor status word. There (msw)

is one motor status word Motor Motor
allocated to each stepper Number Flag
motor; an interrupt driven Speed

process updates and times Pointer

the operations of the Top

motors. The information Speed

includes motor jdentifica-

tion, status flags and pa- g,f;‘:;
rameters which specify the L
details of a cycle of opera- Acceleration
tion consisting of accelera- Countar
tion, constant running Constant Speed
speed and deceleration. i
Deceleration
Counter
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Photo 4: The robot Newt
as it appears in the current
state of construction. The
hand wired computer
backplane and stepping
motor drive modules and
sheet metal “hand’ and
power cables to an ex-
ternal  source are all
temporary.

held fixed, pointing to the time delay value
corresponding to the top speed index, while
the constant speed counter is decremented
for each step. After the constant speed phase
is completed, the speed pointer is decre-
mented for each pulse, causing the motor to
decelerate. The motor finally stops after a
number of pulses have been issued equaling
total steps. The motor is then placed in
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standby condition and this fact is stored in
the motor flag byte. If unforeseen condi-
tions arise which make it inadvisable or
impossible to complete the motion as
planned, the interrupt software stores the
appropriate emergency stop code in the
motor flag and the motor is halted. In all but
extreme emergency cases requiring instant
stopping of a motor running at high speed,



the software can recover the total number of
steps actually taken, saving it for naviga-
tional purposes.

To exercise direct control of the robot, a
simple interpretive command system was
developed. The currently implemented com-
mands are listed in table 1. Each command
consists of the 1 byte ASCII character F, B,
L, R, W, V or Q, followed by a 2 byte
argument. In the case of the F, B, L and R
commands, the argument is simply the num-
ber of motor steps to be taken (less than or
equal to 215 — 1). For the W command, the
argument is the waiting time in units of
10ths of a second. For the V command, the
argument specifies the new maximum speed
of the robot in steps per second. For the Q
command, the argument gives the 16 bit
address of a sequence of commands stored in
memory. Of course, many other commands,
such as those appropriate for sensory turret
and manipulator motion, will be added to
the list of table 1. A program of robot
activity consists of a simple sequence of
these 3 byte commands, one after the other.
For example, the following 15 byte se-
quence (arguments shown in hexadecimal
notation):

F 0A10
L 000B
B 0010
W 0066
B 0002

would cause the robot to move forward
2576 steps (about 1.4 meters), turn left 11
steps (a few degrees), back up for 16 steps,
stop and wait for 10.2 seconds, and then
back up two steps. All accelerations and
decelerations are taken care of automatically
by the lower level software.

Commands can be given to the robot in
several different ways (command modes)
which are specified in table 2. For the D
mode, the robot simply executes the com-
mands directly as they are entered on the
Teletype. After each command is given, it is
necessary to wait until it is carried out
before entering another command. In the R
mode nothing is executed, but each com-
mand is recorded in sequence in the mem-
ory. The N mode is a combination of the D
and R modes. It permits a sequence of
commands to be recorded as they are being
executed. The P mode allows playback of
any previously recorded sequence. In this
mode, the Teletype cable can be discon-
nected to allow the robot to roam freely. If
the C mode is specified, the robot creeps
along at a very slow pace under an F, B, L or
R command for an indefinite number of
steps. The motion is terminated by de-

Table 1: Currently im-
plemented commands. The
demonstrations of opera-
tion seen in photo 5 were
created using an inter-
pretive sequence including

these seven basic com-  Ascil Command Code

mands. The command list
is open ended in that
many additions to the pos-
sible operations are ex-
pected as the software is
developed further.

Q< ETrmm

pressing any key on the Teletype, after
which the number of steps taken is printed
out. The T mode is a combination of the C
and R modes. The E, L and O modes are
“bookkeeping” in nature, and permit
erasing, listing, and setting the origin of a
command sequence, respectively. During the
creation of a program of action for the robot
(command sequence), any combination of
modes can be used as desired. It is easy to
think of many other useful modes which
could be added to the list of table 2.

Using the commands listed in table 1, it
has been possible to do a number of pre-
liminary experiments with the robot which
serve to test both the hardware and soft-
ware, and to prove some of the fundamental
ideas. For example, one can place wooden
alphabet blocks on the floor at random, and
then program the robot (using the N and T
modes) to “pick them up” by trapping them
in its temporary “hand.” After putting the
blocks and the robot back in their initial
positions, the playback (P) mode can be
used to repeat the motions automatically.
One such test, rather in the form of a
demonstration, is shown in photos 5a to
5g. In the first frame, photo 5a, the robot
is moving towards the nearest block from its

Command Definition

Move robot forward

Move robot backward
Rotate robot left

Rotate robot right

Make robot wait

Set robot maximum speed
Execute command sequence

Table 2: Command modes for the robot. The software presently implemented
is used to try out various exercises of the robot's machinery. The software is
structured into several command modes described by this list.

Command Mode

D

R

N

P

Cc

T

E Erase

L List

0 Set origin
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Type of Operation
Direct (simply execute the commands)
Remember (record commands)
Normal (combine D and R)
Playback (run through a command sequence)
Creep (directly execute motions at a turtle's pace)
Teach (combine C and R)



(c) (d)

Photo 5: A program of action executed by the robot. In this sequence, prearranged blocks are pushed to appropriate locations
to spell out N E W T, which is the robot’s name.

(a) The robot’s actions start with its movement from an initial position in the left corner of the playpen toward its first block.

(b) As it closes in on the block, it maneuvers into position to entrap the block. Note that in this prearranged course, the robot
is executing a fixed sequence of interpretive commands, and is not yet using visual inputs to find blocks at arbitrary positions.

(c) After trapping the block and moving to the final position, Newt releases the block at its final position.

(d) Here, a second block has been fetched and released next to the first block, and Newt is turning around in order to head for
the third block.

(e) Now Newt is ready to pick up the third block in the sequence.
(f) After placing the third block and going to the fourth, Newt has picked up this last block.
(g) Finally, the fourth block has been placed, completing the spelling of Newt'’s name, which is the end of the programmed

sequence of approximately 100 interpretive motion commands.
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(e)

initial position in the left corner of the
playpen. In 5b, it is maneuvering into posi-
tion for “picking up’ the block. In S5c,
the block has been picked up, moved and
released in a new position. In 5d, a second
block has been fetched and placed next to
the first block, and the robot is turning
around and heading for a third block. In Se,
it is about ready to pick up the third block.
In 5f, the third block has been placed, and
the fourth block is in the “hand.” In the
final frame 5g, the fourth block has been
placed, spelling out N E W T, which is, of
course, the robot’s name. Approximately
100 3 byte commands were required for this
sequence. The program can be executed
dozens of times without error, and the final
positions of the blocks and the robot after
the sequence is finished has a scatter of a
few millimeters (£1/8 inch) in each direc-
tion. Of course, when the robot is complete
with all its senses, it will seldom have to
execute such a lengthy sequence in a com-
pletely open loop fashion. Perhaps it can
eventually do tasks such as searching for and
finding specific alphabet blocks in a random
pile of blocks. This would require frequent
closing of the feedback loops through the
visual senses.

As the robot goes through its motions,
such as depicted in photos 5a to 5g, it
seems to possess an almost uncanny grace
and precision. Small children, when watch-
ing it, are frightened at first, but this soon
gives way to playful interest and warm
curiosity. Even hardened computer experts
are amazed to see a computer driving itself
around on wheels!

(f)

g

(9)

Some Personal Remarks on Building Robots

It will not be possible for one person
alone to write the software for the robot.
This is far too large a job. It is hoped,
however, that as the hardware nears comple-
tion, it will act as a focal point for many
persons wanting to experiment with the
robot by writing their own software. A
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fascinating project would be to create a
general ““Robot Control Language” which
would free each programmer from the de-
tails of the hardware. What a rich experience
it would be to work together, exchanging
ideas in a highly interactive way. There are
many tutorial possibilities for computer

SOME TERMINOLOGY

Amp hour: A unit of energy for rating batteries.
The battery of NEWT, with its 84 Amp hour ca-
pacity, can store enough charge to drive a steady 1
A load for 84 hours, or a 14 A load for six hours.
The finite capacity of any practical battery means
that any mobile robot must incorporate some pro-
grams for seeking electrical outlets and recharging
batteries periodically.

Azimuth: As used here, an angle relative to a fixed
direction in the horizontal plane.

Cognition: As Webster has it, this is "the act or
process of knowing, including both awareness and
judgement.” [Webster’s New Collegiate Dictionary,
1976 edition./ In the context of robots and artifi-
cial intelligence, this term refers to programmed
models which approximate the behavior of natural
cognition.

Degrees of freedom: The state of a robot mechan-
ism (or any other system) can be described by
specifying the current value of each variable para-
meter. Thus, if a robot arm has seven joints, the
position of its “hand’’ might be determined by the
angular setting of each joint. Each such indepen-
dently variable parameter of a system is called a
“degree of freedom,” so the seven jointed arm
would have seven degrees of freedom.

Heuristic: A heuristic computer program is one
which starts out with an approximate method of
solving of a problem within the context of some
goal, and uses feedback from the effects of the
solution to improve upon its own performance.
Heuristic programming is one of the major contem-
porary artificial intelligence techniques, and is a
key to developing a cognitive robot.

Manipulator systems: A generic term for any me-
chanical device which a robot uses to directly ma-
nipulate its environment. In the NEWT robot, this
is currently (see photos) a simple sheet metal frame
which can catch a block and slide it across the
floor as the robot moves, with no active grasping:
NEWT is intended to eventually have a much more
flexible system of manipulation as described in the
text. Most industrial robots currently in use consist
of manipulators alone, without much in the way of
sensory feedback or motive systems.

Motive systems: A generic term for the mechan-
isms used to convey the robot around its environ-
ment. In the NEWT robot, this refers to the two
drive wheels, balancing caster and stepper motors
which propel the robot.

Open loop, closed loop: A closed loop system is
one which operates with feedback from errors. The
feedback is intended to correct for the errors and
thus approach the truth; an open loop system ig-
nores error signals and operates on the sometimes
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science classes and beginning students
learning about computers. There are prob-
lems in psychology, procedural languages,

human-to-machine communication,
tioning of parts of the brain ..

naive assumption that no errors occur. The terms
must be qualified by a reference to the time inter-
vals involved in the system: NEWT, for example, is
a closed loop system over long time periods, since
it is intended to navigate using feedback from its
sensors; however, due to the processing loads asso-
ciated with sensors, NEWT operates open loop be-
tween navigation sightings in a manner analogous
to the dead reckoning method of navigation used
occasionally by airplane pilots or captains of ships.

Round off errors: In operations such as addition,
multiplication or calculating transcendental func-
tions, there is often some uncertainty in the least
significant part of the result. In an extended calcu-
lation in which these operations are repeated over
and over, appreciable round off errors can accumu-
late. In a digitally controlled vehicle guidance
system such as that used for a robot, these numeri-
cal errors are a major source of uncertainty in the
vehicle position, and ars just as important as more
obvious sources of error such as step quantization
or slippage in the drive mechanism.

Senses: In a robotics context, senses are specialized
peripherals which convert information about the
environment into signals which can be analyzed by
a computer or used directly by the electronics, as
in a reflex. Sensory information may be obtained
from devices as simple as a microswitch with a
“feeler” arm, or as complicated as photoelectric
imaging arrays with zoom lenses and pointing
mechanisms.

Stepping motors: An ordinary electric motor is
characterized by continuous motion when ener-
gized. A stepping motor uses a different design phi-
losophy to achieve a motor which will move its
shaft in small incremental angular steps on com-
mand, and will actively maintain its position in be-
tween each command, This type of motor is very
well adapted to digital control of mechanical sys-
terns, and is used by NEWT for all mechanical mo-
tions in the robot.

Step quantization: The stepper motors have a
finite angular resolution built into their design.
This means that any mechanical motion derived
from the motor will have a certain minimum step
size, so that any attempt to position to a finer
tolerance must be approximated.

Trajectory: The path of a moving object is its tra-
jectory. In the case of the mobile robot, a trajec-
ectory is planned before motion takes place, given
a desired goal position and a world model which
covers its course and objects which may be in the
way.

World model: A world model is the result of cogni-
tion as implemented in robots. Formally, it is an
information structure built up in the memory of
the robot, based on both initialization and heuris-
tic interaction with the environment.

. (Working
with robots is certainly one way to gain a
much greater appreciation for the complex-



ity and capability of the brain.) In addition,
experiments can continue on sensor develop-
ment and interfaces from sensor to com-
puter. There are a great many practical spin-
offs from this kind of work.

Many people believe that as more and
more advances are made in microelectronics,
the prospects of mass producing robots will
become attractive, and the prices of these
hypothetical machines will plummet. (Let us
hope we will have learned something from
R U R.) If this occurs, many applications
will open up. Besides such things as plane-
tary surface exploration, such as already
demonstrated by the Viking robots, one can
envision undersea robots working on oil
pipelines and well heads, coal mining robots,
fire fighting robots, agricultural robots,
robots on assembly lines producing cus-
tomized articles, robot-like prosthetic
devices, and many other types of robots for
specialized and general service, doing jobs
which are too difficult, too dangerous, or
which are otherwise undesirable for humans.

| have been asked many times the ques-
tions, “Why are you building a robot?”, and
“What will it do when it is finished?” The
answer to the second of these questions is
casy: | simply don't know what the robot
will be able to do. This is the whole point of
building the robot. Given a modest amount
of hardware and a greater amount of soft-
ware, thoroughly integrated to form a sys-
tem, the idea is to find out just what such a
system is capable of doing. The whole is
likely to be far greater than the sum of the
parts. The system is pushed as far as the
available time, money and energy will allow
in order to learn what can be done and what
cannot be done; in other words, to explore
the frontier of robot research, and to know
and understand the problems involved. The
necessary knowledge can neither be obtained
by theoretical studies, nor by simulations
using large computers.

In regard to the first of the questions, |
have been fascinated with robots since the
mid-1950s and have constructed several
robot devices prior to the one described in
this article. The construction of such ma-
chines presents many interesting challenges.
A functioning robot is a most curious blend
of electronics, mechanics, computer design,
computer programming and artificial intel-
ligence. All these fields come together in the
design and construction of a robot, and each
must be explored in depth. Added to this are
the challenges and excitement of locating
obscure components in surplus store parts
bins around the country, planning, building,
and then replanning, rebuilding, and, of
course, experimenting and learning. To me,

About NEWT’s Name and Family Tree

The origin of NEWT’s name is buried in
an often quoted verse from Macbeth by
William Shakespeare . . .

In the cauldron boil and bake;

Eye of newt and toe of frog,

Wool of bat and tongue of dog,
Adder’s fork and blind-worm’s sting,
Lizard’s leg and howlet's wing,

For a charm of powerful trouble,
Like a hell-broth boil and bubble.

Newt |, the present robot’s predecessor,
was a light-seeking robot consisting of a
large eye on a stalk rising above a motor

driven platform.

all these are fascinating aspects of endeavors
which are perhaps best left to amateurs. |
say this, because | strongly believe that the
amateur computer enthusiast has a golden
opportunity to participate in advances in the
field of robotics. In fact, the amateur has
several advantages over the professional. The
research can be as abstract as the amateur
wishes it to be and can be conducted
without regard to immediate payoff poten-
tial in the marketplace. There is no need to
spend time writing elaborate proposals, no
need to continually justify the direction of
the work, and no need to get hard results
every few months to write up and stick into
quarterly reports. History has shown that
precisely this atmosphere of freedom which
surrounds the amateur is the atmosphere in
which brilliant innovations and discoveries
are sometimes made.m

Acknowledgment: The author
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Photography by Carole Brock

Photo 1: The complete
setup of the |IBM Selectric
Keyboard Printer, typing
under the control of a
KIM-1  microcomputer
with a 4 K memory expan-
sion. The Selectric inter-
face described in this ar-
ticle is housed in the
equipment case in the
center of this photo.

Interfacing the IBM

One of the most desirable forms of
computer output is high quality typewritten
text suitable for preparing letters, reports
and other documentation. A word proc-
essing system which speeds up the process of
writing and revising text would be a very
useful and feasible application for a small
microprocessor based system, provided that
a suitable hard copy output device can be
found at a reasonable price.

An ideal output medium for such a word
processing system would be an IBM Selectric
office typewriter. Selectrics are moderately
expensive when compared to ordinary type-
writers ($630 to $830 depending on the
options chosen), but they are ubiquitous in
the office environment, produce very high
quality typed output, and can be used to
print in many different type styles simply by
changing the ball shaped typing element.
Special typeballs are available for printing
mathematical symbols and for the APL
character set (see “What is APL?"”, by Mark
Arncld, November 1976 BYTE, page 20).
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Unfortunately, the job of converting a
Selectric office typewriter is made somewhat
more difficult by the fact that (contrary to
popular belief) the Selectric mechanism is
entirely mechanical and not electronic in
nature. The only use of electric power in an
ordinary Selectric is for the motor which
turns the drive shaft and various gears and
cams. It is necessary to use solenoids to push
levers and “bails” in the base of the mech-
anism to achieve printing under computer
control. Similarly, contact switches must be
installed in order to use the keyboard for
computer input.

There is another alternative, however. A
variety of computer terminals and other de-
vices based on the Selectric mechanism are
becoming available on the surplus market,
often at a fraction of their original prices.
These machines have their own built-in sole-
noids or other means for mechanical control,
and present some sort of electrical or elec-
tronic interface to the outside world. The
simplest, most commonly available, and of-



Selectric Keyboard Printer

ten the cheapest of these are the Selectric
Input/Output Keyboard Printers, Models 73,
731, 735 and others. They were manufac-
tured by IBM, typically for use as O devices
in other companies’ computer systems. As
these systems have become obsolete, the Se-
lectric Keyboard Printers have found their
way into surplus channels.

As a business school student and experi-
enced user of computers, | have always
wanted to build a word processing system
around my own home computer. Hence |
seized a chance to acquire a Model 73
Keyboard Printer for $450 from the Com-
puter Warehouse Store in Boston. (These
units were sold out in a few weeks; | have
heard of prices ranging from $250 to $1500
through other channels, but as interest in the
units increases, their typical prices are bound
to rise.) Armed with a couple of old IBM
manuals provided by the Computer Ware-
house Store, | set out to accomplish what |
expected would be a straightforward inter-
facing process.

(Teaching KIM to Type)

This article is a report of my experience,
and a detailed description of the interface
which | built. Briefly, the interfacing proc-
ess, while simple in principle, was not at all
straightforward in practice. But it was suc-
cessful, even for such a mechanically inept
person and relative novice in electronics as
me. For about $50 in parts (including such
extravagances as a pretty cabinet and a $20
IBM connector to plug into the Selectric’s
peculiar 50 pin receptacle), and lots of labor,
| produced the unit shown in photo 1. It's
only an interface to the Selectric printer,
since I'm content to use my existing ASCI|
keyboard for input. It has its limitations, but
it works.

This, of course, is hardly the last word on
Selectric Keyboard Printer conversion.
As a BYTE reader, | would be delighted to
see information on mote comprehensive
interface designs, as well as actual experi-
ences with several of the units currently on
the market. Since most of them are sold on
an “as is" basis, these machines can bring
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Photo 2: A closeup of the
IBM Selectric ball mech-
anism on its moving car-
riage within the printer.
The Courier 72 ball shown
here s one of many
balls available with the
“Correspondence” coding
arranqgement.

you a lot of grief (read on). So it’s wise o
report on problems, and how you overcame
them.

The Selectric Mechanism

To appreciate what the interface must do
(and what can go wrong), it is first necessary
to understand basically how the Selectric
mechanism works. The typing element is a

Photo 3: This diagram, from the IBM manual number 241-5159-3, shows how
the various bails of the mechanism are connected in a lypical case. The IBM
manuals for the typewriter output unit are valuable reference materials and
can be obtained by calling your local I1BM office.
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golfball sized hollow sphere embossed with
up to 88 characters, arranged in four hori-
zontal rings of 22 characters each. Photo 2
illustrates the ball in its rest position in the
mechanism. All the lower case or unshifted
characters appear on the “western hemi-
sphere,” the side normally closest to the
paper. The upper case characters are in
corresponding positions on the back side or
“eastern hemisphere.” Pressing the shift key
causes the whole typeball to rotate 180°,
thereby allowing the upper case characters
to be printed. Hence, the actual typing
operation can select any of 44 characters,
four half rings of 11 characters each, with
five to the left and five to the right of the
center or “home” position on each ring. A
particular character is selected by causing
the typeball to tilt up or down and rotate
right or left; then the ball jumps forward to
strike the ribbon and paper. These move-
ments account for the peculiar “dancing”
motion seen when the Selectric is typing
continuously. The typeball is mounted on a
carriage which moves across the page, as
opposed to traditional pre-IBM typewriters
where the paper carriage moves and the
typing mechanism remains stationary.

The actual tilting and rotation of the
typeball is accomplished by an incredibly
complicated system of latches, pulleys and
levers which are driven by six moving
“bails,” or rods in the base of the machine.
Although we need not understand the de-
tailed mechanical linkages, we should
appreciate the roles played by these six



INTRODUCING THE COMPLETE
CHALLENGER SYSTEM.

OSI's DREAM MACHINE
is a totally integrated computer system.

Imagine a system complete with terminal, CPU, memory,
floppy disk, software, and all the little necessities to make it
work together immediately. Now imagine this complete system
available not only fully assembled, but priced much lower than
anyone else's kit. What you are dreaming of is OSl's “new"”
Challenger System!

In the configuration shown above, the Challenger includes
everything an end user needs for a complete small computer
system. All you add is 110 VAC power and a desk to put it on.

This fully-assembled system includes:

HARDWARE:

0S| Challenger 65 with 16K RAM, serial interface, system
monitor PROM, and floppy disk bootstrap PROM.

0S| Challenger single drive floppy disk formatted for 250K
bytes storage per diskette surface.

Stand-alone terminal and Sanyo monitor for 16 lines of 64
characters at 2400 baud (other terminal options are available).

And all interconnecting cables!

SOFTWARE:

2 diskettes containing over 100,000 bytes of software in-
cluding OSlI's powerful Disk Operating System with variable
length sectors. 6502 DISK BASED RESIDENT ASSEMBLER/
EDITOR! A totally interactive Assembler/Editor which as-
sembles up to 600 lines a minute and is completely compatible
with MOS Technology's Cross Assembler format. This program
also contains a powerful disk-based line editor with commands
for general text editing. OSI'S EXTENDED MONITOR: A power-
ful machine language debugging and utilities package including
a Disassembler which is format compatible with the Assembler!
0S1 6502 8K BASIC FOR DISK BY MICROSOFT: This powerful
BASIC has all the features of Altair” 8K BASIC for the 8080
plus higher speed and disk storage. And it comes complete
with a BASIC program library.

DOCUMENTATION AND SUPPORT:

We include over 600 pages of hardware, software, program-
ming, and operation manuals. The Challenger is based on the
well-proven OS| 400 system. The over 2,000 OSI| 400s and
Challengers now in use assure continuing hardware and soft-
ware support for this system for years to come!

EXPANDABILITY:

The Challenger System can now be expanded to 192K of
RAM and 16K of 1/O and ROM. There are over 13 accessory
boards including A/D, D/A, parallel and serial 1/0O, cassette
interfaces, a dual drive floppy, a video graphics display, several
RAM and PROM boards, and multiple-processor configurations.

APPLICATIONS:

The Challenger system is complete, fully assembled and
configured so that the Disk Operating System can be booted
in immediately on system power-up. Even a relatively inex-
perienced operator can have a complex BASIC program on-line
just seconds after the system is turned on. The ease of use,
high reliability, and large library of standard BASIC applica-
tions programs make the OS| Challenger System the first
practical and affordable small computer system for small
business, educational institutions, labs, and the personal
computerist.

PRICES:
Challenger System, complete as stated above with terminal

and monitor 5259900

As above without terminal. Specify RS-232 or 20ma loop
and baud rate $209900
IMPORTANT NOTE:

One of the most important features of the Challenger System
is that it is not really “new". OSI has been delivering the basic
circuitry of the Challenger since November 1975 and the floppy
disk since June 1976. The only thing new is the total integration
of the components as a complete, simple to use, fully-assem-
bled, small computer system.

For more free information and the address of the OSI
Computer Dealer or representative in your area, write fo:
0Sl; Dept. S; Hiram, Ohio 44234 or enclose $1.00 for the full
0S| catalog which contains kits from $134 and fully assembled
computers from $439.

Ohio Scientific Instruments

11679 Hayden Street, Dept. S, Hiram, Ohio 44234
Circle 40 on inquiry card.



moving bails. Two of the bails, referred to as
T1 and T2, are moved or not moved in one
of the four possible combinations to provide
the proper degree of tilt necessary to select
one of the four rings. Three more bails,
called R1, R2 and R2A, are moved or not
moved in various combinations to provide 1,
2, 3, 4 or 5 increments of counterclockwise
rotation, normally to select one of the five
characters to the right of center on the given
ring (as seen from above). Finally, when the
bail named RS is moved, the typeball rotates
90° clockwise so that the counterclockwise
movement provided by R1, R2 and R2A can
select one of the five characters to the left of
center on the ring. (When none of the rotate
bails is involved the center position on each
ring is selected.)

To print a particular character, then, we
need to know its position on the typeball
(which can vary from ball to ball), as well as
what combination of bail movements — T1,
T2, R1, R2, R2A and R5 — will take us to
that position. Figure 1 presents the “coordi-
nates” of each character in terms of the six
bail movements for the two most common

i BCD?]
typeballs,

and “Correspondence” encoded

The Keyboard and Print Magnets

In an ordinary Selectric typewriter, the
keys are mechanically linked to the various
bails, as shown in photo 3. Striking a key
depresses an “interposer’ bar with a particu-
lar combination of fingers which arrest the
motion of some of the bails. The interposer
also moves a “cycle bail” which releases the
drive shaft and allows it to turn 180°, On
the drive shaft are a number of cams which
control the series of movements necessary to
print a character, as selected by the tilt and
rotate bails. At the end of the cycle every-
thing is back to normal, waiting for another
key to be struck.

In a Selectric Keyboard Printer, the tilt
and rotate bails are also mechanically linked
to six electromagnets. The magnets pull
down armatures which otherwise would
arrest the motion of the bails. To print a
character, some combination of the six
magnets must be energized, the particular
tilt and rotate “code” for that character as

character arrangements, the ones used on the found in figure 1. In addition, something
TYPEHEAD LAYOUT
T — #s = Tilt latches active
R —#s = Rotate latches active
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] = Home Position of Ball
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Figure 1: The graphic fonts of the BCD and Correspondence typewriter codes. The location of each character on the Selectric
ball is described by a unique combination of case, tilt and rotate commands. The upper case versus lower case choice is made by
a mechanical latch set up before printing, so the chart is broken down into two main sections for each code. The home position
of the typeball is flagged in each case by a color shading. The binary command information for each matrix position is given by
the rows in the center labeled “ROTATE" and the columns at the right labeled "TILT.” Thus, to form the Correspondence code
for the letter S, the tilt command bits are 01, and the rotate command bits are 0110 for a tilt rotate command code of 010710
to be used in the format described in figure 7.
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SATISFY YOUR APPETITE

FOR COMPUTER
KNOWI-ED GE SAMS COOKBOOKS

Send for the cookbooks and
manuals described. Increase
your knowledge of minicomput-
ers, microprocessors, computer
technology, related computer
circuits and peripheral equip-
ment. Be satisfied or your

money back.

.'-" i
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How To Buy & Use
Minicomputers

& Microcomputers

By William Barden, Jr.

This manual gives you the
basics of minicomputers and
microcomputers. Explains

their hardware and software,
the peripheral devices available

and various programming languages
and techniques. Allows you to decide which
system is best for your needs. 240 pages:
softbound. No. 21351 §9.95

Microcomputer Primer

By Mitchell Waite and
Michael Pardee

Written for the beginner in the
computer field. All the basic
concepts and characteristics
of microcomputers are
explored. The easy to under-
stand language prepares you
for further study. 224 pages;
softbound. No. 21404

§7.95

CMOS Cookbook

By Don Lancaster

Your complete guide to the
understanding and use of
Complementary Metal-Oxide-
Silicon integrated circuits.
Gives usage rules; power
supply design examples;
applications; information on

breadboards, testing, tools,
and interface. Detailed
coverage of logic and more.

416 pages; softbound. No. 21398 $9.95

The Big CMOS Wall Chart 35" x 23"
Big, readable wall chart provides essential
information on CMOS devices. No. 21399 $2.95

Computer Dictionary and
and Handbook

By Charles J. Sippi &
Charles P. Sippi

At your finger tips you have
more than 22,000 definitions,
acronyms, and abbreviations
dealing with the field of data
processing. Also 13
appendices cover a myriad of
computer related subjects.
784 pages; hardbound. No.
20850 $19.50

TTL Cookbook

By Donald E. Lancaster
You'll discover what
Transistor-Transistor Logic is,
how it works and how to use
it. Discusses practical digital
applications. You'll learn to
build TTL systems that
entertain, test and train. 336
pages; softbound No. 21035
$8.95

User's Guide fo TTL (Wall Chart) 35" x 23"
Shows you needed information on TTL
devices at a glance. No. 20180 $2.50

CLIP OUT

TV Typewriter Cookbook

By Don Lancaster

Your comprehensive guide to
low cost television display of
alpha-numeric and graphics
data for microprocessor
systems, word processing, TV
titling and video games.
Covers configurations,
memories, keyboards,
technigues and much more.
256 pages; softbound. No.
21313 $9.95

Send your order
Today!

Send books and/or wall charts checked below,

§

enclosed*. | understand that, if not

completely satisfied, | may return my order
within 10 days for a full refund.

[] 21351 [ ] 21399 [ ] 21080 [ ] 20969

[l

[7] 21398 [ ] 21035 [ ] 21168

*Include sales tax where applicable.
Canadian prices slightly higher.

21404 [ ] 20850 [ ] 21313 [] 20715

®

Active-Filter Cookbook

By Don Lancaster

Dynamic coverage of active
filters. What they are and how
to use them. Learn to build
and apply them to audio
equalizers, speech therapy,
psychedelic lighting and more.
240 pages; softbound.

No. 21168 $14.95

NAME please print
ADDRESS
CITY
STATE ZIP
EJ630
Howard W. Sams & Co., Inc.

4300 West 62nd Street
Indianapolis, Indiana 46206

Circle 282 on inquiry card.
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IC Op-Amp Cookbook

By Walter G. Jung

Now one book gives you
in-depth exposure to IC op
amps. Covers theory and over
250 practical circuit applica-
tions. 592 pages; softbound.
No. 20969 §12.95

RTL Cookbook

By Donald E. Lancaster
You will learn the how and
why of Resistor-Transistor
Logic. Obtain useful design
information and many digital
applications. 240 pages;
softbound. No. 20715 $5.75



Tilt Rotate Bails

Drive Shaft ——————

Photo 4: A detail of the
underside of the Selectric
Keyboard  Printer with
housings removed. The
overlay shows several of
the key points such as the
location of various mag-
nets, the switch contacts
and interconnection
receptacle.

Keyboard
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Print Magnets

R5

50 Pin Receptacle

must actuate the “‘cycle bail” to start the
printing process. Hence a trip mechanism is
provided which moves the cycle bail when-
ever any of the armatures is pulled down.
However, there is one character on each
hemisphere which should be printed when
none of the magnets is energized, for the
code 000000. Hence the trip mechanism is
connected to a seventh magnet, called
“check,” which provides an odd parity
function for the other six magnets. It is
energized whenever necessary to ensure that
the total number of magnets energized is
odd. Thus the check magnet is energized on
the code 000000, and this serves to actuate
the cycle bail. (I didn't realize this when
building my interface, so | can’t print those
two characters yet. Don’t make the same
mistake!)

Besides the print magnets, there are a
number of other magnets and armatures
inside the Keyboard Printer which control
special functions such as space, backspace,
tab, carriage return, index (ie: advance paper
without returning), ribbon shift, and upper
and lower case shift. Many of these magnets
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Keyboard Lock

Solenoid

Upper and Lower
Case Shift

Maagnets

Control Magnets

(tab, backspace, index, space, carriage return)

can be seen in photo 4, which exposes the
underside of the machine and outlines the
positions of many components. The upper
and lower case shift magnets are latching,
and hence they lock the machine into the
new case until the opposite magnet is ener-
gized. Note that the operator cannot shift
the machine back into lower case when the
upper case magnet is latched! By Murphy’s
Law this is bound to happen whenever you
are testing the interface, but it can be
remedied by fooling around with the shift
cam at the end of the drive shaft.

No electric power is provided for any of
these magnets inside the Keyboard Printer,
but the coil connections are brought out to
the 50 pin receptacle at the back of the
machine. The magnets are rated for 43 to
53 VDC at 125 to 300 mA, applied for at
least 10 ms in order to pull down the
armatures and cause the desired action.

Switch Contacts

The other major addition to the basic

Continued on page 133



IS YOUR DOLLAR BUYING
AS MUCH POWER & FLEXIBILITY
AS TDL’S XITAN SYSTEMS PROVIDE?

... the best CPU board I've pul together. .. excellent parts.. .
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Seattle, Wash.
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“Very impressed with superb quality.” ..ol SK-L

Boston, Mass.

e g When we combined our highly praised ZPU board and our System Monitor Board, we

A T defined the standard for the industry; we integrated more power and flexibility in two slots of

/ ﬁ our motherboard than most other systems can muster using five or more boards. When we

e &\ L put this setup into our rugged aluminum case we created the first XITAN system, the alpha 1.
‘{"3 E&'i 'jfl]' 3 I By adding a CRT terminal and/or teleprinter you will have a complete computer system.

j" L KIT: $769 ASSEMBLED & TESTED: $1039

By adding a 716 memary module and our PACKAGE A software to lhcalpﬁa 1 we created a

® second XITAN system, the alpha 2. Thus, a complete and extremely poweriul micro-computer
system emerges well worthy of you who are operating at the most sophisticated levels. The

l A N XITAN alpha 2 provides you with 18K of RAM, 2K of ROM, 2 serial /O ports, 1 parallel 'O
] port, our 1200 baud audio cassette interface as well as our extraordinarily powerful software
package which includes 8K Basic, the Text Outpul Processor, the Zapple Text Editor and the
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and flexible micro-computer package ever offered,
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IF YOU ARE A BEGINNER, YOU WON'T EASILY OUTGROW THE XITAN SYSTEM.
IF YOU ARE AN ADVANCED USER, YOU WILL DISCOVER XITAN IS EXACTLY WHAT YOU NEED.
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Specify other arrangements if you wish. Prepaid orders are shipped postpaid. PRINCETON. NEW JERSEY 08540 (609) 921-0321
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Interfacing With an

Analog World—Part 2

Last month we discussed transducers and
amplifiers. These are necessary portions of a
signal processing system which result in
scaled voltages of, for example, 0 to 10V
corresponding to the original physical
parameter being measured. But how can we
convert these voltages into numbers inside a
computer for computation, and use numbers
from computations to control external
voltages? In this article we'll see how some
of the more common conversions are
accomplished. We'll start with digital to
analog conversion, even though this may
seem at first glance to be backwards. The
reason for starting with the output process is
that digital to analog conversion is simplest,
and that many analog to digital input
conversion techniques require a digital to
analog conversion as part of the process.

There are several techniques for making a
digital to analog converter (often abbrevi-
ated DAC). In most cases these converters
use some form of binary weighted current or
voltage summation that is controlled by the
digital word presented to its inputs. A
typical example is the classical R-2R
technique which is outlined in figure 1. The
active element A1 is an operational amplifier
of unity gain inverting follower configura-
tion. Although an amplifier of the 741
general purpose family will suffice in many
experimental situations, it is often better to
select one of the more costly premium grade
integrated circuit operational amplifiers. We
have shown the digital inputs of the circuit
in figure 1 as mechanical switches, a
configuration which is most useful in a
tutorial situation when teaching the concept
of the digital to analog conversion. In
practical digital to analog conversion applica-
tions the switches are electronic, and are
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controlled by some form of n bit binary data
source such as a counter or computer output
port.

A precision reference voltage source is
required as well, and for many commercial
and industrial system designs this will be a
precise 10.000...V. The accuracy of the
converter is largely dependent upon the
precision of the reference voltage. Although
any precise voltage regulator circuit may be
used for the reference, | have found in
laboratory instrumentation experience that
commercial products such as the REF-01C])
or REF-01H]J (for severe applications) work
quite well. In a homebrew experimenter’s
situation, where relaxation of tolerances is
quite normal, a simple zener diode reference
circuit will often prove quite adequate.

Now let’s consider the circuit in figure 1
in more detail. What happens when
various combinations are presented to the
digital input? Suppose that all the input bits
are in the low state, which means that they
are connected to ground by the electronic or
mechanical switches shown. The value of the
output voltage is given by the product 1R,
When all bits are grounded through the
switches, the input current to the amplifier
is zero, as can be deduced by tracing, noting
that there are no nonzero inputs to the
amplifier’s feedback node. (In practical
circuits, though, there may be some output
voltage under these circumstances due to
offsets in the operational amplifier itself.
These undesirable offsets may be nulled out
through an offset adjustment potentiometer
arrangement, RyypL in this circuit. See
some of the tutorial design books on
operational amplifiers for further elabora-
tion of this detail.)

If the most significant bit of the word is
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are effectively tied to ground. One end is the
real ground at the left, and the other end at
the feedback node of the amplifier is its
“virtual ground” for the signal.) The analysis
of the next most significant bit and the
remaining bits of the digital word is a bit
more complicated, but the result is what
might be expected. The bit controlled by S2
in figure 1 will contribute one fourth of the
reference voltage to the output of Al; the
bit controlled by S3 will contribute one
eighth of the reference voltage. And for
switch, or bit, n (where n starts at 1) the
contribution will be ERgp/(2").

Let us assume that we have an 8 bit
digital to analog converter of the type shown
in figure 1. The word at the input terminals
is 11001011 and the reference voltage is
precisely +10.000 VDC. What is the output
voltage? The following calculation, which is
easily generalized, shows how the value is
derived:

Ea=10X Lo 1og 0 0000 10 b 1
2l 92 3 4 55 96 47 48
<

Fraction Based on a Digital Word
Output

= (10/2) + (10/4) + (10/32) + (10/128) + (10/256) =
=5+ 25 + 03125 + 0078125 + 0.0390625
=793V

But use of amplifiers and resistors as shown
in figure 1 is hardly optimal in an age of
integrated circuits. A number of manu-
facturers offer convenient low cost 8 bit
integrated circuit digital to analog converters
that contain almost all of the electronics,
except possibly the ERgp supply and the
operational amplifier used for output voltage
conversion and level shifting. | have used
those by DATEL, Analog Devices and
Precision Monolithics with good results in
laboratory instrumentation. Experimenters
and designers will also find the parts in the
Motorola MC1408 family, as well as several
similar parts made by Signetics, to be quite
useful. For my examples in this article
I have selected the Precision Monolithics
DAC-08. | found this product easy to obtain
in low quantities (ie: one) through local
distributors.

Figure 2 shows the basic circuit for using
the DAC-08, along with two voltage
conversion schemes for its current outputs
of pins 2 and 4. The integrated circuit itself
contains the electronic switches, the resis-
tance ladder, a reference amplifier and the
current output buffer that drives pins 2 and
4. Two types of input are required to make
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Figure 1: A classical R-2R
network digital to analog
converter implemented as
a circuit diagram with
discrete parts and opera-
tional  amplifiers.  The
essentials of any digital to
analog  converter  are
present: a reference volt-
age  (two  alternatives
shown), a switched net-
work that creates a binary
weighted  current  con-
trolled by the swiiches,
and buffering and conver-
sion amplifiers to create a
voltage output which can
drive other circuits.
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Figure 2: While the circuit
of figure 1 could be
constructed, it is usually
more convenient to re-
place it with a monolithic
integrated circuit device
such as the DAC-08 part
by Precision Monolithics,
which is used for this
illustration. The integrated
circuit contains all the
components of the R-2R
network of switches and
buffering amplifiers. It still
requires an output conver-
sion circuit (two variations
shown) and a reference
voltage. Because the R-2R
network is an integrated
circuit, this form guar-
antees the highest possible
accuracy with none of the
extra bother of hand
wiring a circuit as in figure
1.

this digital to analog converter do its work.
One is the reference current, IR thru pin
14. This current can be generated by a
precision voltage reference (see figure 1) and
a precision low temperature coefficient
resistor in the ideal cases. (For low precision
applications, ordinary resistors will work just
fine.) For the configuration shown in figure
2 and a reference potential of 10V, this
resistor should be precisely 5000 ohms, a
number which is derived from the docu-
mentation of the DAC-08.

The second major type of input to the
converter is the 8 bit digital word that is
applied through pins 5 to 12. In the notation
of figure 2 and throughout this article, the
bits are numbered from 1 (most significant)
to 8 (least significant). Bit 1 of the DAC-08
package is wired to pin 5, with bits 2 thru 8
wired to pins 6 thru 12. The logic levels at
the inputs are the usual TTL levels, with a
low voltage (approximately 0 volts) sig-
nifying a logical 0, and a high voltage
signifying a logical 1.

One of the output conversion circuits
shown in figure 2 is a simple unipolar
conversion which uses two resistors and no
operational amplifier. With this conversion,
the formulas discussed in figure 1 apply
except for the fact that the voltage is
negative with respect to ground. When the
input word is binary 00000000, then the
output of the converter system is 0.00 V.
Half scale (—5 V output) is given by an input
word of binary 10000000, and full scale
output occurs when the input word is binary
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11111111, The output under full scale
conditions will not be 10V, but approxi-
mately 9.96 V. This slightly unexpected
condition is due to the mathematics of the
switching network. Evaluating the formula
for the conversion given earlier, with a
reference of 10V and a binary 11111111
digital value, we find:

Eout = 10X (255/256) = 9.96 V

Also shown in figure 2 is an output
circuit which uses an operational amplifier as
a level shifter and voltage conversion device.
Wired with the components shown, this
amplifier connected to the DAC-08 gives a
gain of 2 and shifts the generation of output
levels to a symmetric bipolar range of —9.96
to +9.96 V. Note that it is impossible to get
an exactly zero voltage in this case, since the
256 possible states are split symmetrically
about zero. If the level shifting reference
resistor Ry g were adjusted slightly off the
5K wvalue, the voltage range of the
conversion could be pulled slightly (ie:
0.04 V) positive or negative so thata true zero
would be possible for one of the binary
states. There are other possibilities for the
output conversion circuits and as in any
design situation, a little bit of imagination
always comes in handy. [Readers looking for
more examples of typical applications
should consult the applications notes of the
various manufacturers. Of particular use is
the excellent specification sheet and applica-
tion notes on the MCI1408 DAC, published
by Motorola . .. CH]



Analog to Digital Conversions

With the concept of a digital to analog
conversion covered, it is now possible to
consider the opposite case: conversion of
measured voltages from the sensor preampli-
fiers into numbers which can be processed
and used by a computer. Of the many
techniques which are available for per-
forming analog to digital conversions, we
will only consider the details of integration,
counter (or ramp), and successive approxi-
mation methods here. These are the simplest
and most universal methods.

One of the basic parameters to be
considered when talking about any analog to
digital conversions is speed. This is not a
major consideration in the output problem
already discussed, since digital to analog
current output conversions essentially take
place at the switching speeds of digital logic,
and are then limited only by the final
operational  voltage output amplifier’s
response. In the input case, however, some
form of approximation cycle which con-
verges upon the digital value is required; asa
result, the conversion can be somewhat
slower,

Integration Methods

At the slow end of the analog input
conversion spectrum is the integration
method, This is the type of conversion
which is typically used in digital panel
meters and similar instrumentation. These
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can be useful in cases where you might
mount the digital panel meter or multimeter
in a system, both as a readout mechanism
and as a measurement conversion device.
Many such instruments offer parallel digital
outputs on their rear panels, along with
control and strobe lines. The appeal of this
approach often is affected by two character-
istics: relatively slow conversion speeds and
binary coded decimal (BCD) encoding
directly taken from the displays. The
relatively slow conversion rates become a
problem when looking at signals other than
“slowly varying DC levels” of very low
frequency sources. The coding character-
istics may in fact be optimal for many
computational schemes in a computer
program, but it can be a nuisance if one
attempts to use such a meter in a binary
oriented hardware system. The typical “*dual
slope” integrator used in these digital panel
meter circuits is illustrated in figure 3.

The dual slope conversion circuit consists
of five basic sections: an integrator, a
comparator, a control logic section, a binary
counter, and a reference current or voltage
source. The integrator consists of an
operational amplifier connected with a
capacitor in a negative feedback loop. This
capacitor is charged by the operational
amplifier output voltage. The input to the
integrator is taken from either the analog
input or the reference source. The com-
parator is made with an operational
amplifier that has an open feedback loop.

COMPARATOR

OVERFLOW ‘

BINARY

CLOCK [ >———

—

COUNTER | —

EoC
> (enp oF conveRsion

Figure 3: Analog to digital
conversion by the dual
slope integration method
is often performed by slow
devices such as digital
panel meters. This method
works through an analog
integrator and a counter,
The integrator has switch-
able inputs. It first inte-
grates the incoming signal
for a specified time inter-
val. Then it counts the
time necessary to linearly
discharge the charge just
accumulated with a known
slope. The result is a count
which is proportional to
the voltage which drove
the integrator during the
charging time.
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Figure 4: The ramp or
counter method of analog
to digital conversion s
straightforward: A counter
is initially zeroed and then
allowed to count upwards
until  its binary code
through a digital to analog
conversion creates a volt-
age greater than or equal
to the input voltage.

This makes its gain very high. If the two
input voltages are not equal, then the
operational amplifier output is high or
saturated. In this case the comparator is
ground referenced and uses just one active
input.

When a START command is received the
control circuit resets the counter to
00000000, resets the integrator to 0V
output (discharges C), and sets switch S1 to
the analog input. The analog voltage creates
an input current to the integrator which
causes the integrator output to begin
charging capacitor C. This means that the
output voltage of the integrator begins to
rise. As soon as this voltage rises a few
millivolts above ground the comparator
output snaps high. The high comparator
output causes the control circuit to trigger
the counter, which begins counting clock
pulses. The counter is allowed to overflow
and this outputs an overflow bit. This bit
changes the state of switch S1. The graph in
figure 3 shows the integrator charging during
the interval between START and the
overflow of the binary counter (tg to t1). At
time tq the switch changes the integrator
input from the analog signal to a precision
reference source. Also, at time ty, the
counter has overflowed and again it has an
output of 00000000 (maximum count + 1 is
the same as the initial condition). It will,
however, continue to increment so long as
we have a high comparator output.

The charge accumulated on capacitor C
during the first time interval is proportional
to the average value of the analog input
voltage between tg and tq.
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Capacitor C is discharged during the next
time interval (t; to tp). When C is fully
discharged the comparator will see a ground
condition on its input and again it will
change state to make its output low. This
causes the control circuit to stop the counter
but does not reset the counter. The binary
word at the counter output at the instant it
is stopped is proportional to the average
value of the analog waveform over the
interval ty to t7. An end of conversion
(EOC) signal is generated to let the
microprocessor or other system know that
the output data is stable, valid and ready for
use. The speed limitations are based on the
requirement for an accurate and stable
analog integrator, and the need to average
the input signal over a long cycle.

Counter (Ramp) Analog to
Digital Conversion

A counter or ramp type analog to digital
conversion circuit is shown in figure 4. Here
we find a voltage comparator, a digital to
analog converter with voltage output, a
binary counter, and necessary digital control
logic. Here is how the conversion works:

When the START command is issued by a
control system (for example, a computer
output port) the control logic resets the
binary count to 00000000 and enables the
clock input to the counter, which begins
counting upwards at the clock rate. Since
the counter outputs set the voltage level out
of the digital to analog converter, the DAC
generated voltage to the comparator will
begin to rise. As long as the analog input
voltage is greater than the reference voltage
generated by the digital to analog con-
version, the state of the comparator output
will enable counting via the control logic.
However, when the rising reference level
finally equals or exceeds the input voltage
for the first time, the comparator output
state will switch and stop the counter. At
this time, the output of the counter can be
read by the computer or other system, and
represents the value of the analog input
voltage. If the counter and digital to analog
converter are both eight bits, the number in
the counter will represent from 0
(00000000) to 255/256 times the digital to
analog converter’s reference voltage level.
The conversion time of this algorithm is
proportional to the voltage being measured.

Both the dual slope integration technique
and the counter technique discussed thus far
take far too long for many applications. On
the order of 2" clock cycles are typically
required where n is the number of bits
involved. Conversion time becomes critical
in an application when the frequency
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response must be high and a faithful
reproduction is required. (For reference,
consult textbooks in electrical engineering
concerning the ‘‘sampling theorem” and
Nyquist’s criterion that says we must have a
sampling rate of at least twice the highest
frequency that is to be recognized, if a
faithful reconstruction of the signal is to be
achieved.)

Successive Approximation

In programming and software design, we
often find use of a “binary search”
stratagem instead of a flat out sequential
search when trying to speed up the process
of finding an item in a table. This same
approach is just as applicable in hardware,
where the ‘'successive approximation”
technique of analog to digital conversion
provides a much higher speed of conversion
than the sequential counting methods
discussed so far. The successive approxi-
mation technique typically requires only
n+1 clock cycles to make an n bit
conversion, and its hardware is no more
complex than that of the dual slope or
counter methods.

The successive approximation converter,
shown in figure 5, consists of a comparator,
control logic, a shift register with output
latches for this form of conversion, and a
voltage output digital to analog converter.

When a START command is issued to the
converter circuit, it loads a binary 1 value
into the most significant bit of the shift
register, which in turn sets the most
significant bit of the output latch. This sets
the output of the digital to analog converter
to half scale. In true binary search strategy,
if the input voltage is less than the reference
output provided by this half scale setting,
the most significant bit is cleared from the
latch on the next clock pulse; otherwise, the
most significant bit is left unchanged at the
next clock pulse. Then the internal shift
register of the successive approximation
register unit is shifted so that its single high
level bit is opposite the next most significant
bit. Again, the output register is modified,
this time so that bit 2 is set to 1 for the trial
measurement. This bit has a value of one
fourth of the total voltage range, which is
added to the half range or zero value still
latched from the first measurement. At the
next clock pulse, if this new trial value to
the comparator is greater than the input
value, the 1 bit is latched in the successive
approximation register; otherwise a 0 bit is
inserted at the current position. This process
continues with successively less significant
bits until the shift register overflows
indicating that the last bit has been tested.
Some forms of this conversion have control
logic to detect an equality condition and
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EOC
(END OF CONVERSION)

Figure 5: The successive
approximation — method,
here illustrated with a
practical circuit, uses a
binary search strategy. The
most  significant  bit is
tested first, then the next
most significant bit, and so
on down the line until all
n bits have been tested. If
at each stage the contri-
bution of the selected bit
causes the trial approxi-
mation output from the
converter to exceed the
input value, the bit will be
stored as a zero. After all n
bits have been lested, the
result is an n bit binary
representation of the volt-
age of the input.

Continued on page 62



Ask BYTL

BRITISH COMMENTARY

As one of the relatively small number
of personal computing addicts in
England, I'm very impressed with the
rate at which the field is growing in
popularity on the other side of the
Atlantic. I've been subscribing to BYTE
for the past six months and | promise it’s
always made fascinating reading, | wish |
knew where in this country one could
lay hands on any issues before last
August's, (Hint, anybody?)

The advertisements are fascinating,
too. Anybody considering purchasing
any sort of system is almost forced to
import it from the USA. My query is
about TV displays that most of these
systems use, Naturally, they're designed
for American TV standards, which
differ from British ones. We have 625
interlaced lines per frame, repeating at
25 Hz. Is it, in general, possible to
modify an American TV display device
to work with a British TV? Or is all the
timing generation usually performed in-
side a special chip? Might | have more
success if | tried to modify a TV instead?
| know rather more about TTL logic
than about televisions, but I'm game to
learn if necessary. Otherwise, if the
answer to all these questions is no, then
the temptation to come and live in the
States is going to be almost unbear-
able . ...

| look forward to every issue of your
magazine; I'm only sorry that | dis-
covered it so late. Best wishes for the
successful future that you deserve.

Guy A Burkill
Corpus Christi College
Cambridge CB2 1RH ENGLAND

Are there any other British readers
who have experienced the problems of
interfacing American video generation
logic to European television designs?
Some firsthand knowledge of the subtle-
ties to be found would be the best way
to answer Guy's query on that subject,

With regard to back issues of BYTE,
there are none left, However, much of
the editorial content is now available in a
book titled Best of BYTE edited by
David Ahl, publisher of Creative Com-
puting, This book contains reprints of
numerous articles from the first 16 jssues
of BYTE, September 1975 thru Decem-
ber 1976.%

SACRED BUSES

| am very curious about something.
What is sacred about the Altair bus as
opposed to others? Would it not be
possible to install a peripheral designed
for the Altair scheme to, for example, a

Digital Group or Southwest Technical
Products bus? | am confused on the issue
since it seems to me that, functionally,
lines must correspond between the sys-
tems pretty well, Perhaps the answer lies
in the fact that the Altair bus was based
on the 8080 processor, which has some
unique 10 methods. Is that the problem?
Is it really a question of 8080 versus
other processor compatibility? | under-
stand why a manufacturer would want
to make plug compatible cards to the
Altair bus, but why couldn't a simple
conversion be available for any product?

J C Chirigos
1601 Kentucky NE
Albuquerque NM 87110

The main issue /s one of plug-in
compatibility, Whether you call il the
Altair bus, or, as used by non-MITS
suppliers, the 5-100 bus, the key to the
wide availability of the peripherals s
nominal compatibility at the hardware
level. Even here, there are occasional
clashes between various manufacturers
about the definitions of pins not origi-
nally assigned meanings in the Altair
definition of the bus.

At the detail level, a 100 pin bus
surely works, and in principal one could
talk to any other similar computer at
the memory and bus interface level sim-
ply by simulating all the signals which
would have been present an the bus in
fts Altair implementation. This is a guite
workable procedure, as demonstrated
by many products

True, the 10 structure of the 8080 is
unique, and there are some 8080 specific
features of the Altair bus as a result of
this and other characteristics of the
8080. But for the most part, the partic-
ular selection of the lines present on the
100 pin interface of the Altair bus is just
a reflection of discretionary choices on
the part of the designer(s) of the first
Altair within the framework of the gen-
eral design of a microprocessor with
16 address bits and eight data bits, =

SOME TERMINOLOGY

| have a problem.

First, let me give you some idea of
my background. | have spent 15 years in
the computer industry as an applications
programmer. | am fluent in BASIC,
FORTRAN, PL/l and APL. Now that |
have left the industry, | am getting
interested in recreational computing.

| have never been involved in logic
design or in the details of hardware, nor
do | feel that | want to get involved with
it now. | would not mind building a kit
provided that the instructions were of
the “put tab A into slot B" type.
However, when | read all the ads and
literature furnished by the various manu-
facturers, |1 have the following problem:
What are you all talking about?

| thought | knew what “read only
memory” was. Now | come across “pro-

Continued on page 67
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BUY YOUR
COMPUCOLOR 8001
FROM THESE
DEALERS.

ARIZONA
Phoenix:

Tempe:

Thseson:
CALIFORNIA
Lawndale:
Orange:

San Diego:
San Francisco:
San Jose

San Jose:

Van Nuys:

CONNECTICUT

Windsor Locks:

FLORIDA
Coral Gables:

Tampa:

GEORGIA
Atlanta;

HAWAII
Honolulu:

ILLINOIS
Champaign:
Evanston:
Park Ridge

INDIANA
Indianapolis:

MARYLAND
Reckville

Phoenix Byte Shop West
12654 N, 28th Dr.
‘Tempe Byte Shop East
813 N. Scottsdale Rd
Byte Shop of Tucson
2612 E. Broadway

Byte Shop of Lawndale
16508 Hawthome Blvd.
Computer Mart of Los Angeles
625 W, Katella, No. 10
The Computer Center
H205 Ronson Rd.

The Computer Store
1093 Mission St.

Amco Electronics

414 5, Bascom Awe,
Byte Shop

155 Hlossom Hill Rd
Computer Components
5848 Sepulveda Blvd,

‘The Computer Store
63 5. Main St

Sunny Computer Stores
1238A 5. Dixie Hwy,

Microcomputer Systems
144 5. Dale Mabry Hwy.

Atlanta Computer Mart
50918 Buford Hwy,

Compact Computers
PO, Box 10086

The Numbers Racket
SR E Green 51,

Ity Bitty Machine

1316 Chicogo Ave.
Chicago Computer Store
157 Talcott Rd.. Hwy. 62

Home Computer Shop
10447 Chiis Dr.

Computer Workshop. Inc
5708 Frederick Ave.

MASSACHUSETTS

Burlington:

MICHIGAN
Troy:

MINNESOTA
Minneapolis

MISSOURI
Kansas City:

NEW JERSEY

Iselin:

NEW YORK
East Meadow:
New York:

OHIO
Columbus:

e Computer Store
120 Cambridge St.

General Computer Company
2017 Livernois

Cost Reduction Services
3142 Hennepin Ave. So.

Computer Workshop of Kansas City
G903 Blair R,

The Computer Mart
501 Route 27

‘The Computer Mart of Long Island
2070 Front St

‘The Computer Mart

314 5th Ave,

Computervision
H94 W. Broad 51

SOUTH CAROLINA

Columbia:

TEXAS
Houston:

Richardson:

SHINGTON

Byte Shop
2018 Greene St

Communications Center
7231 Fondren

‘The Micro Store

634 5. Central Expressway

Retail Computer Store
A0 NE 72nd St

(602) 942.7300
(602)894-1129
(602) 3274579
(213 371-2421
(714)633-1222
(714} 2925302
(415043 1-0640
(408) 998-2828
(408) 226-8383
(213) 7867411

(203) 6270188

1305) 661-6042

(813) 8794301

(404) 4550647

(8(18) 373-2751

(2171 352-5435

(312) 328-6800

{312) 8232388

(3171 894-3319

(301) 4684455

(617) 272-8770

(313) 3620022

(612 8222119

(§16) 741-5055

(201 ) 283-0600

1516) 7940310

(2123 279- 1048

(614) 2282477

(B0 7717824

(713) 7749526

(214) 231-1096

(206) 524-3101

WISCONSIN
Beloit: Austin Computers (608) 365-6096
1835 Northgate
Watertown: General Precision Electronics (414) 261-8148
207 Rhine St.
(-]
Compucolor Corporation

Circle 38 on inquiry card.



NOW $2750.

AMERICA'S LOWEST-PRICED
PERSONAL COMPUTER SYSTEM
WITH COLOR VECTOR GRAPHICS.

By taking advantage of the
new technologies available to
the industry today, we've con-
sistently been able to give you
one of the best prices on the
market. Now because of great
response, we can give you the
best price. You can now buy
the Compucolor 8001 for the
reduced price of $2750. A com-
plete stand-alone system with
expanded graphics software
for plotting points, vectors and
bargraphs on a 160 x 192
addressable grid —in color.
Eight independent background
and foreground colors.

The Compucolor 8001 has
an Intel 8080 CPU, 34 1/0
ports and a color display with
an effective band width of 75
MHZ compared to 5 MHZ for
standard TV sets. In fact the
Compucolor is the only totally
integrated system on the mar-
ket which includes a color
display. You can also have spe-

cial options for the Compucolor

8001 right now, including: Mini
Disk Drives for extra memory,
light pens and a variety of
special keyboard features.
BASIC 8001 Is Easy To Learn.
Compucolor’s BASIC 8001 is

STEA TREX
"

CERFREOLEN

&=

a conversational programming
language which uses English-
type statements and familiar
mathematical notations. It’s
simple to learn and easy to use,
too. Especially when it comes
to intricate manipulations or
expressing problems more
efficiently. The BASIC 8001
Interpreter runs in ROM mem-
ory and includes 26 statement
types, 18 mathematical func-
tions, 9 string functions and 7
command types for executing,
loading, saving, erasing, con-
tinuing, clearing or listing the
program currently in core.
Expandable Memory To 64K.
The Compucolor 8001 has 11K
bytes of non-destructible read-
only memory which handles
the CPU and CRT operating
systems as well as BASIC
8001. Sockets are in place for
an additional 21K of EPROM/
MROM memory. The Random
Access Main Memory has 8K
bytes for screen refresh and
scratch pad, 8K bytes for user
workspace and room for 16K
bytes of additional user work-
space. The Compucolor also
comes complete with a conve-
nient mass storage device,

LSRR

Floppy Tape Memory. It’s an
8-track continuous loop tape
system, with a Baud rate of
4800 and an extra storage
capacity of up to 1024K bytes
per tape.

Color Graphics At
Alphanumeric Black And
White Prices.

That’s what we’re becoming
famous for, and thanks to the
tremendous response to the
Compucolor 8001, we've been
able to reduce our price even
lower —to $2750. Look over
our dealer listing on the adja-
cent page for the dealer nearest
you. Then drop by for a dem-
onstration. And while you're
checking out the Compucolor
8001, check out your dealer’s
financing plan. He can help you
turn a good deal into a good
deal more.

Compucolor Corporation,
P.O. Box 569, Norcross,
Georgia 30091.

Compucolor Corporation
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stop the conversion ahead of overflow, but
the worst case time is the n+1 clock pulses
for n bits mentioned earlier. Figure 6 shows
the sequence of voltages presented to the
comparator by a 6 bit successive approxi-
mation algorithm, as compared to a 6 bit
counter conversion algorithm to show the
time savings of this method.

In the circuit of figure 5, the comparator
is shown as the Precision Monolithics
CMP-01C device, although faster conversions
may be possible if a higher speed Advanced
Micro Devices AM686 comparator is used
instead. The Advanced Micro Devices
AM2502 integrated circuit, which was
designed for this successive approximations
conversion application, contains everything
needed for the logic described verbally
above, except the digital to analog converter
and the comparator. Other companies go
even further with integration of the input
conversion.  Precision  Monolithics, for
example, makes an AD-02 circuit which
contains all the complete 8 bit analog to
digital conversions. It is relatively expensive,
but its cost can often be justified by its
utility and ease of use. It has a respectable
conversion speed and has several input
options that can accomodate analog voltage
ranges of 0 to 5V, 0 to 10V, —2.5 to
+25V, —5to+5V,and —10 to +10 V.

DAC

OUTPUT VOLTAGES

—

INPUT VOLTAGE

Software Approaches. . .

As noted earlier, the software of a
microprocessor can often implement the
algorithms of digital to analog conversion.
This is especially so with the successive
approximation algorithm, since its inherent
speed makes up for some of the slow facts of
life concerning programmed execution. To
rig a software approach to the problem, we
need a digital to analog converter attached
to an output port, an input comparator
which drives one input line, and the software
of successive approximation (or other
methods for that matter). In this case, the
successive approximation shift register is
variable in a program, the output latch is an
output latch connected to the DAC device,
and decisions are made based on the single
bit input. A previous article in BYTE [see
“Microprocessor Based Analog/Digital Con-
version,” by Roger Frank, page 70 of May
1976 BYTE] discussed both the ramp
(counter) and successive approximation
methods described here, but showed how to
implement them in software.

Whether the approach taken is that of
pure hardware or software aided designs,
adding analog input conversions to a per-
sonal system can expand its capabilities to
cover many interesting real world control
and measurement problems.m

1
L

REFERENCE DAC

OUTPUT VOLTAGES

|
SUCCESSIVE

TIME—=

APPROXIMATION METHOD
BECOMES READY

COUNTER METHOD
BECOMES READY

Figure 6: Comparison of the successive approximation method with the ramp method of conversion for a 6 bit value. (Six is
chosen for purposes of this illustration.) The successive approximation method takes a mere six cycles of testing to arrive at the
best value, where the ramp method has to count up to the number which matches the input and causes the conversion to
terminate. The ramp takes 44 cycles here, versus six for the successive approximation method.
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Personal Computing & the

It's happening at the Dallas Convention Center
<% Big Plans for “Big D"

*

Innovation and relevance are key words for the 1977 National Computer Conference, the
first NCC ever held in the Southwest and the year’s largest gathering anywhere of
data processing users, computer professionals and computer hobbyists. More than
25,000 people are expected to gather in Dallas for a conference program of more
than 100 sessions and the year’s largest display of computer hardware, software, sys-
tems and services—plus the first National Programming Contest and a series of out-
standing Professional Seminars.

Largest Computer Exhibits Ever

More than 300 major hardware and software companies will pack 1,143 booths
into the Dallas Convention Center’'s modern 200,000-square-foot main hall—sur-
passing the all-time exhibit record set at the 1969 Fall Joint Computer Conference in
Las Vegas. Additional space for the Personal Computing Fair & Exposition is on
the next level for a totally separate exhibit by commercial producers of Personal
Computing hardware and software.

For computer professionals and hobbyists with a need to know, the 77NCC offers
a unparalleled opportunity to make close-up evaluations and comparisons of the
latest in computer hardware and software, systems and service . . . with many of the
offerings scheduled to be shown for the first time.

Headquarters Hotel

Personal Computing headquarters for the 77NCC will be at the Holiday Inn in
downtown Dallas. Low-cost housing also will be available at Southern Methodist
University. For information about NCC’s Deluxe Travel Service, which can take
care of all travel and housing reservations for you in one neat package, contact
77NCC, c/o American Federation of Information Processing Societies, Inc., 210
Summit Ave., Montvale, N.J. 07645, 201/391-9810.

I e L i = e e e ]

Registration Information!

For registration al the conference:
[] Full four-day registration for

program, exhibits, Proceedings $75
[] Student registration, as above,

without Proceedings $10

[] One-day registration, program
and exhibits only $25

[] Four-day registration, exhibits only ~ $25

[] One-day registration, exhibits only ~ $10

[] Proceedings only: members $30;
non-members $60

[] Professional seminars, each $30

Checks should be payable to 1977 National
Computer Conference for the exact amount
only. Purchase orders will not be accepted.

BRI i N Y s |



Great Computer Roundup

during the 1977 NCC, June 13-16

Personal Computing Fair & Exposition

The fast-growing field of Personal Computing will share the national spotlight in
June, when the 77NCC will recognize the dynamic growth and promise of the field
with the Personal Computing Fair & Exposition. In addition to the commercial
exhibits of Personal Computing manufacturers, dynamic displays and demonstrations
of non-commercial individual and group-owned projects will be featured at the
Dallas Convention Center. The success of other hobbyists can give you new ideas
for your own systems, “how-to” tips and dozens of clever solutions to everyone’s
problems. You might even find a joint-venture partner with a kindred spirit. More
than 100 non-commercial small computing systems are expected, featuring hardware
and/or software implementations, games, recreation, music, art, amateur radio,
scientific, miscellaneous and general applications. Prizes and awards will be given
in all categories.

Personal Computing Program

Two full days of panel sessions on June 15 and 16 will provide an in-depth look at
Personal Computing: Past, Present and Future; The Future of Retail Computer Stores;
Hardware of the Computer “Hobby” Market; and Personal Computing Software.
Leaders in the Personal Computing movement will appear on each of the panels
to let you know the latest developments in the field, point out trends you’ll need
to be aware of —and answer your questions.

Special Interest Sessions

In addition to the panel sessions, special interest groups will be able to gather
informally for “how-to” programs on building a kit, debugging software, using
assembly language, 1/0 interfaces, cassettes and disks, software standards and
so on, into the night. If the special interest group you want is not organized when
you get there, we’ll do our best to help you get one started!

National Club Congress

Is a national personal computing association needed? If it is, what does it do, how
does it do it, and who does it? To find out what’s happening—pro and con—club
reps from across the nation will gather to exchange ideas and discuss issues related
to club activities and programs. Make certain your club sends an official delegate
who can speak for you and vote vis-a-vis a national organization, establishment of
national hardware/software standards, a national program library and interchange,
educational seminars, meetings, ad infinitum.

1977 NATIONAL COMPUTER CONFERENCE
Dallas Convention Center « June 13-16



77NCC: The Great Computer Roundup

*

* % X X X %

A record-setting roundup of the latest trends and developments in computing and
data processing will be offered at the 1977 National Computer Conference, the first
ever held in the Southwest. As a vital learning experience for people whose business,
professional or personal activities relate to information processing technology and
techniques, it will encompass 89 technical program sessions, 11 professional sem-
inars, the largest computer exhibit ever held and many other special events.

Timeliness and pertinence are key elements in the program, which will analyze
latest developments and applications in computer science and technology, cost-
effective computer usage, management concerns and public policy issues. A series
of briefings and panel discussion will cover practical, up-to-date information
important to effective management and professional development. Throughout,
emphasis will be on personal interaction and the exchange of ideas.

Underscoring the importance of NCC as a learning experience, the professional
seminars will offer topics from system development and database technology to
networking, planning and computer usage. Each will be covered in a comprehensive,
one-day mini-course conducted by a nationally recognized authority.

77NCC will Fay special attention to the fast-growing field of Personal Computing.
Included will be two full days of program sessions, a Personal Computing Fair, a
Personal Computing Exposition, a National Club Congress, plus additional activities
of particular interest to hobbyists.

Special plenary sessions will feature a keynote address June 13 by Mark Shepherd,
Jr., chairman and chief executive of Texas Instruments Inc.; the AFIPS Presidential
Address June 14 by Dr. Theodore J. Williams; and a special address June 15 by A.
Douglas Murch, senior vice president, Prudential Insurance Company of America.

Other highlights will include a Pioneer Day Program honoring members of the
computing group at Los Alamos Scientific Laboratory; the first NCC National
Programming Contest; the annual NCC Computer Science Film Theatre; special
tours and an all-conference reception.

Be in Dallas June 13-16, when the 1977 National Computer Conference will offer
computer specialist and generalist alike a most outstanding opportunity to attend
the year’s most complete computer roundup.

1977 NATIONAL COMPUTER CONFERENCE
Dallas Convention Center « June 13-16



SOFTWARE — Diagnostic provided

Price

Solder chips directly to PCB

&

Check these features ...

ACCESS TIME — 450ns No wait states

FULLY BUFFERED — for BUS reliability

LOW POWER CHIPS — for long life and low power drain
MEMORY WRITE PROTECT — Hardware, 2K segments
POWER REGULATION — 4 Regulators for reliability
ADDRESS SELECT — 1K boundaries - Dip. Switch

LED MEMORY SELECT INDICATOR — Visual Check
LED MEMORY PROTECT INDICATOR — Visual Check
BATTERY BACKUP PROVISION — Saves memory during power failure
OUTPUT DISABLE — Switch selectable for transparent loader application

P.C. BDARD — Quality G10 material with solder mask both sides and silkscreen

o KIT — With IC Sockets /iy .isivnn
& KIT — Without Sockets ........... 225 Signature
e ASSEMBLED — With Sockets .. .. ..
ASSEMBLED — Without Sockets. - - -

To Order
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FRANKLIN ELECTRIC Co.
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COMPATIBLE
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Name Address
City State Zip
Enclosed'is $ Check [ Money Order [

Bill my BankAmericard [J; Master Charge [z Card No.
Interbank Mo,

Exp. Date

Handling and Postage $2.50. California Residents add 6% sales tax,

FRANKLIN ELECTRIC Co.

733 LAKEFIELD ROAD

FE

(805) 497-7755

WESTLAKE VILLAGE, CA 91361

Continued from page 60

grammable read only memory” (or
worse yet, erasable programmable .. .).
If it's read only, how can it be program-
mable? What is static memory? Is there
any other kind of memory other than
“random access memory?"

Is it possible for you to help me out
of my dilemma? Something between
“binary numbers are made up of zeros
and ones’' and "when the static EPROM
is connected to the DMA using a 3P+5S
10 module.”

Al Weiss
POB 942
Alleghany CA 95910

Short of the tutorial article which
may be inspired by your questions, here
are a few notes on terminology and
concepts in compulter design and imple-
mentation.

Random Access Memory: For the pur-
poses of discussing the present state of
technology, a random access memory
means some sort of reference to semi-
conductor memory parts (excluding
serial access devices such as shift regis-
ters). A magnetic core memory is a form
of random access memory, but is not
used in modern small computer technol-
ogy due to various manufucturing and

economic considerations, A read only
memory (ROM) is a random access
memory part, as is an ordinary program-
mable memory, The read only memory
is distinguished from the fully program-
mable memory by the fact that it is non-
volatile (the information s retained
when power is removed) and moderately
difficult or impossible to alter once jt
has been set up with a program,

A commonly used acronym found in
technical jargon and advertising is RAM,
referring to random volatile program-
mable semiconductor memories, Since
both read only memories and volatile
programmable memories are random ac-
cess devices, this term is misleading and
ambiguous, In BYTE's editorial content,
we do not use the term RAM intention-
ally, because of this ambiguity, and refer
instead to “programmable’ and ‘‘read
only' memory, Programmable empha-
sized the volatile, user program oriented
nature of parts which are often called
RAMSs in conventional engineering jour-
nals, and read only characterizes the
nonvolatile, permanent nature of the
other type of random access memory
part. (Of course, “programmable” s still
not an optimal choice, since even read
only memories are always programmoable
in the sense of “program it only once."')

Static Versus Dynamic: fn brief, there
are two types of volatile programmable
memory parts, characterized by the in-
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ternal design of the basic memory cell of
the circuit. A static memory typically
has a cell with sufficient active transistor
elements to create a true flip flop mem-
ory register. A dynamic memory typi-
cally has a smaller memory element size
which is achieved by replacing the mem-
ory flip flop with a capacitor which
stores an electric charge. As a result of
this smaller unit bit cell size, at the limits
of technology the largest dynamic parts
have historically had about four times as
many bits as the largest static memory
parts. At the present time, the largest
static memories readily available are 4 K
bits per chip, whereas the largest
dynamic memories are 16 K bits per
chip.

There is a subtlety of design with
dynamic memories, however. This is the
fact that since the storage elements are
capacitive in nature, sensing and support
electronics on the chip tend to drain the
charge with time, losing any information
stored in the cell. The dvnamic memory
chips must thus be refreshed period-
ically, an operation that is commonly
performed by cycling through a refer-
ence to the low order bits of the address
inputs to the chip. Static memory chips
have no such refresh requirement, and
are often easier to use in prototype,
small ar homebrew circuitry; the manu-
facturing economies tend to make
dynamic memories the most attractive in
larger systems products.m



Continued from page 9

number of existing computer science text-
books. But I'd really like to somehow buy
the design in a completely documented form
so that like the plan of the hypothetical
rolltop desk, | could implement it literally
with custom modifications. Tutorial and
“how to” plans books for specialized fields
such as those mentioned above are widely
available already, and at prices well within
the range of an individual’s budget. They are
marketed in large quantities because large
numbers of individuals use the information;
outlets range from mail order book services
to retail stores. Drawing out of this parallel
between individualized computing and indi-
vidualized “‘anything else,”” it should be
obvious what the solution of the software
dilemma is: Publish detailed plans and
tutorial information for software, on a scale
commensurate with the size of the market.
Publishing ideas is an activity which has a
long and distinguished history, and yields
both personal and financial rewards to those
who engage in the practice, as well as real
benefits to those who purchase the products.
Let’s turn now to the application of this
concept to the software designs of the
computing world.
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The Ideal Model of a
Published Software Product

When we talk about publishing software
at the present state of technology, we are
talking about a product which is akin to the
detailed design of the rolltop desk men-
tioned earlier. It is a product which serves as
the starting point for the home software
craftsman, not a recipe which will fit with-
out thought into every conceivable system.
This will change a bit as the systems in the
marketplace become more refined, but the
nature of the computer as an intellectual
amplifier tends to require a certain level of
technical familiarity on the part of its user.
(This is the element which distinguishes the
general purpose computer from the applica-
tions oriented dedicated computer such as a
4 function calculator or oven controller.)

In order to make a software package
which is optimally configured for the
customer’s standard or customized use, there
is a certain minimal level of documentation
which is required. This level of documenta-
tion is not necessarily needed by all users all
of the time, but is in many respects akin to
the reference books for integrated circuits:
When a question needs to be answered, it is
good to have the information needed to zero

Computers




published in BYTE, printing technology also
covers machine readable representations as
2 well.
]

Varieties of Machine Readable
Representations

@
User convenience demands that a soft-
ware product be made available in some

form of machine readable representation.
While it is certainly possible to take an
object listing in printed form and type it
into a processor by hand, this is a long,
tedious and error prone process. To com-
plete the functional definition of “adequate
documentation” given above, we need a
form of machine readable object code at
minimum, along with machine readable re-
location information. Fortunately there
exist several technologies which can be
employed for this purpose, which I'll review
here.

ROM Releases

This is the most expensive medium pre-
sently available for reproducing software;
however, it has utility in the convenience of
use provided by built-in software. In terms
of practical products, however, this form of
software will most frequently show up in
manufactured products preloaded at the

in on the answer. Here is what [ consider to
be adequate documentation:

® Users’ manual textual materials con- 3.
cerning the "standard” uses and limita-
tions of the software. Here is where we

find such information as standard 10
patch points, relocation tables, etc.
® Complete object code, preferably

machine readable along with machine
readable relocation information.

® Complete source listing of the package
including source language and gener-
ated object code for each statement.

® Program logic manuals and tutorials on
the design of the product are an
excellent option.

The idea is to include enough information
to allow the user to do routine field altera-
tions, including relocation. The idea of a
published software product is to compile all
this information together in a comprehensive
book form, to be sold at prices characteristic
of books, as opposed to the past history of
software prices for applications and system
software packages. The technology of print-
ing covers all the portions of the “complete”
package except machine readable code, at
least in the minds of most people. However,
as we have demonstrated with experiments
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factory, rather than user integrated software.
A ROM program is difficult to achieve in a

relocatable form, and has a certain per- s.
manence which is both its advantage (con-
venience) and its disadvantage (difficulty or
impossibility of patching). This method has
been successfully employed in several desk
top calculator packages in the form of ROM
software options, and in such personal com-
puting products as built-in BASIC interpre-
ters and monitors. For end user markets, this
form of software can dispense with all but
the user oriented manuals in most purchases,
since modification is impossible.

seruice

Magnetic Digital Media Releases

As more and more floppy disk products,
large and small, come to market, the use of
the magnetic diskettes for software releases
is becoming common. Similarly, the Philips
and 3M digital tape media with standard
digital recording techniques can be con-
sidered as vehicles for release of machine
readable data. However, the price of the
media and the costs of digitally recording
and verifying each copy tend to make this
method of delivery limited. It is used, quite
naturally, as the vehicle for delivery of
floppy disk operating systems from the

manufacturers of drive interfaces, but there
the writing and testing of a diskette full of
4 data falls out of the expected quality as-

@ surance tests prior to packing and delivery.

The same is true for the other forms of
= hardware which have related operating sys-
tem software products that can be recorded.

Paper Tape

®
'nstruct'on This venerable medium has been in exis-
tence longer than the modern electronic
computer. No survey of distribution media
would be complete without mention of it.
Very reliable means exist for reading paper
courses tapes into computers at quite economical
prices, well under $100 for the peripheral.
As a distribution medium, however, paper
tape in my opinion suffers from several
disadvantages: It is inconvenient to store,
bulky, prone to create a messy tangle due to
manual handling with inexpensive peri-
pherals. Whether my opinion is supported in

the marketplace is another question alto-
gether,

Audio Media Releases

One of the most useful and practical
vehicles for the distribution of software is
likely to be the use of audio recording
media. Here we can identify two principal
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methods of distribution; recording on tape
cassettes or other magnetic tape audio me-
dia, and recording on the audio equivalent of
aread only memory, the phonograph record.

The technology of recording on tape
results in a product with a fairly high unit
cost for each copy of the information. To
this must be added the cost factors assoc-
iated with normal printing of the rest of the
documentation. Cassettes, as a recording
method, are a logical choice for custom soft-
ware, or small volume situations, but the
high degree of manual labor associated with
each copy argues against the practicality of
large production runs in this form.

The technology of making phonograph
records is, on the other hand, a well estab-
lished mass production technique which can
be adapted to the software distribution
without much variation from standard
methods. To illustrate the point and to test
the concept, | made a test in the spring of
1976 at the suggestion of David Fylstra, an
associate of mine who is also a homebrew
record maker. He arranged for the cutting of
a test record with the audio format of my
personal monitor program, circa March
1976, to test out this method using a master
record cut on standard recording industry
equipment. Depending upon size and quan-

They're the
ones You've been
waiting For.

tity of pressing, the costs per record run well
under $1, which is hard to meet with the
6 cassette duplication method.
@

Machine Readable Printed Media

As a final option, there is the use of
machine readable printed formats for object
code and relocation information in the

release of software products. This is a form

which was suggested to us at BYTE by

Walter Banks of the University of Waterloo,

and with which we have been experimenting
in the pages of BYTE. In this method, an
optical reader is used to scan printed mate-
rials which have been formatted into a series
of bars corresponding to the digital informa-
tion. Because of constraints in the design of
the layout and the method of scanning, it is
possible to simplify the scanner designs to
the point where a very inexpensive peri-
pheral is used together with some adaptive
software which takes care of the speed
tolerant input scan. The beauty of this
method is that it “comes for free” in so far
as actual production costs are concerned.
Why is this true? The reason is that the 200
to 300 pages of documentation needed to
support a systems software product with
perhaps 12 K bytes of object code require
only an additional five to seven pages of

71 Circle 151 on inquiry card.



Articles Policy

BYTE is continually seek-
ing quality manuscripts writ-
ten by individuals who are
applying personal systems, or
who have knowledge which
will prove useful to our
readers. Manuscripts should
have double spaced type
written texts with wide mar-
gins. Numbering sequences
should be maintained sepa-
rately for figures, tables,
photos and listings. Figures
and tables should be provided
on separate sheets of paper.
Photos of technical subjects
should be taken with uniform
lighting, sharp focus and
should be supplied in the form
of clear glossy black and white
or color prints (if you do not
have access to quality photog-
raphy, items to be photo-
graphed can be shipped to us
in many cases). Computer
listings should be supplied
using the darkest ribbons pos
sible on new (not recycled)
blank white computer forms
or bond paper. Where possible,
we would like authors to sup-
ply a short statement about
their background and experi
ence.

Artieles which are accepted
are typically acknowledged
with a binder check 4 to 8
weeks after receipt. Honorar
iums for articles are based
upon the technical quality and
suitability for BYTE’s reader-
ship and are typically $256 to
$50 per typeset magazine
page. We recommend that
authors record their name and
address information redun-
dantly on materials submitted,
and that a return envelope
with postage be supplied in
the event the article is not
accepted.®

machine readable bar code copy, hardly
affecting the economics of the book at all.
These 200 to 300 pages of documentation
are required by the product concept,
whether or not there is any other form of
machine readable code made available.

Economics of Publishing

With media established, and a product
concept outlined, what about addressing the
problem of rewarding the producers of
software products? Here, as in any area of
publishing, the answer is quite simple, The
publishing house judges whether the par-
ticular software package is in its view a
readily marketable product with a certain
minimum press run potential. If so, the
publisher puts up production capital, where
the author puts up intellectual capital in the
form of his or her work. It is a risk situation
in which both parties are making a specula-
tion that readers will purchase the product;
as in numerous parallel situations through-
out industry, authors and publishers work
on an agreed upon split of any rewards from
success in the marketplace.

Applied to the software publishing var-
iant of this business, the author’s intellectual
capital is in the form of the program, its
source code, its object code, and its docu-
mentation; the publisher's contribution is
the marketing organization, the technical
editing of the manuscripts, and the technical
details of book preparation. Other than the
specialized content, the method of operation
and the details of the arrangement are not
much different from publishing any item.
Rewards to authors now become a small

amount (in absolute terms) of royalty re-
covered from orders of magnitude in sales
for successful software book products.

Proprietary Products

The problem of protecting and keeping
software proprietary is no longer a major
“new”’ issue when publishing of software is
contemplated. How many people extensively
copy from books? Very few, and if they
attempt to make a regular practice of it they
would tend to be prosecuted by publishers
under copyright law. In publishing software,
an implicit or explicit license to copy the
copyrighted materials for personal use and
modification is part of the bargain; the price
is low enough so that if you want your own
user documentation, you buy your own
copy of the book (even if you may have
been using object code derived from your
neighbor’s computer). Since the docu-
mentation is a necessary component of use,
no sales tend to be lost in the long run due
to the fact that object code can be swapped
around.

Conclusions

What | have endeavored to show is that
there is quite some potential for the sale and
distribution of software using conventional
publishing techniques with modifications to
suit this type of product. By publishing
software along with machine readable code,
we end up with a way to make the products
widely available, yet retain the desirability
of compensating authors for their efforts in
proportion to the success of the product.®

the CI-812

The Only S-100 Interface
You May Ever Need

On one card, you get dependable “KC-
standard”’ /biphase encoded cassette inter-
facing at 30, 60, 120, or 240 bytes per
second, and full-duplex RS-232 data ex-
change at 300- to 9600-baud. Kit, includ-
ing instruction manual, only $89.95%*,

[PERCOM

PERCOM DATA COMPANY, INC.
4021 WINDSOR « GARLAND, TEXAS 75042

*Assembled and tested,
$119.95. Add 5% for
shipping. Texas resi-
dents add 5% sales tax.
BAC/MC available.

PerCom ‘peripherals for personal computing

MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL
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[ | ASSEMBLY AND OPERATING MANUAL $4.00 I

NAME
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SEND CHECK « MONEY ORDER « COD’'S ACCEPTED CREDIT CARDS

' SEALS ELECTRONICS, INC T Y
P.0. BOX 11651 o S - W ' I
T KNOXVILLE, TN 37919 & T

MOST ORDERS SHIPPED WITHIN 10 WORKING DAYS v | S
I I N I S B B e . .-

[READ ONLY MEMORY]

B Will accept up to 16 ea. 1702-A or 5203 EProm Providing up to 4096
~ords of non-volatile memory for Boot Loads to Complete Programs.

B Programming Available at Factory for $3.00 per EProm when accom-
panied by binary formated tape. :

® Each 1702-A has its own Vgg clocked for Low Power Consumption.

® Will work with the weakest power supply based S-100 buss computer,

B Switched Selected Address in 4K Blocks.

M Switch selected wait states so that even the slowest 1702-A can work
in your system. 0-8 wait states.

® Solder Masked on both sides of PC Board.

B Component Screened on Component Side of PC Board.

Kit Price: . . $119.00 Assembled Price: . . .$179.00

[STATIC MEMORY CARD FOR SWTPC 6800]

®m 8192 Words of Static Memory

B Access Time: 500 nsec. (250 nsec on request)
® Memory Chip 91L02 APC

B Battery Standby

B Address Selected 8 Ea. SPST Dip Switch

W Low Power

| All Lines Buffered.

m All IC's with sockets

B Solder Masked on both sides of PC Board.

Kit Price: . . $269.00 Assombled Price: . . .$359.00

[STATIC MEMORY CARD]

® ALTAIR?IMSAIY and S-100 buss compatible.

B Access Time: 250 nsec max,

B Zilog Speed Compatible up to 4 mhz,

B Memory Chip: 2102LHPC or 2102AL-2

B Battery Standby:>1.5 to 4 volts<

m Address Select: 8 ea. Spst. Dip Switch.

| Wait States: None

M Current Reg.: Less than 200 ma per 1K

M All Address, Control, and Data out lines fully buffered.
| All IC's supplied with IC Sockets

# Solder Masked on Both Front and Back of P.C. Board .

Kit Price: . . $295.00 Assembled Price: . . .$395.00

OTHER SEALS ELECTRONIC PARTS AVAILABLE

Item No. Description Kit Price Assembled Price
8KSC 8K Static Memory Card 500 nsec $269.00 $369.00
WWC Wire Wrap Card $ 37.50 $47.50
B8 EXT 88 Extender Card $ 29.00 $ 38.00 A
88 ExtS  Extender Card (Small) swisc sioconpunesiosen. $ 19,00 $ 25.00 1 n
68 Ext-L  Extender Card (Large) wirre sco compsiie riosens $ 29,00 $ 39.00

WS MmmSea T imke ek ELECTRONICS, INC.
ORDER DELIVERY: FROM STOCK TO 10 DAYS TELEPHONE # 615/693-8655

Circle 236 on inquiry card.
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More on Using the 8x300

Jon Twichell
303-D Eagle Hts
Madison WI 53705

A short note concerning your note in the
March 1977 issue of BYTE (page 100) on
the Signetics 8X300. This processor was
designed and sold as the SMS 300 (Scientific
Micro Systems, 520 Clyde Av, Mountain
View CA 94043). | used SMS's development
system in a scientific data acquisition sys-
tem. Two years ago it was the fastest thing
on the market. | was building a two dimen-
sional multichannel analyzer out of a
Modcomp II, and used the microcontroller
for the address mapping and handshaking.
Pure blinding speed was our object, subject
to the constraint of programmability. The
observation is that this is the same criterion
for a microprocessor used for emulation.

True, the 8X300 is fast, but by today’s
standards, not that fast. It is rumored that

SMS is working on an ECL version . . . .
Anyway, if one examines the architecture of
the 8X300, one finds two chokes, both
fixable. The first is that the microcode is
quite vertical, as one would expect with a 16
bit instruction. One can effectively double
the speed of the system by simply extending
the microcode width by eight bits. Make
your program memory 24 bits wide; use 16
in the normal fashion. The extra eight are
used as the address in working storage or 10
space. The 8X300 must use an instruction to
load the ‘“memory address register” (IVR
REG) and then another instruction to fetch
the word at that address; by selecting an
address for each instruction (the extra eight
bits), most programs halve in size, and
double in speed.

The second choke is the time multiplexed
10 bus. | seriously suggest the user extend
the microcode and stay away from those

Continued on page 110

PROM: Space for 2K bytes, 1702A. Store
bootstrap loaders and monitors.

RAM: 1K bytes, 2102LIPC, 450 ns, low
power. NO NEED TO RELOCATE STACK

WHEN ADDING MEMORY.

CIRCUITRY: Replaces memory write logic
on ALTAIR™ and Imsai front panels.
REGULATORS: Two regulators. No need for
regulated power supply.

JUMP-ON-RESET: PROM program execu-
tion starts at any location in memory without
interfering with programs in any other por-
tion of memory.

S$-100 BUS; +8 and -16 VDC; P/C BOARD
SOLDER MASKED BOTH SIDES WITH
PLATED THROUGH HOLES; ALL SOCKETS
INCLUDED.

OPTIONAL FIRMWARE: 512 byte monitor
for use with Tarbell tape interface on 2,
1702A PROMs,

PROM/RAM KIT WITHOUT PROMS  $ 89
+OPTIONA-SIORev.10r3P+S  $129
+OPTION B - 2 SIO (MITS) $129
+OPTION C - SIO 2 (IMSAI) $129

+ OPTION D - Poly Video Interface $159
(Includes Video Driver)

California residents please add 6% tax.

IMMEDIATE DELIVERY FROM FACTORY
OR YOUR LOCAL COMPUTER STORE

O3 GRAPFC iNC.

717 LAKEFIELD ROAD, SUITE F » WESTLAKE VILLAGE, CA 91361 = (B0S) 497-0733

Rms VECGO3 1 G
eséet and U

PROM/RAM
BOARD

from

VECT03 GRAPHC

Circle 137 on inquiry card. 74
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August 27th-28th

. What its all about!
Software Development

Micro Computers
Hardware Development
Disc Memories
Computer Comparisons
Interfacing

Program Implementation

AMSAT

* Computerized Music

Video Terminals

V Kit Construction

) Printers

Computer Games
Digital Tapes

e Seminars and Technical talks by leading electronic equipment manufacturers
® Major Exhibits from all over the country
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COAST AND MID-AMERICA. (213) 924-8383  Cerritos, CA. 90701

‘ Computing Write for FREE TRIP-KITto PERSONAL COMPUTING 77,
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Photo 1: The Teleterminal
Corporation Fly Reader

for use with the KIM-1
microprocessor.

Come Fly With KIM

Many computer hobbyists start with
nothing more than a processor, a small
amount of programmable memory, a small
onboard monitor such as MIKBUG or KIM
and some front panel switches. Those with
more foresight, or cash, will have a keypad
or even a full keyboard for data entry and
processor control. But even with a good
monitor and a full keyboard and display,
loading programs is a tedious chore at best,
and there is an awful feeling when you turn
off power, knowing that twenty minutes of
typing just evaporated.

The next step in expanding the system is
usually an audio cassette interface or a
Teletype with paper tape reader and punch
for the wealthy or fortunate. Now the
tedious retyping is eliminated and a pro-
gram, once written and recorded or
punched, can be reloaded in a matter of
minutes.

Many people stop at this point. When
hand assembly of programs is required, a
program of more than a few hundred bytes
is rarely attempted. But as the software gap
is slowly filled, more and more systems are
being implemented with assemblers or
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ORPORATION

Rick Simpson

MOS Technology Inc

Valley Forge Corporate Center
950 Rittenhouse Rd
Norristown PA 19401

BASIC interpreters. More memory is pur-
chased to expand programmable memory
from a few hundred bytes to 4 K, 8 K, or
more. [One firm now even markets a 64 K
board! ... CH/ Once again your memory
has outrun vyour ability to fill it in a
reasonable time.

For instance, using the Teletype paper
tape reader or audio cassette interface on the
KIM system, a 2 K Tiny BASIC interpreter
takes almost ten minutes to load. A 12K
BASIC source program would take an hour.
Even a 30 character per second interface
only cuts this to twenty minutes. The
alternatives seem to be a Tarbell or Suding
type high speed cassette system, a 3M drive
at 9600 bps or a floppy disk.

The floppy disk certainly solves the speed
problem. We can now load 12K in a few
seconds, but at a cost of $1,000 to $2,000.
The high speed cassette is reasonable in cost,
about $200 including the high quality cas-
sette unit required, but tricky to interface
unless a manufacturer-supplied board or kit
is available.

Although some magnetic tape units have
start, stop, and search functions under pro-



gram control, most users end up pushing the
buttons. No hobbyist magnetic tape cassette
unit can read a few (ie: one line or so)
characters, stop and process the data, and
then start and read some more, a real need
when running an assembler with the source
stored on the tape in a limited resource
system.

After this lengthy preamble, you may
have suspected that | have an alternative
solution in mind, and | do: a high speed
paper tape reader, manufactured by the
Teleterminal Corporation, called the Fly
Reader, shown in photo 1. Although a bit
more expensive than the high speed cassette
system (about $350), it is far faster; reading
at 300 characters per second, it can load my
Tiny BASIC in twenty seconds, or fill that
12 K of memory in two minutes. It is easy
to interface, requires little software, and is
extremely reliable. It needs only a single
+5V, 2 A power supply and is operated
completely under program control, You can
read as little as a single character at a time
and can read in either direction; try that on
yvour cassette!

Paper tape has always been the standard
mass storage device for minicomputers, until
floppy disks came along, and paper tape has
been the most universal and inexpensive
method of software distribution and inter-
change in the minicomputer field.

The basic problem is that it is only a
reader; how do you punch the tape? There
are several answers: Flexowriters and other
similar low speed punches are becoming
available, as are gobs of older 7 level ma-
chines. I've also seen higher speed punches,
typically 60 characters per second, adver-
tised for under $100. The fact that the
punch is slow is not so important; typically
you punch a tape once and read it many

times. Even if you have no punch, the reader
is a useful peripheral because much software
is available already punched.

How it Works

The Fly Reader can read at such a high
speed because it transfers 8 bits in parallel
and contains only a single moving part: a
stepping motor connected to a toothed
wheel which engages the sprocket holes in
the paper tape. Sensing of the holes in the
tape is done by photodetectors rather than
the mechanical fingers used in a low speed
reader. This is a method similar to that used
in the manual reader sold by Oliver Audio.
Figure 1 shows a block diagram of the unit.

There are five control lines for the unit.
All are compatible with standard TTL cir-
cuitry. The "load status’ line is a logic 1,
+5V, if the reader is not ready because the
feed gate is not closed. When tape is inserted
and the gate is closed, this signal goes to
logic zero.

In operation, the reader must be checked
by software to see if the ‘‘reader ready”
signal is at logic 1 to indicate that the reader
is ready to read another tape character. The
software must then issue a pulse from logic 1
to logic 0 whose width is between 500 ns
and 500 us. This READ pulse will start the
reader and drive the reader ready line to
logic 0. The software then watches the “data
strobe” line. When data strobe goes to logic
1, the data can be read from the eight
parallel output lines. If the program needs to
read another character from tape, it must
wait until reader ready goes back to logic
1, issue another read pulse, and wait for
another data strobe. Figure 2 shows the
flowchart for such software and figure 3
shows the interface timing diagrams.

LAMP
Figure 1: Block diagram of depeth & — 5 i
the Fly Reader. The input AMPLIFIER  f—— 8TTL
is achieved through an e = ik
incandescent lamp and a PHOTODETECTOR —
photodetector array. The ARRSY
tape is advanced by a step-
ping motor allowing input TOOTHHEAD —— DATA STROBE  (PB4)
of data either forwards or SPROCKET DRIVE H—— Wroe, SO TroL Eo b a1
backwards. The reader
open sense switch is closed
when the paper tape is in i

the reader.

READER OPEN
SENSE SWITCH

)

LOAD STATUS LINE (TO PBI OF KIM-1)
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Figure 2: Flowchart of the
software for reading the
paper tape with the Fly
Reader.
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EADER
READY

NO

YES

ISSUE
READ
PULSE

READ
PARALLEL
OUTPUT

@ B
YES

RETURN

(TO KIM-1 PAO TO PAT)

FORWARD, REVERSE (SET TO DEFAULT STATE OF O OR 1)



SiGN LOAD READ FORWARD, REVERSE TAPE
IGNAL LOCATION LR ottt sl READ REVERSE, 3 CHARACTERS
LOAD J3
LOAD & 2 20ms RISE AND FALL TIMES
=
READER J3
READY P8

READ J3 500us
COMMAND P& | —] T TR

|
FORWARD J3 20ms |
REVERSE P5 [*—DELAY
SPROCKET INTERNAL I
DATA J3
STROBE Po
DATA J3
OUTPUTS Pi2 TO PI9
DATA J3
TRUE Pi2 TO PI9 & 2 ! °

Figure 3: Timing diagram generated by the software of listing 1. The
minimum width of the data strobe is 50 ys except when forced low by a new
read command. The crossed out sections in the data true section indicate that
the state of the output is unknown. A read command is issued only when the
reader ready line is high.

Other Interface Possibilities
(An Advertisement . . .)

The interface described
here uses most of the avail-
able 10 lines on the KIM-1,
Systems supporting several |10
devices may wish to interface
the Fly Reader through a
separate interface chip. The
MCS6532 is one such interface
chip for adding more 10 to
KIM-1 as well as an additional
128 bytes of programmable
memory and another interval
timer. Two of these chips
(with ROMs) are already built
into each KIM. Since the 6532
is a MOS rather than TTL
device it does not load the
KIM-1 address or data buses
significantly. The MCS6532 is
available for $16 postpaid
from Mational Electro-Sales,
12063 W Jefferson, Culver
City CA 90230.

Interfacing to Kim

As described above, the Fly Reader inter-
face requires eight parallel input lines, three
input control lines and one or two output
control lines. Two output control lines are
needed if the forward, reverse function is
used; otherwise only one control line is
needed. Since KIM-1 has 15 bidirectional
IO lines the interface is very simple. The
A data port lines PAO to PAT7 are pro-
grammed as input lines and connected to
the parallel output lines from the Fly
Reader. PB5 is connected to the reader
ready line, PB1 is connected to the load status
line, PBO is connected to the read command
line and programmed as an output line, and
PB4 is connected to the data strobe line. A
5V, 2 A power supply is connected to the
reader and the interface is complete. When
wiring the power connectors, you should
make sure that separate power and ground
wires are run back to the power supply for
both the motor and logic connections. This
will insure that current surges to the motor
during stepping operations do not feed noise
pulses into the control logic.

Interface Details
The fifteen KIM-1 10 lines are divided
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into two ports. Each port has a data direc-
tion register and a data register. Writing a 1
to a bit or bits in the data direction register
configures the corresponding 10 lines for
output, writing a 0 sets them for input. For
instance, writing a hexadecimal 02 to the A
data direction register configures the PAO
line for input, PA1 for output, and PA2
through PA7 as input lines. Similarly,
writing hexadecimal FO to the B data direc-
tion register configures PBO through PB3 as
input lines and PB4, PB5 and PB7 as output
lines, Note that there is no PB6, and PB7 has
no output pullup; it is essentially an open
collector output. Reading the A or B data
register will show whether the signal at each
input line is 1 or 0 and will show whether a
0 or 1 was previously written to any lines
configured as outputs. Writing to a data
register will set the appropriate output lines
to 1 or 0 and does not affect lines pro-
grammed as inputs. Hexadecimal address
location 1700 is the A port data direction
register, hexadecimal 1702 is the B data
direction register, hexadecimal 1701 is the A
data register, and hexadecimal 1703 is the B
data register.

The KIM Paper Tape Format

The software to drive the reader uses the
same paper tape format as that used in the
KIM-1 Q (paper tape dump) and L (paper
tape load) commands. Thus any paper tape
punched on a low speed punch by KIM-I
can be read by the Fly Reader. The KIM-1
paper tape format ignores any characters



Fantastic Software

This LIBRARY is a complete do it yourself kit. Knowledge of programming not required. EASY to read and USE

Written in compatible BASIC immediately executable in ANY VOLUME |
computer with at least 4K, NO other peripherals needed. Bookkeeping
Games
Pictireg s o s CLE B O $24.95
This Library is the most comprehensive work of its kind to date.
There are other software books on the market but they are VOLUME It
BASIC dedicated to computer games. The intention of this work is to allow Math & Engineering
= the average individual the capability to easily perform useful and ELt 4
SQOEFWARE productive tasks with a computer. All of the programs contained Plotting & Stat
"2 LI BW&Q\' within this Library have been thoroughly tested and executed on Basic Statement Def $24.95
# e several systems, Included with each program is a description of the
y '{\ program, a list of potential users, instructions for execution and
voLums possible limitations that may arise when running it on various VOLUME Il
systems. Listed in the limitation section is the amount of memory Advanced Business
that is required to store and execute the program. Billing
Inventory
B T L $39.95

VARE 5 VOLUME IV
Each program’s source code is listed in full detail. These source code LIBRARY General Purpose, ... $9.95
listings are not reduced in size but are shown full size for increased
readability. Almost every program is self instructing and prompts . vaLum
the user with all required running data. Immediately following the vorumE 1 £ UME V
A R B o e $9.95

..... e

source code listing for most of the programs is a sample executed

run of the program. = :“-'T:;l'l'\-hg_\_‘_\‘

by BW. RROWN

BASIC Y
SOFTWARE ]
tws LI BRARY

The entire Library is 1100 pages long, chocked full of program

1 source code, instructions, conversions, memory requirements,

1 Neruss examples and much more. ALL are written in compatible BASIC
e executable in 4K MITS, SPHERE, IMS, SWTPC, PDP, etc. BASIC
compilers available for 8080 & 6800 under $10 elsewhere.

Sy W BEHOWN

This Library is destined to become one of the reference bibles for
the small computer field, due to its versatility and uniqueness and
the ease of operation of the programs it contains. These volumes are

g AT

deductible as a business expense when purchased by a company. ok LIBRARY
Send your remittance for prompt delivery, while supplies last. M i~
Volume discounts are available to qualified dealers. v xoroies 3V

FUTURE ADDITION TO THE “BASIC SOFTWARE LIBRARY"

Volume VI (A Complete Business System $49.95) General Ledger System - Taxes, Pyrl,
W-2', Inventory, Depr,, Financial Statements, ete, AVAILABLE MID SUMMER

Available at most computer stores.
Add $1.50 per volume for postage and handling.

SCIENTIFIC RESEARCH

1712-B FARMINGTON COURT
CROFTON MD 21114

Phone Orders call (800) 638-9194
Information and Maryland Resicdents Call (301)-721-1148

Circle 282 on inquiry card.



hexadecimal

address code
1C4F

4000 D8

4001 20 57 40
4004 20 6F 40
4007 C9 3B
4009 DO F9
4008 A9 00
400D 85 F7
400F B85 F6
4011 20 BB 40
4014 AA

4015 20 91 1F

4018 20 8B 40
401B B85 FB
401D 20 91 1F
4020 20 8B 40
4023 85 FA

4026 20 91 1F

4028 BA

4029 FO OF
402B 20 8B 40
402E 91 FA

4036 CA

4037 DO F2
4039 E8

403A 20 8B 40
403D C5 FB
403F DO 12
4041 20 8B 40
4044 C5 F7
4046 DO 0B
4048 BA

4048 DO B9
404B A2 0OC
404D 20 31 1E
4050 4C 4F 1C
4053 A2 1
4055 DO FB
4057 A9 01
4058 8D 03 17
405C 8D 02 17
405F AD 02 17
4062 29 02
4064 DO 08B
4066 A9 58
4068 20 AD 1E
406B 4C 57 40
406E 60

406F AD 02 17
4072 29 20
4074 FO F9
4076 A9 00
4078 8D 02 17
407B A9 01
407D 8D 02 17
40B0 AD 02 17
4083 29 10
4085 FO F9
4087 AD 00 17
408A 60

4088 20 6F 40
40BE 20 AC 1F
4091 20 6F 40
4094 20 AC 1F
4097 A5 FB
4098 60

409A 20 57 40
409D 20 6F 40
40A0 4C 9D 40

label
START
PTRLD
LOAD

LOADS

LOAD2

LOAD3

LOAD7
LOADB

LOADER
PTRINI

oK
GETPTR

CHECK

PTRBYT

MAIN
LOOP

BNE
TXA
BNE
LDX
JSR

JMP

LDX

operand

PTRINI
GETPTR

PTRBYT

$1F91
PTRBYT
FB
$1F91
PTRBYT

FA
$1FN
LOAD3
PTRBYT
FAY

$1FIN
$1F63

LOAD2

PTRBYT
$F6
LOADER
PTRBYT
SF7
LOADER

LOAD

oc

$1E31

START

11

LOADS
1

LDA 80

STA
STA
LDA
AND

$1703
$1702
$1702

$1EAOD
PTRINI

1702
$20
GETPTR
$00
$1702
$01
$1702
$1702
$10
CHECK
$1700

GETPTR
$1FAC
GETPTR
$1FAC
$F8

PTRINI
GETPTR
LOOP

commentary

$1C4F

clear decimal mode;
go to PTRINI;

go to GETPTR;

} if A not equal to 3B go to LOAD;
else A:=00;
store checksum;

go to PTRBYT; [get byte count]
X:i=A;

compute checksum;

get high address;

store high address pointer;
compute checksum;

get low address pointer;
store low address pointer;
compute checksum;

A=X;

if A:=0go to LOAD3;

get data;

store data;

compute checksum;

get next address;

X:=X-1;

go to LOAD2;

Xi=X+1;

get data;

compare high order checksuin;
if different go to LOADER;
else get data;

compare checksum;

if different go to LOADER;
else A:=X;

if A not equal to 0 go to LOAD;
else X:= location of 'KIM’;
output message;

go to START;

X:=location of '"ERR KIM';
go to LOADS;
[initialization routine)
A:=B port address;

read flag:=1;

A:=B register;

determine PB1;

if reader ready go to OK;
else A:="'X";

output ‘X’;

go to PTRINI;

return;

[subroutine to input one character|
get bit from B data register;
if not ready go to GETPTR;

} else output read pulse;
} turn off read pulse;

get bit 5 from B data register;

if character not ready go to CHECK;

else get character;
return;

get character;
pack character;
get another character;
pack character;
A:=2 characters;
return;

go to PTRINI;

go to GETPTR;
go to LOOP;

CROSS REFERENCE TABLE

Symbol Value Referenced

CHECK 4080 4085

GETPTR 406F 4004 4074 408B 4091 409D
LOAD 4004 4009 4049

LOADER 4053 403F 4046

LOADS 400B ****

LOAD2 402B 4037

LOAD3  403A 4029

LOAD7 4048 uAsDobied

LOAD8 404D 4055

LOOP 409D 40A0

MAIN 409A ****

OK 406E 4064

PTRBYT 408B 40114018 4020 402B 403A 4041
PTRINI 4057 4001 406B 409A

PTRLD 4001 =

START 1C4F 4050

Listing 1: The basic software needed to run the Fly Reader with the KIM-1
The software uses the KIM-1 monitor routines and sub-
stitutes the GETCH and GETBYT routines with routines GETPTR and
PTRBYT. The new subroutine PTRINI properly configures the 10 lines used

microprocessor,

with the reader. Subroutine PTRINI will output an endless number of ‘X

il

characters until the tape is loaded into the reader. The listing was set prepared
from a cross-assembly provided by the author. A symbol table showing the
values of the symbols used and where they are referenced follows the
assembly and will prove useful when it is necessary to relocate a program at a
different starting address.
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read until a semicolon is found; the next two
characters give the hexadecimal number of
bytes on the current line to be punched.
This is followed by four characters, two
bytes, giving the high order and low order
bytes of the starting address for the data to
follow. This is followed by the data which
KIM-1 software always punches 24 bytes per
line, a 2 character checksum for the line, and
a carriage return. The carriage return is
followed by six null characters, and a semi-
colon starts the next line. The last line
punched contains 0 for the number of
bytes, 0 for the address bytes and is fol-
lowed by a four character checksum. When
finished reading a paper tape, KIM-1 types
‘ERR KIM' if the checksum does not com-
pute (there has been an error in reading
the tape), or just ‘KIM’ if the tape was read
correctly.

The software consists of a copy of the
KIM-1 monitor routine for reading paper
tape modified by removing all calls to the
GETCH and GETBYT routines and substi-
tuting two new routines, GETPTR and
PTRBYT. A new subroutine, PTRINI is
called at the beginning of the mainline
program to properly configure the 10 lines
and check that the read head on the Fly
Reader is closed. If it is not, KIM-1 will type
out the character ‘X’ endlessly until the read
head is closed. The software shown in
listing 1 occupies 154 bytes starting at hexa-
decimal location 4000.

The Fly Reader is an excellent way to
add a high speed paper tape reader to a
microprocessor system. It is easy to interface
and requires only a single +5 V supply. As a
fast paper tape device it is considerably
faster than an audio tape cassette system and
offers increased flexibility of operation.m



THE HOME COMPUTER
COMES OF AGE




Beyond state-of-the-art
capabilities, hand-
somely housed in a fine
piece of functional
furniture.

Noval Incorporated
proudly introduces the
finest personal computer
ever offered, the NOVAL
760 COMPUTER. This
fully computational,
self-contained hardware
and software package
offers limitless expansion
capabilities. NOVAL's
extensive and expanding
library of programs pre-
sents exclusive oppor-
tunities for educational
applications, practical
implementations and a
world of fun. And you can
develop low-cost end
user products never
before available at the
small board level.

The NOVAL 760
COMPUTER, in its hand-
some desk setting will
take you wherever your
imagination wants to go.

Introducing the
NOVAL760 Computer




The Ultimate in
Home Computers

$2995 includes a
fully-assembled, fully-tested
personal computer with:

Handsome wood desk,
designed to complement
any decor
Crisp black and white 12"
professional display monitor
Full, easy-to-use Alpha-
Numeric Keyboard
Printer
Extensive graphic capability
Fully remote-control, pro-
fessional mag tape system
8080 Microprocessor
System

16K RAM

3K PROM
Display control, with
additional

1K Refresh RAM

2K Character generator

RAM
1K Scratch pad RAM

e 8 built-in I/O ports

Power Supply
System Software on mag
tape, with
Interactive Editor/Assembler
1/O control for
Printer
Display (black & white
or optional color)
Mag Tape Unit
Audio Tone Generator
Keyboard
Film Reader
Paper Tape Reader
Graphics
On-line debugging
technigue
E-PROM burner
Copy-verify
Comprehensive and
complete Operating Manual
(also available separately)

which converts for TV use
Second display screen

16K additional RAM
E-PROM Burner
Bus-extender

Film reader

Paper tape reader

Dual hand-held keyboards
for competitive game action
and, for the first time on a
home computer,

e Basic Graphics!

The NOVAL 760 COMPUTER
Operating Manual

This comprehensive, yet
easy-to-understand, Noval
Operator's Manual provides an
exciting introduction to the
capabilities and possibilities of
microprocessor technology. In
step-by-step, "how to" fashion,
the intriguing inner-workings of
the NOVAL 760 COMPUTER
are revealed (included with
your 760 Computer or avail-
able separately for $20.00).
Challenging Libraries
Available Now

Add the excitement of action-
packed competition as your
child learns the elements of
math with Noval's extensive
TELEMATH library. TELEMATH,
a computer audio-video-
graphic instructional system
developed by Noval, presents
challenging math problems to
each of 2 players. The first
player responding correctly
moves one step closer to
victory in this graphic game
format.

Our exclusive affiliation with
Gremlin Industries, the leader
in commercial computer
videographic and wall games,
offers you the opportunity to
play some of the most sophis-
ticated games ever developed

at home! With the Gremlin
library, your NOVAL 760
COMPUTER becomes a home
entertainment center.

The expanding libraries of
TELEMATH and Gremlin are
available to all NOVAL 760
COMPUTER owners.

The NOVAL 760 COMPUTER.
A fully-assembled, fully
tested personal computer. ..
not a kit!

The NOVAL 760 COMPUTER
Instant-Edit feature makes
Assembly Language inter-
active AS YOU WRITE IT! The
computer corrects errors
before they're entered.

And Look at these Additional
NOVAL Capabilities:
System Software on PROM
BASIC on Mag Tape
BASIC on PROM
Bright color display screen




If you can imagine it, you can achieve it with the NOVAL 760 COMPUTER.

NOVAL INCORPORATED, 8401 Aero Drive, San Diego, California 92123 e 714/277-8700




FOR SALE OR TRADE: lIssues 1, 2 and 3 of
BYTE for $10 or exchange for May 1976 issue and
$5. CPT William T Pace, 54338 Seay St, Fort Polk
LA 71459, (318) 537-7198.

FOR SALE: Computers in Labaratory Medicine. |
have several copies of this book which are surplus
to a class requirement. This excellent book is
edited by Derek Enlander MD and is one of the
most up to date and forward looking works on the
subject of computerization in nuclear medicine,
clinical pathology, anatomic pathology and diag-
nostic data retrieval. The book was published by
Academic Press in 1975-1976 and costs $14. David
Johnson, 1473 Pine St, San Francisco CA 94109,

FOR SALE: IBM 2311 compatible disk drive made
by Marshall, plus disk pack, $425. Teletype ASR 33
with auto-answer modem, auto-dial, stand. Three
MITS 4 K dynamic boards, operating. Signetics
3000 Microprocessor Designer's Kit. Make offer.
Lenny Heath, Bob Turnage, 86 Village Grn, Green-
ville NC 27834. (918]) 752-7813.

FOR SALE: Two MITS 4MCD memories, one
5-4 K update kit, less RAMS. All assembled, all
nonfunctional. First cashiers check for $145 takes
it all. K K Tatlow, 303 S 4th St, Rockford IL
61108.

FOR SALE: Friden Flexowriter Model 2303 with
paper tape punch reader, 7 level, types 100 wpm in
upper and lower case, works good, recently ser-
viced, can be converted to ASCIl, $150 plus
shipping. J E Upchurch, POB 1887, Sebring FL
33870, (813) 385-2788.

FOR SALE OR TRADE: One Cartrivision video
tape recorder, camera and tapes, $650 cash or
Altair, IMSAIl equivalent with memory. Doug
Thurston, POB 1104, Silsbee TX 77656. (713])
246-3091.

FOR SALE: Altair 8800 computer with 2 MITS
4 K Dynamic memory cards, B8-ACR cassette
interface, 88-2510 serial board, 88-PIO parallel
board, 2 expander boards, 8 K BASIC on cassette.
Mot completely assembled. Original cost was over
$1200. Will sell for $750. Bob Majdanski,
214 Coolidge Av, Hasbrouck Heights NJ 07604,
(201) 288-3742 after 7 PM.

WANTED: BYTE numbers 1, 2, 3, 8, 9 and 10.
| will consider any offer, even partial ones. (One
issue is better than none.) Send your terms and
asking price to me and I'll get in touch with you.
Tony Aiuto, 19 Old Field Ln, Lake Success NY
11020.

FOR SALE: Sphere 340 system with 20 K pro-
grammable memory plus 16 K memory board less
memory chips, 1 K EPROM system monitor, full
SIM board (one cassette and modam), 80 column
line printer with tractor feed, dual floppy disk,
9 inch CRT in console, large power supply, 4 K
EPROM board (1702A), no EPROM chips, Soft-
ware includes assembler, editor, 10 handler, mem-
ory test and disassembler, This system is ideal for
program development. Working perfectly, $6500,
Wayne Smith, 227 S State St, Salt Lake City UT
84111.(801) 363-4941,

FOR SALE OR SWAP: One Mohawk Data Systems
1101 keyboard and tape unit. It's in good working
condition with loads of electronics and it would
even make a nice desk! Will trade for Altair 8800
interface, memory, terminal or best offer of cash.
Write G Ryan, Rm 1-15, Off Campus Apts,
Potsdam NY 13676.

FOR SALE: HP-65, including a case, charger,
manuals, programming forms, over 100 magnetic
cards with tested prerecorded programs, and 40
blank magnetic cards for your new programs. Any
of over 140 HP-65 Users' Library programs avail-
able for copying cost. Remember, the HP-65 is
faster than the HP-67; so is better for problems
where speed is needed, $300. Delmer D Hinrichs,
2116 SE 377th Av, Washougal WA 98671.

FOR SALE: IMSAI 8080 with 22 card mother
board, new in box, $645, Also, will assemble and
debug it for you for $120 extra. S Kim, 10190
Vicksburg Dr, Cupertino CA 95014, (408)
996-0537, after 7 PM.

FOR SALE: Two PDP-12s (PDP-8 and Line); four
4 K 12 bit memory units; three DF 32 disks,
32000 words 16.7 us access time; two PC-12 high
speed tape readers, 300 cps; two PC-12 high speed
tape punches, 50 cps; two AFO1-AMOE analog
converter systems; two 10 bus converters; two
Teletypes; Dual-MS and OS-8 software and a lot of
Decus software for the PDP-8, BASIC, FORTRAN
and 8 K assemblers. All this for $5,500., I'll sell the
units as two or three PDP-12s separately or
together, Contact Keith Elkin, Dianavagen 30, 115
43 Stockholm SWEDEN 08/67 35 68.

FOR SALE: Model 15 Page Printer — Baudot
Teletype suitable to OSI, MITS 680b computers.
Excellent working condition, with current source
and box of paper. Also, Friden Auxiliary Punch —
Baudot paper tape punch. Could be modified to
ASCIl with additional parts, not supplied. Prob-
ably works, not guaranteed, with stand and motor-
ized tape take up spool. Make offers for either to
G A R Trollope, 433 Cherry Ln, Lewiston NY
14092. (716) 754-7222.

FOR SALE: MB800 cross assembler. A two pass
cross assembler written in FORTRAN IV is avail-
able for the MG800 Motorola micro. Input is in
fixed format. Statements are similar to Motorola
assembler language, most features of the language
being supported. Additionally, a system symbol
table is supported, enabling symbolic reference to
system acddresses and assembly of routines to
contiguous memory locations. Send $1 for the
manual, and $5 for the listing or $8 for a paper
tape [state if XOFF needed) to G A R Trollope,
433 Cherry Ln, Lewiston NY 14092, (716}
754-7222.

FOR SALE: CDP-1802 microcomputer software,
Morse keyboard, 256 bytes, $3. WABUYV, 4956
Andrea Blvd, Sacramento CA 95842,

FOR SALE: Viatron System 21 in working condi-
tion. Must sell 1o make room for BO8O system,
$300; you pay shipping. Jim Williams, 4175
Walnut Ridge Dr, Columbus OH 43224, (614)
889-3836, (days).

TIMESHARING SERVICES WANTED: Research
and advanced degree level programs and routines of
civil and mechanical engineering, or bio-engineering
or bio-medical interest. Please send full informa-
tion and price list to Donald Becnel, POB 14473,
Baton Rouge LA 70808.

WANTED: Someone who has or wants 1o write an
8 K version of BASIC for my COSMAC ELF, as in
the Popular Electronics August 1976 construction
article. It uses the RCA CDP 1802 central pro-
cessor unit. Please send any and all correspondence
on this subject to Greg Watson, 9617 Jomar Dr,
Fairfax VA 22030.

FOR SALE OR TRADE: BYTE issues #1 thru
#10, $50, or swap for first six issues of 73
magazing or first three issues of CQ magazine.
Wanted: Flexowriter with upper and lower case
type; will buy or swap for three upper case only
machines, one designed for computer interface.
Greggory S Walls, 5630 Ensenada Way, Riverside
CA 92504,

TELEPRINTER: Creed 7B. Serial input/output
device. Swap for KIM-1 or similar microprocessor,
Free delivery. All BYTE back issues, 1975 and
1976 (excluding numbers 3 and 10}, included, TN
Arthur, 30 Willingdon Av, Kloof 3600, Natal
Republic of SOUTH AFRICA,

FOR SALE: Vidar #624 computer clock, 999
days, 23:59 hours, 23:59 minutes and 60 seconds,
BCD output (like new), $200. Also, 1 Brpe (used)
$100. FOB, Norwich NY 13815, (607) 334-4478.

WANTED: BYTE issues, October and November
1975, {£2, 3). For sale or prefer to rade for the
above issues, December 1975, June thru December
1976, (#4, 10,11, 12, 13, 14, 15 and 16). David A
Eastman, 46 Sable Av, N Dartmouth MA 02747,
(617) 993-7098.
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FOR SALE: BYTE #1 in mint condition (never
removed from mailing wrapper). Best offer over
$20. Steve Saunders, 5400 Ellsworth Av, Pitts-
burgh PA 15232,

FOR SALE: MCS 6502 resident assembler. Uses
6530 TIM input and output routines, Can be easily
modified to be used in systems not having the TIM
chip. Resides in less than 2K memory
(4000-47FF). This software contains a text editor
(TED) which sets up the source file, and a 2 pass
assembler which assembles the source and gener-
ates a symbol table. If an error occurs, an error
code and line number are outputted which pin-
points the error in the source file. Source file and
symbol table can be located practically anywhere
in memory. Assembled programs can be executed
via the TED R (Run) command. Hexadecimal
listing and operator’s manual, $15. Source code
and manual, $25. C W Moser, 3239 Linda Dr,
Winston-Salem NC 27106,

FOR SALE: MB800 cross assembler written in
FORTRAN and set up to run under any system
with some minor modifications. Other MEB00
programs available. Mid-Michigan Computer Club,
T Preston, 15151 Ripple Dr, Linden M1 48451,

KIM-1 USERS: Am designing a universal PC board
same size as KIM-1 board. Double sided, space for
up to 70 16 pin and 12 28 pin chips, four regulator
or power transistor packages with heat sinks. Need
ten people to get cost to $30 each. Contact Gerry
Houlder, 3832 Stevens Av, Minneapalis MN 55409.

WANTED: The base for the CRT terminal en-
closure that was offered by Tri-Tek. Will buy
outright or swap for TTL chips or back issues of
BYTE. If you have one of these bases for sale,
write Larry Ingram, 20 Locust St, Cambridge MA
02138.

AUCTION: Issues 1, 2 and 13 of BYTE. Good
condition. Make your offer of cash or equipment
for use with Altair BB0O0. Bidding closes last day of
month this is published. Enclose SASE and you
will be notified if you are not a successful bidder.
Also for sale: DEC PDP-11 regulators 5V 25 A,
$30; 15V 10 A, $20. H S Corbin, 11704 Ibsen Dr,
Rockville MD 20852.

FOR SALE: DEC PDP-8E with following options:
MMBE EJ 8 K core memory, KMBE memory exten-
sion and timeshare control, KCBE programmers
console, KPBE power fail detect, KLBE console
Teletype control, BESA omnibus expander. Asking
$3000, If interested contact David Kohl, 3002
Bedford Av, Brooklyn NY 11210, (212) 952-4420
days.

COMPUTER Paper tape punches and readers, 8
and 5 level. 1BM 056 Verifier, ultra high speed
paper tape punch (2400 ppm), 5 level. PDP-
8efLab8e software to exchange. 150 item list of
ham, computer, test, hi fi, aircraft, photo, and
antique gear for sale or trade. SASE. K2DCY,
11 Squire Hill Rd, N Caldwell N.J 07006.

FOR SALE: Teletype Model 33 KSR, $250. Model
33 ASR, $350. Friden Programatic Flexowriter
Model SPD with tape punch and tape reader, $225.
Friden Programatic Flexowriter Model 2201 with
tape punch and tape reader, $325. Send SASE for
small list, Ron Turnure, 206 S Highwood Av, Glen
Rock NJ 07452,

Readers who have equipment, software or other
items to buy, sell or swap should send in a clearly
tvped notice to that effect. To be considered for
publication, an advertisement should be clearly
noncommercial, typed double spaced on plain
white paper, and include complete name and

) infor i These are free of
charge and will be printed one time only on a space
available basis. Insertions should be limited to 100
words or less. Notices can be accepted from
individuals or bona fide computer users clubs only.
We can engage in no correspond on these and
vour confir jon of pl. is appearance in
an issue of BYTE.

Please note that it may take three or four
manths for an ad to appear in the magazine,®




synchro-sound enterprises
““THE COMPUTER PEOPLE"*’

“IN STOCK "
NEW LEAR SIEGLER ADM - 3AKIT
FULL ADDRESSABLE CURSOR

. g,‘639 96

CHARACTER GENERATION

5 x 7 dot matrix.

DISPLAY FORMAT

Standard: 1920 characters, displayed in 24 lines of
80 characters per line.

CHARACTER SET

Standard: 64 ASCI| characters, displayed as upper
case, plus punctuation and control.
COMMUNICATIONS RATES

75, 110, 150, 300, 600, 1200, 1800, 2400, 4800,
9600, 19,200 baud (switch selectable).

IMSAI 8080 MICROCOMPUTER
POWERFUL ® EASY TO USE ® LOW COST

$619.95/22 SLOT MOTHER BOARD
849.95/WITH Z-80 CPU

Circle 96 on inquiry card.
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COMPUTER INTERFACES

EIA standard RS232C and 20 mA current-loop
(switch selectable).

DATA ENTRY

New data enters on bottom line of screen; line feed
causes upward scrolling of entire display with
top-of-page overflow. Automatic new line switch
selectable, end-of-line audible tone.

ADM-BAKIT ...t iiiiiieeiiiennnn $ 839.95
ADM-3A ASSEMBLED ............. 1099.95
LOWER CASEOPTION . ......coiiinnn. 89.00
(when ADM-3 kit is purchased from us . ... 59.95)
FOLLOWING MANUFACTURERS IN STOCK
PERIPHERAL VISION, iCOM, TDL, OAE,

PROCESSOR TECH., SWTP, APPLE, HAYDEN,

TARBELL, IMSAI, LEAR SIEGLER, OKIDATA,
DEC, JAVELIN, TELETYPE ASR-33, TRW.

SPECIAL 9 JAVELIN HIGH RESOLUTION
VIDEOMONITOR . . ..ot iviineenns $159.95
* % % % % % % % ®* % %5 % % % %k %k %
* 2708 EPROM $59.95 *
* Set of seven $350.00 *
* % % % % % % % k % % % % % *x *x *



($1099.00)
OKIDATA MODEL 110
110 CPS DOT MATRIX LINE PRINTER

FRICTION FEED* $1099.00
TRACTOR FEED 1229.00
RS 232C SERIAL INTERFACE 250.00

$1769.95

Features

132 column printing
30 CPS

Full Keyboard
Tractor Feed

NEW COMMERCIAL QUALITY KEYBOARD

The Model SS-1 Communications Terminal is a

non-contact capacitive keyboard with a guaranteed

life of over 100,000,000 operations.

FEATURES

@ VIOS/LSI Encoder with high reliability and low
power consumption

e n Key Roll Over which eliminates operator error
and increases thruput

® Hysteresis for tease proof operation

@ Solid State performance at mechanical switch
prices

® Tactile Feedback at the operate point

synChro-sound enterprises ® ASR-33 Array with four mode encoding

K K kK K K K K ¥ ¥k K ¥ K K kK K K Kk ¥ ¥

MOST ITEMS IN STOCK FOR SAME DAY
SHIPPING. FULL MODERN REPAIR FA-
CILITIES ON PREMISES—WE SERVICE
WHAT WE SELL.

X K K K K K K K K K K K K K K K K K X

khkkkkkhhkk
kkhkkhkhkkhkhkhikhk

193-25 Jamaica Ave., Jamaica, NY 11423
Phone (212) 468-7067

KEYBOARD KIT . .. o i ssimas ami $ 99.95
ENCLOSURE: . ::oue s v v s s 49.95

HOURS 9 — 4 DAILY + SATURDAY (WITH NUMERIC CUTOUT)
BANKAMERICARD MASTER CHARGE NUMERICPAD .......ccvvuiuinnunnn 34.95
VISIT OUR NEW SHOWROOM COMPLETE KIT (withpad) ........... 179.95

WORKING UNITS ON DISPLAY ASSEMBLED UNIT (with pad) ........ 229.95
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Dr Kenneth B Welles

General Electric, Nela Park
2623 Fenwick Rd

University Heights OH 44118

The two fundamental rou-
tines needed for a floppy
disk system are: Write a
block of data to the disk,
and read a block of data
from the disk.

Software for the

Economy Floppy Disk

As hobbyists are rapidly finding out, even
the most sophisticated hardware is next to
useless without the proper software to con-
trol it. My previous article on the floppy
disk drive interface (see February 1977
BYTE, page 34) described a hardware device
of the simplest and, consequently, most
software dependent type. This month’s arti-
cle describes the operation and use of the
routines needed for transferring data
between the computer and a disk drive (one
of up to eight) connected to the interface.

The two fundamental routines needed for
a floppy disk drive system are: Write a block
of data to the disk, and read a block of data
from the disk. This sounds simple in theory
but in practice much more information and
many operations are needed. How many
bytes of data are in the block to be
transferred, and which disk drive should the
block go to or come from? At which track
and sector is the block to be located? How
will an error be detected (and if detected
what steps should be taken for correction)?
These are some of the major questions
involved, without even considering such
specific details as data format, file structure,
unrecoverable errors, directory structures,
naming and dating conventions, and so on ad
futilitum.

A block read or write routine can be
divided into four stages:

® Set up for the data transfer

® Transfer the actual data to or from the
disk

® LError detection

® Error correction
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These stages must, by their definition, occur
in the order listed, and in most disk systems
all four stages are included. In some opera-
ting systems the error detection and correc-
tion stages are ignored during a write opera-
tion. While this speeds up transfers by
eliminating a reread or verify operation, it
means that most write errors will be unre-
coverable.

Write Set Up

Because this interface is quite unsophisti-
cated, data to be written onto the disk must
be prepared in memory in exactly the
manner that it will appear on the disk. A
preamble containing 16 bytes of zeroes (128
“0" bits) and a byte boundary synchroniza-
tion signal (or sync byte) must precede the
data. Before the data is written, the error
detection bytes must be calculated and
stored with the data to be written, since
there will be no time to calculate them once
the write operation has been initiated. This
software uses a 16 bit cyclic redundancy
check (CRC) word calculated from the data
bytes by the binary polynomial:

x16+ x124 x5 41,

Because they are precalculated, the error
detection bytes may be put in any position
before, within, or after the data. | chose to
place them directly after the data. The
assembled block of data to be transferred
(consisting of the preamble, sync byte, data
and CRC bytes) is now in the proper format
for transmission to the disk, but the disk
drive itself is not yet properly set up for the



transfer. Because the interface may control
multiple drives, the first action of the
software is to select the proper drive and to
assure that it is ready. '‘Ready’ means that a
diskette is loaded and revolving, and the
power supplies are working. Next, the cur-
rent track location of the data transfer head
is determined and compared to the desired
track. If the desired and current tracks
differ, the software must step the head in or
out at the proper rate (10 ms per track) until
the correct track is reached, and then delay
for the proper head settling time (10 ms)
before continuing.

If the head is not currently loaded, the
software must load the head and allow time
for the loading to be accomplished (30 ms).

All that remains before initiation of the
data transfer is to find the starting point of
the proper sector. Because the timing is
fairly critical between finding the sector and
initiating the write operation, all of the
parameters for the write data loop such as
pointers, counters and output commands
must be set up ahead of time in the 8080
registers. The software now searches.for the
index pulse from the index hole of the
selected disk drive and, having found it,
begins 1o count sector pulses until the
desired sector is found. When the leading
edge of this sector pulse is sensed, the
software transfers immediately to the write
routines, using the values previously stored
in the registers to speed the initiation of the
write operation. This generates the proper
timing relationship between the sector pulse
and the start of the recorded data.

Write Data Transfer

If N bytes of information (including the
cyclic redundancy check) are to be recorded
on the disk, the software will actually send
out N+33 bytes of data to the interface.
Figure 1 shows that the first 16 bytes (a
preamble of zero bytes) are recorded to
allow the interface to correctly distinguish
between data pulses and clock pulses when
this data block is read. The seventeenth byte
recorded is the sync byte, in this case a
binary value of 10000001. This sync byte is
used by the Universal Synchronous Receiver
Transmitter (USRT) to find the boundaries
between bytes during a read operation. The
next N bytes are the block of data to be
recorded, and finally there are 16 bytes as a
postscript to assure that no data is destroyed
when the disk drive write gate is turned off.
Because the only use of this data is to
maintain clock synchronization and protect
the preceding data, the contents of the last
16 bytes are not critical, and may overlap
data used for some other purpose.

16 }
BYTES

10000001

DATA
BLOCK ;
3
16
BYTES

PREAMBLE

SYNC BYTE

N DATA AND
HOUSEKEEPING
BYTES

POSTSCRIPT

Figure 1: Floppy disk data transfer block format. The simplicity of this “hard

sectored " floppy disk system requires that a

specific format be used for the

data. The first 16 bits act as a preamble to enable the interface to distinguish
between data pulses and clock pulses. Next comes the sync byte used by the

Universal Synchronous Receiver Transmitter

(USRT) to find the boundaries

between bytes. This is followed by the actual data and, finally, a 16 byte

safety region to assure that no data fs destr

head is turned off. See also table 2.

Write Error Detection

After all N+33 bytes have been sent to
the disk through the interface, the write gate
of the disk drive is turned off and error
detection may now be performed. Error
detection consists of performing a single
read operation of the block of data just
written. The block of data read in is compar-
ed byte by byte to the block of data written,
If all N bytes are not the same for both
blocks, an error has occurred. This process
could be called a “verify” operation.

Write Error Correction

If error correction is necessary on a write
operation that fails to verify, it is accom-
plished by rewriting the same block of data
to the same disk, track and sector. After this
rewrite attempt, a verify of the rewritten
data is performed and compared to the
correct data to determine the success or
failure of the error correction operation. If
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oved when the disk drive write

As block sizes increase
there are fewer preambles
and postscripts on any
given track, thus maxi-
mizing the usable data
bytes per track.



In the very simplest sys-
tem each block of data
would have some form of
error detection ranging
from a single byte of
checksum to a 16 bit
cyclic redundancy code or
even a complex Hamming
code.

Table 1: Characteristics of
different data block sizes.
Smaller data blocks have
the advantage of not tying
up large blocks of memory
(a premium commedity in
many  small  systems),
Large data blocks, by com-

the write operation fails four (or some other
small integer) times in a row, all hope is
abandoned, an error message is printed on
the user's console device, and the write
routine terminates. Manufacturers’ recom-
mendations for action taken at this point are
as follows: Move to an unused sector and
track on the disk in question, and retry the
write operation. If the error persists, the disk
drive has write circuitry problems; notify the
user, If the error is eliminated, then the
track and sector where the original error
occurred probably has some damage to its
oxide coating. In this case, relink the data
file to reflect the new location of the data
(the track and sector where the second
attempt was made), and then record in some
table the fact that the original track and
sector where the write operation failed is an
unusable area. But what do you do when the
area that failed to write properly is the
location of the table where the failed areas
are stored? This is why operating systems
designers have such a high incidence of
insanity. The software in this article ignores
the whole issue, the traditional ostrich
solution.

Read Set Up

No data preparation need be done on a
read operation because the only routines
required are disk drive select, head load,
track seek and sector seek. These are the
same routines used by the write operation as
described earlier.

Read Data Transfer

The USRT is reset to search for an
occurrence of the sync byte within the
incoming serial data, and the program is set
to wait for the USRT to signal that the sync
byte is found. When the sync byte is found,
data is brought in from the interface and
stored in memory. For a block recorded
with N bytes of information as in the write
operation, a total of N+1 bytes are read in.
The first byte brought in by the software is

parison, speed up data the sync byte, accounting for the extra byte
transfer, require fewer transferred.
blocks per track, and max-
imize the number of
usable data bytes per
track.
DataBlocks Usable Bytes DataBytes Housekeeping
Per Track Per Block Per Block Bytes Per Block
1 5127 4096 1031
2 2549 2048 501
4 1260 1024 236
8 615 512 103
16 293 256 37
32 132 128 4

All Formats Store 315,392 Data Bytes Per Disk

20

Read Error Detection

The routine that calculated the 16 bit
cyclic redundancy check (CRC) for the write
operation is now used to calculate the CRC
of the data block just read. The calculated
cyclic redundancy check must match the
CRC read in if the data is correct. If these
values do not agree, an error has occurred
during the read operation.

Read Error Correction

If a single read operation is unsuccessful,
two more attempts are made to read the
data. If the computed and read-in cyclic
redundancy check values still disagree, the
disk head is stepped in one track and then
out one track, and up to three more read
operations are tried. Continued lack of
success causes the head to be stepped out
and then stepped in one track, and three
more attempts to read are made. If the error
persists after all of this, then this software
concludes that the data is unrecoverable.
The jogging of the head one track in or out
is recommended by the manufacturer to
release any dust particles which may have
lodged between the disk and head, and
which therefore may be causing the read
errors.

Block Size

The discussion of the software to this
point has referred to the transfer of a
“block” of data, but no definition has been
made of the size of this block. The disk is
divided physically into 32 different sectors
by the presence of 32 sector holes. The
combination of the rotational speed of the
disk (360 rpm), the data rate (250,000 bps),
variation in the timing of the sector hole
detection (* 500 us), and the necessity for
the 16 byte preamble, sync byte and 16 byte
postscript on each record determines that if
each track holds 32 blocks of data, then
each block has 132 usable data bytes. There
is no electronic or philosophical reason that
the disk must be recorded in a format of 32
data blocks per track, or even that a 32
block track must consist of full size 132
byte blocks. The proper operating system
software could quite easily make use of a
data format with only 16 bytes per block
and 11 blocks per track. However, this
would make the capacity of each disk less
than 30 K bytes, a tenfold reduction in
storage capacity. The software presented
here can be easily modified to allow other
block sizes and formats to be used, and the
reasons for choosing different block sizes
will be presented before attempting to justi-
fy the block size used.



Smaller data blocks have three main
advantages. First, because of the nature of a
disk drive, data must be transferred one
block at a time, never as a fraction of a
block. If the data is not ready all at once (as
is usually the case), then some area of
computer memory must be dedicated to the
storage of this data until a full block can be
acquired. The size of this buffer area is the
same as the size of the block, and a smaller
data block consumes less memory than a
large data block. Even with the dropping
prices of memory, the average person cannot
afford to dedicate large blocks of a compu-
ter's storage solely to disk data buffering,
especially in a sophisticated operating sys-
tem that may work on many disk data files
simultaneously and require a data buffer for
each one. Secondly, when recording data
files onto a disk device, the data file rarely
contains the right number of bytes to be
stored in exactly an integral number of
blocks. An average of one-half of a data
block is wasted on each different file re-
corded on the disk. If one works with a data
base that consists of a large number of short
data files, this lost capacity of this disk can
become significant. Smaller block size mini-
mizes this loss of storage capacity. Last and
definitely not least, the growing awareness
of the need for standardization of data
storage among the users is a motivation to
seek out de facto (read IBM) standards to
work with. Operating with somebody else’s
block and physical recording parameters
makes it potentially possible to exchange
data between different computer systems via
diskettes. The most widely embraced stan-
dard for floppy disk data operations is the
IBM soft sectored standard. Unfortunately,
this standard is incompatible with the inex-
pensive interface | described in my previous
article, and does not (at the time of this
writing) lend itself to as cheap and simple an
interface. However, the IBM standard uses
128 byte data blocks, and large amounts of
software exist for it. Software for the hard
sectored version of this format currently
uses data blocks of 128 byte size, although
the new double density disk drives are
promoting software with 256 byte data
blocks. Most existing software, then, is
written with 128 byte blocks of data, 32
blocks per track on a hard sectored disk or
26 blocks per track on a soft sectored disk.
This is an argument in favor of short data
blocks, based on conventions of existing
users of floppies.

Larger block sizes also have three main
advantages. First, because the software pre-
sented here can only transfer one block of
data per revolution, large data blocks greatly

speed up data transfer. Dedicating a track to
a single data block, a 5 K byte block of data
can be transferred in 1/6 second. Second,
large block sizes mean fewer blocks per disk.
This reduces the data required in the ad-
dressing of disk data blocks, and can reduce
the complexity of directories and block
occupancy bit maps. Table 1 shows the third
advantage of large data block sizes. As block
sizes increase there is less overhead on any
given track, and so the maximum number of
usable data bytes per track (and per disk)
increases. While the overall amount of data
storage increases by only a small percentage,
the increase is important to certain data
structures, as will be shown.

In block structured random access data
bases, such as disk storage, data is usually

stored in blocks of 2N bytes. An integral No other peripheral device
power of two is a handy size for organiza- requiring direct memory
tion of data in a binary computer and makes access (DMA) operations

data manipulation easier than with some
other sizes. With each block of useful data,
there is some other data which is transparent
to the user and of no real concern to .
him/her, but which is associated with file no interrupts or hold oper-
management and the operating system of the ations lasting longer than
computer. This housekeeping or “overhead” two microseconds can oc-
data contains information about the status cur simultaneously with
of the data within the block. In the very disk writing.

simplest system, for instance, each block of

data would have some form of error detec-

tion, ranging from a single byte of checksum

to a 16 bit cyclic redundancy code or even a

complex error correcting Hamming code.

Most simple systems also record the track

number and sector number of the block with

should be active during the
read or write operations of
this software. In general,

Table 2: This is an expansion of figure 1 showing how the data block is laid
out in memory prior to an output disk transfer or following a read operation
from the disk. The “housekeeping’ bytes mentioned in the text are used for
error detection and error correction as well as for labeling files.

Byte Number (Decimal) Value Function
—17 to -2 0 Clock synchronization
-1 hexadecimal 81 Sync byte for data synchronization
0to8 ASCII 9 letter file name
9 Oto7 Drive number
10 3to 76 Track number
1 0to 30 Sector number (must be even)
12 3to76 Track number of preceeding block
13 01to 30 Sector number of preceeding block
14 3to0 76 Track number of following block
15 0 to 30 Sector number of following block
16 to 19 - Future use
20 0 to 255 Byte count of incomplete data blocks
21 to0 276 DATA User data (256 bytes)
277 — Future use
278 to 279 CRC 16 bit CRC (cyclic redundancy check)
280 to 295 0 Trailer bytes

Bytes 0 to 279 are shown as they exist in memory.
Bytes —17 to 295 are shown as they exist on the disk.

NOTE: The software in this article uses only bytes 9 to 11 and 278, 279. (All
bytes numbered O to 279 are transferred to disk and back.) See note at
end of article concerning a complete floppy disk operating system which
uses all the bytes.
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eaea

2818

ee1e
Be1li
Baa12
ea13
2814
2815
@ais

aai8
2918
Ba1E
Be1iF
aaz2
ee23
eazd
Baeas
2026
eazv

agzs
aezc

BBzF
aoie
eazz
BazIs
aa3s
[a3?
Baazs
aeza
BazA

Ba3E F

Ba3F
ae42

28343
2044
Ba4E
EEES
EEE]
P40
BR4F
2850
253
2a54

2855
Rase
2857
aess
2052
2as5e
aasc
285F
easa
=l
el 1=

agal
paaz
aaaz

BDAA4SS2
S24FD2

i THE FOLLOWING 1S A GENERAL PURPOSE ERROR TYPEOUT ROUTINE

; THE VALUE OF CO REFERS TO A USERS ROUTINE WHICH TYPES OUT

i THE ASCII VALUE IN THE C REGISTER ONTO THE USERS CONSOLE OUTPUT.
; DNLY THE A REGISTER AND FLAGS MAY BE DESTROYED BY CO.

co EQU a
ORG 10H 5 THIS ROUTINE MAY BE ORG”D ANYWHERE IN MEMORY
; THIS ROUTINE TYPES OUT AN ERROR MESSAGE TO THE USER

;1T IS CALLED INTERNALLY RAS:
3 CALL ERTYF

] oB X
i THE RESULT IS THE TYPING OF:
i ERROR ¥
ERTYF: XTHL
FUSH PSH
PUSH B
PUSH 4]
Moy A M
TN H
PUSH H
PUSH FSH
LK¥I H: ERMES
CALL THTYF
POP PSSk
CALL BYTYF
FOP H
FOP 4]
POF B
FOP PSW
HTHL
RET
ERMES: DB 13,10, “ERPD’ ., "R +122

BYTYF: FUSH PSH

mvI Ciim o7

CALL co

FOP FSW
NMTYP: PUSH  PSW

RRC

RRC

RRC

RRC

CALL  HEXCHR

POP PSH

CALL  HEXCHR

RET
HEXCHR: PUSH  PSW

ANT BFH

ADI ‘8

cP1 79741

JC HEX1

ADI A= 3 -1
HEXL oV c.A

CALL  ©D

PP =0

RET
THTYP: moy R M

ORA A

RZ

PUSH  PSW

AN 7FH

mav c.A

CALL  CO

POP =

RM

1y H

NP THRTYP
ERWRT  E0U 1 s IF THE DISK FAILS TO WRITE, TYPE "ERROR 1"
ERRED  EOU 2 i IF THE DISK FAILS TO READ, TYPE "ERROR 2"
ERDKNM  EQU : s IF NO SUCH DISK EXISTS. TYPE "ERROR 3"

+ THESE ARE THE FLOPPY DRIVE I-0 ROUTINES

; 19-AUG-TE

INPORT  EQU eFaH

OTPORT EGU aFeH

FDRED  E@N INPORT s DATA FROM THE FLOPPY

FDSTAT EOU INPORT+1 iSTATUS BITS OF THE FLOPPY

SRTSWE EQuU INFORT+2 JREAD THE SRT STATUS WORD

SRTRR  EOU INPORT+Z i INPUTTING THIS RESETS THE USRT TO LODOK
FOINWT EQU INPORT+4 FJKLUGE TO SYNCHRONIZE TO 32 MICRSECS
FOWRIT EQU OTPORT iDATA TO BE WRITTEN TO THE FLOPPY

SRTTFS  EQU OTPORT+1 i PORT OF THE DEFRULT CHRARACTER

SRTRSS EOU OTPORT+2

FOOUT  EQU OTPORT+Z JSEND SIGHALS TO THE FLOPPY

FDOTWT EQU OTPORT+4 i SYNC TO 22 MICROSECS

LOADHD  EQU OTPORT+S ; THIS COMMANDS LOADS THE HEAD FOR 3 SECONDS
HOUNLD  EOU OTPORT+E s THIS FORCES AN IMMEDIATE HERD UNLOAD

; THESE ARE SIGNALS TO FOOUT <DIRECT FLOFFY CONTROLS)

WCSEL EQU 1 +1=TRACK B-43. O=TRACK 44-7&

FUREST EQU 2 JUSE TO RESET A FILE UNSAFE CONDITION
DIRIN EOQU 4 i LOGICAL OR FOR IN TRACK

DIROT EQU NOT DIRIM +AND FOR OUT TRACK

WRTGAT EOU 186 +LOGICAL OR TO START A WRITE

STEPP EQU 280 JLOGICAL OR TO START A STEP FULSE
STEPM EQU NOT STEFP JLOGICAL AND TO STOF THE PULSE

s THESE ARE THE DIRECT STATUS LINES OF THE FLOFFY <IN FODSTAT)
TREZRO EOU

UNSAFE EDU 2

FDRDY EQL 4
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Listing 1: Floppy disk drive input and
output routines. As it stands, this listing is
one step short of being a complete operating
system, but could be used as a starting point
for such an operating system. This program
will run only on an 8080 with memory
having a cycle time of 500 ns or faster; it
will not run correctly if any interrupts or
direct memory access (DMA) routines lasting
longer than 2 s occur during program
execution. (See part 1, page 42, February
1977 BYTE, “Software Timing."')

the rest of the data on that block. When
some track and sector is read, the track and
sector numbers read must agree with the
desired track and sector numbers. If these
bytes disagree, then a seek error has oc-
curred. The error detection information and
the track and sector numbers are simple
housekeeping data that the user need never
be concerned with during data transfer. A
more complex data base management system
may store extensive housekeeping informa-
tion with each block of data. Information
such as forward and reverse linkages (point-
ers to the succeeding and preceding blocks
of data in a file), file name, number of valid
bytes in a partially filled data block, date
and time of the recording of this block of
data, write or read protection, user identifi-
cation, destroy date — all may be recorded
as useful housekeeping data.

If a format of 32 blocks per track, 128
data bytes per block is used, table 1 shows
that this leaves only four bytes of data
available with each block to record house-
keeping data. Going to 16 blocks of 256
data bytes per block, the available house-
keeping area increases to 37 bytes per block.
512 data byte blocks gives a substantial 103
bytes of housekeeping on each of eight
blocks per track. The routines presented
here were written as a first low level step
toward a full floppy disk operating sytem,
and the amount of housekeeping required
for the full system necessitated at least the
256 byte block size. The 512 byte block size
was ruled out because it consumed buffer
space much too quickly, and because a single
byte would no longer be sufficient as a
buffer data counter.

A DOS Block Format

Table 2 shows the layout of the data
block for my disk operating system (DOS) as
it exists in memory and as it is written to
and read from the disk. There are 280 bytes
in the block, 256 of which are usable data
bytes, and 24 of which are reserved for
housekeeping. Of the housekeeping bytes,



five are not currently defined, and all but
bytes 9, 10, 11, 278 and 279 are available to
the user in the routines listed in this article.
As of this writing, a full floppy disk opera-
ting system for my peripheral interface to
the 8080 has been completed (see note at
end of this article). The format described
here is that used by this operating system. In
this format, the first nine bytes are designa-
ted as the file name, ordered a la DEC as six
ASCIl characters of file name and three
characters of extension. Having the file name
associated with each block of a file is a great
aid in data recovery from crashed systems (a
not unheard of occurrence) and in trouble-
shooting modifications to the operating
system (a frequently heard of occurrence).
Byte 9 is the number of the device (disk O to
disk 7) where this file was originally re-
corded. This number does not have to match
the number of the device that the file is
subsequently read from. Bytes 10 and 11 are
the numbers of the track and sector where
this data block is stored. Valid values are any
integer from 0 to 76 for the track, and only
even integers from 0 to 30 for the sector.
(With 256 byte blocks, we have to use every
other sector.) Bytes 12 and 13 indicate the
track and sector of the block of data
preceding this one in a linked data file. If the
current block is the first block, and no
previous data blocks exist, then bytes 12 and
13 are set to zero. Since track zero, sector
zero is reserved for the bootstrap copy of
the operating system, no linked file can have
this block address as a legal forward or
reverse linkage. Bytes 14 and 15 give the
track and sector of the data block following
this block in the linked file. If this is the last
block, values of 0 and O are again used to
indicate an invalid linkage (end of file).

Because no operating system is ever fin-
ished and better ideas are generated as a
continuous function of time, bytes 16 to 19
are reserved for whatever functions may
become desirable in the future. Byte 20 is
used when the last block in a recorded data
file is not completely filled, indicating the
actual number of valid data bytes stored in
the data area. Bytes 21 to 276 inclusive
contain the 256 bytes of usable data. The
data in these bytes is usually the only data
of final concern to a program retrieving data
from a file. Bytes 278 and 279 are the cyclic
redundancy check bytes, least significant
byte first. This 16 bit value is calculated as
detailed earlier, from the values of bytes 0 to
276 inclusive.

Now, the Software

Listing 1 shows the software which con-
trols the disk interface and performs the

Listing 1, continued:

agaz
=lshic]
enz2e

Baesl
aiee
aels
8117
asos

ERaa

EDea F2
EQRL @582
E®BZ CS
E@B4 CDLSED
E@a? CLEFEB
E@8A C1
E@BE C8
EBRC 0%
EBBD FZOZE®
E@10 CDiesd
E813 21
E@14 C3

EO1S 3AESE2
E@18 COZEEL
EQ18 214BE2
EQLE AF
EQLF 9610
EB21 77
E022 23
E@23 85
EB24 C221E0
E@27 2681
E@22 ZRESEZ
EBIC 2248E2
EA2F 21SBE2
E@Z2 COF2ZEQ
E@3S EE
E@36 2272E3
EO29 CODSEL
E@IC CLRSER
E@ZF 112681
EQ42 214BE2
E@45 AF
E@46 DIFL
ER4E IA4EE2
E@4B FEOA
EB4D 4F
EQ4E COLAER
EBS1 79
EBS2 DIFZ
E@S4 EEFD
E@SE DIF2
E@SE DIF4
E@S5A 7E
EQSE DIFQ
E@se 23
EQSE 1B
E@SF 7R
E@E9 B3
EBS1 C253EG
EBE4 3A4EEZ
E@67,EGFT
EBES DIF2
E@EB 3246E2
EQEE C9

EQEF CDRIED
EB72 CB
E@P2 Z17SEZ
E@76 11SBE2
EB7S Bcaa
EBFB 1A
E@7C BE
E@7D Ca
EB7E 13
EB?F 23
EBsa 85
E@81 CZ7VEBE@
E@34 C3

EBSS FZ
E®8& CDRIES
E@53 C8
E®8A CDR3EL
E@3D CDBZE1L
EE@38 CLASER
E@33 C3
EBS4 CDBIEL
E@s? CDA3EL
E@9AR CDAZES
EBSD C8
E@SE Chio2a
EBAL Bz
E@AZ C3

EBAZ ZEBZ
EBAS 3245E2
EBAZ2 COB4ED
EBAB C2

SCTR
ITNDX
HERDLD

s THESE
SYNCE
LHBUF
KTRA
LNZSNC
DSKLIM

GDWRT :

GDMWRL

ER
EQu
EQU

ARE
Eqi
EQl
EQu
EQL
EQL

ORG

DI
Myl
PUSH
CALL
CALL
POP
pZ
DR
JP
CALL
DE
RET

8
10H
28H

VARIOUS PARA
81H
256
€2
LNEBUF +XT|
=]

BEGQaH

B, 2

B
WRT2S5&
CHEMRT
B

B

GDWRL
ERTYP
ERWRT

METERS

4 THIS IS THE SYNC BYTE FOR START OF TRACK
i LENGTH OF THE BUFFER

+ EXTRA BYTES FOR HOUSEKEEPING

RA+1 +DISTANCE OF SYNC TO CHECKSUM

iUP TO 8 DISK DRIVES ON THIS CONTROLLER

# THIS 1S DISCONTIGUOUS RAM

+DISABLE THE INTERRUPT TO MAINTAIN CRITICAL TIMING
+ TRY THIS 2 TIMES BEFORE GIVING UP

i FIRST, WRITE

1T

+ THEN CHECK FOR PROPER WRITE
JRESTORE STACK, DON'T CHANGE FLAGS
i SUCCESSFUL WRITE, RETRUN HOW

iR BAD WRITE.

TRY

RGAIN

+ IF WE STILL HRAVE TIME. TRY AGAIN

+ ELSE,

SIGNAL THE ERROR AND QUIT

s THIS ROUTINE ASSUMES THAT THE TRACK AND SECTOR TO BE WRITTEN ARE IN TREWRT
i AND THE DATA IS ALL IN WRDAT
s THIS MUST CONTAIN THE DISK NUMBER'!!
DSKNUM 5 PROCESS ANY UNIT NUMBER CHANGE

i CLEAR THE CLOCK SYNC BYTES
i BY FILLING WITH ZEROES
B, 18H 416 OF THEM

HRT256 .

CLRLOF

WRETLOP

LDA
CALL
L1
XRA
MYl
mMov
TH
DCR
JNZ
mvI
LHLD
SHLD
LXI
CRLL
HCHG
SHLD
CALL
CHALL
L¥I
LKL
¥RA
ouT
LDA
or1
Moy
CALL
oy
ouT
ANL
auT
ouT
Moy
ouT
THX
DX
Moy
0RA
JNZ
LDA
ANT
ouT
STA
RET

WRDEY

H. WRTBIF
A

M. A

H

B
CLRLOP

M. SYNCE : STORE THE SYNC BYTE

TREWRT
TREWNT
H: MRSNCE
CHE4Z6

WRCHES

TRKGET

: SET UP THE TRACK AND SECTOR POINTS
1 START OF THE CHECKSUM RARER

i STORE THE CALCULATED CHECKSUM

HEDLOD i LOAD THE HERD
0. LNBUF+-TRA+22

H, WRETEBUF
A

+ BUFFER ARER TO WRITE

GET THE DESIRED TRACK

SRTTFS  TRANSMIT A FILL CHAR OF ZERD
FOEUF + THE OUT STARTUS
WRTGAT+FUREST » TURH
C.A JHOLD THE WRITE COMMAND IN C
SCTGET GET THE FROPER SECTOR

A, C

FDOUT + INIT
NOT FUREST

FDouT

OoN

THE WRITE GATE

THE WRITE GARTE GUICKLY
i TURN OFF FILE UNSRAFE RESET

FDOTHT i KLUGE AND WAIT FOR READY FOR DATA

A M
FDWRIT
H

[+

A. D

E

WRTLOP
FOEUF

NOT WRTGAT

FOOUT i HOW
s THIS 15 THE PRESENT STRATUS

FDBUF

i TURN OFF THE WRITE GATE

i THIS ROUTINE FPERFORMS A REREAD OF THE SECTOR JUST WRITTEN
JRETURN IS WITH Z=@ IF A READ FAIL OCCURRED. OR IF A READ DION'T MATCH

THE IMMEDIATE PREVIOUS WRITE 2Z=1

CHEMRET *

CHEWL

CALL
RNZ
L¥I
Lx1
Myl
LDAX
cHMP
RNZ
THK
THK
DCR
JNZ
FET

TRY3RD
H, RDSHCE

D, HRSNCE
B. B

HEWL

IS A SUUCCESSFUL WRITE

i TRY 2 TIMES TO READ IT
JiRETURN WITH Z=@ 0N A BAD ERROR
iSET UP A 256 BYTE COMPRRE

4256 1SN T AL

L. El

UT IT IS ENOUGH

i GET WHAT WAS WRITTEN

s COMPARE TO W
i RETURMN ON AN

iUP THE POINT

HAT
ERF

ERS

WAS READ
or

# SUCCESSFUL RETURN, Z=1

i THIS ROUTINE TRIES X TIMES TO READ,

RED256:

b1
CALL
RZ
CALL
CALL
CALL
RZ
CALL
CALL
CALL
RrZ
CALL
0B
FET

TRY3RD
i IF suUcCcC
TRAKIN
TRAKOT
TRYZIRD

TRAKOT
TRAKIN
TRY3IRD

ERTYP
ERRED

ESSFUL.
s J0G IN

THEM

TO THE DISK

JOGS IN: AND OUT AND AGAIN
iDISABLE THE INTERRUPT FOR CRITICAL TIMING
s TRY 2 TIMES TO REARD THE BLOCK

THEN RETURN

i SCRAFE OFF FLIES RAND FROGS

3 THREE MORE

sJIG OUT

i SCRAPE OFF DIGITS AND DOGS

s LAST CHANCE COWBOY

# IF FINALLY SUCCESSFUL, THEN RETURN
4+ IF NOT. THEN TYPE OUT THE ERROR

i THIS ROUTINE TRIES TO READ THREE TIMES.
SACTUALLY TRY 2 TIMES

TRYZRD

TRGP :
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Myl
STAR
CRLL
RrRZ

REDTRY
REDONC

s HOLD ONTOD IT
sTRY IT JUST

ONCE

RETURNS Z=1 FLRAG

IF OK ON RER



Listing 1, continued:

EBAC 2145E2 L¥I H: REDTRY

E@AF 35 DCR M

EQBB F8 RM 5 IF TOO MANY, THEN RETURN 2=

E@B1 CZRZES® JHP TRGP s TRY TRY AGAIN. RAGAIN
i THIS ROUTINE TRIES ONLY ONCE <AND [ DON’T ELAME IT ATALL>

E®B4 IAR4AEZ  REDONC: LDA DSKWNT  THIS MUST CONTAIN THE DISK NUMBER'!

EBGB? CDzBE1L CALL DSKENUM PROCESS ANY UNIT CHANGE

EBBA CDDEEL CALL TREGET : GET THE TRACK

E8BD CDOISEZ CALL HEDLOD 5 LOAD THE HERD

EQCE 111A81 Lx1 0. LNEBUF +XTRA+4

EBC3I 217SES LHI H. RDSHNCE i POINT TO THE BUFFER RRER

EBCs 3E81 MYl A SYNCE , PROMPT THE USRT WITH WHAT TO EXFECT

EBC8s D3F2 ouT SRTRSS 4 SHOVE IT

EBCA CD1RE2 CALL SCTGET . GET THE PROFER SECTOR

EBCD DBF3 IN SRTRR JRESET THE USRT TO LOOK FOR THE SYNCE

EOQCF DEF4 REDLOP: IN FDINWT 1 SPECIAL 5YNC KLUGE TO HOLD ONTO THE BUD

EeDb1 DBFD In FDRED JUNTIL DATA IS AVAILARBLE

EBD3 77 Moy M A

EeD4 22 TH® H

EBDS 1B DCx D

EBDE TH noy A D

EBD? BZ ORA E

EBDZ C2CFEQ JHZ FEDLOP

ERDB 21VSEZ LAI H: RDSNCE i POINT TO THE BUFFER RRERA

EBDE CDFIER CALL CHE436

ERE1 3IARIAEZ LA LSTDSK . GET THE NUMBER OF THIS DISK.

ERE4 3I27FE3 STA RODEV sAND STORE IT IN THE READ ARER FOR FUTURE USE

EBE7 2ASCE4 LHLD RDCHKS s HL HAS THE CHECKSUM

EBEA CIEDER JHFP COMPAR
: THIS ROUTINE COMPRRES HL TO DE

ERED 7C COMPAR . MOV A H

EBEE 32 SUB [+

EBEF C@ RHZ

E@FB 7D Mow AL

EBF1 92 sSuUB E

EBF2 C2 RET
+ THIS ROUTINE DOES A DOUEBLE PRECISE CHECKSUM

EBFZ 811601 CHE436: LK1 B. LNBUF+XTFA

E@FE 1100803 CHESUM: LKXI e

E@F9 7E CHELOP: MOV A M :GET THE BYTE TO SumM

EBFR ES PLISH H

E®FE CS PLUSH = iSAYE ALL THE REGS.

EBFC AB HRA E

EBFD a7 moy B A

EBFE OF RRC

EBFF BF RRC

Ei80 eF RRC

El81 oF RRC

E182 4aF noy C.R

E102 RS *RA B

Ei@4 EEF@ AMNI BFaH

Ei1R2& AR *RA D

E187 &F MoV LA

El@s 73 Moy A

El@3 a7 RLC

EL18A ES1F ANI AFH

EiBC AD HPA L

E18D E&F Moy L:A

E1BE 78 Moy A. B

Ei8F a7 RLC

E118 E&8i ANI 1

E112 AA *RA D

E112 AD *RA L

El114 S7 Moy oA

E115 79 Moy A C

Ei116 EE8F ANI BFH

Eii8 RS HRA B

E119 SF Moy E.R

E1lR 72 Hoy A C

E11B AS HEA B

EiiC @7 RLC

E11D EcE® ANI BESH

E1iF AE HRA E

E128 SF Moy E:A

E121 Ci FOP B

E122 Ei POP H

Ei123 23 IN H

E124 2B DL B

E125 78 MOY AB

Ei126 B1 ORA c

E127 C2F3ER JNZ CHKLOF i NEXT BYTE IF NOT YET DONE

Ei2A C2 RET
i THIS ROUTINE 1S5 ENTERED WITH A CONTAINING THE NUMBER OF THE
; DISK DRIVE UNIT ON WHICH THE DESIRED OPERATIONS ARE TO BE PERFORMED.
i C@-DSKLIM-13, IF THE LAST DRIVE USED WAS THIS ORIVE. THEN
i RETURN IS IMMEDIATE. AND NO ACTION IS TAKEN IF A NEW DRIVE
# 15 CALLED. THEN THE HERD OF THE PRESENT DRIVE IS FORCED TO UNLOAD
i AND THE CURRENT TRACK NUMBER ASSOCIATED WITH IT IS STORED.
i THE MEW [ISK-S LAST TRACK 1S REMEMBERED., RND IF VALID, CONTROL IS
i RETURMED. ELSE. THE NEW DISK IS INITED. AND THE TRACK 8 IS FOUND.

E12B FEBSB DSKNUM: CPI DSKLIM @-7 IS CONDITIOMALLY RACCEFTRABLE

E12D0 F2BSE1 JP DSKRL  iNO SUCH DISK EXISTS!!

E13@ 213REZ2 LKI H, LSTDSKE i POINTER TO THE LAST DISK

E133 BE sy g M i NEM=0LD?

E134 C8 RZ i IF S0, THEN RETURN NO RCTION

E135 FS PUSH PSW s ELSE, SAVE THE NEECDED DATR

E135 ES PUSH H

E137 3E03 MV A DSKLIM iWAS THE OLD ONE LEGAL?

E139 BE CHP M

E13A FA4EE1 JmM DSENL 4 IF NOT. DON'T STORE THE OLD TRACK

E13D 4E mov C.m + C=LAST HUMBER

EAZE Bc0e Ml B. @

E140 89 DAD B

Ei41 23 INX H JHL=LSTDSK+0LD DISK+1

operations described above. There are three
main entry points to this software: DKINT,
GDWRT and RED256. When called, these
routines initialize a disk drive, write a data
block, and read a data block, respectively.

DKINT

DKINT (for DiskK INiTialize) is a subrou-
tine called with the accumulator containing
the number (0 thru 7) of the disk drive to
be initialized. DKINT causes the selected
disk drive to unload its data transfer head,
step the head to track zero, and reset the
track counter associated with that drive to
zero. DKINT destroys the contents of all of
the 8080 registers, so appropriate precau-
tions should be taken when using it. This
routine must be used after powering up the
processor, and should be used both before
disks are removed from the disk drives, and
before they are referenced by programs after
insertion.

GDWRT

GDWRT (for GooD WRiTe) causes a data
block to be written to a specified track and
sector on a specified disk. When the GDWRT
subroutine is called, all of the data relevant
to the transfer is assumed to already reside
in the 280 byte buffer area from WRFLNM
to WRFLNM+279. The number of the disk
to be written on (0 thru 7) must be in
location WRDEV (which is WRFLNM+9),
the track number (0 thru 76) must be in
TRKWRT (which is WRFLNM+10), and the
sector number (an even number from O to
30) must be in TRKWRT+1 (WRFLNM+11).
The data to be stored on the disk may reside
anywhere in bytes 0 to 8 and 12 to 277 of
the buffer area, but in the context of my
operating system, the 256 bytes from
WRFLNM+21 to WRFLNM+276 are specif-
ically reserved for data. GDWRT performs
the steps previously described for the write
data block operation: generating the pre-
amble, calculating the cyclic redundancy
check, selecting the disk and positioning the
head, writing the block, verifying the write
operation and attempting to rewrite if nec-
essary. Control will return to the program
which called GDWRT after a delay of from
0.2 to 2 seconds, depending on the distance
that the head had to travel and the occur-
rence of any write errors. The user need not
worry about the timing of the operation;
however, no interrupts or hold operations
longer than 2 us may occur during GDWRT.
Specifically, no memory slower than 500 ns
response time may be used, and no device
using direct memory access (DMA) opera-
tions may occur during GDWRT. If such a
delay happens at the wrong time, the data



will not be properly recorded, and following Listing 1, continued:
data blocks on the same track may even be

= = . E142 ZA4TEZ LA TRAKNO
overwritten and des{roye_d' Caunon mUSI. E14%5 73 MOy M.A +STORE THE OLD CURRENT TRACK NUMBER
also be observed when using both GDWRT Al L YOULD, S FORCE THE HEFR. 70/ DM 0R0
and RED256 from the same program, since E149 F1 POP PSU ;RETRIEVE THE OLD DATA
ol . Ei14R 77 Moy M. A +STORE THE NEW NUMBER RS THE OLD ONE
the write check operation of the GDWRT E145 4F oy C.A : BC=NEXT DISK
routine reads data into the buffer used by £14D BF RRC
. . E14E BF RRC i A=NEWTRACK+22
the RED256 routine, thereby destroying E14F 3246E2 STR FDBUF i CONSIDER THIS THE NEXT DRIVE COMMAND
- x E152 D3F3 ouT FoouT ;SET UP AHEAD OF TIME TO DEGLITCH
data previously present in the buffer. E154 DEF1 N FDSTAT . CHECK THE STATUS OF THIS DISK
GDWRT performs the error detection and ~ ££32 €203 U pE s T e we e
correction steps outlined above the returns e ol
with the zero flag true whenever the write E1SD 7E MOY A M P THIS IS WHERE THE DISK WAS LEFT
5 A E1SE Z247EZ2 STA TRAKND i DECLARE IT THE CURRENT COUNT
operation was successful. If some write error €161 FE4D Pl 77 iB-767
. E163 F8 i
occurs, the zero flag will be false (a JNZ
. . oy E164 DEF GTREKR: 1 F T
instruction will jump). The contents of the Cfee Lica  pemgy iaNu TEE
8080 registers are destroyed by GDWRT in iy wic Lot
i i E16E CDAZE1 CALL TRAKIN
erther_ case, an_d only the Z flag returns with BASE DhnaEs ool IR
valid information. E174 CDAZEL CALL TRAKIN
EA77? CDBZE1L TRZLP: CALL TRAKOT
E1i7A DBF1 IN FOSTAT
Ei7C ESO01 AMT TRKZRO
RED256 E17E C277EL JnzZ TRZLP
( 256 b bl k} E181 3247E2 sTA TRAKND
RED256 (for REaD a yte bloc E134 C3 NODSK:  RET
reads a data block in from a specified disk, E165 CD1000 DSKR1: CALL  ERTvP  ;DISK NUMBER >7
track and sector. When RED256 is called, it €189 C3 RET
initiates the read operation, and assumes E1ER 3EFE T ol o
. A ST
that the disk, track and sector of the data e b o
i - E19@ FS INI1: PUSH PSW
block to .be read are stored in the mem RIS s G TEA
ory locations DSKWNT, TRKWNT and E154 F1 FoP P
SECWNT, respectively, with the same re- E196 FEBS Pl DSKLIN
P . E198 C29QE1 JHNZ INIL
strictions on the disk track and sector values E198 O RET
as in the GDWRT routine. After being iSE COTREE | SiCis! Rt RN
= s RE
called, RED256 will return to the calling EASF COGAEL i L
program after a delay of from 0.1 to 3 i THESE ROUTINES MOVE THE TRANE
i i s THESE ROUTINES MOVE THE "EAD 1IN <TOWARDS HUB: OR OUT (TOWARDS CIRCUMFER
seconds. l.Jpo_n returning, the zero ﬂag i3 SF:t JOME TRACK FOR EACH CALLS CALL LASTS 18 MILSECS
(true) to indicate that the data block read in E1A3 2147E2  TRAKIN: LXI H, TRAKND
. E1RA& 24 INR M i COUNT UP ONE TRACK
had the proper cyclic redundancy check E1A7 R4EE2 LORA FOBUF
* E1RA FeD4 or1 DIRIN
bytes, and that the read operation was E1AC I246E2 TR FDBUF
2 - EiAF C3BEE1L JMP TRAKMY
successful. The zero flag is cleared (false) to L SaTES  yRKET o o BRI '
indicate that the read failed to produce the o BeR I "HCOUNTIOONLTHE TRAGK
proper check value even after the multiple Eein een sl EUROT | SOLEGR FOR:AREUT, AOVE
reads and head jogs described in the read E1BE FE1@  TRAKHV: DRI STEPP  ,SET THE STEP BIT
. . EiCBA [D3F3 ouT FDOUT i AND THE START EBIT
error correction section. After a successful EiC2 E€EF ANT STEPM  :CLEAR STEP BIT
. Ei1C4 D3IFZ ouT FDOUT
read, the block of data read will be present EA1CE COCREL CALL  TENMIL WAIT TEM NILSECS
H - Ei1C® C2 RET
n the 280 byl‘e bUffer area from RDFLNM : THIS ROUTINE 1S JUST A SOFTHWARE 18MS WAIT
1 1 EACA BiFFBZ TENMIL: LXI B AT7?PTR
to RDFLNM+279, in the forma_t shown in Rach o L5 -
table 2. Because the buffer area is also used E1CE 08 TP Dex e
to check for errors during a write operation, E100 C2CEE1 nz THLP
% 1DZ B8 i =]
as noted previously, the data read from the E104 coCEEL ez Tree
. . E1D7 C3 RET
disk by a call to RED256 should be copied JTHIS ROUTINE GETS THE DESIRED TRACK CFOUND IN TRAWNT>
into another buffer area if the data is to be E100 Nee. NSEERLLE TEENT el THEOESIRED TRICK MIRCR
kept beyond the time of the next data block B0 PO . SERROR
. e 46EZ B
read or data block write. None of the 8080 E1E1 7E HOY A M
. H Al T WCSE
registers are sacred during a call to RED256, e i ML NOT HGSEL
and the programmer must take this into e e e IRl
account. E1ER F2F1E1 JP TRKGL
E1ED 7E Moy A M
The three entry points described, DKINT, s ol Mo,
GDWRT and RED256, are sufficient for all TRKGL
. . . EAF1 3R4FVEZ2 TGETLF: LDR TRAKMD  GET THE PRESENT TRACK NUMBER
operations involved in any data base manage- E1F4 a7 MOy E. A iB 15 WHERE WE ARE AT
= » IR4BEZ DA TREWNT A IS WHERE WE WRANT TO BE
ment or operating system which uses the Sy o b
E1FS C8 RZ i TADA. . . WE ARE THERE
data block format of table 2. However, the g re eI e THEN 50 In
i i ini- E1FD CDB2E1 CALL iR <B. N
gersonal computing enthus_;last (by d(:lfll'll Eif0 Fhuexs Ll JRAcat
tion never satisfied) may wish to use differ- E203 CDA3EL  INGIN: CALL  TRAKIN
. . . E286& C3FiE1 JMP TGETLP
ent data formats or different disk drives. ; THIS ROUTINE LOADS THE HERD AND WAITS 20 MS FOR SETTLING
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Listing 1, continued:

E202 DEF1 HEDLOD: IN
E28B E&2Z0 ANT
E220 D3IFS ouT
E20F o RHNZ
E21h CDCREL CALL
E213 CDLAEL CALL
E21s COCREL CALL
E219 C9 FET

E21R DEFL SCTGET  IN
EZiC ESL1e ANT
EZ1E TZ1REZ JHZ
EZ221 ZA4ZE2 LoA
EZ24 EF1E Al
E226 47 M

E227 DBF1 SCTLRP IN
EZZ? EcB3 HHL
22 JHZ
LCR

EM

SCTLZ: i

AN

J2

EZ3R
E2zE
E243
E245
E248
EZa7
E248
E242
EZ24R
E24B
E2Se
E25C
E260
E254
E265
E266
E2ES
EzeR
E2&C
E27a
E2T1
E3T2
EZTS
EZTS
EZTE
EZ7A
EZVE
E37F
EZEd
EZS2
EIS4
EZEs
EZZA
EIZE
E450
e lsls05)

EYTYP
CHEWL
COMPR
LETRE
DEkNL
ERMES
FDEUF
FDRDY
FUPES
HELINL
HEXCH

INIT

LOADH
UTPOR
FODEY
FEDLO
FRYLN
SCTHH
SRTRS
STEFF

TMLP

TRAKD
TRERE
TRY3IF
HCSEL
WRDAT
WRT2S
WREYLN

5]

alslal]
Qa0
03
oo
aa
(25 ]
G

21
4E434C4E
41404558
sS4

an

Lals ls 0]
aoaa
elelclc]

e

21
AE4HACAE
41404552
=11

2

B0
LlelEls]

(= la ]

0

o2F
EQTE
EQED
E23B
E1zE
nozE
E24E
BiRod
a2
ROFE
LR
E18A
BAFS
DEFQ

ITF
EOCF
Ezs2
E242
NOF2
A010
ELCE
E1E2
E3IS0
EQAZ
a0
E271
EB1S
EZES

JMF

FDETAT
HERDLD
LOADHD

TENMIL
TENHIL
TENMIL

FOSTAT
THDM

SCTGET
SECHNT

FLSTAT
SCTR
SCTLZ
SCTLP

JHATIT FOT THE IHDE! PULSE
GET THE DESIRED SECTOR

SWAIT FOR END OF SECTOF FULEE

JRLL THE FOLLOMING MUST BE RAM

i ALL DATA FILES

LSTDSK:
DETRE
SCTHAT
RECTFY
FDEUF
TRFAKND
TREMNT
SECHNT
CEFRHNT
WRTELF
WRFSHCE
WRFLNM

WRDEY ©
TRV HRT
HRYLHE
WF L NE

HWRECNT
WRDAT
WRCHES

FLSNCE
FOFLHM

RODEY
TREREL
FEVLNKE
FFUHLNE

FOCNT
FDDAT
ROCHES

CHESZ
CHENRE
CIRIN
DKL
DSKRL
ERFEL:
FOINK
FORED
GOWRL
HERADL
THE

INFOR
LETDS
FDCHE
FDFLN
FEDON
SCTGE
SCTR

SRTSH
SYHNCE
TFREL
TRGFP

TEFUN
TRZLF
WFHLH
WRDEY
HFTEL
“TRR

EYTE
BYTE
=YTE
BYTE
BYTE
EYTE
EYTE
EYTE
EYTE

LE
bs
(et
CE
e
(=]
LE
DE
CE
0=
LE
oE

&=
LE
LE

Q=g FILMAM EXT. & BYTES ASCII] FILE NAME ON ERCH BLOCK
2 CEYICE NUMEER. [GHOFE
19. 11 CUFRENT TRACK (I-763, SECTOR (@-3I2: EVEN) OF THIS BLOCH
12,13 TRACK. SECTOR OF PREYIOUS BLOCK <@.@ IF THIS IS FIRST»
14,15 TRACK SECTOR OF FOLLOWING BLOCK (9.8 IF THIS IS LRST
16-19 FUTURE USE
20 BYTE COUNT OF IHCOMPLETE DATA EBLOCKS
21-276 25& DATA EYTES
278-279 CYCLIC REDUNDRANCY CHECK BYTES
i NUMBER OF THE LAST DISK TO BE USEL
DSELIM JUP TO &8 DISKS WITH SEFERFATE TRACKS TO KEEP
a i TEMPORARY FOINTER TO NEXT SECTOR
a sCOUNTER FOR 2 ATTEMPTES
=] +BUFFEFE T THE FO CONTROLS
a s CURRENT TRACK
=} i DESIRED TRACH
=] s DESIRED SECTOR NUMBER
a s DESIFED [I1SE NUMBER
16 123 BITS OF @ SYHNC'S THE CLOCK
SYNCE L SYNC BYTE GOES HEFE
FILNAM . "EXT" +NAME OF FILE AS IT APFEARS IN THE DIPECTORY
2 +DNE OF 16 DEVICES OF 1€ TYPES
2.8 i TRACK: SECTOR THAT THIS WILL BE WRITTEN TO
0,0 + TRACK: SECTOR OF THE LAST BLOCK BEFOFE THIS
[ i TRACK, SECTOR OF THE NEXT BLOCK RFTER THIS
4 «RESEFYE 4 BYTES FOR EXPANSION
a i REALLY ONLY USED BY THE BYTOT ROUTINES
256
WRSHNCE+LHZSNT
WRCHES+Z
SYNCE i HERE FALLS THE INPUT SYNCBYTE
FILHAM" . “EXT P SAME AS DIRECTORY ENTFY
2] i THCOMNSEQUENT TAL
.8 i THIS MUST AGREE HWITH THE TRACK, SECTOR DESIFED
=) i LAST TRACK SECTOR READ
0.8 « NEXT TRACK SECTOR FEAD FOR THIS FILE
4 P ENMPANS ION
=]
ey
ROSNCE+LNZSN
CHELO EQF2 CHESI EOFS
CLRLD ES21 (o1} (e Tels e
DIROT FFFE DF INT E13C
DSENL El46 DSKNZ El6s
DSKHN E24A ERDKN 8082
ERTYF 0219 EFHFT 9801
FOOTHW B@F4 FOOUT 28F2
FDSTA BOF1 FDWRT BOFD
GOWRT E@0a GTFED Ele4d
HEDLO E293 HE!L  @n4F
INGIN E20Z INI1 E1582
LHZSN 9117 LHEUF 2100
HMTYF 0036 HODSK E124
RDCNT EZ8A ROOAT EZSE
ROSNC EZTS RED2S EQSS
FEDTR EZ4S RFHLN E3=4
SCTLZ EZZa SCTLP E227
SECHN E242 SRTRR B0FZ
SETTF AoFL STEPM FFEF
TENMI ELCA TGETL EiF1
TRAKM E1EE TRAKN E247
TREGL E1F1 TREGE E10E
TREMR EZ6E TREZR 8201
THTYF 2055 UNSAF 2902
WRCHE EZT. WRPCHNT E270
WRFLN E25C WRSHNC EZ2SE
WRTGA 2603 HWRTLO E@SS

LINKED QF CONTIGUOLS.

SHALL HAYVE THE FOLLOWING FORMAT
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The following subroutines, which are con-
tained in this software, are useful for such
purposes.

WRT256

This subroutine performs all of the write
operations: generate preamble, sync byte,
cyclic redundancy calculation, head load and
seek, and data write, This is all that is done;
no verify operation is performed, and the
write is only performed once per call of
WRT256.

REDONC

This subroutine performs all of the read
operations: head load and seek, data read,
cyclic redundancy check generation and
comparison. Control is returned to the call-
ing program with the Z flag set if the
calculated cyclic redundancy check equals
the value read from the disk. The read is
performed only once per call of REDONC,
regardless of whether the checking informa-
tion indicates a proper read or not.

DSKNUM

In a multiple disk drive system, when
changing from a read or write operation on
one disk to a read or write operation on
another drive, this routine must be called.
The number of the next drive to transfer
data to or from must be in the accumulator
(a value of 0 to 7) when DSKNUM is called.
If the number of the next drive to be used is
different from that of the last drive, then
DSKNUM will unload the head of the last
drive, store the number of the track where
the head of the last drive is positioned,
enable the next drive, and recall the track
where the head of the next drive is posi-
tioned. If the next and last drives are the
same, no action is taken.

CHKSUM

This routine is entered with the HL
register pair pointing to the first byte of
some block of data whose cyclic redundancy
check is to be calculated. The BC register
pair contains some number from 1 to
65,536, indicating how many bytes are used
in the calculation. The 16 bit check value is
returned in the DE register pair. The pro-
gram used to calculate this binary poly-
nomial is adapted from the Intel Users
Library (program 80-4l).

TRKGET

The desired track, from 0 to 76, is stored
in the byte labeled TRKWNT. When
TRKGET is called, the selected disk (selec-



ted by DSKNUM above) will move its data
transfer head in or out until it is over the
desired track. The desired track number is
compared to 44, and the proper write
current is selected on the WRITE CUR-
RENT SELECT line of the interface. Upon
returning from TRKGET, the head is at the
proper track and the required head settling
time has transpired. Calling TRKGET when
the head is already at the proper track causes
an immediate return; this will not signifi-
cantly slow down the calling program.

TRAKIN

Calling this routine moves the data trans-
fer head of the selected disk inward one
track and increments the track counter. A
10 ms track movement delay occurs before
control returns to the calling program.

TRAKOT

TRAKOT performs the inverse of
TRAKIN by moving the head out one track,
decrementing the track counter and delaying
10 ms before returning.

TENMIL

This is a software delay routine which
delays 10 ms before returning. When using
an 8080 or Z-80 system with a faster cycle
time than 2 MHz, the delay loop counter
should be changed. Because this software
will not operate properly in memory with a
cycle time longer than 500 ns, no values for
slow memory need be given.

HEDLOD

This routine generates a head load pulse
which causes the head of the selected disk
drive to be loaded for at least 3 seconds
following the call to HEDLOD. If the head
was not loaded when HEDLOD was called, a
delay of 30 ms occurs before control is
returned to the calling program. If the head
was loaded when HEDLOD was called, then
the return is immediate.

SCTGET

SCTGET is called with the desired sector
value in the memory location labeled
SECWNT. The routine waits for an index
pulse to occur on the selected disk drive, and
then counts the sector pulses that follow.
The first sector pulse following an index
pulse is the start of sector 0, and the last
pulse preceding an index pulse is the start of
sector 31. Control is returned to the calling
program within 15 to 25 us of when the
leading edge of the desired sector pulse is
found. Only registers A and B are used by
this routine, allowing all other registers to be
used by the calling program.

Conclusion

The software described in this article
allows the advanced computer experimenter,
who has implemented the economy floppy
disk interface, to make good use of his/her
floppy disk drive(s) for data storage and
retrieval. These routines have been opera-
tional for well over one year, and for the last
year, GDWRT, RED256 and DKINT have
formed the heart of my 4 K byte (including
data buffer areas) 8080 floppy disk opera-
ting system. This operating system allows
machine language programs to be stored and
retrieved, MITS BASIC programs to be
stored and loaded (through the CSAVE and
CLOAD routines), editing of text files (this
article and my previous one were written
and edited on the disk system) and batch
stream processing (by assigning the keyboard
input to be taken from a batch stream file
on the disk). An unlimited number of files
may be open for input or output simulta-
neously, requiring only a 280 byte buffer
area for each file. BASIC programs can
create, read, write and modify data files in
ASCIl or binary. All files can be specified
with a 9 letter file name and a disk number.

The rest is up to you. This sytem can give
you the extra bit of programming power
you've been looking for!m

hexadecimal.

OH 44118.

NOTE: A floppy disk operating system is available
for use with the interface described in February
1977 BYTE. The operating system runs in 4 K of
500 ns (or faster) user memory addressed at D000

The operating system is available on a diskette
with two bootstrappable copies of FDOS on tracks
0 and 1, and the source code for the operating
system is also supplied on the diskette.

Programs supplied on the diskette allow the user
to reconfigure the FDOS to use his own 10 devices
and to store and run any of the users programs by
name. The diskette and documentation are avail-
able for $40 (Ohio residents add 5.5% tax) from
K B Welles, 2623 Fenwick Rd, University Heights

97

Object Code in Machine
Readable Form

The bar code represen-
tation of Dr Welles' floppy
disk software is expected
to be prepared in time for
the july issue of BYTE,
where it will be printed as
a small feature supple-
menting the information
in this month’s article.
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Z-80 Power for the S$-100
bus without getting rid of

your CPU carg.

$159.95 =

assembled 4~ s G T
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DUTRONICS a leader in low cost, low power ram boards has just announced it’s Z 80 — 80

piggy back card. This plug — in board enables you to use your existing IMISAl, ALTAIR CPU card
and upgrade your system to a Z — 80.

D00 &8

The card design is such that all you do is pull out your 8080 and 8212 chips, plug in the Board
to the 8080 socket itself and the ribbon cable to the 8212.

A system monitor, on paper tape, is included with the board as well as a 280 Manual and Theory
of Operation Manual.

Dutronics will also supply all additional software at no cost, when it becomes available
\The price is $159.95 (assembled) only. OFF THE SHELF. )
( R
for more information call or write to:

BYTE OF PHILADELPHIA BYTE OF WESTMINSTER R.H.S. MA RKE TING

1345 W. Laneaster Ave. 14300 Beach Bluvd.

Bryn Mawr, Penn. 19010 Westminster, Ca. 92683 2233 El Camino Real

(215) 525-7712 (714) 894—9131 Palo Alto, California 94306

BYTE OF PALO ALTO BYTE OF SANTA CLARA (415) 321-6639

2227 El Camino 3400 El Camino Real p
Palo Alto, Ca. 94306 Santa Clara, Ca. 95051 DEA LER INQU[RES [NV[ ['ED
(415) 327-8080 (408) 249—4221

HOBOKEN COMPUTER WORKS
20 Hudson Place

Hoboken, N.J. 07030

(201 420—1644

B of A & MASTERCHARGE ACCEPTED




" 16384 BYTES for $485.00

A new high in S100 bus memory cost effectiveness. Fully assembled
(with sockets), tested, burned—in and guaranteed. 4Kxl dynamic
memory chips (the same ones used by the ton in IBM compat—

ible memory systems) combined with self contained control ¥3

logic, yield a memory system with:

® Low power consumption, total board 5 watts.

® [ransparent refresh, which means the

memory looks static to the outside world.

-..'I-boﬁ' "

., . e
® No waiting. In fact, xrdy is not even con— .

wedsewyy

nected to the memory. 2tk ~ ‘:__:__!__ N =:
“"  »'d
® Full DMA capability - ; > 4 E E-

® Reliable, low level clock and control

signals.

- el |
-.."'_m'_.. .I‘-----—_
]

Dynabyte = A i

16K on a single board for $485.00, Guaranteed for I year.

assembled (with sockets) : tested - burned-in - guaranteed

D‘ynabyte ® brings to the S=100 Bus a state of the art, industrial quality memory system.

T

I-u;-ﬂ'

X J
Y
for more information call or write to:
BYTE OF PASADENA BYTE OF SAN MATEO R.H.S. MA RKE T]NG
496 So. Lake Ave. 1200 W, Hillsdale Blvd., y
Pasadena, Ca. 91109 San Mateo, Ca. 94403 2233 El Camino Real
(213) 684—3311 (4157 3ai~4200 Palo Alto, California 94306
£ ol et o i i 2227 Et Camino =
.3?-.10{} ff (.umm‘r.ﬂ !:{I.'-af-_ Palo Alto, Ca. 94306 DEA LER [NOUIRES ]NV] ['ED
Santa Clara, Ca. 95051 (415) 3978080
(408 ) 2494221
B of A & MASTERCHARGE ACCEPTED
BYTE OF WALNUT CREEK
2989 N. Main St.
Walnut Creek, Ca. 94596
(415) 933—-6252
\ )

Circle 219 on inquiry card.



Artificial Intelligence,

Part 2: Implementation

(FROM FIG. &)

ADDSTATE

TOO
MANY
STATES

As described last month in part 1, there
are five types of mutations that can be
performed with the simulated evolution
technique. A separate subroutine will be
used for each mutation type. Four of the
subroutines rely heavily on a subroutine
which generates a random number between
limits. (For those systems not already pos-
sessing random number generators, a box

MUTATION |: ADD STATE
[MUTATE SUBROUTINE ]

(FIG. 6]

SELECT RANDOM
NUMBER OF
MUTATIONS

/

ek 1

|SELECT RANDOM |

NEW_ STATE IEINKAGE AND ™ |

LINKAGE IREPOINT IT TO |

INEW STATE I

NN Y 4

ENOUGH
MUTATIONS
El

Figure 1: Mutation type 1,

add a state to the model,
g‘LrJllil}DE NEW This routine determines
if there s room for
another state. If there isn't
enough room the model
NBICAE fails. If there fs enough
SUCCESSFUL room the routine deter-
MUTATION % 5
mines a new state linkage

GO TO
ISREM of

(FIG. T)

and then builds the new
state. This is a component
the MUTATE sub-
routine.
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Michael Wimble
6026 Underwood Av
Cedar Rapids |1A 52404

accompanying this article gives an algorithm
to produce pseudorandom numbers by the
power residue method.)

Figures 1 through 9 are flowcharts of the
basic modules which were extracted from a
fairly sophisticated system of FORTRAN
programs. These are intended to serve as a
starting point for the reader in implementing
hisfher own program. If there is sufficient
reader interest, | would be happy to program
and publish program listings of implementa-
tions for one or more small system proc-
essors, in any popular computer language.

The rest of this article then is a descrip-
tion of the modules used to implement a
2 symbol gaming program using the artifi-
cial intelligence technique. If more detail is
needed | suggest you look first into the
book Artificial Intelligence Through Simu-
lated Evolution by L | Fogel, A ] Owens and
M ] Walsh (John Wiley and Sons,
New York, 1966) or send questions
and a self-addressed stamped envelope to
me. Although there are many flowcharts and
the technical jargon may seem complex at
times, | wish to emphasize that the
programming is simple and the technique
can be implemented on any personal
computing system with sufficient memory.

Mutation 1 — Add a State

Figure 1 describes the first mutation
type. As shown, the number of states is first
compared to some maximum number. Most
programs will have a fixed amount of mem-
ory allocated for containing the model, and
so a check is made to see if any memory is
yet available for expanding the model. The
2 symbol version previously discussed can
conveniently be implemented using two
bytes per state with the maximum number
of states being 127. The programmer must
determine the internal representation of the
model and the amount of memory available
and then set a variable to represent the
maximum number of states the model can
hold.



An Evolutionary Idea

The random number subroutine is called
to provide an iteration counter. This counter
is the number of randomly selected transi-
tions that will be pointed at the new state. If
no transitions were pointed to the new state
then it would be an impossible state, ie: it
could never be reached and could contribute
no value to the model. Next, random transi-
tions are changed to point to the new state
which is to be created. Then, the new state is
created. Finally ISREM is entered to remove
any impossible states from the model.

Mutation 2 — Delete a State

Figure 2 describes the second mutation
type. As with mutation type 1, a check is
made of the number of states currently in
the model. If there is only one state in the
model, the mutation fails, since to delete the
state would totally eradicate the model. If
there is more than one state then the
mutation will be able to proceed success-
fully.

Next, one of the states in the machine is
randomly selected to be deleted. The only
state that cannot be deleted with this sub-
routine is the state designated as the first
state. To delete this state would result in the
same mutation as mutation type 4 and is
thus prohibited to this subroutine.

The actual deletion is accomplished in a
rather roundabout manner. Every transition
in the model is checked to see if it refers to
the state being deleted. If so, it is repointed
to some other random state number. The
result of course is the creation of an impos-
sible state, one that cannot be reached and is
thus useless to' the model. Entering the
ISREM routine, as explained in the descrip-
tion of mutation type 1, will remove any
impossible states from the model and so
effect the actual deletion of the desired
state.

Mutation 3 — Change a Transition

Figure 3 describes the third mutation
type. The model is first checked for having
more than one state. If there is only one
state, then all transitions must necessarily
point to that state, and so no change can be
made and the mutation fails. Otherwise a

(FROM FIG. 6)

DELSTATE

SELECT
RANDOM
STATE

|

REMOVE ALL
REFERENCES TO

STATE

INDICATE
SUCCESSFUL
MUTATION

GO TO
ISREM

(FIG. 7)

(FROM FIG. 6)

RANSTATE

CHOOSE AND
REPOINT RANDOM
LINKAGE

|

INDICATE
SUCCESSFUL
MUTATION

GO TO
ISREM

(FIG. 7
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MUTATION 2: DELETE STATE
[MUTATE SUBROUTINE]

GO TO
MUTCHK

(FIG. &)

Figure 2: Mutation type 2, delete a state
from the model. This routine checks to
make sure that there is more than one state
in the model or else it fails. If there is more
than one state it deletes all references to a
randomly chosen stale thereby severing it
from the rest of the model. This is a
component of the MUTATE subroutine.

MUTATION 3:
RANDOM TRANSITION CHANGE
[MUTATE SUBROUTINE]

GO TO
MUTCHK

(FIG. 6)

Figure 3: Mutation type 3,
change a transition. This
mutation will fail if there
is only one state in the
madel. [If there is more
than one state a transition
will be randomly chosen
and repointed to another
state from that to which it
is presently pointing. This
is a component of the
MUTATE subroutine.



A Pseudorandom MNumber Algorithm

1. Test X, a 16 bit variable. If X is equal to zero,
then set X to any number such as the time of
day, or some other indeterminate number, and
repeat step 1. This defines the initial seed of a
pseudorandom sequence.

2. Multiply X by 259 to yield new value for X.
Keep only the 16 least significant bits of the
result. Increment X by 1.

3. If Xiszerogo tostep 1.

4, Divide X by the input argument but do not
destroy original value of X. The remainder of
this result is a pseudorandom number between
zero and one less than the input argument.

(FROM FIG, 6)

INISTATE

CHANGE FIRST
STATE TO ANY
OTHER STATE

INDICATE
SUCCESSFUL
MUTATION

GO TO
ISREM

(FIG. T)

(FROM FIG. 6)

SET FIRST
STATE TO SECOND
STATE

INDICATE
SUCCESSFUL
MUTATION

GO TO
ISREM

(FIG. 7)

GO TO
MUTCHK

(FIG. &)

MUTATION 4: CHANGE INITIAL STATE
[MUTATE SUBROUTINE]

Figure 4: Mutation type 4,
change the first state num-
ber. This mutation fails if
there is only one state in
the model. If there is more
than one state the first
state will be changed to
any of the other states.
This is a component of the
MUTATE subroutine.

MUTATION 5. ADVANCE | STATE
[MuTATE SuBrouTINE]

GO TO
MUTCHK

(FiG. &)

Figure 5: Mutation type 5,
advance model by one
state. This mutation fails if
the first state is equal to
the second state. If this is
not true the first state fs
set equal to the second
state of the model. This is
a component of the MU-
TATE subroutine.
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random element in the model is chosen and
its transition pointer is changed to point to
some other state. ISREM must be entered at
the end of the routine since the changing of
a transition may have resulted in the cre-
ation of an impossible state.

Mutation 4 — Change the First State Number

Figure 4 describes the fourth mutation
type. Again, if there is only one state in the
model, then it must necessarily also be the
first state, and the mutation would then fail.
Otherwise the first state number is set to any
other state in the model. Also it is possible
that an impossible state was created as the
result of this mutation, so ISREM is entered
to remove such impossible states.

Note that earlier discussion described the
fourth mutation type as changing the cur-
rent state number of the machine. The
model must be driven by history from the
first state when performing evolution, and it
is seldom possible to work backwards from
the current state number to determine the
first state number. It is practical, therefore,
to modify the mutation from change current
state number to change first state number.
The result of changing the first state number
will usually end up changing the current
state number.

Mutation 5 — Advance Model by
One State

Figure 5 describes the simple but power-
ful mutation type 5. If the first state number
is equal to the second state number of the
model, then the mutation fails. Otherwise the
first state number is set to the second state
number.

Earlier discussion of mutation 5 described
it as advancing the current state number by
one. As with the case of mutation type 4, it
is impractical to change the current state
number directly, so the first state is ad-
vanced by one and evolution routines des-
cribed later will run the model over its
historical recall to result in the current state
number actually being advanced by one
state.

Mutation Control

Figure 6 shows the logic involved in con-
trolling the mutation process. A random
number is generated and used to select one
of the five mutation types to be performed.
Upon return from the mutation routine, a
check is made for successful mutation. If the
attempt was unsuccessful, a random selec-



tion is again made until a successful muta-
tion is finally made. Finally, the routine
OPTIMIZE is used to perform deterministic
optimization and to assign a value to the
model.

For those who implement this artificial
intelligence game and would like to improve
the intelligence forming process, the muta-
tion control routine of figure 6 offers the
greatest potential for improvement. The
mutation selection process shown is simple
and effective, but is essentially a brute force
method. One of the first improvements |
made to the program was to allow dynamic
altering of the probability of selecting a
mutation type. That is, if ADDSTATE was
called successfully and resulted in a model
with a higher value than before, then the
probability of selecting ADDSTATE in the
future was increased slightly. Similarly, if
any mutation type was performed success-
fully and decreased the value of the model,
then the probability of selecting that muta-
tion type again was made slightly less. The
most sophisticated versions of this artificial
intelligence program use the very artificial
intelligence process to optimize the selection
of mutation types, thus aiding the evolution
process.

ISREM — Remove Impossible States

Figure 7 describes the subroutine that
removes impossible states. An impossible
state is any state that cannot be reached. For
example, the model:

has the impossible state Z. An impossible
state cannot contribute to the value of a
model but can hinder the model. If a model
already had the maximum number of states
permitted, but five of these states were
impossible states, then the ADDSTATE mu-
tation could not be performed until some
states were deleted to make room.

The flowchart of figure 7 will not remove
all impossible states. For instance, if in the
figure above, the current state was changed
from X to Z, then X and Y would now be
impossible states instead of Z. The sub-
routine described will only find those states
which are impossible solely because they
cannot be reached from another state of the
current model. In practice, this has never yet
failed to eventually find all impossible states.

(CALLED FROM FIG. 9) (FROM FIGURES | TO 5)

MUTATE SUBROUTINE
MUTATE ENTRY POINT

2

MUTCHK

RANDOMLY
SELECT
MUTATION
TYPE

0 TO SELECT-
ED MUTATION

(FIGURES | TO 5)

GO TO
OPTIMIZE

(FIG. 8)

Figure 6: The MUTATE subroutine entry
point. MUTATE chooses the type of muta-
tion that will be performed using a pseudo-
random number generator, At MUTCHK we
check to see if the mutation was a success. I
it was not then the MUTATE routine con-
tinues by choosing another mutation. (If at
first you don’t succeed . . .) If the mutation
was a success then the optimization process
cleans up the mutation by transforming it to
its most usable form before returning con-
trol to the main program logic of
PREDMUT.

(FROM FIGURES | TO 5)

I ISREM :'

IMPOSSIBLE STATE REMOVAL
[MUTATE SUBROUTINE ]

GO TO
MUTCHK

(FIG. 6]

SET VECTOR TOO
FLAG STATE |
AS REFERENCED

FLAG ALL
NONSELF
REFERENCES

NUMBER OF STATES

NUMBER OF STATES
-1

INTERCHANGE
UNREFERENCED
STATE WITH LAST
STATE

REPLACE
REFERENCES |—J
TO OLD LAST
STATE
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Figure 7: Routine ISREM
removes any impossible
states from the model. It
performs this by checking
all of the transitions to see
that all of the states are
referenced at least once. If
it finds a state that is not
referenced it will inter-
change that state with the
last state of the model and
delete the last position as
valid. This is a house-
keeping component of the
MUTATE subroutine.



DETERMINISTIC OP TIMIZATION
[MUTATE SUBROUTINE |

(FROM FIG. 8]

( oPTIMIZE )

SET MATRIX
TO ZEROS

DETERMINE
MOST FREQUENT
OUTPUT

| USING HISTORY STEP |
STEP THROUGH | |THROUGH MODEL AND |
MODEL |COUNT REQUIRED OUTPUTS|

|

I
LFOR EACH STATE !.INK#EE_I

r 2
ICHAIN THROUGH EACH STATE LINKAGE !

gg;i"m“ | AND SET OUTPUT TO MOST FREQUENTLY!
sl O |REQUIRED SYMBOL, THIS IS OPTIMUM |

STEP THROUGH
MODEL USING
HISTORY

COMPUTE
VALUE OF
MODEL

RETURN TO
PREDMUT

(FIG. 9)

Figure 8: Routine OPTIMIZE determines
the optimum prediction for each state of the
new model. [t will then evaluate the model
using past history as a model lo delermine
the value of the mutation. This is the final
processing of the MUTATE subroutine of
the program.

Table 1: The matrix used
to evaluate the optimized
form of the new mutation.
Each  predicted input
symbol is matched against

rediction actual occurrence :
P the actual input. The value
symbolq | symboly | symbolg| . .. for that combination is
symbolq | valueqq | valueyo |valueqs then added to the total
value of the model. In this
symbolg | valuegq | valuepp |valuepg manner, using historical
symbolg | valuezq | valuezp |valuess methods, the new model
can be compared to the
older model to see if it is
more efficient.
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Looking at the flowchart then, the proc-
ess is simple. First a table is set to zero.
Every transition is then examined. If the
head of the arrow points to a different state
than the tail, then the entry in the table
corresponding to the state pointed to by the
head of the arrow is flagged.

After looking at all transitions, the table
is examined. If any state in the model
remains unflagged then it is an impossible
state. If the impossible state is the last state
in the model, then one need only decrement
the variable denoting the number of states in
the model to result in the deletion of the
state. Otherwise the impossible state is first
swapped with the last state in the model
before the variable is decremented.

OPTIMIZE — Evaluate New Model

Figure 8 describes the most important
segment of the program. OPTIMIZE per-
forms the deterministic optimization men-
tioned previously, and evaluates the model
with respect to the goal. Optimization and
evaluation provide the criteria for the evolu-
tion selection procedure.

OPTIMIZE is conceptually simple, al-
though often large of implementation. The
model is made to perform with historical
data. As each input observation is fetched
and the appropriate transition made, the
required output is noted. Thus for each
transition we have a table of the number of
times each output should have occurred for
perfect prediction. The output symbol that
should have occurred most frequently for a
transition is then made the output for that
transition. If the transition was never used
during this historically driven run, then the
transition is made to output the most
frequently occurring output symbol over all
of history.

After optimization, the model is rerun
using the same historical data. Now, how-
ever, the optimized model is evaluated in
terms of its ability to achieve the goal
provided. The goal is expressed in a matrix
of the form shown in table 1.

For each transition the prediction and
actual occurrence are used to extract a value
from the table. The sum of these values is
the value of the model.

For the purpose of predicting primes, the
matrix is defined in table 2a, while for
earthquakes the matrix is defined as in table
2b. You see then that each accurate pre-
diction of an actual earthquake or no earth-
quake adds 1000 to the value for the model.
To predict an earthquake when one does not
occur adds 500 to the value of the model,
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1. MICROPROCESSORS
Technology, Architecture
and Applications

Daniel R. McGlynn

This book explains how a microcomputer sys-
tem is built and used,and also provides a
unigue survey of the specific models of micro-
processors available today. Gives useful actu-
al applications including automotive, telecom-
munication, low-cost home computers,
microprocessor selection criteria, microcom-
puter system design technigues, a semicon-
ductor technology review, software and the
use of development systems.

(0471 5B415-2) 1976
207 pp. $11.95

2. MICROPROCESSORS AND
MICROCOMPUTERS
Branko Soucek

Here is a complete, detailed text and introduc-
tion to the field beginning with the basics and
taking the reader all the way to programming.
Some of the book's features include:
- Explanation of digital codes
+ Simple hexadecimal, assembly, and high-
level programming
- Logical systems and microcomputer orga-
nization
- Basics for design and use of microproces-
sor-oriented systems, and the replace-
ment of powerful minicomputers with the
microchip set.

(0471 81391-5)
607 pp. $23.00

1976

3. COMPUTER-AIDED
EXPERIMENTATION
Interfacing to Minicomputers
Jules Finkel

Providing practical guidance on all major
topics needed in interface specification and
design, this book shows you how to connect
scientific instruments and experiments to
computers and to analyze suggested criteria
for the selection of system elements. Offers
many examples of practical connections and
how to overcome problems that are common-
ly encountered.

(0471 25884-9)
422 pp. $28.00

1975

Circle 214 on inquiry card.

4. INTRODUCTIONTO
MICROCOMPUTERS AND
MICROPROCESSORS
Arpad Barna & Dan l. Porat

Presents a concise, basic introduction to
microprocessors—what they are, how they
work, and how to read the applications litera-
ture. You'll find descriptions of the basic
structure of a microprocessor, arithmetic
operations and circuits, basic programming
techniques, and information on input/output,
memory, assemblers, loaders, data struc-
tures, and subroutine linkages.

(0471 05051-2) 1976
108 pp. $11.25

5. MINICOMPUTERS IN DATA
PROCESSING AND SIMULATION
Branko Soucek

Explores basic principles of digital codes and
logical systems, concentrating on program-
ming, organization and interfacing. Soucek
explains the elements of digital circuit design,
the basic instruction set for a minicomputer,
and data simulation necessary to design and
use your digital systems.

(0471 81390-7) 1972
467 pp. $24.50

WILEY-INTERSCIENCE

a division of John Wiley & Sons, Inc.

605 Third Avenue, New York, N.Y. 10016
In Canada:

22 Worcester Road, Rexdale, Ontario

Please send the books indicated for 10-DAY FREE EXAMINATION. (Restricted to the

continental U.S. and Canada.)

Mail to: WILEY-INTERSCIENCE
P.O. Box 092
Somerset, N.J. 08873

days, payment will be refunded.
[1 Billme. [1 Bill firm or institution.

NAME
AFFILIATION
ADDRESS

CITY

Prices subject to change without notice.

[ Payment enclosed, plus sales tax, Wiley pays
postage/handling. We normally ship within 10
days. If shipment cannot be made within 90

6. A PRACTICAL GUIDE
TO MINICOMPUTER
APPLICATIONS

Edited by Fred Coury

Bringing together the work of leading experts,
this volume provides information and
examples of the application of minicomputer
techniques, what is actually involved in the
application and how to go about the selection
and connection process. The five parts
include an introduction to minicomputers,
peripheral and software considerations, mini-
computer selection, general applications and
specific application.
(0471 18051-3)

211 pp. $6.45

1972

7. SCIENTIFIC ANALYSIS ON
THE POCKET CALCULATOR
Jon M. Smith

Smith shows, in clear step-by-step proce-
dures, how to use and apply numerical tech-
niques, approximations, tables, graphs, and
flow charts for performing quick accurate cal-
culations, all the way to advanced mathemat-
ics. Using few derivations and theorems, it's
the best book for getting numerical results for
scientific operations from your pocket calcu-
lator.

(0471 79997-1)
380 pp. $13.75

1975
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(a) (b)

Figure 9: This is the main
control logic of the simu-
lated evolution technique.
It first builds a dummy
model, predicts an event,
and recejves the response.
It then performs repeated
versions and variations of
the model looking for the
oplimum model to predict
the correct answers.

prediction actual prediction actual
prime not prime earthquake no earthquake
prime 1 0 earthquake 1000 500
not prime 0 1 no earthquake 0 1000

BUILD
DUMMY
MODEL

MAKE
PREDICTION

GET
RESPONSE

ONE STATE

ADVANCE MODEL

MUTATION
BETTER
by

REPLACE
ORIGINAL WITH
MUTATION

YES

SAVE
ORIGINAL
MODEL
e -
cALL | REFERENCES |
MUTATE | FIGURES | TO B,
(FIG. 8) IPIECES OF MUTATE |
1 s |
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Table 2: Two tables which illustrate ex-
amples of goals used to evaluate the models
using historical data methods. Table 2a
shows that when a correct guess of either
prime or not prime is made a value of 1 is
added to the total value of the state. Table
2b illustrates another manner of weighting
answers. A correct answer receives a weight
of 1000. Predicting an earthquake when
there isn't one only adds a weight of 500 to
the model. Not predicting an earthquake
when there is going to be one adds nothing
to the model. This is a more subtle form of
weighting since it not only allows a good and
bad answer but also a not so good answer.

while missing an earthquake prediction adds
nothing to the value of the model.

PREDMUT — Putting It All Together

Figure 9 shows the mainline logic for the
program. The flowchart should be obvious
except perhaps for the use of the terms
search limit and generation limit.

In order to prevent the evolution proce-
dure from taking hours or days, it is con-
strained as to how long it can take. Each
time an evolution cycle must occur, two
variables are set. The search limit variable
defines the number of times the parent may
be serially mutated when searching for a
better offspring. The generation limit vari-
able defines the number of offspring to be
generated.

The result is that a fixed number of
offspring are generated. Further, each off-
spring can undergo a maximum series of
mutations, since it is seldom that a single
mutation results in a better model. To make
the program more intelligent, one can in-
crease these limit constants, but the result is
a greater amount of computer time required
between responses.

Again, for those adventurous program-
mers who want to make their programs even
smarter, other methods can be employed to
determine dynamically how many offspring
and how many mutations are to be per-
formed. There are other advanced evolu-
tionary techniques that can also be em-
ployed. Interbreeding, majority logic and
second order pattern recognition are just a
few terms describing the advanced tech-



niques available in computer science
literature.

In Conclusion

If you have the patience, sit down with a
pencil and paper and attempt to perform the
process I've just described. Many mathemati-
cal books and papers contain random num-
ber tables you can use. As a result you
should quickly see how this mathematical
technique results in the creation of a model
of some process. From there it is relatively
simple to program. :

Do not be afraid to try your own
improvements, but do so intelligently as you
get a feel for the underlying processes. The
process described herein is the basis for
many computer versions of this artificial
intelligence technique and has worked with
varying degrees of success for a wide variety
of goals. | might conclude from personal
experience: Be careful how and to whom
you expose this technique. There are many
people who fear computers as they fear
anything they don’t understand and their
enthusiasm for your creation may not match
yours. With a good enough program model,
however, you should be able to predict who
these people will be. [Hmm . . . our artificial
life has defense mechanisms. |®

Circle 136 on inquiry card.

—SOFTWARE—

All programs include: Complete assembler source listing,
sample output, hex dump, sorted symbol table, plus com-
plete instructions and thorough documentation.
Text Editing System for 6300. The best! SL68-24 $23.50
NEW Mnemonic Assembler System for 6800.
SL68-26 $23.50
NEW Stack Oriented Arithmetic Processor
(6800) SL68-25 $10.00
NEW 8080 Klingon Capture Space game. SL80-7 $6.50
Special Game Packages Each containing 6 programs:
8080 PD80-1 $19.95. 6502 PD65-1 $19.95.
6800 PD68-1 $16.50
Complete 6800 Software Pack 16 programs.
PD68-3 $35.50
Battleship for 6800, like the board game. SL68-22 $8.00
Space Voyage™ TSC's 6800 Star Trek game.
5L68-5 $12.00
Micro BASIC Plus The best 6800 “Tiny BASIC”
SL68-19 $15.95
Diagnostics for 6800. Very Important! SL68-23 $10.00
Stock Market for 6800. Lots of fun! SL68-7 $4.25
Complete Catalog of all of our programs. $.25
Program-of-the-Month-Club "™ Join the hundreds of
hobbyists already enjoying this service. No obligation
and no time valued cards to return. Discounts offered.
One year for $2.00
To Order: Include 3% postage, $1.00 handling on
orders under $10.00. Indiana residents add 4% sales tax.
Check your dealer!

TEE TECHNICAL SYSTEMS CONSULTANTS
BOX 2574 W. LAFAYETTE, INDIANA 47906

The ACT-I sets the standard for Affordable

Computer Terminals. The ACT-I is the most. /O SPECIFICATIONS
economical method of alphanumeric com-  (now switch selectable)
munication at data rates all the way to 19200 . Data rate:

baud. The ACT-l video computer terminal
manages a 1024 character memory orga-
nized as 16 lines of 64 characters chosen

. 110, 300, 600, 1200,
gg 2400, 4800, 9600,

from the standard uppercase ASCI| set. Re- ;ﬁ or 19200 baud

I’“

ceipt of more than 64 characters automati-  Parity:
cally scrolls the screen and initiates a new line. | odd, even or none

CTIO
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SR
The ACT-l comes fully}é Stop bits: 1 or 2
assembled and tested. Logic Levels:

MICRO-TERM products
are available in stock at - RS232, TTL, source or

discriminating computerv sink 20 ma loop
stores or factory dwect% Price:

(30-45 days). Optional . ¢ 400 excluding monitor
video monitors are avail-

able from the factory be-% Optional features: the ad-

ginning at $125. Prices  ditional functions of cur-
FOB St. Louis, MO . sor forward, backward,

e —— bell, screen roll up and

MICRO-TERM INC. :
PO, BOX 9387 roll down are available .
ST LOUIS, MO 63117 for $50.

»AGT-1 ON
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THE PROM SETTER
WRITE and READ

EPROM
1702A and 2708
Plugs Directly into your ALTAIR/IMSAI Computer

Includes Main Module Board and External EPROM
Socket Unit

The EPROM Socket Unit is connected to the Com-
puter through a 25 Pin Connector

Programming is accomplished by the Computer

Just Read in the Program to be Written on the
EPROM into your Processor and let the Computer
do the rest.

Use Socket Unit to Read EPROM's Contents into
your Computer

Software included

No External Power Supplies, Your Computer does
it all

Programs and Reads Both 1702A and 2708 EPROMS
Doubles as an Eight Bit Parallel 1/O
Manual included
KIT COMPLETE — $165
ASSEMBLED — $275
Delivery Less Than 60 Days
SZERLIP ENTERPRISES

1414 W. 259th St. — Harbor City California 90710

California residents please add 6% sales tax.

21 START-AT-HOME

in the shoestring, start-at-home
computer business handbook

COMPUTER BUSINESSES

CONSULTING @PROGRAMMING @SOFTWARE PACKAGES @ COM
FREELANCE WRITING ®SEMINARS @ TAPE/DISC CLEANING
FIELD SERVICE® SYSTEMS HOUSES ® LEASING@SUPPLIES
PUBLISHING® TIME BROKERS @ HARDWARE DISTRIBUTORS
SALES AGENCIES @ HEADHUNT NG @ TEMPORARY SERVICES
USED COMPUTERS@® FINDER'S FEES® SCRAP COMPONENTS
COMPUTER PRODUCTS AND SERVICES FOR THE HOME

Plus - - hundreds of ideas on
THE SHCESTRING moonlighting, going full-time,
image building, revenue building,
bidding, contracts, marketing,
professionalism, and much more
No career planning tool like it
ever published. Order now and If
you're not completely satisfied,
send it back within 30 days for
a full and immediate refund.

®8: X Il ringbound @113 pp. @®512.00

G S S S DS D S G S B B N B B N

n n T ﬂ s E n H c H 730 WAUKEGAN ROAD + SUITE 108

PlEer=rpts DEERFIELD, ILLINOIS 60015
Rush__ copies of "The Shoestring Start-At-Home
Computer Business Handbook to me right away -
NAME /COMPANY

ADDRESS

CITY/STATE/ZIP
DCHEEK ENCLOSEDDBJ&NKM’!ERICARDDNASTEREHARGE
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KIM Users Notes

Owners of KIM microprocessors should
look into KIM Users Notes, published
monthly by Eric C Rehnke, Apt 207, 7656
Broadview Rd, Parma OH 44134. The sub-
scription rate is $5 for the first six issues.

Alberta Microprocessor

David Lavers, a member of the recently
formed Alberta Microcomputer Society, has
been in touch. Right now information at this
end is a bit sketchy, but you can find out
more through their acting president Dwight
K Soloman, c/o The Computer Hobby Shop,
4812 16th St SW, Calgary Alberta CANADA
T2T 4J5, (403) 243-6776.

Diablo Professional Users Group —
Pleasant Hill CA

Here’s a unique idea for a computer club.

The word professional in this case in-
cludes two categories: the computer novice
who is an expert in another field, and the
computer expert who can provide answers to
the first group. This is an opportunity for
budding technical types to get in on the
ground floor of microcomputer consulting.
The beginners include a wide spectrum of
industries and professions. Anyone from the
high school level up, with several years
experience with hardware and/or software,
can consider himself or herself an expert.

Meetings are held in the Diablo Valley
College library’s large conference room from
8:00 to 9:00 PM on the fourth Wednesday
of each month. Diablo Valley College is
located near the Willow Pass exit of Freeway
680. For details write or call Bob Hendrick-
son, Electronics Dept, Diablo Valley College,
Pleasant Hill CA 94523, (415) 687-8373.

South Florida Computer Group

The South Florida Computer Group has
apparently grown to the status of a major
computer club. Meetings are held in both
Miami and Ft Lauderdale. Meeting times
seem so flexible that it would be best to
contact them directly to get their schedule.
Their newsletter //O has improved substan-
tially over the past six months to the point
that it is far more than just a review and



listing of club events. Volume 2, number 2
contains an in-depth look at resistors and
capacitor color codes, and a piece on the
new “minor loop” chips designed by Texas
Instruments to be used with bubble memor-
ies.

To contact the South Florida Computer
Group, write 1155 NW 14th St, POB
236188, Miami FL 33123, or phone (305)
324-5572.

Looking for Computer Games?
Try POPULAR COMPUTING

POPULAR COMPUTING is a monthly
compilation of computer games, puzzles and
brain twisters. Most of the programs are
fairly short, perfect for whiling away a spare
afternoon, Among the games is up-to-date
information on the micro field and a regular
feature called “Schwartz on Calculators.” To
subscribe, write POPULAR COMPUTING,
POB 272, Calabasas CA 91302, Subscription
rate is $20.50 per year, or $17.50 if remit-
tance accompanies the order. Add $1.50 per
year for Canada and Mexico; all other
countries, add $3.50 per year. Back issues
are $2.50 each.

The Computer Hobbyist Group —
North Texas

The Computer Hobbyist Group of North
Texas is the place for computer buffs in the
Dallas-Fort Worth area to develop and share
an understanding of the hobby.

Meetings are held regularly at the Univer-
sity of Texas, Arlington, and the University
of Texas, Dallas. Contact the Computer
Hobbyist Group of North Texas at 2377
Dalworth 157, Grand Prairie TX 75050.

ON LINE — Hardware and Software
Exchange

ON LINE is a newsletter strictly limited
to classifieds for computer hobbyists. You'll
find page after page of hardware and soft-
ware available to buy, sell or swap. A great
place to find a bargain or an odd item.

ON LINE is published every three weeks.
Four issues are available for $1, 18 for $3.75
and 36 for $7. For advertising rates and
other information, get in touch with D H
Beetle, publisher, 24695 Santa Cruz Hwy,
Los Gatos CA 95030.

Chicago Area Computer Hobbyist Exchange

Looking through The Register, news-
letter of CACHE, | came across what may
prove to be an interesting series on lan-
guages. In the coming months The Regis-
ter is planning on a series of articles on
BASIC, PL/I, SNOBOL, PASCAL, PILOT,

FORTRAN, LISP, TRAC, CASUAL and
FORTH. This should be a step toward
clearing up language questions and miscon-
ceptions. Write to CACHE at POB 36,
Vernon Hills IL 60061. The Register is
available for $10 per year.

Washington Amateur Computer Society

The Washington Amateur Computer
Society is a growing group of hobbyists in
the nation's capitol. Meetings are held on the
last Friday of the month in the second floor
conference room of St John's Hall at the
Catholic University of America. WACS is
interested in exchanging newsletters with
other computer groups. Correspondence
should be addressed to Washington Amateur
Computer Society, c/o 4201 Massachusetts
Av, Washington DC 20016.m=

Conducted by
Peter Travisano

BYTE’s wide readership
gives your club a unigue
opportunity  to  reach
thousands of hobbyists. If
vou'd like to help your
club develop or maintain a
high profile, put us on
your mailing list. Informa-
tion about new clubs is es-
pecially welcome. Address
your correspondence to
Clubs and Newsletters,
BYTE Publications Inc,
Peterborough NH 03458,

Introducing Equinox 100™
computer kit

THE FRONTRUNNER

Equinox 100™is the 8080 CPU /S-100 Bus computer kit that's
years in front of Altair* and IMSALI in design, function and front-
panel programming capability. Equinox 100 is easier to build,
easier to program, easier to expand in the future and complete-
ly debugged right now. After all, it’s from Parasitic Engineering,
the leading supplier of debugging kits for the Altair* 8800. Be-
fore you invest in any micro-processor kit, discover the new
Equinox 100™ At $699, it’s clearly The Frontrunner. Write for
free specs to Parasitic Engineering, P.O. Box 6314, Albany,

CA 94706.

FQUINOX_100

The Frontrunner from Parasitic Engineering

- | . <
'“““mw"i *A trademark of MITS Inc.
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Your single source for the most advanced S-100
components available:

* Guard your Altair ,
IMSATI or custom system
against program crashes
with CONSTANT VOLT-
AGE POWER SUPPLIES,
special 12 and 20-amp
models from Parasitic
Engineering. * INTE-
GRATED CPU/FRONT

+* WiinderBuss with Noise-
guard™ is the only 20-slot
S-100 bus-board with two-
way squelching. %+ TOTAL
I/0 BOARD for §120! 3
cassette channels with
control, RS232/TTY port,
parallel port, memory.
* Write for specs.

PANEL gives you access

to all 8080 registers, 1/0s Th?nker

and memory from octal S
keyboard and digital LEDs - %ﬂ?f&‘i‘;hg’;‘
...by Morrow Micro-Stuff. 94707 o

photo - courtesy Peter Hollenbeck Byie Shop Berkeley

STATE OF THE ART
BOTH FORMS

There are two forms of the “state of the art.”” One form is the
personal growth attained by most professionals who realize they
must stay in step, intellectually, with new concepts and new
techinques. Too often, a tragedy occurs when the professional
neglects the second form, his career development. The fatal mis-
take occurs when working in an environment that provides a
continuous parallel to industry but neglects to provide the pro-
fessional growth that is necessary to insure career development
and avoid potential future frustrations. To insulate yourself
against this happenstance, check with our professional staff.
They will advise you on your career development as it relates to
your technical development.

Our areas of specialization are:

Software Development
Computer Graphics

Data Base

Computer Design

Simulation and Modeling
Telecommunications
Hardware/Software Interface

For further information either call or send resume to:

PERRI-WHITE ASSOCIATES
50 FRANKLIN STREET
BOSTON, MASS. 02110 PERRI-WHITE & ASSOCIATES, INC.
(617) 423-1900 5373 W. ALABAMA PLACE
HOUSTON, TEXAS 77056
(713) 960-0350

Management Consultants
Specializing in Data Processing/Systems Engineering
All Replies Held In Strictest Confidence
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Continued from page 74

blasted- IV bytes. They are great if you never
want to do anything fancy, but . . . .With the
bus address coming from an extended micro-
code, one may simply decode a la 8080 and
use 8212s as your |0 ports. Also note that
for some instructions there are free bits,
ideal for adding instructions.

Interrupts will be painful, as the system
doesn’t have a stack, unless you use one of
the aforementioned free bits to implement
one (hint, hint).

My reaction to your suggestion about
emulation of a 360 is unprintable. /Quite
reasonable evaluation ... CHJ If you must,
however, don't do it with the 8X300. Use
Motorola’s 10800 series. It's faster (50 ns,
YES, 50 ns), and in the end would be less
work. See, it's optimized for 360 type
systems. Leave the 8 X300 for the job it was
designed for, a microcontroller.

Which gets around to the point of this
letter: As a controller, the 8X300 is unbeat-
able. You neglected to mention what |
consider to be the best feature of the system
(after its speed). Every instruction operates
on a bit string. You specify the starting bit
and the length in bits of the field in the byte
that you want the instruction to operate on.
One can also do n bit rotates on any register
to register instruction. Thus, you can add
two registers and rotate right n bits in 250 ns
or move bits 5 to 2 from memory to IV byte
bits 7 to 4 without affecting the rest of the
bits. This applies to all instructions. Thus,
the 4 port kit can easily act as a front end to
a busy computer for 8 Teletypes. Or con-
sider a floppy disk. At double density, the
bit transfer rate is 500 kHz, or a bit every
2 us, or abitevery 8 instructions. Actually, as
shift registers are so cheap, one might as well
use them and free the microcontroller for
other tasks like file handling. | have SMS’s
floppy disk controller interfaced to my
8080. At $640 it's not cheap, but they do
provide the address and data bus on connec-
tors for “maintenance.” They are rather
tight with the source code in the read only
memories, though. 1t would be nice to have
a parallel processing floating point processor
when not doing disk transfers, particularly as
it is practically free.

In short, the hobby world should take a
long look at this device. But keep in mind
that it was designed as a controller, not a
computer. Its architecture is optimized as a
bit banger, and it does that superbly. As an
emulator, it's the pits: Use a 2901 and a
2909, or any of the other bit slices and save
yourself a bunch of time, trouble and hassle.
Do use the 8X300 as a peripheral controller,



top values,
professionalism

Computerland stores
are exciting, enjoyable
places to visit. From the
striking decor to the fun
and challenge of the
Computerlandm Game
room, you’ll find
Computerland stores a
completely new
shopping experience.

You can count on
Computerland stores for
total professional
support whether your
needs are those of a
computer hobbiest,
education, science or
business user. The
skilled, management-
trained staff offers
knowledgeable service,
expert maintenance,
and software guidance.

breadth of
products

At Computerland stores
the emphasis is on
quality products. Major
brands like Cromemco,
DEC, Diablo, IMSAI,
Lear Siegler,
Polymorphic Systems,
TDL and Vector

Graphics to name a few.

Every store is
completely stocked with
tools, books and a
broad range of
accessories.

Franchise Opportunities
available— Contact:

Ed Faber, President
Computerland Corp.m
1922 Republic Ave.
San Leandro, CA 94577
(415) 895-9363
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beginners
welcomed

Do you want to get
started with
microcomputers? Are
you seeking expert
guidance on computers,
peripherals, software?
The place to visit is
your nearest
Computerland.

Watch for a
Computerland store
opening near you soon.

now open:
DeHart Street
Morristown, NJ 07960
(201) 539-4077
6840 La Cienga Blvd.
Inglewood, CA 90302
(213) 776-8080
813 B Lyndon Lane
Louisville, KY 40222
(502) 425-8308
104 W. First Street
Tustin, CA 92680
(714) 544-0542
24001 Via Fabricante
Mission Viejo, CA 92675
(714) 770-0131
22634 Foothill Blvd.
Hayward, CA. 94542
(415) 538-8080
Opening Soon:
Chicago, ILL.
Gaithersburg, MD
San Diego, CA
Buffalo, NY




In February 1977 BYTE,
page 132, we published
an article by Charles
Howerton, giving the soft-
ware of a package of utility
routines for an 8080 pro-
cessor. foseph Newcomer
of  Carnegie-Mellon Uni-
versity sends along this
critigue of the methods
of coding the BARC rou-
tines. It should be noted
that within the context
of an interrupt free single
process  computer, the
BARC routines will work
as described., The subtleties
occur in cases where inter-
rupts are allowed or one
desires to put the program
into write protected or
read only memory regions.

floppy disk controller, unibus to Altair
address mapper, DMA IEEE-448 bus inter-
face, data acquisition controller, etc. If you
use it for its intended purpose, you cannot
be anything but delighted.

Finally, a note about Scientific Micro
Systems. They are the only company to
provide really complete documentation.
Their products work as advertised. They

gave me the shirt off their backs in helping
with the nuclear instrumentation. It is truly
refreshing to deal with such a company. |
urge you to drop them a note as the
microcontroller is only one of a large group
of components they make. All are so
pleasant to use, you kind of forget about
them, which is the highest compliment |
know how to give to an IC®

A Critique of Self-Modifying Code

Joseph M Newcomer
Computer Science Dept
Carnegie-Mellon University
Pittsburgh PA 15213

Mr Howerton's article in the February
BYTE would have performed a much greater
service to the community of programmers if
he had coded it to allow recursion and pro-
vided a few extra items of documentation.
After having expended a great deal of effort
and cleverness to fit his code into 256 bytes,
he then compromises reliability by having it
modify itself. The concept of code modify-
ing itself is undoubtedly the worst single
idea that ncophyte programmers fall in love
with. Since the most obvious thing in the
world is to take his BARC package and put
it in a PROM, my first critique is that he has

carefully made sure that is not possible!
Not only is self-modifying code useless in
the world of read only memory, but ex-
perienced programmers know that code
which modifies itself is inherently harder to
debug.

| should like to offer the obvious solu-
tion: Instead of storing the dispatch address
in line in the code, store it out of line in the
writable programmable memory. Thus, one
must reserve a certain number of bytes for
this address. However, since none of the
routines in BARC call one another, only
one dispatch address area is required. Then
one only need do a “call indirect’”’ through
this address. Of course, the 8080 does not
have a call indirect instruction, so one has
to fake it; use a 3 byte dispatch area, and
make the first byte the op code of a |MP

TR F R

:| mwﬂ
'\ F ———
PLEASE SEND

NAME

STREET
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8080 timesavers to:

NeW 8080 and 8085 REFERENCE GUIDE

A TOTALLY NEW APPROACH!

SAVES TIME AND MONEY!

A powerful newtool for every serious 8080 user — professional and novice alike. Priceless timesaver for engineers,
technicians, and programmers. Saves time and money in the lab, on the production line, or in the field.

This convenient pocket size guide (3% by 73 inches) gives quick and easy access to all vital reference data. No more
searching here and there for codes, instructions, or definitions. It's all there — at your finger tips — everything you
need to successfully use the 8080A and its replacement — Intel's new 8085 microprocessor.

o e o

MAKES YOUR JOB EASIER!

Features cross listing, for rapid assembly and disassembly, of MACHINE CODES and MNEMONICS. Concise
description of 8080 and 8085 OPERATIONS, SIGNALS, PINOUTS, and INSTRUCTIONS. Convenient cross
conversion of OCTAL, HEXIDECIMAL, DECIMAL, ASCII, and EBCDIC codes. Easy-to-use tables of powers of two,
eight, and sixteen . . . and much more.. . .

- g il This handsome easy-to-read guide is printed on durable “lifetime” vinyl. Sturdy metal binding insures that your
timesaver will provide many years of professional service.

$12.95 each (plus postage & Calif. sales tax) — 25% discount for 4 or more.
Money Back Guarantee: You must be fully satisfied or simply return the guide within 15 days for full and prompt refund. 1
URBAN INSTRUMENTS + 4014 CODY ROAD + DEPARTMENT B1 -

SHERMAN OAKS + CALIFORNIA 91403

1
CARD NUMBER !
GOOD THRU 4 DIGITS ABOVE NAME
BANKAMERICARD (MASTER CHARGE)
ZIP _ SIGNATURE
112

MAIL TODAY OR CALL ORDER DESK (213) 986-6958

CHECK/M.O. ENCLOSED [] BANKAMERICARD[] MASTERCHARGE [] 1




instruction. This is, of course, "‘modifying
code,” but at least we now have the ability
to put the program in read only memory.

writeable space:
GODO JMP Q000000
rom, typical call:
SHLD GODO+1
CALL GODO
Now, as to the issue of insufficient
documentation: The functional documenta-
tion is quite clear, but the crucial piece of
information that | find to be missing is that
the routines in the BARC package should
never be called from an interrupt service
routine. This is because the routines are not
reentrant (and my proposal of the dispatch
vector in programmable memory does not
change this); if they are active when an inter-
rupt is taken, and the interrupt service calls
them, the dispatch address will be changed.
Consider the following sequence (events are
listed):

CALL OCHR
CALL DASXR
CALL DASNT —_
s 2 Q=
<interrupt>-- oo
B 3
CALL XCHR 53
e < :'ﬁ__
<return from XCHR> g5
<return from interrupt> g U§

DASFC: CALL <something>

where <something> is expected to be
OCHR but in fact is XCHR. The difference
in time between the setting of the dispatch
address and the use of it is (if | counted cor-
rectly) 235 machine cycles: a very, very long
time. Furthermore, this sort of bug is nearly
impossible to locate at the "lights and
switches' level because the act of single-
stepping changes the relative timings and
the error will not occur. Using a debugging
system may have the same effect, and if it
is a homebrew debugger which would use
BARC, then it would destroy the very in-
formation it was trying to analyze. Abso-
lutely nowhere in the article could | find any
warnings about this! Only my experience
was an indicator: Whenever static data, either
code or otherwise, contains state informa-
tion, look for cases in which routines which
use il can be called recursively. Note that
recursion does not have to be explicit;
calling a routine from interrupt level where
the routine was active at the time the inter-
rupt was taken constitutes a recursive call,

New, complete Breadboarding/Interfacing Station.
Only $237.50

We took our economy And to top it off, monitor the
Breadbox IV kit and did a buss with LED or 7 segment
complete design number on displays, add an LR-6/K LED
it...to add accessories and indicator outboard — 4

give you far more hardware individual LED's with driving
for the buck. circuits ($10.00 each). And
For example: It plugs directly ~ LR-4/K seven segment display
into your Altair/Imsai buss outboard with driver/decoder
without special adapters . .. ($19.00 each).

Gives you almost 3,000

connections for bread- So bug out to your local
boarding . . . Power supplies computer store now and save
(+5 & +/- 15V) builtin .. . substantial bread on this E&L

Available in kit or assembled deal. Or write us for the
format. All that for just $237.50  Store nearest you.
each in kit form. *Suggested resale price (US.A).

Dealer inquiries invited.
EI—E'I:I@

E&L INSTRUMENTS, INC.

61 First Street, Derby, Conn. 06418
(203) 735-8774 Telex No. 96 3536
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PRAMMER

by XYBEK

An extraordinary 2k memory board
for your Altair-bussed computer
* On-board 1702A PROM programmer

% Space for 1792 bytes of read-only memory (seven
1702A EPROMSs)

% 256 bytes of RAM

% Supplied with one 1702A, pre-programmed with
stand-alone programming software — no sense
switches are used

% Supplied with programming power supply

* PRAMMER's own on-board clock makes it compatible
with almost any Altair-bussed system.

% All read and write sequences are generated via an
on-board micro-programmed state machine, thus
eliminating all one-shots.

* Complete 1702A programming in 18 seconds

COMPLETE KETis o s ssipivsiasts .$209
($189 through June 14, 1977)
Assembled and tested: ............... $289

Immediate (off-the-shelf) delivery
California residents please add sales tax.
Master Charge and Bank Americard accepted.

XYBEK e P.O.Box 4925 e Stanford, CA 94305
Telephone: (408) 296-8188

IBM SELECTRIC
TYPEWRITER
INPUT OUTPUT
CONVERSION KIT

Easy to install on any
IBM Selectric | and II,
providing quality hard
copy output for all
microprocessor devices.

PRICE . . . . $395

EDITYPER SYSTEMS CORPORATION

A SUBSIDIARY OF TYCOM CORPORATION
26 Just Road, Fairfield, New Jersey D7006 (20112274141
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The use of a single dispatch vector does
make it possible, with care, to use BARC
from an interrupt routine. Before invoking
any BARC routines, push the current dis-
patch address onto the stack; after using
BARC, pop it off. If BARC was active,
the program has correctly preserved state;
if not active, only a few cycles have been
lost.

The requirement that the parameter
lists be in line also seems to be a bad choice
to me; it would be much better to simply
store a pointer to the parameter lists, or
even better pass a pointer in a register.
Since speed was not of the essence and size
was, it seems to me that something which
reduces the size of the code at the call site
would be more desirable. Furthermore, if
the addresses or values of the parameters
must change, in line parameters force the
user to write self-modifying code. This
means that the user cannot, after having
developed some neat system, convert it to
a PROM region of memory.

A good criterion for evaluating a program
is: Can it be put in PROM? If, after separating
out the data areas, it cannot be put in
PROM, then from my experiences | consider
it to be badly written, no matter how useful
or amazing its functions may be. Then ask:
Can it be called recursively? If not, do not
call it from an interrupt routine if it can ever
be called from outside an interrupt routine.
And don’t forget multilevel priority inter-
rupts, which are very easy to handle on 8080
architecture. Do not call the routine from
outside an interrupt context if it can be
called from within one, which is the com-
plementary condition. Note that these are
not always obvious errors to detect, since
the interrupt routine may call something
which calls something which eventually calls
something else; and one day the “something
else’” is modified so that it calls one of the
nonrecursive routines. The scenario is now
set for disaster: Let an interrupt come in at
the wrong time and you are set for a long,
tedious and probably unrewarding debugging
session attempting to locate a source of
“random” behavior.

Charles Howerton Replies

In response to the critique of BARC by
Mr Newcomer of Carnegie-Mellon Univer-
sity, | should like to begin by saying that |
agree with his comments without equivo-
cation for the environment which he hy-
pothesizes. | also agree that the concept of
modifving running code is very “hairy."”
However, even Mr Newcomer's proposed
“fix" requires the modification of running
code.



The BARC routines were written for
newcomers to the computer programming
field. It has been my experience that the
greatest problems the beginner has in writing
programs are manipulating the registers
(hence, the register preservation facilities of
BARC), and writing routines containing
foops which are designed to perform the
functions provided by BARC.

In addition, the newcomers to home
computing or even industrial or business
computing are rarely faced with program-
ming an 8080 or Z-80 which is loaded with
interrupt generating hardware. Those of us
who work with interrupt driven hardware
(and | do) would not use BARC for the
simple reason that we are, presumably,
sufficiently talented in programming arts
that the creation of routines to perform
equivalent functions is trivial.

As for embedding the parameters in line
with the code, the one type of code that the
average beginner writes well is straight line
code with a few conditional jumps where
decisions are required. Also, this is a fairly
standard practice in large machine operating
systems. Relative to the comment, “... if
the addresses or values of the parameters
must change " what is the difference
whether they change in a work area or in the
in line code? They must still be changed!

BARC was not designed to be called
recursively; it was designed to be used as a
programming tool by someone who was
using straight line code to solve a problem.
As for debugging it: it works.

Could BARC have been written to meet
all of Mr Newcomer's criteria? Undoubted|y.
However, not nearly as many functions
could have been included in the same
space.

Charles P Howerton

Digital Group Software Systems Inc
POB 1086

Arvada CO 80001 =

Thanks to Charles Howerton
For BARC

Thanks for the Howerton article in your
February 1977 issue, page 132, “Add Some
BARC to Your 8080.” Now | can finally get
rid of the needless duplication and generally
sloppy coding of utility routines in my
programs and turn the job over to BARC.
What a great time and memory saver!

D M Bell

Vice President, Engineering
Handi Kup Company

195 Tamal Vista

Corte Madera CA 94925 m

THE CONMPUTER RUGK

SMALL COMPUTER SYSTEMS = SOFTWARE * AMATEUR RADIO EQUIPMENT

1455-A So. 1100 E.  Salt Lake City, Utah 84105  Phone: 801-466-7911

One Of The Nations Largest
Full-Service Computer Stores.
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HERE'S WHAT YOU GET:

1. A CERTIFICATE GOOD FOR $2 ON YOUR NEXT
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2. THe COMPUTER ROGGM Easy TO UNDERSTAND
CATALOG COVERING ...\ v veeinnsoso oo

IMSAI
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POLYMORPHIC SYSTEMS
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Introduction to

S M Quek
Stanford University
POB 9647
Stanford CA 94305

Microprogramming
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Figure 1: A block diagram with time notations for a sequence of events that
might occur in a simple machine instruction such as: Add accumulator to
register B. First (1) register B is put into a temporary storage area. Then (2)
this storage area and the accumulator are added together by the arithmetic
logic unit. The resulting answer (3) is stored in the accumulator or register B.
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Figure 2: Block diagram of the architecture of a typical bus oriented digital

computer.
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What is Microprogramming?

When we consider the operation of a
simple machine instruction, like add accu-
mulator to register B on some computer, we
often find that there is a sequence of even
more elementary operations involved. For
the example given, we may first have a
transfer of data in register B to some tempo-
rary register in the arithmetic logic unit.
Next, we may then perform an addition
operation and finally, return the result of
the operation to either the accumulator or
register B. Figure 1 illustrates this sequence
of operations.

Wilkes, an early pioneer in the field of
computer design, called these elementary
operations “microoperations.” (See  ref-
erence 1.) By this token, a single machine
instruction, like the add described above,
would consist of a microprogram of these
microoperations.  Microprogramming s,
then, the implementing of control logic
for a computer’s instruction set through
the ordered storage of processor control
information.

Microprogrammable Computer Organization

Figure 2 is a simplified block diagram of
the architecture of a digital computer. The
organization of a microprogrammable com-
puter differs from that of a nonmicropro-
grammable computer in the design of the
control unit. The nonmicroprogrammable



machine uses a hardwired control unit. All
control lines are fixed and cannot be changed
easily. On the other hand, a microprogram-
mable machine uses a changeable micropro-
gram in implementing the control unit and
thus by changing the microprogram, the
machine can be'altered within certain limits
of its design. Let us now take a look at the
control unit of a microprogrammable com-
puter and figure out how it works.

A typical microcontrol unit would consist
of a mapper, a microsequencer, a microcon-
trol storage and a decoder. The last item, the
decoder unit, is optional and may not be
found in some machines. The interconnec-
tions between these units are shown for a
typical design in figure 3.

In operation, a machine instruction is
fetched from main memory and is stored in
the instruction register. The mapper converts
this machine instruction into the starting
address of the microprogram routine which
is supposed to execute the instruction as a
sequence of microoperations. This address is
passed on to the microsequencer whose job
is to step through the microprogram. As
each microinstruction is read out, the de-
coder translates it into control signals for the
various control lines.

Originally, the mapper was implemented
using a decoder tree made up of discrete
logic gates. Nowadays, array logic blocks in
the form of read only memory and so called
programmed logic arrays are used for this
purpose. (It should be noted that pro-
grammed logic arrays are especially suited
for this task. Read only memories contain
many more bits than are needed, and are
thus more expensive than programmed logic
arrays. The array is powerful enough to
implement most functions needed and its
lower cost makes it a very attractive candi-
date for the mapper.)

The function of the microsequencer is to
provide a value for the next address of an
instruction in the control memory. It can be
thought of as having a microprogram
counter and additional logic to test for
conditional branches. Thus, in its simplest
form, it could just be a presettable counter
with associated circuitry for performing
branches and conditional tests. However,
most  commercially  available  micro-
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Figure 3: Block diagram of the connections between various parts of a
microprogrammed ceniral processor. The typical processor consists of a
mapper, a microsequencer, control storage and an optional decoder.
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Figure 4: Typical diode matrix. A binary number is input on n number of
lines. It is decoded into 2" number of outputs. These lines are then decoded
through the use of a diode matrix. The outputs of the matrix are at the

control signals lines.
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Figure 5: Typical micro-
instruction word format.
The instruction allocations
are generalized but are
found in almost all such
data formats. The word
format itself can be of any
length. The usual length is
from 24 to 60 bits al-
though a field width of
100 bits is used by IBM in
some applications.

~———n'" |INSTRUCTION

DATA ROUTING

ARITHMETIC
LOGIC UNIT MEMORY DATA DATA NEXT USER
AND SHIFTER 10 SOURCE DESTINATION ADDRESS FUNCTIONS

sequencers (such as the Intel 3001 or
AMD 2909) are more sophisticated than
this; some (eg: AMD 2909) even to the
extent of having a built-in stack for proc-
essing microprogram subroutine linkages.

The miciocontrol store is usually some
kind of read only memory. Wilkes en-
visioned this as a diode matrix such as shown
in figure 4. Of course, immense technologi-
cal advances have been made since Wilkes’
time and now the microcontrol store is
usually implemented by read only memories,
of which the discrete diode matrix can be
thought of as the forerunner. In addition to
read only memories, some microprogram-
mable computers have a form of program-
mable memory as part of their microcontrol
store. This allows for dynamic changes of
microprogramming which lead to an even
more flexible and powerful machine. With
such a configuration, the microprogrammer
can easily rewrite, add or delete portions of
the microprogram to suit the particular task
at hand.

From a consideration of the microcontrol
store, we next proceed to a discussion of the
microinstruction. It is the microinstruction
that forms the control mechanism which
causes each data register change. A typical
microinstruction word format is shown in
figure 5. Generally, there has to be a field to
control the arithmetic logic unit and the
shifter, one for memory, and one for 10
control. In addition, another field has to be
reserved for information regarding the
routing of data. Some kind of sequencing
field which specifies the next microprogram
address is usually also included. Finally, to

el Ll oe ]

E |7 e Jel.ooe B ¥

-+ (n+ 1M INSTRUCTION e

IF: INSTRUCTION FETCH
D: DECODE
DF: DATA FETCH

Figure 6: Timing diagram for the sequence of interpreting an instruction. This
process is divided into five stages: instruction fetch, decode, data fetch,

E: EXECUTE
T: TESTS

TIME ——=

execution and testing. As soon as the testing is finished, the instruction fetch
cycle is again encountered to start the next sequence.
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suit the architecture ot a particular machine,
there is a field left for user definable
functions. These vary from machine to
machine but would usually include condi-
tional tests and branches. From this brief
discussion, it should be apparent that there
is no fixed width for the microinstruction.
Indeed, it varies from 16 bits for the
Signetics 8X300, chip, to 24 bits for the
HP2IMX minicomputer to 100 bits for
various models of the IBM360. However, the
width of the microprogram word in most
small and medium size computers ranges
from 24 bits to 60 bits.

If the microinstruction is wide enough,
we can allocate a single bit to a single
control line. In such a case, the micro-
instruction is said to be unpacked or hori-
zontal. However, if we want to save control
memory space, we may want to encode the
data so as to compress the word width. An
external decoder can then be used to recover
the data. This is the packed or vertical
format. A machine seldom takes on a fully
packed or unpacked format for its micro-
instruction. Instead, most machines have
microinstructions which lie somewhere be-
tween the two extremes; some fields are
encoded while others are not. :

When deciding on the width of the
microinstruction, several factors have to be
considered. The first and most obvious is
cost: The wider the microinstruction, the
higher its cost. This is so because memory is
more expensive than a decoder. The penalty
paid for having a vertical or packed format is
a decrease in speed and flexibility. In the
case of a horizontal machine, there are
separate bits controlling the individual lines.
Thus, there can be more parallelism in the
control as more resources can be controlled
simultaneously. However, for this same
reason, horizontal machines are much harder
to program. The microinstruction set of
vertical machines resembles the assembly
languages of minicomputers.

Instruction Interpretation

Let us consider the sequence for the
interpretation of an instruction. In figure 6,
we see that the process of interpreting an



Figure 7: Timing diagram
illustrating the time that is
saved when implementing
the changes of listing 2.

(a8 Nl T e :
| sl | This time saving occurs
only when an interrupt or
direct memory access re-
IR elod e b # ] quest does not have to be
=i | == processed. If a request
does have to be processed,
TIME snvgn—J L TiME——¢ the timing diagram of fig-
ure 7 applies to the
process..
instruction can be roughly divided into five sign, most computer designers had to rely on
stages. The first stage is that of an instruc- multiphase “hardwired” logic for their de-
tion fetch. The contents of the program sign. Multiphase logic uses multiphase clocks
counter is sent to the memory address to control the various register to register
register and a read memory command is transfers and other functions. Hence, the
initiated. The program counter is now in- designs are extremely complicated. Once the
cremented and the microcontrol unit waits machine has been hardwired, it becomes
until memory is ready with an instruction., virtually impossible to change the instruc-
Once memory is ready, the instruction is tion set without redoing the design once
loaded into the instruction register. This again, ie: rewiring it.
completes the first stage. On the time chart Microprogramming overcomes these dis-
(figure 6), this corresponds to the segment advantages and provides a means for obtain-
IF. The mapper decodes this instruction into ing relatively simple and flexible designs. To
a microaddress which is passed on to the illustrate, reconsider the microprogram for
microsequencer. This is the decode phase, the add instruction. If we look at the time
segment D on the time chart. As the chart of figure 6, we see that waiting for
microsequencer steps through the control
memory, we have control signals coming out
of the microcontrol memory. Depending on Step Instruction Commentary
the Instruction, we may need to mltlat,e 1 MAR:=PC memory data counter:= program counter;
another memory read to fetch data. This [read memory]
would be segment DF. Once this is com- 2 PC:=PC+1 increment program counter;
oo : 3 [wait for memory] ;
pleted, we can proceed to instruction execu- 4  |R:=MDR enable mapper, load microsequencer;
tion, segment E. Finally, upon completion 5 TEMP:=REG B disable mapper; ‘
of sxecition, & s of ftsts panie g, & ADDGRGCHCRILTS, | slimmsenmnisasaniiner,
formed. These could include software tests 8 IF DMA REQ=1 THEN JMP if direct memory access requested, go to
for conditional branch hardware or software DMA.SERVICE routine; .
tests for interrupt, and hardware tests for 9 :E%%ERRE%E THEN JMP if interrupt requested, go to routine;
direct memory access requests. The sequence 10  JMP INSTRUCTION.FETCH fetch next instruction;

for an add accumulator to register B (store
results in accumulator) and skip if overflow
may look like listing 1.

Of course the listing has to be coded
into micromachine language form. DMA.
SERVICE, INT.SERVICE and INSTRUC-
TION.FETCH would then be microprogram
subroutines to service the various requests. A
register, which holds data coming from
memory, is assumed to be present. If no
buffer register is used, then step 10 in the
routine should be changed to:

(10) IR:= MEMORY DATA.
This will enable the mapper and load the
microsequencer.
Why Microprogramming?

Before microprogramming was developed
and firmly incorporated into computer de-

Listing 1: A program listing for the sequence: Add accumulator to register B,
store results in accumulator and skip if overflow exists. Lines 1 through 4 are
the instruction fetch routine. Lines 5 and 6 add register B to the accumulator
and stores the result in register B. Line 7 checks for an overflow, and lines 8
through 10 check for interrupt and direct memory access requests, When the
program listing is encoded into micromachine language form the DMA.SER-
VICE, INT.SERVICE, and INSTRUCTION.FETCH will become micro-
program subroutines to service the various requests.

Step Instruction Commentary
9 MAR:=PC read memory;
10 IF INT REQ=1 THEN JMP if interrupt requested, go to routine;

INT.SERVICE
11 JMP INSTRUCTION.FETCH+1 skip first step of instruction fetch;

Listing 2: Revisions of the program of listing 1 which allow a savings of time
in the execution of the program. This savings is shown graphically in the

timing diagram of figure 7.
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memory to be ready with an instruction
takes up a good portion of our time. Thus,
to speed things, we may want to initiate a
read memory instruction before we proceed
to the various tests. Accordingly, we rewrite
our microprogram with the modifications
starting on line 9 shown in listing 2.

The new time chart obtained with this
modification is shown in figure 7. Note that
if no direct memory address requests or
interrupts have been requested, then there is
a savings in time. This is because we do not
have to wait as long for the instruction
fetch: a result of the early initiation of the
read memory. If there has been an interrupt
or direct memory access request, then no
gain in speed would be obtained. However,
since these requests are relatively rare, this
new modification would result in an overall
increase in speed.

If hardwired logic was used for the
control unit, it would be very difficult to
make the modification just described. Thus,
we see that microprogramming is a very
powerful tool in the design of digital
computers.m
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6800 OWNERS UNITE!

FREE YOURSELVES FROM THE BONDAGE OF SLOW CASSETTE I/0.
LOUDLY PROCLAIM YOUR SUPERIORITY OVER YOUR 8080 NEIGHBORS
AND THE Z-80 SUBCULTURE. JOIN THE BFD-68 REVOLUTION.

Our Basic Floppy Disc System (BFD-68) must, in all mod-
esty, be called superb. It comes completely assembled
with a disc controller that is plug compatible with 'the
SWTPC 6800. The cabinet and power supply are capable
of handling 3 Shugart Mini-Floppy Drives. One drive is
included in the basic system price of $795 and other
drives may be added easily at any time for $390. Or, you
may save money by ordering a dual or triple drive sys-
tem initially. The price for the BFD-68-2 is $1169 and for
the BFD-68-3 triple drive system $1539.

Remembering that we are prone to understatement, we
must say that while the BFD-68 hardware is superb, the
software is even better. Our Disc Operating System pro-
vides the following advantages over most other systems.

= ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT
ONE TIME

* THE NUMBER OF FILES AND SIZE OF FILES IS LIM-
ITED ONLY BY THE SIZE OF THE DISC

* MERGING FILES REQUIRE NO EXTRA DISC SPACE
» NO WAITING FOR THE DISC TO RE-PACK
* LONGER DISC LIFE—MORE EVEN DISC WEAR

NEED A FULL SIZE FLOPPY?

Qur P-38-FF is a plug-in interface card to the ICOM Frugal
Floppy™!. It includes all the features of the P-38-1 plus one 2708
EPROM containing the ICOM bootstrap software. Just plug the
P-38-FF into your SWTPC 6800 and your ICOM into the P-38.FF
and you're ready to use the Frugal Floppy and ICOM's 6800 soft-
ware package. Price $299.

QOur P-38 is an 8K EPROM board containing room for 8 2708's.
Or, you may use it to hold up to 7 2708's plus your Motorola
Mikbug or Minibug Il ROM. The P-38 addressing is switch select-
able to any 8K location. Price $179.

The P-38-1 contains all the features of the P-38 plus an interface

to the Oliver Paper Tape Reader and our EPROM Programmer.
Price $229.

The PS-1 Power Supply Kit provides plus and minus 16 volts
required for the P-38 series boards. Also, it allows a wiring mod-
ification to be made to the 8 volt supply that will increase its
output by one volt. Price $24.95.

Our M-16 is a 16K single power supply STATIC RAM memory
systemn. The M-16 is fully buffered and requires only half the
power of a similar size system using low power 2102's. With the
M-16, you can expand your system to 48K and still have room
left over for one of our EPROM boards. Price $595.

ALL OUR PRODUCTS EXCEPT THE PS-1 ARE COMPLETELY AS-
SEMBLED. AVAILABLE AT MANY SWTPC DEALERS OR FROM US
BY MAIL. BANKAMERICARD AND MASTERCHARGE WELCOME.

SMOKE SIGNAL BROADCASTING

P.O. Box 2017, Hollywood, CA 90028

Circle 169 on inquiry card.
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Your microcomputer is only as good
memory

as its

Your micro-
computer is...
in a manner
of speaking... 3
capable of think-
ing. The amount
of information you can store, combined
with the access speed, determines the
bottom line capability of your microcomputer.

The Midwest Scientific Instruments’ FD-8 Floppy
Disk Memory System will enable you to get the
most out of your microcomputer. . .6800 or 8080.
We have the most complete 6800 disk operating
system available today, which interfaces to any
microcomputer via a single PIA chip.

When used with the MSI FDOS Operating
System. . .included with purchase...the FD-8
gives your microcomputer a level of performance
which can only be matched by larger computers.

You can have program save and l|oad with
named, variable length, password protected
files at three levels: object code files, source code
files, and BASIC files.

It has disk routines which can be used easily by

MPUTER

g 6800 9EFE

- -

low level assembler lan-
guage programs as well as

high level BASIC programs.

The coresident assem-

bler/editor saves and loads

source files from disk,

assembles and stores object

code on disk, and creates assembly
listings on a high speed printer.

You get a full ANSI standard BASIC inter-
preter* with program load and save, from disk as
well as tape, with both random and sequential
disk data files. BASIC also has multi-1/O port
capability under software control.

And all you need do to access any of these
functions is type the appropriate commands on
your terminal.

The FD-8 is complete,
plies, cabinet,
documentation.

You can order the FD-8 as a kit for $1,150.00,
or wired and tested for $1,395.00.

Visit one of our dealers for a demonstration,
or send for our free Catalog of MSI products.

including all power sup-
cables, software, manuals, and

A-Vid Electronics Company
1655 East 28th Street

Long Beach, California 90806
(213) 426-5526

American Microprocessors
Equipment & Supply Corp.
Chicagoland Airport, P.O. Box 515
Prairie View, lllinois 60069

(312) 634-0076

Electronics for Yachting
1525 South East 16th Street
Ft. Lauderdale, Florida 33316
(305) 525-3478

TWX 510-955-9484

Microcomputer Systems, Inc.
144 South Dale Mabry Avenue
Tampa, Florida 33609

(813) B79-4301

High Technology
1020 West Wilshire Bivd.
Oklahoma City, Oklahoma 73116
(405) 842-2021

Micro Store

634 South Central Expressway
Richardson, Texas 75080
(214) 231-1096

' Computer Workshop

Vanguard Systems Corporation 174 Ifield Road
6812 San Pedro London England
San Antonio, Texas 78216 SW10 8AG

(512) 828-0553 01-373-8571

Widwest
Dustnaments

220 West Cedar e Olathe, Kansas 66061 e 913/764-3273
TWX 910 749 6403 (MSI OLAT)

oooooooag

Secentific

0000000000000 O00O000O0OO0OO0OD0ODOO0O0aO0

Before | forget. ..send me your catalog m]
Name |
O

Address =)
2 O
City o
State Zip a
Bys77 O

i o I o o o o o o o A o o o

*MSI BASIC is an additional $65.00
MSI is a dealer for Southwest Technical Products e Mastercharge & BankAmericard Orders accepted

220 West Cedar e Olathe, Kansas 66061 e 913/764-3273 e TWX 910 749 6403 (MSI| OLAT)
Circle 119 on inquiry card.



MERLIN is the best ASCII/Graphics
board now available for the S-100 bus
. .. and at an unbelievable price!

Compare these features to any other

video interface:

# 160H x 100V resolution bit mapping
graphics

# On-board ROM (Monitor/Editor)
option

# 40 characters by 20 lines, character
ROM generated (hardware)

# Keyboard Interface (with power)

# Programmable modes and display
format

< Serial 1/0 port

# Low power . . . only 600ma at +8V

#« Extremely fast (uses DMA)

7 Comprehensive User Manual
... 200ps

# American 60HZ or European 50 HZ
operation.

Designed-in expandability means maxi-
mum versitility at minimum cost.
Add-on options now available (in kit
form) Include:

# Super Dense Graphics

(M320-K). .. ..oivinnninnnns $39
# Lower case characters

P s e re R ]
% Serial-to-parallel expansion Kit

(MSEK-K) ..... A o e 345
¥ 1500 Baud (software) cassette

interface kit (MCAS-K)......... $29

7t 2K x B Mask ROM; graphics,
cassette, & extended editing
software (MEI) ............... $35

# 2K x 8 Mask ROM/256 RAM;
Monitor Editor Software (MBI) . .$39

The MBI ROM software is designed to
allow turnkey operation and sophisti-
cated editing and scrolling.

Ask to see a demonstration of MERLIN
at your nearest computer store. Many
dealers now stock MERLIN and there is
nothing like a hands-on demo for really
evaluating a product. We know you'll

be sold.

MERLIN Kit with Manual ........ $269
MERLIN, assm'd & tested........ $349
MERLIN User Manual ........... $10

For fast information, write us direct!
MC and BAC accepted.

A  \MiniTerm Associates, inc.

T T S e A e e
IT\ Bos 268 Bedlord Mass 01730 (617) 6481200

Circle 112 on inquiry card.
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Continued from page 13
ELIZA INTEREST

John Aurelius’ letter (March 1977
BYTE, page 16) struck a resonant chord,
When | succeed in getting my own
system, | have plans to implement a
version of the ELIZA program. ELIZA
was first described by Weizenbaum in
the Communications of the ACM
(CACM), Volume 9, Number 1, January
1966, and has subsequently been dis-
cussed by Weizenbaum and others too
numerous to mention. ELIZA is still
alive and productive, although not neces-
sarily as a psychotherapist. | am referring
to a version of ELIZA implemented by
Shapiro and Kwasny (CACM, 1975, 18,
pages 459 to 462) as an interactive
consultant for a timesharing system.
ELIZA is a very general program whose
specific personality derives from a script
she is given. Shapiro and Kwasny rea-
soned that ELIZA would be a suitable
mechanism for providing assistance to
timesharing users, It was this application
of ELIZA which intrigued me suf-
ficiently to begin experimenting with
her. Using their program as a point of
departure, | have implemented my own
(somewhat improved, | feel) version of
ELIZA also designed to act as a time-
sharing system consultant, This program
is now free of bugs (I think); however,
the script is not yet very sophisticated,
so a dialogue with the program is not yet
rousing. | would be willing to provide a
reasonably well documented listing to
anyone seriously interested. Before the
idly curious drop me a card requesting a
copy, | should warn them that the
program alone consists of 500 lines of
SNOBOL 4 statements and requires 60 K
words (the equivalent of approximately
360 K bytes) of storage to run on the
Honeywell 635 computer for which it
was written,

Now that everyone's enthusiasm has
been dampened, | should admit that my
choice of SNOBOL was expediency,
ELIZA was originally written in LISP
{also a memory hungry, slow, inter-
pretive !anguagc}.| ELIZA requires the
ability to search input text for certain
desired content (pattern matching) and
ELIZA’s internal data structures are best
represented as some form of list struc-
ture. These two altributes suggest that
the most natural (but not necessarily
most efficient) choice of a programming
language is one that facilitates one or
both of these ends. For implementing
ELIZA on a small machine, | envision a
relatively small core resident program to
maintain the keylists and do the pattern
matching, while the lengthy script is
maintained as files on a secondary
storage medium. These files would pre-
ferably be kept as random access files on
a relatively fast device such as a floppy.
A sequential device like cassettes might
do, but | fear it would be intolerably
slow. Unfortunately, ELIZA needs to
keep a great deal of text at her fingertips
(core resident in my SNOBOL program)
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for matching against input and for recon-
structing into output. Again, | would
gladly exchange ideas with anyone in-
terested in  implementing such a
program,

Glen A Taylor
Wisconsin Research and
Development Center for

Cognitive Learning
University of Wisconsin
1025 W Johnson St
Madison W1 53706

COMMENTS ON TURING MACHINES

Jonathan K Millen’s December 1976
article (page 114) on an actual hardware
implementation of a universal Turing
machine was very interesting. The
relationship between the Turing concept
of a universal machine (computer) and
the capabilities of “‘real"” computers con-
tinues to be ignored or misunderstood
by many persons who think they know
what a computer is. Millen's hardware
project may help to enlighten these
persons who view the Turing machine
world as totally separate from the ‘“‘real
computer” world,

It may be of interest to note that
Konrad Zuse appears to have investi-
gated the Turing machine concept soon
after World War [l, hoping to find some
ideas which could be used to simplify
the construction of real computers. (My
knowledge of this activity comes from a
brief private conversation with Zuse at
Los Alamos in June 1976.) He did not
find any, of course, since we know now
from experience that extremely simple
machines in their primitive state are
difficult to use in practice. Zuse's early
work on computers was done without
any knowledge of Turing’s work, while it
is known that von Neumann’s input to
early computers was not independent of
such knowledge. (von Neumann became
acquainted with Turing while Turing was
at Princeton in 1937 and 1938 after the
Turing machine work which was pub-
lished in England.)

Millen makes some statements regard-
ing the Busy Beaver Game that should be
corrected. This game was invented by
Tibor Rado and is described in the
article “On Non-computable Functions"
in the Bell System Technical Journal,
Volume 41, May 1962. Millen has taken
the liberty of adding an additional state
to his Turing machines which he counts
as a state for the Busy Beaver Game.
This adds behavior that effectively
eliminates his machine example from
being considered in the game. Il goes
into a nonstop loop instead of halting.
This also distorts the rules of the game,
His 6 counting ‘4 state’ machine is
actually a 3 state machine by Rado's
rules.

Millen then gives what he says are
known results for 3 thru 7 states when
he really should be saying 2 thru 6
states. In any case, the “known'" results
he mentions are still incorrect. The best
results are as follows:



Current Results (1975) Busy Beaver Game

(Millen's Correct Number
States:) of States Busy Beaver Score: Determined by:
(3) 2 =4 T Rado
(4) 3 =6 S Lin
(5) 4 =13 A Brady
(6) 5 =112 D Lynn
(7) 6 =117 A Brady from 320 Horizontal by 200 Vertical
5 state result of
- D Lynn
= 22,961 M Green -
g > 3.(7.392-1)/12 RS o y=e~"%cosc29%/b)

While the summary | have shown here is
in the process of being published, most
of these results have been available in the
open literature,

Allen H Brady
Univ of Nevada
Computing Center
POB 9068

Reno NV 89507

AUTHOR JONATHAN MILLEN
REPLIES:

| am grateful to Dr Brady for his
update on the Busy Beaver Game results.
The terminal “copy” loop on state 4 of
the example program was necessary be-
cause my universal Turing machine
(UTM) has no automatic halt. A copy
loop is an adequate substitute, because it
is recognizable as such, and it does not
change the contents of the tape,

Readers may be interested in the
alternative Turing machine hardware
realizations described in the following
two references:

1. | Gilbert and ] Cohen, “A Simple
Hardware Model of a Turing Ma-
chine: Its Educational Use,” Pro-
ceedings of the ACM Annual
Conference, 1972.

2. Wakerly, ) F, Logic Design Proj-
ects Using Standard Integrated
Circuits, John Wiley and Sons,
NY, 1976.

Jonathan Millen
66 Main St
Concord MA 01742

FURTHER SYS 8 EXTENSIONS

Readers who have been following the
two recent articles in the January and
February 1977 issues on improving SYS
8 Software Package 1 by Willard Nico
may be interested to know about one of
our products. This product is called
Software Package 0.5.

This is a program in source code, plus
a complete manual, for improving SYS 8
Package 1. In addition to the added
commands and auto line capabilities
discussed by Mr Nico, our program
offers: insert, delete, and change string
operations on a current line; string
operations on a find first occurrence
basis; page listing modes; reordering of
line numbers; automatic tabbing; option-
al suppression of line numbers; and
more, For the assembler, we add the
following: octal numbers are accepted; a

global symbol table for often used
symbols; an ASC pseudo op for in-
cluding real time output lines; output of
the symbol tables; an expandable table
of pseudo ops; and still more.

The program also adds the capability
to assemble programs in sections as they
are read in from a mass storage device,
This means that program size is no
longer limited by the amount of pro-
grammable memory available for source
code files!

The source code translates to 1.75 K
object code bytes, The user edits this in
with his existing SYS 8 Software Pack-
age 1, conforming it to the limits of his
system. For this gem of a program, we
charge a mere pittance, a token $14.95.

Larry Weinstein
Objective Design Inc,
POB 20456
Tallahassee FL 32304

WINDMILL JOUSTING DEPARTMENT

I'm just getting started in this field
and have enjoyed and benefited from the
past six or seven issues of your publica-
tion. | will soon purchase and (| hope)
have running a micro, both for personal
use and as a fairly large data base device
for a three man law office.

What prompts me to write this is the
use of such expressions as “his/her” and
“he or she’ which appear with increasing
regularity in your magazine. The zenith
was reached in the February issue.

Let's be fair; you are leaving out a lot
of readers, For example, there are cer-
tainly corporations and schools which
own micros. Surely, the inclusion of
only the masculine and feminine gender
must seriously offend these neuter users,
[Let's start an “It" liberation front?]
Please, then, include "‘it"” in such expres-
sions as “Whenever the user finally gets
his/her/its machine running , ... "

Secondly, there no doubt are some
partnerships or associations thal own or
use micros. Can you imagine the chagrin
of the members of these bodies not to be
included in all your pronouns! This will
necessitate your saying: “Whenever the
user finally gets his/her/its{their machine
running . ... "

Don't offend, for God’s sake. And to
heck with grammar or readability,

| am sure, if you really work at it,
you could find even more ways Lo insure
that your articles are hard to read — like,
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a=.01, b=42.86

IF YOUR COWPUTER
CAN'T BNILE (OR .
PLOT) IT PROBABLY .
HAB MERLIN DEFICIENCY
ANENIA.

CEQUATION PLOTTED MITH BABIC)

The MERLIN Super Dense add-on kit
provides maximum resolution at a
minimum cost. In fact, MERLIN with
Super Dense has more capabilities than
any other S-100 bus video Interface at

any price!

Once you've seen ‘Super Dense'
graphic resolution you'll know there is
nothing to compare it to . . . short of
spending over $600 . . . and even then
you'll not have all of the capabilities of
MERLIN with 'Super Dense'.

Super Dense provides true bit-
mapping. Each and every point on the
screen is controlled directly by a bil in
memory. (Requires BK of system
memory.)

i ROM character-graphics looked good
for a while; then came MERLIN's 160 by
100 bit mapping graphics; and now . . .
320 by 200 bit-mapping graphics! | |
It you're looking for a graphic display,
MERLIN with Super Dense is the best
there is. And if you hadn't considered
graphics or thought it was out of your
price range, consider what you could
do with 320 H by 200V graphics and for
only $39 extra.

The Super Dense add-on kit to the
popular MERLIN video Interface is now
available with off-the-shelf delivery.
M320-K, Super Dense Kit ... .. $39
M320-A, Super Dense Assm. . .$54
See MERLIN ad on previous page.

For information fast, write direct, or
see 'Super Dense' at your nearest
computer store.

MC and BAC accepted.

4. MiniTerm Associates, Inc.

648-1200
o
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lr\un. 268, Bedlord. Mass. 01730 (617}
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Made possible by the designed-in
expansion capabilities of the impres-
sive MERLIN Video Interface.

Aside from general purpose uses, the
designers at MiniTerm anticipated
Graphics and Graphics games and the
problem of control interfacing. The
MSEK (MERLIN Serial Expansion Kit)
provides:

Three parallel input ports

Three parallel output ports

These can be used for interfacing
joysticks or game controllers or parallel
/0 devices. And the price can't be
beat! The MSEK mounts inside your
keyboard and connects to MERLIN
through the keyboard cable.

Also available from MiniTerm is the
first real raster graphics "Space War"
game for the personal/hobby market.

"Space War" gives the user control of
rotation, accelleration, and firing of
missiles for two space ships. When
used on the MERLIN video interface
with ‘Super Dense' add-on option (320 x
200) the game provides more excite-
ment than any BASIC version of “Space
War" or any of the standard TV games!

A delux version of "Space War" is also
available which allows selection of ship
dynamics to simulate cars, tanks,
boats, etc. and allows the user to draw
his own ‘ship'.

Space War (SPW)............ $25
Delux Space War (DSPW) ..... $35
(Add suffix -T for Tarbell tape, or -P for

INTEL hex paper tape.)

A complete source listing is available
for an additional $10 for either game.

Write for full description, or better yet,
play a few rounds at your local
computer store. But be prepared to
stay a while. There is likely to be a
line and you may become addicted.

MC and BAC accepted.

4. MiniTerm Associates, inc.

i e e
l Box 268. Bedlord, Mass 01730 (617} 648-1200
4%
- =
w
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“owner/fuser,” for example — we have to
be accurate, right? Or “hobby/personal/
recreation/small business” every time to
describe (modify) the word “microcom-
puter.” That'll really screw up the read-
ers and give more money to the authors,
too.
Be honest, folks; are you on some
kind of a crusade? If not, please drop the
abominal usage of English (even lawyers
recognize the use of “his/her” and the
like is bad) and get on with publishing
valuable, concise and readable pieces for
the benefit of your poor readers. It the
gals are offended by the use of masculine
pronouns, then fine — print 'em all in
the feminine gender. Most men couldn’t
care less. Butstop the foolishness, okay?

W C Welborn Jr

Caine and Welborn Law Office
2221 W Franklin St

Evansville IN 47712

Its, you? Gesundheit!

SOME COMMENTS ON MIKBUG

The following letter reaches readers
in two parts. The main body of the letter
is found here; the information in one
paragraph of the letter (s noted in
“BYTE’s Bugs' on page 160, and is not
repeated here.

| was pleased to see John Rathkey's
article "A MIKBUG Roadmap..."” in
February 1977 BYTE, page 96, The 10
routines in this ROM are very useful and
have saved me a lot of programming
time.

The following comments and addi-
tions apply to table 1:

1. BADDR alters the contents of
both A and B.

2. OUTHL and QUTHR both de-
stroy the contents of A, Thus A
must be reloaded if one desires to
output both nybbles.

3. INHEX puts a hexadecimal digit
in the right nybble of A,

4, OUT4HS outputs the four hexa-
decimal digits pointed to by X
and X+1, then prints a space, X is
incremented by 2 and the con-
tents of A are lost.

5. OUT2HS also uses X as a pointer.
X is incremented and A is altered.

6. OUTS is omitted from the list.
This routine prints a space and
begins at EOCC,

The routine labelled PSTR in listing 1
duplicates PDATAT in MIKBUG. The
only significant difference between the
two routines is that PDATAT1 uses the
code 04 (EOT) to mark the end of the
string rather than 00 as used by
Rathkey.

The indexed mode JSR command
can occasionally be used to save a few
bytes of code when using the MIKBUG
10 routines to and from the A register.
Simply load the lowest address of the
routines you will be using into X; the
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desired routines can then all be ad-
dressed with the 2 byte indexed mode
JSR rather than the 3 byte extended
mode. Of course, this technique won’t
help if you want to use the routines that
require X as a pointer,

The MIKBUG program uses a block
of programmable memory from A000 to
A049, Since this is usually provided by a
128 by 8 RAM chip, the remaining 53
bytes from AO4A to AO7F are available
to the user for data or short programs. In
addition, space for a stack is provided
from A014 to A042, Since many pro-
grams won't require such a large stack,
some of these bytes can generally be
used for other purposes. The stack
pointer is initially set to A042 and
increments downward as more stack
bytes are required.

You have a fine magazine; keep up
the good work.

D B Brumm

dB Engineering

224 Hecla St

Lake Linden M1 49945

NOTES ON ARTICLE CONTENTS

| have been reading BYTE for about
a year now. | would like to congratulate
you on your very interesting journal,
However, it disturbs me that yvou con-
tinue to publish articles on programming
and construction techniques only for the
more well known microcomputer chips
such as the 8080 and 6800. | contend
that articles on microcomputers based
on the 1802 and the 6502 would also be
beneficial as they are also in popular use.

Leonard P Jacobs Jr
USF# 1570
Tampa FL 33620

We've had numerous articles on the
6502, already, starting with a review of
the processor in November BYTE 1975
by Dan Fylstra, and continuing with seve-
ral about the KIM-1 and its application or
modification. In the near future we'll
have David Brader's Komputar, a home-
brew 6502 system plan. As for the 1802,
or any other processor, what we print to
a large extent depends on what people
are doing, since the majority of BYTE
articles are unsolicited contributions
from readers actively engaged in experi-
mentation, Based on recent data from
readers, authors and manufacturers,
there should be a bit of an upswing in
1802 awareness over the next few
maornths.

THE EVOLVING LEXICON

A thorough answer to W Buchholz's
question [February 1977 BYTE, page
144 ] about words that have passed from
computer jargon into the general vocabu-
lary would probably require a master's
thesis.

The main reason is that several
wholly new dictionaries have come on
the US market in the past ten years or



so, Among them are: American Heritage
Dictionary (three editions), Doubleday
Dictionary, Random House Dictionary
(two editions). Several older dictionaries
have been extensively revised, set in new
type, or both: Webster's New World
Second  College  Edition, Merriam-
Webster  Seventh  College  Edition,
Thorndike-Barnhart Advanced Diction-
ary. And that's not all.

The Oxford English Dictionary has
started work on a 3 volume supplement
that will cover new words and meanings
since about 1914. The first volume came
out in 1972. The Oxford English Dic-
tionary seems to be doing a more
thorough job on computer terms than on
general electronics! The entry for “‘con-
trol" in the new Oxford English Diction-
ary supplement quotes the 1948 MIT
glossary and the 1955 glossary of the
British Standards Institute. But the
Oxford English Dictionary inexplicably
skipped the electronic use of “emission”
as the kind of signal (AM, FM, TV) a
statidn sends out, although that word
with that meaning has been around since
at least 1927.

Almost the first thing | did when |
got interested in microcomputers was to
build my own glossary, starting with the
lists in the back of the /EEE Dictionary
(and acquiring other glossaries as |
went). So | had a list | could check
against a brand new dictionary (Ameri-
can Heritage Dictionary, College Edition
of 1969) and a dictionary whose date of
revision is known (Webster’s New World
Dictionary, Second College Edition of
1970).

American Heritage Dictionary started
with a clean sheet. It has excellent
typography but fewer entries than Web-
ster's New World Dictionary. 11 uses
larger type, and has very wide outer
margins on each page where the artwork
is put, Its vocabulary of computer terms
includes:

accumulator, address, ALGOL, alpha-
numeric, analog computer;

base, bit; Boole, George; Boolean
algebray

chip, computer, computer language,
converter (“'a device that trans-
forms information from one code
to another");

data (“Numerical information in a
form suitable for processing by
computer”), data processing,
demodulation, digital computer;

flip flop, FORTRAN;

gate ('‘a circuit extensively used in
computers that has an output
dependent on some function of
its input”);

hardware ("a computer and the asso-
ciated physical equipment di-
rectly involved in the perform-
ance of communications or data
processing functions');

information, information theory,
input;

machine, machine language, memory,
modtule, Murphy's Law;

PL/l, printer, print out (verb), print-
out (noun), program (noun and
verb), programmer;

readout, real time;

software, storage.

Webster's New World Dictionary has
more entries and smaller type. The Col-
lege Edition is its number 2 product.
Some of the computer definitions are
eyebrow raisers:

accumulator, address (“‘the location
in a computer's storage compart-
ment of an item of information,
identified by a number or other
code'), alphanumeric, analog,
analog computer;

bit, Boolean Algebra;

computer, console;

data processing, decoder, digital com-
puter;

flipflop, FORTRAN ("a digital com-
puter language similar to al-
gebra');

gate;

hardware;

information, information theory,
fnput;

language ("‘a special set of symbols,
letters, numerals, rules, etc, used
for the transmission of informa-
tion, as in a computer"), fogic
(*“the systematized interconnec-
tion of digital switching func-
tions, circuits, or devices, as in
electronic digital computers');

machine language, memory;

printer, printout (noun), program
(noun and verb, two definitions
each), programmer and program-
er (as shirttails, undefined, fol-
lowing program);

random access, read (“to obtain [in-
formation] from [punched cards,
tape, etc); said of a computer”),
readout, real time, routine;

software, storage, slore, symbolic
logic;

throughput, track;

word, write (“to record information
in a computer's memory or on a
tape, etc, for use by a com-
puter'’),

Webster's New World Dictionary had
a contributing editor who was then the
head of the Electronics Engineering De-
partment at Carnegie-Mellon University.
American Heritage Dictionary had no
electronics specialist identified as such
on its 1969 masthead.

If you know someone who is major-
ing in computer and minoring in linguis-
tics, you might set him or her on this.
The sooner it's wrapped up thoroughly,
the casier it will be to do thoroughly.
One question that should be explored in
any exhaustive treatment is why certain
words were admitted to the general
vocabulary, and others were not, in each
edition of each dictionary.

C } Mike Fern Jr, WAGOW)
1046 S Westlake #1
Los Angeles CA 90006®
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They can transform a hobby computer
into a professional, useful tool.

But why pay $300 for one? The
MERLIN Video Interface is also a ROM
Monitor board. The optional 2K x 8
MBI ROM Monitor/Editor is available
for only $39.

The MERLIN Monitor provides com-
mands for turnkey 8080 or ZB0
operation and program debugging and
the Editor is the best there is. Any
BASIC or user program is compatible
with the MBI software.

And now MiniTerm introduces the
ROM/EROM kit so that you can put
the rest of your operating system and
general purpose routines in ROM for
increased ease of use and reliability.

Just Look at these features:

# Power-on jump to any 1K block
7 Holds eight 2708 EROMs

< Bank select feature

# S-100 bus compatible

+ Walit state logic

+ Addressable to any 4K block
And it's only $89 in kit form!

So write or buy your operating system
— then optimize it for your specific
needs and put it into ROM where it will
always be available and yet changeable
when necessary.

MiniTerm will also provide 2708s for
$40 and will introduce its inexpensive
2708 programmer next month.

Once you've had or used a system with
good ROM operating software (Moni-
tor, Editor, Relocatable loader) you'll
understand why ROM boards are
becoming so popular.

But don't spend more for ROM boards
with extra goodies when all you need is
a board to hold your ROMs and to
provide power-on jump. Buy the
MiniTerm ROM/EAROM kit for only
$89.

For more information fast, write direct.

MC and BAC accepted.

4. MiniTerm Associates, Inc.

l e e = e
l \Eu- 260 Bedlord, Mass 01730 (617) 638-1200

Circle 112 on inquiry card.



BYTEs Bits

A Phonograph Record in a Computer playings; unless they are severe, scratches

Magazine? have no effect on accuracy, An addition-

al benefit of this system is the elimina-

Bob Jones of /nterface Age magazine tion of tape dropout problems. Bob has

has informed us of an intriguing new fea- promised some 8080 and Z-80 programs

ture included in their May issue: a flex- for future issues. Contact /nterface Age,
ible plastic phonograph record bound in- POB 1234, Cerritos CA 90701.m®

to the magazine which contains a 4 K
byte BASIC compiler plus a binary load-

er and two memory test programs. The

program, written by Robert Uiterwyk KIM Has a Contest
for Motorola 6800-based systems, uses .
the 300 bps Kansas City standard. The In a press release from MOS Technol-

ogy Inc, Richard Simpson has announced
the KIM Software Contest, open to all
KIM owners and users. The prizes are:

record’s appearance marks the first time
that such a technique has been used in a
magazine to disseminate software. (Read-

ers may recognize the record as the type First prize: KIM-3 8K memory
used to promote recordings by mail). expansion board

To recover the programs, the user Second prize: KIMROM-1 Resident
plays the record on his or her phono- Editor/Assembler ROM Set
graph in the normal manner and feeds Third prize through tenth prize:

the output to an AC-30 or similar cas-

: KIMath Source Listing and User
sette interface, the same procedure used

Manual.
for data cassettes. Using the “‘tape out”
feature (available on most amplifiers) is All entries must contain program
probably the easiest way to feed the sig- documentation and source code listing
nal to the interface. {but a hand assembled source is allowed).
Each record is good for about 100 All entries become the property of MOS

OUR PROTO-CLIP'
CAN PAY FOR ITSELF THE
1STTIME YOU USE IT.

The reason’s as simple as the time you'll “
save testing, signal tracing or wiring in DIP's. \“““
]

Not to mention the cost of IC's ruined by
accidental shorts. A Proto-Clip is the foolproof,
short proof way to bring up leads from
crowded circuit boards. Its patented, molded
design and unigue gripping teeth free hands
for other work. Built to withstand tough day-
to-day use, CSC clips are available with or
without cable for 14-, 16-, and 24-pin DIP's,

starting at $4.50* For more information,

see your dealer orwrite for

our full-line catalog and
distributor list.

CONTINENTAL SPECIALTIES CORPORATION

44 Kendall Street, Box 1842
New Haven, CT 06509 » 203-624-3103
TWX: 710-465-1227
West Coast office: Box 7809,
== San Francisco, CA 94119 « 415-421-8872
TWX: 910-372-7992

U.S. Pat No. 3,914,007
“Mfr's. sugg. retail

© 1975, Continental Specialties Corp.
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Technology Inc and will be turned over
to the KIM Users Group for possible
publication.

Entries will be judged on the basis of
originality and usefulness to the user
community. If external hardware is re-
quired, a schematic should be provided.
Complex programs taking more than
I K bytes of memory such as high level
languages, assemblers, cross assemblers,
text editors, etc, will be awarded a
duplicate first prize if accompanied by
working source tape or cassette. All
entries must be received by July 1977,
Prizes will be awarded on August 1 1977.
Send all entries to KIM Software Con-
test, MOS Technology, 950 Ritten-
house Rd, Norristown PA 19401.

This looks like an interesting oppor-
tunity for KIM enthusiasts to earn a bit
of glory. =

The Following Was Received From
American Federation of Information
Processing Societies (AFIPS):

The fast growing field of personal
computing will be in the national spot-
light this June at the 1977 MNational
Computer Conference in the Dallas
Convention Center. Reflecting the dyna-
mic growth and promise of the personal
computing field, the 1977 NCC will
feature a Personal Computing Fair, a
Personal Computing Exposition, two full
days of program sessions, a National
Club Congress, as well as special interest
sessions for computer hobbyists.

The Personal Computing Fair, sched-
uled to run throughout the four days of
the conference, June 13 to 16, will fea-
ture operational displays and demonstra-
tions of individually and group owned
noncommercial projects. More than 100
small computing systems are expected to
be displayed featuring hardware and
software implementations, games, recrea-
tion, music, art, amateur radio, as well as
scientific and general applications. Prizes
and awards will be presented in recogni-
tion of outstanding achievement. The
Personal Computing Fair will provide
hobbyists with the unigque opportunity
to obtain new ideas for their own sys-
tems, solutions to current problems, and
a wealth of "how-to" tips on personal
computing.

The conference program will feature
an in-depth examination of personal
computing on Wednesday and Thursday,
June 15 to 16. Two 3 hour panel ses-
sions on Wednesday will examine ‘‘Per-
sonal Computing — Past, Present and
Future’ and “Hardware for the Compu-
ter Hobby Market.” Thursday morning
will feature a 3 hour panel covering
“Personal Computing Software,” with
the afterncon devoted to the presenta-
tion of papers relating to personal com-
puting, plus a concluding panel on "“The
Future of Retail Computer Stores.”
Each panel will feature presentations by
leading authorities in the personal com-
puting field, and will be designed to



THE COMPUTER SHOP

Calgary, Alberta
3515 18th St SW

Phone (403) 243-0301

IMSAI, SWTPC, Digital Group, Cro-
memco, T.D.L., Lear Siegler ADM-
3A, Morrow cassette interfaces, Mini-
Term, Polymorphic, Solid State Mu-
sic, and the Calgary made Interalia
8000 micro. Prices generally US list
plus duty, tax & exchange (now 30%
altogether). Special: free Morrow
serial/parallel/cassette port board
incl. PROM boot with every IMSAI
8080 mainframe — first 50 orders
mentioning this ad only! Full repair
facilities.

CANADA

Circle 179 on inquiry card.

BUTE

Article Index

FREE

Complete listing of all fea-
ture articles appearing in
Volume | of BYTE—
September, 1975 thru De-
cember 1976. Indexed for
easy reference. Includes all
errata.

To get yours, send a $.24
stamped self addressed en-
velope to:

BYTE Index

70 Main Street
Peterborough NH 03458

LOGIC
DESIGN
— INC

QUALITY sSupport for
those who wish to dig deeply
into digital design.

Breadboarding System, text-
book on logic design, and
complete schematics for an
elegant CPU that will run the
PDP8 instruction set .. $1095

132 IC's
TTY Interface

Memory

BOX 3991, UNIV. STATION
LARAMIE, WY 82071
(307) 742-7977

Circle 209 on inquiry card.

the affordable computer store

7825 BIRD ROAD  oF
(305) 264-2983
DIAL 264-BYTE MIAMI

WE HELP YOU GET YOUR SYSTEM
UP AND RUNNING.

The word is getting around .. .the
Byte Shop of MIAMI is a remark-
able exception to the rule among
computer stores. We offer a truly
delightful environment supported by

* REAL courtesy

* REAL expertise

* EXPERT service

* GREAT classes

demo systems

IMSAI BOBOD MEMORY EXPANSION
BYTE-8 COLOR TV GRAPHICS
SWTP MP&a LEAR SIEGLER ADM 3
CROMEMCO PAPER TAPE READER
PROCESSOR TECH

INTERFACES (KITS or ASSEMBLED UNITS)

Opening COMPUTER STORE

#2
IN FORT LAUDERDALE

Circle 271 on inquiry card.

19" RACK $-100 BUS CARD CAGE

ECT-100 CARD CAGE KIT $100
CARD CAGE / MICROCOMPUTERS
ECT-100-8080 KIT $320
ECT-100-280 KIT $420

8,192 x 8 BIT STATIC MEMORY
EXCEPTIONALLY LOW POWER

(e ER g
gn[b BEEE0E
SPCH & N

8KM MEMORY BOARD KIT $295
PB-1 PROTOTYPING BOARD $28
EXT-100 EXTENDER CARD $24

ELECTRONIC CONTROL TECHNOLOGY
P.O. Box 6, Union, New Jersey 07083
(201) 686-8080

Circle 47 on inquiry card.

DISCOUNTS!

IMSAI 8080 KIT $599.
assembled 750.

IMSAI BOBO w/22 slot MB 645.
assembled 795.

RAM 4A-4 125.
assembled 225.

MULTIPLE 1/O Board (MIO}

(both Tarbell and Byte modes one serial,

two parallel, one control port) 175.
assembled 275.

EXPM (100 pin w/edge conn 6.50
assembled 11.60

(POLYMORPHIC SYSTEMS)

16x64 CHAR VIDEO BOARD 189.
assembled 229,

Keyboard —

63 key fully encoded ASCII,

+5v only, positive or negative

logic, repeat key, IC sockets, kit $54,
assembled 69.

*write for discount prices on other
IMSAI products.

*N.C. residents add 3% state sales tax

COMPUTER ELECTRDOMNICS

BOX 339
Cary, N.C. 27511

Circle 253 on inquiry card.



provide attendees with the latest infor-
mation on new developments, trends,
and the outlook for the future. Ample
time will be allotted to answering
questions from those in the audience.

Plans are also under way to bring to-
gether various special interest groups in
personal computing for a series of infor-
mal sessions on such topics as the build-
ing of computing kits, debugging soft-
ware, use of assembly language, pe-
ripheral interfaces, cassette and disk
storage, and software standards. In addi-
tion, plans are being developed for a
“National Club Congress' to enable
representatives of clubs from throughout
the nation to exchange ideas and discuss
issues relating to their activities and pro-
grams. Among expected topics will be
whether or not a national personal com-
puting association is needed, and if so,
how it might be formed. Related topics
are expected to include hardware/soft-
ware standards, a possible national pro-
gram library interchange, and the estab-
lishment of educational seminars.

In addition, the 1977 NCC will fea-
ture a commercial exhibition by eqguip-
ment manufacturers and suppliers of
personal computing products and ser-
vices. The Personal Computing Expo-
sition will be in the North Hall of the

Dallas Convention Center, one level
below the main NCC exhibit hall.

Information on the 1977 NCC may
be obtained from AFIPS Headquarters,
210 Summit Av, Montvale N) 07645,
or by calling (201) 391-9810.u=

A Calgary, Alberta Store . . .

The Computer Shop is the name of
a new store which sells IMSAI, Digital
Group, Interalia, Cromemco, Lear-
Seigler, Polymorphic Systems, South-
west Technical Products, Morrow, Mini-
Term and TDL products to central
Canadians. The shop sent us a flier, with
a handwritten note that the typical prices
are USA prices plus about 25%, The
store is located at 3515 18th 5t SW, Cal-
gary, Alberta CANADA T2T 4T7T9.=

Another Dallas Area Store

KA Electronic Sales, a Dallas distrib-
utor of industrial electronic components
to both businesses and individuals, has
opened a computer store at 1220 Ma-
jesty Drin the Brookhollow Industrial Pk,
Dallas TX.

The KA Computer Store currently

* 14 Digit Readout

® ONLY §189.00
® /N STOCK

%xpand your
&S n

e Unlimited Numbe}

Steps

ARTINAN
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OCESS

programmable
scientific

INCLUDES FREE . .. "
e 44 page HANDBOOK

e Users Group Membership
e Programming Sheets

ELECTRONICS CORPORATION

5 EASTMANS RD., PARSIPPANY

NEW JERSEY 07054

TELEPHONE: (201) 887-7100
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markets central processing units and pe-
ripherals by several manufacturers in-
cluding IMSAI, Southwest Technical
Products Corporation, Lear-Siegler Ter-
minals, Solid-State Music and The Digital
Group.

KA also supplies electronic com-
ponents and parts as an industrial and
retail distributor, and has a second
electronics parts walk-in store located
at 1117 S Jupiter, Garland TX.=

How to Get a BASIC Source Listing

Dr Dobb's fournal of Computer
Calisthenics & Orthodontia, inits January
edition of this year, has published the
complete source and object code as-
sembly listing of the Lawrence Liver-
more Laboratory BASIC interpreter
developed by John Dickenson, Jerry
Barber, John Teeter and Eugene Fisher.
The interpreter is a 5 K byte program
designed to be loaded in PROM or
ROM. It includes a floating point
arithmetic package. Dr Dobb’s is loca-
ted at People’s Computer Company,
POB 310, Menlo Park CA 94025, =

Question:

Dr Chuck Adams of the Texas A & M
University EE Department posed the fol-
lowing question in a recent phone con-
versation:  “Who invented the D flip
flop?" Can a reader supply the answer
to this query, for publication in a future
issue?m

Want to Find Out Who's a Professional
Computer Scientist?

The 1977 Association for Computing
Machinery Roster of Members, an alpha-
betic and geographical cross-listing of the
names and addresses of more than 35,000
ACM members as of January 1 1977 is
now available.

The Roster may be ordered from the
ACM Order Department, POB 12105,
Church 5t Station, New York NY 10249,
Prices are $7 to members and $25 to
nonmembers, prepaid. =

Guide to Buzzwords

“Sherry’s Guide to Data Communica-
tions Buzzwords” is the name of a 24
page booklet of words and definitions
which are commonly used in the data
communications field. Write for your
complementary copy, available from:
Public Relations Dept, International
Communications Corp, 8600 NW 41st
St, Miami FL 33166.m

Survey Sweepstakes Results . . .

In November 1976 BYTE ran a ran-
dom survey of readers, to gather data for
editorial and marketing purposes aboul
this crazy field. Of approximately 2100
survey questionnaires mailed, 1448 were
returned prior to the deadline of Novem-



ber 15 1976. As an incentive to return
the survey, we offered five Life Subscrip-
tions to BYTE, commencing with the
expiration of the current subscriptions
of the winners. The following five indi-
viduals were drawn at random from the
returned survey sweepstakes entry
blanks (which were kept separate from
the actual questionnaires in order to
keep the guestionnaires anonymous and
private).

Arthur H Bazell
50 El Camino Real
Berkeley CA 94705

Allen L Curl

Robert S Curl & Assoc
1555 Alum Creek Dr
Columbus OH 43209

Dennis A Hewitt
POB 8747
S Charleston WV 25303

Mark T Marshall
18229 Topham 5t
Reseda CA 91335

Howard Rothman
86-25 Van Wyck Expy
Briarwood NY 11435m

Technology Fact

Attention Sciemwe-Ficrign Lovers . .

Another Far-Out Technology

How About Running a Real World
Enterprise Instead of a Computer
Driven Simulation Game?

A group of aerospace specialists
has begun to investigate the prospects
for a satellite launch center at the
equator. Sponsored by the Sabre Founda-
tion, the group hopes to determine the
extent of interest by government and
private organizations in an “Earthport”
that would be open to peaceful users
from every nation.

Equatorial sites offer cost savings for
most satellite launches because the earth's
spin gives rockets a boost into orbit.
Several nations now operate equatorial
launch sites of varying sizes, but none
are international.

“In the past six years, aerospace
companies such as Boeing and General
Dynamics have explored the possibility
of providing commercial launches from
the equator,” said the director of the
study, Mark Frazier. “We plan to work
with representatives of private organiza-
tions as well as governments to determine
what environment would be best suited
for them.”

The initial stage of the study is
intended to assess international interest
in establishing a “space freeport,” and
will be completed within the next four
months, according to Frazier.

Project members will then evaluate
the economic, technical, legal and
political aspects of establishing an
international launch site, culminating

in publication of a report late this year.
An international advisory group will
review the report before any moves to
approach Third World nations about
hosting the spaceport.

Total cost of the study is estimated
at $50,000, to be provided by contribu-
tions from philanthropic, space oriented
organizations and individuals.

Although the project is at an early
stage, it has drawn support from leading
aerospace figures., Among the advisors
are Prof Freeman Dyson of the Institute
for Advanced Studies, Princeton; Dr
Philip K Chapman, a former astronaut;
Dr Raymond Bisplinghoff, past NASA
associate director and research director;
and Dr George Robinson of the Smith-
sonian Institution.

Three study groups will be responsible
for preparation of the final report. The
Government Launch Activities Commit-
tee will examine ways that governmental
organizations could use an equatorial
spaceport to their advantage, and the
Private Users Committee will investigate
opportunities  for nongovernmental
groups. The Freeport Design Committee,
chaired by Stanford freeport specialist
Dr Avlin Rabushka, will recommend
possible sites and alternative legal and
economic configurations of the site.

Copies of an eight page brochure

describing Earthport are available for
5.50 per copy. Suggestions about the
project are welcomed by the founda-
tion. For further information, write
Mark Frazier, Space Freeport Project,
Sabre Foundation, 221 W Carrillo St,
Santa Barbara CA 93101.

Project Members
(Partial Listing)

Advisory Board: Dr George Robin-
son, Smithsonian Institution; Dr Philip
Chapman, former astronaut; Prof Free-
man Dyson, Institute for Advanced
Studies, Princeton; Pat Gunkel, Hudson
Institute; Dr Larry Smarr, Harvard Astro-
physics Center; Prof Alvin Rabushka,
Hoover Institution, Stanford; Dr Ray-
mond Bisplinghoff, former NASA asso-
ciate director, NASA research director,
and dean of engineering at MIT; Robert
Prehoda, consultant.

Study Groups. Government Launch
Activities Committee: Arthur M Dula | D,
chairman. Private Users Committee:
Robert W Poole |r, chairman; Raymond
L Kendall, program development mana-
ger, Motorola Inc; Paul Siegler, president,
Earth/Space Inc. Freeport Design Com-
mittee: Prof Alvin Rabushka, chairman;
Michael Bader,-assistant director, NASA-
Ames; Jerry Glenn, consultant.

Executive Director: Mark Frazier.m

Make the HAL Connection

* 8080A MPU

» 1K Monitor/Debug
Software in
2708 EPROM or
2-3624 PROMs

® On board space |

for: 4K ROM
(2708), 2K RAM TS
(2102A-4) i

e TTY Current Loop or
RS-232C serial 1/0 (8251)

® 24 lines of
| Parallel 1/0 (8255)
® Hardware “front
. panel”on board
_ *® Optional
Accessories:
CRT Terminal
i1 Board, BASICin
-i——n EPROM, Audio
Cassette Interface,
7K RAM Expansion Board/
EPROM Programmer, Power Supply.

MCEM-8080 from$375 (2-3624 ROM/1K RAM) or$445 as shown (2708 EPROM/2K RAM)

and solve your lab or OEM computer problems

1. Connect to the 24 lines of Parallel 1/O
and ASCII or Baudot Serial 1/0.

2. Connect to processor bus to add mem-
ory expansion board/EPROM program-
mer, 1/0 devices, or our unique CRT
Terminal Board.

3. Connect to our power supply or use
your own.

Lab users and OEM’s alike will find solu-

tions to their computer problems with the

MCEM-8080 computer. All essential com-

puter system elements are incorporated in
this fully assembled, tested single-board
computer. Some unexpected features of
the HAL MCEM-8080 are: hardware “front
panel” which allows setting a breakpoint
and manual control of the computer; 1K
ROM Monitor/Debug Software (with user
callable, Inte®compatible 1/0 routines)
which greatly simplifies program develop-
ment; Parallel and Serial I/O on the board;
and very reasonable prices.

Call or write for further information on the HAL Connection.
You'll be glad you did!
HAL COMMUNICATIONS CORP.
Box 365B 807 E. Green Street, Urbana, Ill. 61801
Telephone (217) 367-7373
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The Midwest Affiliation of
Computer Clubs invites you
to attend the Second Annual,
Midwest Regional Computer
Convention and Exposition....

jUNE 10,11,12

COMPUTERFEST ‘77

BU N D COURT HOTEL 777 St. Clair, Cleveland, Ohio

> Manufacturers™ Reps & Exhibits Still only
>Roofed Flea Market
> Seminars & Tech Sessions per ticket
>Club Congress

> And Prizes, Games, Media Duping, and more....

The M.A.C.C. Convention is Where It’s At in the Midwestern region.
See you there! And if you plan to attend NCC, why not fly with us?
Ask for information about the charter flight to Dalias. Drop a line to:

M IDWEST AFFI LIATION OF COM PUTER CLU BS

P.O. BOX 83, CLEVELAND, OHIO, 4414i




___Game Playing With Computers by
Donald D Spencer, published by Hayden.
What does it mean to play games using a
computer? Read this book to get an
introduction into numerous recreational
uses of the computer to program and play
mathematical and logical games. Topics
include numerous mathematical problems,
casino games, board games, unusual gam-
bling games, and miscellaneous logic games.
Numerous BASIC language programs and
listings are included to show details. $16.95.

g

oy
2
3
¢
___Scientific Analysis on the Pocket
Calculator by Jon M Smith, published by
John Wiley & Sons. This book is another in
a set of source books for mathematical
analysis using the contemporary products of
technology, It is oriented to the pocket
calculator, yet it will provide you with
algorithms and methods useful with any
personal computer which implements the
scientific and analytical functions found on
a good pocket calculator. For a more
complete description, see the book review
on page 120 of the December 1976 BYTE;
or order its 392 pages of detailed technical
information and review its use for yourself,
$13.75.

BUILD YOUR
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___Build Your Own Working Robot by
David L Heiserman, published by Tab
Books. This book will not tell you how to
build Robbie, the robot of Forbidden
Planet, or a classical android of science
fiction. What it will introduce you to is the
problems of making a robot mobile device
called Buster |ll, using pre-microprocessor
TTL integrated circuits for all logic
functions. It is a must book for background
reading, but much of the logic can be
extremely simplified using today's micro-
processor technology. Use this book as a
first look at these problems from which you
can build further and more elaborate
solutions. Softbound, $5.95.

— A Dictionary of Microcomputing by
Philip E Burton. In the opinion of BYTE's
editor, Carl Helmers, “This is one of the
best designed and executed dictionaries of
computer related terms yet seen on the
market. It is of particular relevance to those
individuals who want a good general
reference to numerous technical terms,
broadly covering hardware and software
fields as currently practiced.” This new
hardbound edition is part of the Garland
Reference Library of Science and Technol-
ogy. $12.50.

—_Software Design for Microprocessors.
This stand alone guide to microprocessors
has been designed by the people at Texas
Instruments to convey knowledge to the
first time user of microprocessors. This
excellent source book of computer concepts
begins with an outline of the basic principles
of the general purpose computer, its
machine architecture, software, and meth-
ods of addressing. |t proceeds to discuss
how to build software, what is involved in
documenting what you‘ve done once you've
done it, the mechanics of programming, and
specific examples using the TI TMS-1000,
TMS-8080, TMS-9900 and SBP0400 de-
signs. You'll find a thick hardcover text-
book filled with over 370 pages of useful
information including a comprehensive
glossary of microprocessor terminology,
among several other detailed appendices.
$12.95.
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Send to:

BITS, Inc
70 Main St
Peterborough NH 03458

Total for all books checked $
Postage, 25 cents per book

for books $_

Grand Total $

You may photocopy this page if you wish to leave your BYTE intact.

Check payment method:
My check is enclosed

a __Bill my MC No.

Exp. date
ﬁ __Billmy BAC No. Exp.date —
Name
Address
—_ Gity 0. State Zip
Signature

Please allow six weeks for delivery.

Circle 4 on inquiry card.




- Digital Computer Fund-
amentals by Jefferson C Boyce.
The way to a world of learning is
through books. A great place to start,
and to return from time to time, is
the classical textbook. This new
book from Prentice Hall is in-
tended as just that. Topics covered
include digital computer operation,
basic computer circuits and concepts,
Boolean algebra, implementing com-
puter operations in hardware, com-
municating with the computer and
related issues of coding schemes,
detailed discussions of the control
section, memory functions, arithme-
tic and logic functions, input and
output functions of a classical com-
puter, a chapter on computer pro-
gramming and a final summary
chapter on the details of a typical
minicomputer design interpreted in
the light of the more theoretical
general concepts in the book. This
book is excellent background infor-
mation for the literate and well read
hacker. Order yours today. $15.95

Adam Osborne's books An Introduction
to Microcomputers, VVolumes 1 and 2, are a
concise compendium of the technical details
of microprocessors at the component
(engineering) level. These are the source
books for the system designer who plans to
employ the microprocessor, or the advanced
homebrewer who wants a dash of custom-
ization not found in commercial products.

—— Volume 1 is subtitled “Basic Con-
cepts.” This is the book which presents a
framework of ideas concerning the design
and use of small computers implemented
with LS|, Topics include definitions of the
microcomputer, fundamental concepts of
logic and numbering characteristics of
instruction sets, etc. $7.50,

—— Volume 2 is a much thicker (895

page) detailed volume which complements
the information in the first volume. This is
the volume which fills in many of the details
left out of the conceptual treatment in
Volume 1. Here you'll find 19 detailed
chapters on the engineering and logical
specifications of products made by 16
different manufacturers, including in many
cases reprints from the manufacturers’
documentation as well as new materials
provided by the author. Published in 1976,
it even includes such processors as the
MiecroNOWV A by Data General and the Texas
Instruments TMS-9900 as well as the older 8
and 16 bit machines. Organization is by
design type, and where parts of several
manufacturers were intended for a given
processor design such as the 8080, these are
grouped into a single chapter. $12.50

- How to Buy and Use
Minicomputers and Microcomputers
by William Barden. People have often
asked us where to turn to get an
introductory book about computers
for personal use. One excellent place
to start is How to Buy and Use
Minicomputers and Microcomputers,
William Barden Jr's instant summary
of the small computer revolution,
published by Howard Sams in mid-
1976. This is one of the first books
of the 'general introduction to
computers’’ genre to be published
with an emphasis towards the small
computer and personal computing as
it is being practiced these days. the
book, written for the novice as well
as the expert, surveys the technical
details of the field in nine chapters
and 10 appendices. This book is light
(but essential) reading for the experi-
enced computer person, and worthy
of serious, concentrated perusal by
the novice. $9.95.

POWER

AND
HUMAN
REASON .

——_ Computer Power And Human
Reason by Joseph Weizenbaum. This
book is one which should be
purchased or read for several reasons.
If you're presently a programmer by
trade or skill, you'll see a philosophy
of computer use and abuse pro-
pounded. [t's genuinely interesting,
and definitely provocative if you
reference the storm of letters, coun-
ter letters and counter counter letters
which this book produced in the
Association for Computing Machin-
ery's SIGART newsletters during
1976. If you're a novice to the field,
the tutorial and explanatory chapters
of this book, which are aimed at the
layman, will serve as an excellent
background source which is also
eminently readable. This includes an
excellent and low level explanation
of what an algorithm is, and how
computers go about executing effec-

hardbound. tive algorithms. $5.95 softbound.
Send to: Check payment method:
BITS, Inc ’ -~ N _M_v check is enclosed
70 Main St @ __Bill my MC No. L S . Exp. date o
Peterborough NH 03458 mmmam  Billmy BAC No. . Exp.date -
Total for all books checked - RaMAdes == o0 = R T T h -
Postage, 25 cents per book
Address
for I e books $ N e T = e e = e e —
Grand Total & City - State  Zip
Signature 0000000

You may photocopy this page if you wish to leave your BYTE intact. Please allow six weeks for delivery.
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Continued from page 52

Selectric mechanism found in the Keyboard
Printer is a set of switch contacts which are
closed by movement of the tilt rotate bails,
and by movement of the cams in various
stages of the printing cycle. These contacts
can also be seen in photo 4. Again, no
electric power is applied to these contacts
inside the Selectric, but six of them, called
Cl1 to C6, are wired together thru certain
pins in the receptable at the back of the
machine (more on this later). For printed
output, these contacts can be tested to
determine when the printing cycle is
complete. For keyboard input, there is
another set of contacts which must be tested
at the proper instant in order to capture the
code for the key just depressed. Other
contacts are provided which make it possible
to determine whether the machine is cur-
rently locked in upper or lower case,
whether the end of line margin stop has been
reached, and so on. According to the
documentation, the contacts are rated for
40 mA at 10V (minimum) to 300 mA at
48 V (maximum).

BCD and Correspondence Machines

At this point, | should clear up the
mystery surrounding the differences be-
tween the so-called “BCD" and ''Corre-
spondence' versions of the Selectric Key-
board Printer. There are differences in three
areas:

1. The arrangement of characters on the
typeball that is used.

2. The arrangement of the fingers on the
interposers connected to particular
keys.

3. The code obtained for keyboard input
at the 50 pin receptacle when a key is
pressed.

The Correspondence version is the
simpler of the two. All of the office type-
writers are built this way, and nearly all the
typeballs available from IBM use the Corre-
spondence arrangement of characters. In a
Correspondence encoded Keyboard Printer,
the tilt and rotate bail contacts are wired
directly to the 50 pin receptacle, and so the
code obtained when a key is pressed is the
actual tilt rotate code. Note that the tilt
rotate code is the same for, say, an upper
case A and a lower case a, so the current
state of the shift contacts must be checked
whenever a character is read.

Many Selectric Keyboard Printers were
built for use in equipment which employed a
6 bit byte and the old BCD (binary-coded
decimal) character code, and so [|BM
developed the “BCD” version of the Selec-

tric. In this machine, the tilt and rotate
contacts (there are several sets of contacts
for each bail) are wired through a maze of
diodes and shift contact connections to yield
a unique 6 bit code for all of the essential
characters in the BCD set. Hence the code
which reaches the 50 pin receptacle can be
read directly into a 6 bit byte, and the shift
contacts themselves need not be tested. Of
course, a 6 bit byte can represent only 64
different characters, and after allowing for
the digits and various special characters,
there was room for only the upper case
alphabetics. In fact, because of the limita-
tions of wiring through diodes and switch
contacts, only 48 distinct codes are actually
produced. Even so, in order to accomplish
this wiring feat, it was necessary to move
some of the essential characters to con-
venient spots on the typeball, and hence the
interposers with certain finger combinations
also had to be moved around in order to
preserve the usual layout of the keyboard.
This is why the characters are all mixed up
when you type manually on a BCD machine
with a Correspondence typeball. Indeed, just
to make everything fit together, IBM puts
only the upper case characters on most of
the typeballs intended for use with the BCD
machine. (An exception is the Model 963
typeball which is used in many timesharing
terminals.) But, in fact, the mechanism is
still capable of tilting and rotating to any
character position.

What does all this mean for the computer
hobbyist? If you are using the Selectric as a
printer only, it makes no difference whether
you have a BCD or a Correspondence
machine, since in cither case you have direct
access to the tilt and rotate magnets. By
energizing the proper combinations of the
seven magnelts, you can use both BCD and
Correspondence  typeballs — with  either
machine. (My Selectric is a BCD machine
and | regularly use it with a Correspondence
encoded Courier 72 typeball.)

If you want to use the Selectric keyboard
for computer input (and you want upper
and lower case), or if you want to use the
machine off line with a variety of Corre-
spondence encoded typeballs, you are con-
siderably better off with the Correspondence
version of the Keyboard Printer. But, since
most of the units available through surplus
channels (at least at reasonable prices) are
BCD machines, you may have to settle for
one of these. With some mechanical and
electronic skill (and lots of courage), you
could convert a BCD machine into a Corre-
spondence version by:

1. rearranging the interposers to match the
Correspondence typeball arrangement.
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Figure 2: A very simple
power source for the un-
regulated DC used to
power the solenoids of the
Selectric Keyboard
Printer.
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2. tearing out all the wiring for BCD code
generation and replacing it with direct
connections from the bail switch con-
tacts to the 50 pin receptacle.

So much for the theory of operation of
the Selectric mechanism. Now let’s get on to
the design of an interface unit which will let
us control the Selectric printer using stand-
ard TTL level signals from a computer
output port. Mindful always of our potential
exposure to Murphy’s Law, we will keep this
interface as simpleminded as possible.
Readers with more sophistication in elec-
tronics may use this approach as a jumping-
off point (so to speak) for their own designs.

Interface Design

To control the operation of the Selectric
printer we must provide three types of
functions:

1. Signal conversion of TTL levels to
magnet currents.

2. Code conversion of ASCII codes to tilt
rotate code.

3. Control and timing to type successive
characters, wait for carriage return,
etc.

It seemed to me that the most appropriate
division of labor was to provide the first
function in hardware, and the second one in
software. Signal conversion requires an ex-
ternal power source, while code conversion
requires some flexibility to accommodate
different typeballs. For the third function, |
have experimented with both open loop
control (realized entirely in software) and
closed loop control (which uses a hardware
feedback signal); both approaches will be
discussed briefly here,

+5V +48Yv

TILT-ROTATE

Y IN40OIB
5VRR RELAY
MAGNET

IN40OOIA

RELAY DRIVE

|2 el
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Signal Conversion

For signal conversion, we simply need a
power source for the Selectric magnets and a
means of switching the power on and off
using TTL level signals. For the power
source, we need a maximum of about 1 A of
DC (for seven simultaneously energized
magnets at 125 mA per magnet) in the range
of 43 to 53 V. The source need not be
regulated nor even- filtered. (See ‘‘Watts
Inside a Power Supply,” by Gary Liming,
January 1977 BYTE, page 42, for a further
discussion.) Figure 2 is a circuit diagram for
the power supply which | built around a $4
surplus transformer. The only really essential
element is the full wave rectifier. The
capacitor was included simply to jack up the
voltage of the particular transformer | was
using to the point where it would energize
the magnets.

To switch power on and off, | used a set
of reed relays (optoisolators or power tran-
sistors could be used instead). These par-
ticular reed relays have a coil resistance of
290 ohms, so they can be driven by an
ordinary TTL gate (17 mA at 4.8V, or
10 TTL loads). They are available from
Digi-Key Corporation, POB 677, Thief River
Falls MN 56701, for $1.70 ecach (part
number 5VRR). | used a total of 12 relays,
six for the print magnets (since | forgot
about the ‘‘check” magnet) and six for the
most important control functions (space,
backspace, tab, carriage return, and upper
and lower case shift).

The reed relays were each connected to a
computer output port and a Selectric
magnet through the circuit diagram shown in

Figure 3: Switching of the solenoid actuator
magnets in the Selectric Kevboard Printer is
accomplished by this basic circuit. A reed
relay which is within the drive capabilities of
TTL is driven from a TTL logic gate, with
protection against back EMF provided by
the diode A. The reed relay, in turn, drives
the magnet in the printer from the 48 V
(nominal) supply of figure 2. Diode B
provides back EMF protection for the relay
contacts to prevent arcing which would
shorten the life of the relay. The dotted line
outlines the detailed circuit repeated many
times in figure 4.



figure 3. Here the TN4001 diodes protect the
TTL gate and the reed switch from voltage
transients in the two coils. Since | needed a
standard TTL buffer to provide enough
current for each reed relay, and since |
wanted to economize on my use of output
ports, | used a seventh control line to switch
between the six print magnets and the six
control function magnets. The resulting
circuit diagram is shown in figure 4. The
lettered squares which terminate the reed
switch contact lines refer to pin designations
on the Selectric’s 50 pin receptacle (see
below). Photo 5 shows the physical layout
of the components of figure 4 in the
interface which | built. Most of the wiring is
Vector Slit n' Wrapped on the other side of
the square piece of Vectorboard.

This construction layout is not recom-
mended! Allow yourself much more room
for repairing, replacing or adding compo-
nents (like a seventh pair of reed relays!). A
length of scrapped telephone cable makes a
good connection between the interface and
the Selectric itself. Also shown in photo 5 is
a 50 pin connector which plugs into the

Photo 5: Physical layout of the components of the interface box which

houses the circuit described it
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Figure 4: The complete interface schematic. The 7400 NAND gate logic is used to select either the drivers for the miscellaneous
control functions, or the drivers for the prini commands. The basic drive circuit of figure 3 is repeated once for each magnet in

the printer.
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Pin Function

A « T2

B o Check

c = T1

D « R2A

E 2 R1

F = R2

H = R5

J = Magnet Common
K += Keyboard Lock

L = Tab

M = Space

N %= Backspace

P « Carriage Return
R = Index

S + Upper Case Shift
T = Lower Case Shift
U == Red Ribbon Shift
\ o Black Ribbon Shift
W = C1 N/C

X -> Contact Commaon
a = Feedback N/C

b = Feedback N/O

e =+ End of Line N/C
f =4 End of Line N/O
n = C1 N/O
rstuvw BCD Bit Lines

Figure 5: The Selectric Keyboard Printer receptacle pin identifications. This
receptacle can be purchased as a spare part through an I1BM office. The arrows
in this table indicate direction of the signal: A left arrow indicates drive to
the printer (typically a magnet) from a source in the interface; a right arrow
indicates a sensor contact in the printer,

OFFSET
(ASCII CHARACTER)

TABLE BASE POINTER

BASE + OFFSET

receptacle at the back of the Selectric, which
| obtained from my local IBM branch office
for $20 (IBM part number 1167134). The
more important pin designations on this
connector are shown in figure 5.

TILT-ROTATE
= CODE

N\ OUTPUT
\ “poRT

INTERFACE TO
SELECTRIC

Figure 6: Table structure for the conversion of ASCII to Selectric coding. The
table base pointer identifies the start of the table. There should be one table
for each different ball coding scheme employed. The ASCI| character value is
added to the base address giving an address in the table. At this address is
found the code which is sent to the output port. The logic of sending the
code to the output port is given in detail by figure 8.
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Code Conversion

Assuming that the ASCII code is used for
characters inside the computer, the process
of code conversion is basically just a simple
table lookup: The 7 bit ASCII code is used
as an index into a 128 byte table to obtain
the 6 bit tilt rotate code. Since the tilt rotate
code for a given character may vary depend-
ing on the typeball that is used, it should be
possible to switch between several 128 byte
tables. This is easily done by indexing from a
pointer to the base of the table as shown in
figure 6.

The main complication in code conver-
sion is the handling of upper and lower case.
At any given time the Selectric Keyboard
Printer is locked into one case or the other.
If the machine is locked in upper case and
the next character to be printed is an upper
case A, we need only send out the appro-
priate tilt rotate code. But if the next
character is a lower case a, we must energize
the lower case shift magnet, wait for the
machine to shift into lower case, and then
send out the tilt rotate code. This is easily
accomplished by using a seventh bit in the
table entry byte for each ASCII character
to indicate whether it is to be printed in
upper or in lower case.
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The last problem in code conversion is
the handling of control functions such as
carriage return, tab, backspace, etc. Fortu-
nately, the ASCIl character set assigns
unique 7 bit codes for functions such as
these. For example, the ASCIIl -carriage
return character (hexadecimal code OD) can
be used for carriage return, and the ASCII
horizontal tab (hexadecimal code 09) can be
used for the tab function. Since in my
interface a special control line determines
whether the six output ports affect the print
magnets or the control function magnets, |
can use the eighth bit in each table entry
byte to set the control line appropriately.
The table entries for the printable characters
have this bit set to 1, with six bits providing
the tilt rotate code; the entries for the
control characters have this bit set to 0, with
the bit corresponding to the given control
function magnet set to 1 and the other five
bits set to 0. This encoding is illustrated in
figure 7.

Once we have this encoding of the infor-
mation needed for code conversion, the
actual program logic to accomplish the
conversion is straightforward. A flowchart of
the logic is presented in figure 8, and an

Figure 8: A flowchart giving the logic of a
simple open loop driver program which takes
a given ASCII character, looks up its table
entry, and then takes appropriate printer
actions. As an open loop program, each time
delay in this chart (the ATs) is picked to
reflect the worst case response time for the
action involved. This makes the Selectric
type successfully, but does not optimize
operation for the maximum speed, since as
everyone knows, the worst case js often not
identical with the typical value of a
parameter.

Figure 7: The coding scheme for each conversion table entry is given by the
general box at the top of this diagram. Bit 7 tells the software whether the
mechanism should be in the upper or lower case mode. (The need to shift
explicitly in a Selectric is reminiscent of the shift requirements of Baudot
Teletypes.) The tilt rotate code contained in bits 6 thru 2 js derived from
figure 1 for each character in the table. (For other ball arrangerﬁents, a
version of figure 1 would need to be generated.) The low order bit of the
word js used to indicate to the logic of figure 4 whether a control command

(0) or print command (1) is being sent.

START

LOOK uP
ASCI|
CHARACTER
IN TABLE

YES A CONTROL
CHARACTER

SINGLE CHARACTER
PRINT ROUTINE

l: RETURN }
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SEND
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WAIT AT
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CHARACTER OUTPUT ROUTINE FOR
SELECTRIC KEYBOARD PRINTER

OUTCH TAY

LSR
BCC CTL
ROL A
BMI LOWER
LDX  #4
LDY CASE
BEQ OK
INC CASE
JMP SHIFT
LOWER LDX #2
LDY CASE
BNE OK
DEC CASE
SHIFT STX PORT
JSR ENERG
LDY  #60
JSR WAIT
OK STA PORT
JSR ENERG
LDY  #50
JSR WAIT
RTS
CTL ROL A
STA PORT
JSR ENERG
LDY  #120
JSR WAIT
RTS
ENERG LDY  #10
JSR WAIT
LDY #0
STY PORT
RTS

WAIT LDX  #200
LOOP DEX

BNE LOOP
DEY
BNE  WAIT
RTS

Listing 1: 6502 assembly
language source code of a
program  which  imple-
ments the Jlogic of the
flowchart in figure 8. This
program is a subroutine
which will drive the Selec-
tric Keyboard Interface in
an open loop mode and is
run on a KIM-1 system.

LDA (TABPT), Y
A

ASCII character to index register
get code byte from table

test low order bit

0 means control character
test high order bit

1 means lower case character
code for upper case shift
check current case

0 means upper case

indicate shift to upper case
go initiate shift operation
code for lower case shift
check current case

—1 means lower case
indicate shift to lower case
send shift code to port

for 10 milliseconds

delay for 60 milliseconds
until shift operation is done
send tilt rotate to port

for 10 milliseconds

delay for 50 milliseconds
until print operation is done
return to calling program
restore control code

send to output port

for 10 milliseconds

delay for 120 milliseconds
until control operation is done
return to calling program

set up for 10 millisecond delay
loop for that long

send Os to output port

to turn off magnet current
return to caller

number times thru inner loop
decrement inner loop count
loop until count is 0
decrement outer loop count
loop until count is 0

return to caller

equivalent assembly language program for
the MOS Technology 6502 used in my
system is shown in listing 1. In this simple
version of the program, delay loops are used
for timing purposes, and sufficient time is
allowed either to print a character or to
complete the worst case control function
(carriage return across the entire length of
the page). Of course, this version of the
program will operate the Selectric at far less
than its maximum rated speed, and will
monopolize the processor’s time while wait-
ing for completion of each operation. In
order to improve on this, we turn next to
the subject of control and timing.

Control and Timing

Now that we have a working Selectric
interface, we can turn our attention to two
major improvements: driving the Selectric at
maximum rated speed, and minimizing use
of the processor’s time for Selectric control.

To drive the Selectric at full speed we can
adopt an approach of “open loop” control
or “closed loop” control. Open loop control
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involves keeping track of the carriage posi-
tion, margin, tab stops and similar informa-
tion in software (changing the margin and
tab stop information via software inter-
preted commands), and calculating the delay
time necessary for each operation. Closed
loop control involves testing the Keyboard
Printer’s switch contacts to determine when
each operation has been completed. The
worst case delay approach used in the
program of listing 1 is a simplified version of
open loop control. For full speed operation,
the closed loop approach is much simpler
and more reliable; so let’s consider it here.
Nearly every mechanical operation opens
or closes some set of switch contacts inside
the Selectric. Sets of contacts are wired to
the 50 pin receptacle in a variety of ways to
reflect operations such as printing, tabbing,
backspacing, etc. We will not consider all the
possible methods of achieving feedback con-
trol using these contacts, but will outline
one particularly simple approach, which
remains to be tested in my own system. The
pin labeled a on the receptacle is wired
through a set of normally closed contacts,
and the pin b through corresponding nor-
mally open contacts, associated with the set
of common contacts connected to pin X,
Figure 9 shows how these contacts may be
debounced to yield a clean TTL level signal
(ignoring the nominal voltage ratings for the
contacts). Here we use the last half of the
7400 package left over from figure 4. During
any printing or control function operation,
pin a will go from ground to +5 V and back
to ground again, while pin b does the
reverse. Hence the feedback line will go from
logic 1 to O to 1. By sensing this change in
software through a loop testing the feedback
input port after energizing the magnets, we
can closely control the operation. When the
line goes to logic 0, we can turn off current
to the magnets, and when it returns to logic
1, we are ready to start the next operation.
The second problem we face in control
and timing is how to minimize use of the
processor’s time for Selectric control. Here,
of course, is where the interrupt system
comes into play. If we are using the circuit
outlined in figure 9 for closed loop control,
we can tie the feedback line to a processor
interrupt rather than to a data input port. If
we are relying instead on open loop control,
we can use a programmable interval timer
which is capable of causing an interrupt as
an alternative to delay loops. The software
to handle interrupts from the Selectric is
slightly complicated by the need to shift
between upper and lower case prior to
typing the next character, but this can be
handled by initiating the shift operation and



then arranging to retry the character printing
operation on the next interrupt, at which
time the Selectric will be locked into the
proper case.

Actual Experience

Hopefully this article has given the reader
all the information he or she needs to build a
Selectric Keyboard Printer interface similar
to, or better than mine. Lest you are unduly
emboldened by the foregoing discussion,
however, consider what can go wrong,

I carefully tested the interface in stages,
by using an ohmmeter to verify that bit
patterns sent to my computer output port
closed the proper combinations of reed
switches, and by testing the power supply on
some of the Selectric’s magnet coil con-
nections. Nevertheless, when | first tested
the entire setup, | thought | saw a blue flash
around one of the reed relays when | tried to
pulse the R2 magnet. Nothing seemed to
happen when | tried again, except that the
R2 magnet wasn’t being energized. Then,
listening carefully, | heard a telltale sim-
mering sound that sent me leaping for the
electric outlet. The R2 reed relay had stuck
closed, and on further examination | found
that most of the arc suppressing diodes
inside the Selectric had been destroyed.
After painstakingly replacing the R2 reed
relay and installing the diodes visible in
photo 5, | tried again. This time | found out
why the reed relay, like its replacement, was
sticking closed! The R2 magnet in the unit |
purchased had been burned out and was a
short circuit. No wonder the unit was a
surplus item.

Not willing to give up, | managed to
remove the coil from the R2 magnet core,
and replace it with the coil from the unused
(by me!) check magnet. After this feat, |
found that when | typed manually on the
keyboard, only @s, Os, and a few other
characters could be printed! Only after
hours of reading and experimentation did |
discover that the adjustment of the plate
holding the magnet armatures in place
(which | had removed to change the coils)
was critical, and could be set only by
considerable trial and error.

These are the kinds of things that can go
wrong. You cannot be too careful in playing
with these machines! Readers certainly
should investigate the possibility of an IBM
maintenance contract on at least the mechan-
ical portion of the Keyboard Printer, which
need not be too expensive.

And, to conclude, although | probably
never would have undertaken this project
had | known at the outset what it would
ultimately entail, it certainly is satisfying to
have that Selectric typing away under the

SELECTRIC oy
CEyeol
INTER
FEED BACK 1K
CONTACTS fLus RiNS
> e
NC

control of my home computer. To anyone
else who is ready to undertake such a
project, | hope that this article has helped,
and | wish you the best of luck.®
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“IBM Selectric Input-Output Writer: An Exciting
Advance in the Field of Input-Output Media,"
Form # 543-0033-1. This manual is absolutely
essential since it gives circuit diagrams, timing
charts, and end views of the magnets-and switch
contacts.

“IBM Selectric I/O Keyboard Printer: Customer
Engineering Manual of Instruction,” Form
#241-5159-3, This or a similar manual is very
valuable for understanding the mechanical func-
tioning of the Keyboard Printer.
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Figure 9: A circuit for
debouncing the feedback
information generated by
contacts in the printer
which are mechanically
linked to the action. Using
the feedback pulse to drive
an input port or interrupt
line can result in operation
at the maximum possible

speed since the timing is

now on an ‘each case”
basis rather than ‘“‘worst
case.”’

The

For application in:

1. Micro processing 7.
2. Data

recording/logging/storage 8.
3. Programming 9.
4. Instrumentation 10.
5. Industrial Control 11.
6. AS232 Data storage 12.

[[JHave Representative call
Name

fabulous Phl-Deck family
of 5 cassette transports
Undel’ $100 in quantities of 10

Featuring:
« Die-cast frames
» Remote controllable
- Precise, fast head
engage/disengage
+ Quick braking
+ Search FF/rewind 120 ips
+ Speed ranges from
d 4 to 20 ips
Electronic packages and mag heads for most applications

Security/automatic warning
systems

Test applications

Audio visual/education
Telephone interconnect
Hi-Fi
Point of sale

'li:l[.*al A Division of the Economy Co. b
4605 N. Stiles P.O. Box 25308
Oklahoma City, Oklahoma 73125 (405) 521-9000

D | am interested in application no.

(] Send application notes

Title

Company Name

Address

City State

Zip

Phone Number
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A 6800 Selectric 1O Printer Program

Listing 1: The listing of SWIPC M-6800 ASSEMBLER
i ; F ENTER FASS : 1P,18,2P,2L,2T
the Selectric printer inter-
face routine for a 6800 00001 NAM  SELECTRIC
system driving the 10 ver- 00002 *SELECTRIC DRIVER PROGRAM FOR SWTPC 6800 ASSEMBLER
sion of the standard office xggi i‘;“ 2
! 4 a3 f s
typewriter. This listing is St A
extracted from two as- 00606, 0100 ORG  $0100
semblies done using the 00007 0100 TE 17CD JME START
Southwest Technical Pro- 00008 0212 ORG  $0212
ducts Corporarfon‘s Ver- 00009 0212 BD 17F4 JSR START1  CALL OUTPUT(HEW)
sion of the M6800 self 00010 08F7 ORG  $0BF7
assembler. The first part of 00011 0BF7 1BFF FDB  $1BFF  MAKE ROOM FOR PATCH
the listing is the actual 00012 093D ORG  $093D
code, and the second part 00013 093D 1900 FDB  $1900
. . [
is a table of Selectric cor- 000232500 Ond.  3dgtt
respondence codes which RS s e A
! P : 00016 17CD ORG $17CD
is referenced using ASCII 00017 17CD C6 FF  START LDA B #$FF INITIALIZE PIA
codes as an {ndex into the 00018 17CF F7 8000 STA B PIAOUT
table which is computed at 00019 17D2 7F 8002 GIR.  BIAGHK
CONVI. 00020 1705 C6 04 LDA B #$0U
gg021 17D7 F7 Bool STA B PIAGUT+1
00022 17DA F7 8003 STA B PIACHE+1
00023 17DD C6 81 LDA B F$B1 START ALWAYS IN LOWEN CASL
00c24 17DF F7 8000 STA B PIAOUT
00025 17E2 F7 18CA S5TA B CASE
00026 17E5 FE 181a LDX COUNTL1 SETUP TIMER FOR SHIFT CYCLE
00027 1TE8 FF 18CB STX COUNTR
00028 17EB BU 18C3 JSR TIMER
00029 17EE TF B00D CLR  PIAOUT
00030 17F1 TE 0300 JMF $300 GUTO MAIN PRGM
00031 17F4 BN JF  STARTL AND A #$7F RESET PARITY
00032 17F6 FF 18CD STX SAVEX SAVE XREG FOR MAIN PRGM
00033 1779 81 10 CHP & #%10 TRAP HOME-UP
00034 17FB 26 02 BNE  CR
00035 17FD 20 04 ERA CR1 PRINT IT AS CR,LF
00036 17FF B1 0D CR CMP A #$0D TRAF CR
p0037 1801 26 0B BENE  SP

00038 1803 86 84 cCR1 LDA A #$BY

00039 1805 FE 181cC LDX COUNT2  SETUP TIMER FOR CR,LF

00040 1808 FF 18CB 5TX COUNTR

00041 1B0B TE 1BBA JMP EX1

pook2 1B0E B1 20 8P CMP A #%20 TRAP SPACE

00043 1810 26 05 BNE CONVO

00044 1812 BE B8 LDA & #4$BE

00045 1814 TE 1BB4 JIMP EX2 GO PRINT BUT DO NOT RESET MSD

00046 1817 TE 1880 CONVO JMP CONVRT
00047 1B1A 2000 COUNT1 FDB $2000
0004E 181c 1000 COUNT2 FDB $1000
000kS 1B1E OkoO COUNT3 FDB $0l00

00050 1880 ORG $1880

00051 18B0 B1 20 CONVRT CMP A #$20 IS IT A PRINTING CHARACTEHN?
opo52 1882 22 02 BHI CONV1 YES

0053 1884 20 39 BRA EXIT NO

00054 1886 B7 18D0 CONV1 STA A TABLEP+1 CONVERT CODE
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The following letter and listing 1 were re-
ceived from an [talian reader of BYTE, Ful-
vio Guzzon of Rome. Fulvio purchased the
same print mechanism (IBM Model 735 10
typewriter) which is described by Dan
Fylstra in his article in this issue. We're treat-
ing Fulvio’s letter as a short article, since its
technical content is far above that of the
usual letter. The [istings photographically re-
produced here were typed on pin feed paper
using his printer mechanism. The text of his
letter was submitted using a text editor with
the Selectric 10 mechanism as its output.

| understand there is some interest among
your readers in using a Selectric typewriter
for hard copy. As you can see | have fun-
neled an editor program (SWTPC) and an
assembler program (SWTPC, too) through a
Selectric typewriter. [The original of this
note was typed on the Selectric.| 1 bought
the machine on the surplus market in Boston
and it had some problems: It was stuck in
upper case by a bolt screwed on the right
side of the frame, it had some unrecoverable
backlash in the head rotate mechanism, and
many feedback and interlock contacts were
missing or badly damaged. | had the machine
serviced here in Rome (ltaly) and at last,
with a new carriage, a new motor (here we
have 220 V 50 Hz power), and a new set of
shift magnets, the printer was ready. | de-
cided to use it only as a printer in order to
reduce the hardware and software effort to
a minimum.

On the underside of the machine there
are seven printing magnets. In table 1 | have
paired them with the bits from 0 to 6. Seven
transistors provide for the interface between
the PIA and the printer.

There are seven more magnets for the
machine commands: space, backspace, tab,
carriage return, index (line feed), upper case,
and lower case; so seven more transistors are
required. Seven output lines from the PIA in
slot 0 are switched between the two sets of
magnets by digital logic. The various feed-
back and interlock contacts were wired in
series and filtered for bounce by a condenser
and a software loop. The conversion table
shown in the assembly listing provides for
the characters used on the so called “Cor-
respondence’ balls. As | later found out,
there are minor variations between the balls
of this series.

The MSB in the table is set when the
character to be printed is on the upper case
half of the ball. (The upper or lower case of
ASCI| code bears no relation to the upper
or lower side of Selectric golf balls). The
MSB of the output byte to the printer

Listing 1, continued:

00055
00056
00057

00058
00059
0060
00061

g0062
00063
0006

00065
00066

o00ET
00068
00069

0oa7o
00071
o072
00073
oooTh

00075

00076
00077

00078
00079

000E0

00081
ooo8z2

00083
00084

00085
00086
000B7
00088
00089
0oos0
00091
po092

00093
00094
00095

00096
00097

00098
00099
00100

00101
00102
00103

ool04
00105
00106

00107

1889
188¢c
18BE

1890
1892
1894

1896
1898
189A

189D
189¥
1842
1845

18A8
18AB
18AD
1880
1882

1864

1887
18BA

188D
18BF

18cz

18c3
18c6

18T
18C9

18CA
18CB
18cD
18CF
18p1
18p3

18D5
1808
18DA

18DD
18DF

18E2
18E4
1BEB

1BES
1BE9

1BEA
18EB

cl
20

20
20

18CF
oo
o2

2D
oy
co

02
81
18ca

8ooo

18cA

2 181a

18¢cE
16
8ooo

TF

. 181E

18ce
8000

12

. 18¢D

18ce

FD

18EC 20

1BED
18EE
18F0
18F1
18F2
18F3
1874
18F5
18F6

20

FFFF

ca2
20
20
20
20
20

FFFF
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Lox
LDA A
BNE

* THE BALL?
BRA

CASECK BPL
LDA B

ERA
CASELW LDA B
SKIF CMP B

®*AS THE PREVIOUS ONE?

BEQ
STA B
STA B
LDX

STX
BSR
CLR
BSR
PRINT1 AND A

EX2 LDX

STX
EX1 STA A

BSR
EXIT LDX
RTS
TIMER LDX
LOOP  DEX
BNE
RTS
PIACUT EQU
PIACHK EQU
CASE FCB
COUNTR FDB
SAVEX FDB
TABLEP FDB
WAIT1 BSR
LDA B

BIT B
BEQ
CLR

WAIT2 BSR
BIT B

BHE
RTS
ORG

®T0 NEXT PAGE
FCB
FCC

FDB
FCB
FCC

FDB

TABLEP
0,X
CASECK

EXIT
CASELW
isco

SKIP
#1381
CASE

PRINT1
PIAQUT
CASE

COUNTL

COUNTR
TIMER
FIADUT
TIMER
#ETF

COUNT3

COUNTR
PIAOQUT

WAIT1
SAVEX

COUNTR

LooP

$8000
$8002

$1800
TIMER
#1

PIACHK
WAITL1
FIAQUT

TIMER
PIACHK

WAIT2

$18EB

$c1
S

$FFFF
$c2
5l

$FFFF

IS IT AVAILABLE SOMEWHERL ON

NO,RETURN
MSB CLEAR?

NO,CHECK IF PRINTER IS5 Il UC

YES,CHECK IF PRINTER IS IN LC
NEW CHAR. SAME HALFBALL

YES GO AND FRINT IT
NO, ROTATE BALL 180 DEGRELS
AND RECORD IT

SETUP TIMER FOR SHIFT CYCLE

RESET CASE BIT AND

SETUP TIMER FOR PRINT CYCLE
NOW FRINT

RESTORE X REG

GO AND FETCH NEXT CHARACTLR

SETUP MASK
PRINT CYCLE STARTED?
NO

YES ON IT'S WAY

READY FOR A NEW ONE?
NO
YES!

SHIFT START OF SYMBOL TABLE



Listing 1, continued: 00021 1831 7E FCB  $TE interface is set to select a machine com-

00022 1832 36 FCB  $36 mand. Only one input line of the PIA is used
00023171833 OE EEELS A28 to sample the status of the printer READY
ool08 18F8 D8 FCB $D8 00024 1834 LE FCB $UE or BUSY
00109 18F9 20 FCC 5, 00025 1835 56 Fce $56 i * . " k
18FA 20 00026 1836 16 FCB  $16 Since the shlft _feedbac!< _and interloc
18FB 20 00027 1837 SE FCB $5E contacts were missing, a timing loop pro-
18Fc 20 00028 1838 1E FCB  $1E vides for the timing Here; however, for the
18FD 20 00029 1839 06 FCB  $06 . . : :
carriage return it has been necessary to build
ahae AN o el il ki lock contact to lock out thr: rintin
00111 END 00031 1838 58 FCB 458 an |ntler 0(:’ contac : printing
ART 176D 00032 183C 00 FCB  $00 function till the completion of a carriage
:;ARTl 1774 00033 183D 30 FCB 430 return which takes a variable time.
CR  17FF Goosh A%3E 00 L ‘“: A commented assembler listing of the
[+ FCB $C i - .
80 0g033 183 8 program driving the printer was written for a
Rl aem 00036 1840 B6 FCB  $B6 , :
sP 180E 00037 1841 9C FCB $9C 6800 and assembled with output to my
CONYQ: 1817 00038 1842 B2 FCB 882 Selectric (see listing 1). It can be loaded
COUNT1 181A iz
00039 1843 9A FCB  $9A after the original SWTPC tape has been read
CouRT2 1810 000Hh0 1844 DA FCH $DA X = H H
COUNT3 1B1E = . in. A refinement which could be added is to
ooohl 1 D2 FCB Dz n "
CONVRT 1880 doiis 1au: = pa i o provide for motor on or off via software as
°°"‘“K i:“: Shdis Ay e o5 368 the printer can be powered up only after the
“SEEH m:s 0004H 1848 C2 FCB  $C2 program is running. This is because the
e hdL 00045 1849 94 FCB  $9 power up reset of the computer leaves the
PRINT1 18B2 222:: i::: zg :Ez :;2 PIA LINES all programmed as inputs, ie:
BY i i TR 1
::i 1:“ SaoE HAE ok Ww U open circuited and this simultaneously turns
e iaw 0009 184D FC FCB  FC on all the machine magnets.
-ﬁnm 18¢3 00050 1B4E B2 FCB - $B2 Another refinement could be to sense via
LOOP  18C6 CoapT ) Cardce BCB  ijce an unused input line if the motor is on or off
oo FCB Do .
PIAUT 8000 023:; i::: it i :go and steer the output to a TV terminal when
EXRCHK: 2002 QBB5R 4823 Do B eng the printer is off. To probe into undocu-
CASE 1BcA 1 .
Wt 1§ca 00055 1853 Ch FCB  $ch mented programs like the SWTPC assembler
srmiggl e 00056 1854 F2 FCB  $F2 or editor, | used a little program which
TABLEP 18CF ;'225; ;252 gﬁ ;{22 :‘;: searches the memory for a particular string
WAIT1 18D1 s of bytes and prints out the address of the
WAIT2 18DD 60pap-- LT, I o I irst byt d if found ink i
00060 1858 FA FCB  $FA first byte when and if found. | think it can
TOTAL ERRORS 00000 00061 1859 €O FCB  $C0 save lots of time.
00062 1B5A F6 FCB $F6 Fulvio G
SWTPC M-6800 ASSEMELER 00063 1B5B 00 FCB $00 uivio Luzzon
ENTER PASS : 1P,15,2P,2L,2T i
ettt ) 00064 185C 00 FCB  $00 c/o L Alessio
00001 HAM TABLE 00065 1B5D 00 FCB $00 Vla Anassagora 63
OFT 0 FC
e S ;’ u;g:: i::i :1 m:: :z: Casalpalocco 00124
oo003 (1] g
0000l 1821 ORG  $1B21 00068 1860 00 FCB $00 Rome ITALY®
00005 1821 FE FCB $FE 00069 1B61 1C FCB $1c
0000E 1B22 DM FCB 4D4 00070 1B62 02 FCB $02
00007 1823 BE FCB $BE 00071 1863 1A FCB $1A
00008 1824 CE FCB 4CE 00072 1B6N 5A FCB 454 00085 1871 10 FCB $10
00009 1825 D6 FCB $D6 00073 1865 52 FCB $52 00086 1872 5C FCB $5C
00010 1826 D8 FCB $08 oooTk 1866 38 FCB $38 00087 1873 &4 FCB sy
00011 1827 54 FCB 454 00075 1867 78 FCB $78 00088 1874 T2 FCB §72
ooo12 1828 86 FCB $86 00076 1868 W2 FCE $hz2 00089 1B75 3A FCB £3A
00013 1829 €6 FCB $C6 0077 1869 14 FCB $14 00090 1876 3C FcB $3C
00014 182A 9E FCB $9E 00078 1B6A TO FCB $70 00091 1877 ok FCB $04
00015 182B BO FCB $B0 00079 1B6B 12 FCB $12 00092 1878 74 -FCB $7A
00016 1B2C 18 FcB $18 o0ooBo 1B6C 4 FCcB $hn 00093 1879 Lo FCB $ho
00017 182D 01 FCB $01 00081 186D 7C rop $7C 00094 1874 76 FCB $76
00018 1B2E 34 FCB $34 00082 1B6E 32 FcB 432 00095 END
00019 1B2F 48 FCB $u8 00083 1B6F 4cC FcBb $uc
00020 1B30 46 FCB $u6 00084 1B70 50 FcB $50 TOTAL ERRORS 00000

Table 1: Assignment of bits.

BIT6 ROTATE+1 when energized removes the ROTATE+1 latch

BITS ROTATE+2 when energized removes the ROTATE+2 latch

BIT 4 ROTATE+2A when energized removes the ROTATE+2 supplementary latch

BIT3 ROTATE-5 when energized activates the ROTATE-5 latch

BIT 2 TILT 1 when energized removes the TILT 1 latch

BIT 1 TILT 2 when energized removes the TILT 2 latch

BITO CHECK this one unlatches the print clutch (and so does every one of the previous six)
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When vou get your home or

office computer,

will vou

know what to do with it?

The typical home or small business computer system starts
with a microcomputer, keyboard, cassette recorder, and TV set.
From there you can add the peripherals, sensors, controllers,
and other devices you need for your own special applications.

Music, Speech
keyboard Color TV Set Synthesis
Cassette Pt
Raaad rinter

Microcomputer
Floppy Disc
= Joysticks
Qutput

Input Sensors Control Lines

Creative Computing Magazine is dedicated to describing
applications for home, school, and small business computers
completely and pragmatically in non-technical language. You
won't need a Ph.D in Computer Science, or a technical reference
library, or a computer technician beside you to get these
applications up and running. We give you complele hardware and
software details. Typically, applications utilize commercially
available systems. However, if an application needs a piece of
home-brew hardware, we tell you how to build it. Orif it requires a
combination of high-level and machine language code, we give
you the entire listings along with the flowcharts and algorithms.

We also run no-nonsense reviews of computers (assembled
and kits), peripherals, terminals, software, and books. We're frank
and honest, even if it costs us an advertiser, which it occasionally
has.

Here are just some of the applications you'll see fully described
in future issues of Creative Computing.

Building Management and Control

1.Alarm monitoring/palice notification

2.Environmental control (heating, air conditioning, humidifica-
tion, dehumidification, air purity, etc.)

3.Fire and smoke detection

4. Appliance control (microwave oven, gas oven, refrigerator)

5.Perimeter system control (sprinklers, outdoor lights, gates)

6.Solar and/or auxiliary energy source control

7.Watering system control based on soil moisture

8. Fuel economizing systems

9.Maintenance alert system for household devices (key
component sensing and periodic preventative maintenance)

Household Management
1. Address/telephone file
2. Investment analysis

3. Loan/annuity/interest calculations and analysis
4.Checkbook maintenance
5. Periodic comparisons of expenditures vs. budget
6. Monitor time and cost of telephone calls
7.Record incoming telephone calls and select appropriate

response to caller

8. Recipe file
9. Diel/nutrition analysis

10.Menu planning

11. Pantry inventory/shopping list

Health Care
1.Medical/dental record keeping
2.Insurance claim processing
3.Health maintenance instrumentation control (EKG. blood
chemical analysis, diet analysis, self-diagnosis)
Education and Training
1.Mathematics drill and practice
2.Problem solving techniques
3. Tutorial instruction in a given field
4.Simulation and gaming
5.Music instruction and training
6.Music composition and synthesis
7.Learning to program
8. Software development
9. Perception/response/manipulation skills improvement
Recreation and Leisure
1.Games, games, games
2. Puzzle solving
3. Animation/kinetic art
4.Sports simulations
5.Needlepoint/stitchery/weaving pattern generation
6. Computer art
7.Library cataloging (books, records, etc.)
8.Collection catalog/inventory/value (coins, stamps. shells,
antique auto parts, comics, etc.)
9. Model railroad control
10. Amateur radio station control
11. Astronomy; star, planet, satellite tracking
12. Robotics
13.Speech recognition and synthesis

Business Functions
1.Small business accounting
2. Word processing/text editing
3. Customer files
4.Software development

5.Operations research )
6. Scientific research < Q’
7.Computer conferencing RN

8. Telephone monitoring
9.Engineering calculations
10. Statistical analysis coo
11.Survey tabulation

12.Inventory control (sv (,o \Ob

13.Mailing lists

Send to Creative Computing. Attn: Becky
PO Box 789-M. Mornstown. NJ 07960
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| City - Bl _ State Zip |

I I

| |

Circle 87 on inquiry card.
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Circle 171 on inquiry card.

SYSTEM 500

The New Programmable Clock Kit
from Digital Concepts. $29 95

SYSTEM 5000 i the programmatile clock kit that makes kit-taitd
ing a new exporience. The
ity of particular reuitements 3
techninuis aie ol 19 create 4

configuration -.’h\.m.eu- assembly and progeam

ming manusts ary inchuced

SYSTEM 5000 has a Huorescent readout panel with fous 0.5°

with gentle
tystam will
SYSTEM 5000 can
apgilicatians. 1t s ileal fos
I tabsoa shane s, wod

FEATURES AND SPECIFICATIONS
Timeheeping Function Diaplay

et Pariel

W Day Aegistar

W Haar Dawn

RELAY OPTION - $4.00 SWITCH OPTION - $3.76

cic SPST BPOT pasraminens,

T wat? retay snd al

« | majar leature

OUARTZ TIME BASE OPTION — 5695
B0 He. bl bereel gt ¢ This el

ideat l..m.r:

Ci\SE OFTION - 511.00

BnilRIia

ORDER THIS EXCITING KIT TODAY AND PUT

ELECTRONIC TIMEKEEPING TO WORK FOR YOU!

Digital Concepts Corporation 245 Aoute 46
Saddie Brook, New Jersey D7662 = (201) B45-7101

MULLEN COMPUTER BOARDS

BOX 6214, HAYWARD, CA 94545 CAVE

m.x

RELAY/OPTO "

§§

BOARD $117

8 fast reed re|ays respond to an 8 bit word: Feed
the relay associated with its bit a “1" and it closes, give it
a "0" and it opens. Also, 8 opto-isolators accept an 8 bit
word from the outside world and send it to your com-
puter for hondshcking or further control purposes.

Especially suited for model railroad, burglar alarm,
audio switching, ham radio, music synthesizer, and auto-
mated display applications, this board goes wherever
you need a general purpose 1/0 switching gizmo.

EXTENDER

Whether for troubleshooting or analysis at some point
you'll need an extender board. Ours offers a built-in logic
probe, special edge connector that allows clip lead probing,
jumper links in all supply lines, a non-skid probe. . . plus
good instructions and a realistic price.

Bnards are kit form only. Cal res add tax.

PATIBLE ® AVAILABLE BY M

7L-OR ASK AT YOUR COMPUTER STORE"

‘*OO IVSWI/YIVLIV @ STYUIHAIY3d IWINd

v

1

A Full Size Floppy Disk
with Altair Interface

Peripheral Vision, POB 6267, Denver
CO 80206, has announced this full size
floppy disk for the Altair bus. Prices
start at $750 for the interface card kit
and one assembled and tested drive. A
24 V at 2 A power supply is also avail-
able in kit form for $45 or assembled for
$65; and a cabinet is offered for an
additional $85. The Peripheral Vision
floppy disk interface card supports eight
drives and according to the press release,
stores over 300,000 bytes per floppy. A
bootstrap EROM is included to make
system start-up automatic.

The floppy is completely Altair bus
compatible, and interface cabling is in-
cluded. The Peripheral Vision floppy
disk drive itself is manufactured by
Innovex, and comes assembled and
tested. A disk operating system with file
management system is included on a
floppy disk cartridge.m

Circle 615 on inguiry card.

New Technology for the 9900 Family

Texas Instruments Inc has introduced
a new version of the 9900 architecture in
the form of this SBP 9900, which uses
integrated injection logic (called =L in
much of the engineering and design
literature). The key features of this new
product are in the subtleties of using the



chip at a hardware level (software is
identical to the previous TMS 9900 and
Texas Instruments’ 990 line of mini-
computers which use this architecture).
For the hardware designer or homebrew
hacker, this new premium version of the
design gives a wide (—55°C to +125°C)
operational temperature range, infinitely
variable clock rates from DC to 3 MHz
(power consumption levels vary with the
rate) and TTL compatibility with wide
tolerances on power supply voltages.
This is, however, a premium device
intended for applications which require
ruggedness, The ceramic packaged SBP
9900 starts at a $386 price in 100 piece
quantities. Reader inquires should be
directed to Texas Instruments Inc, In-
quiry Answering Service, POB 5012, M/S
308 (attn: SBP 9900), Dallas TX 75222, =

Circle 616 on inquiry card.

A Rugged Z-80 Product

22
Compuuerfystem_.

Cromemco has sent along this press
release picture of the new Z-2 processor
which is the latest product of their
laboratory. This processor uses their
Z-80 processor board which according to
the company is available in a fast 4 MHz
version, Coupled with Cromemco’s other
peripherals which also work at this
speed, in principle this one has one of
the fastest processors yet available in a
commercial product. The basic box con-
tains the processor card, a mother board
with 21 card slots for Altair compatible
cards, and a heavy duty power supply
intended to suffice for all system needs
including floppy disk drives. MNaturally,
in addition to the $595 kit version of
this processor, you'll want to have some
dedicated monitor ROM and extra
peripherals, but the price makes it an
altractive way to start building a system.
Cromemco has software of a monitor,
assembler, and a BASIC with processor
control extensions. The firm also makes
numerous peripherals including digital to
analog interface cards, ROM memory
cards and a color graphic product.
Cromemco is located at 2432 Charleston
Rd, Mountain View CA 94043.m

Circle 617 on inquiry card.

A 16 K Byte Memory Board
RHS Marketing, 2233 El Camino

Circle 278 on inquiry card.

) [MSAI 8080 kit

WITH 22 SLOT MOTHEH BOARD

15°

I s plus $10.00 shipping

k blank RAM board

Featur:

oFULL BUFFERING ON ALL DATA, AND ADDRESS LINES
©MEMORY PROTECT/UNPROTECT

for 2102 type memory o SELECTABLE WAIT STATES
N $25.00 ©DIP SWITCH ADDRESSING

SPECIAL LIMITED QUANTITY
SUPERIOR TRP-125 PAPERTAPE READER (125 cps) $275.00
FACIT4070 PAPERTAPE PUNCH (125¢cps) $350.00

Complete with all documentation, including field service
\._ Manuals and schematics.

WAND READER $75.00 Reads PAPERBYTE®r any
2- or 3-color bar code. Pen is fiber-optic, which plugs into
analog decoding board. All documentation is included.

13 CAQ QO mesees:
l ITHACA, N.Y. 14850
Please call (607) 273-3271 for technical assistance and toorder.
BankAmericard and Master Charge orders welcomed.

Confused About
Printers?

MPI HAS YOUR ANSWER!

- TIT Y HEPLAOEMENT? THE SSP-40 s5 7 5
; SEP-40 conlains its own microprocessor for easy connection
: m your serial port,’

7 Low COSTBUSINESS SYSTEM? THE MP-40 s4 2 5
 The MP-40 connects to your parallel port for ASC11 data transfer

' MINIMUM COSTFORHOBBYIST? ... THE KP-40KIT $ 17 9
] KP-40 KIT contains mechanism and rnlnlmurn electronics for
co acﬂon 10 your: parallel port.

MI of our 40 seriss printers use the same reliable 5x7 impact dot matrix mechanism with
up 10 40 columns per liné on ordinary paper with a print speed of 75 lines/minute.

ﬁS.TI'iEFI .C.HAHGE WELCOME ¢ UTAH RESIDENTS ADD'5% SALES TAX
' : SEND FOR FREE LITERATURE
MICROPROCESSOR SYSTEMS AND PERIPHERALS

P.0. BOX 22101/SALT LAKE CITY/UT. 84122
(801) 566-0201

145 Circle 71 on inquiry card.




Circle 121 on inquiry card.

Why Wait?

.»
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The Tarbell Cassette Interface

¢ Plugs directly into your IMSAI or ALTAIR*
e Fastest transfer rate: 187 (standard) to 540

bytes/second

e Extremely Reliable — Phase encoded (self-

clocking)

e 4 Extra Status Lines, 4 Extra Control Lines
e 37-page manual included

e Device Code Selectable by DIP-switch

e Capable of Generating Kansas City tapes

also

¢ No modification required on audio cassette

recorder
e Complete kit $120, Assembled $175, Manual

$4
TARBELL ELECTRONICS

20620 S. Leapwood Ave., Suite P, Carson, Ca. 90746
(213) 538-4251
California residents please add 6% sales tax
*ALTAIR is a trademark/tradename of MITS, INC.

BUILD THE CRATE!

THE S-100 CARDFRAME THAT

YOU CAN BUILD FOR LESS THAN $150
COMPLETE PLANS, INFO ON TOOLS, PARTS, SOURCES, ETC.

ORDER THE CRATE BOOK . ..o vvoeenenenennnn, $19.95

ENCOUNTER!
FOR GAME LOVERS, REALTIME GAMEBOARD WARFARE ON A VDM.
NO TAKING TURNS, JUST ACTION, STRATEGY, AND LOGISTICS.

8080 CODE ON P-TAPE + SOURCE, RULES ... ... $16.95
USE SYS 8/SOFT PKG 1?

AUTO-LINE ENTRY, STRING EDIT, AUTO TABS, OCTAL NBRS,
MULT. SECTION ASSEMBLIES, MORE ADDED BY OUR PROGRAM.

SOURCE ONLY. SPKG. 5. vvoveereenrinnennnnn, $14.95

OBJECTIVE DESIGN, INC.

P.0. BOX 20325, TALLAHASSEE, FL. 32304

Circle 260 on inquiry card. 146

Real, Palo Alto CA 94306, sends this
picture of a new Altair compatible,
assembled and tested 16 K byte memory
board with a price of $485 or %30 per
installed 1024 bytes. The board contains
its own refresh control logic and uses
4 K dynamic memory chips with a total
board power consumption of 5 W. Ex-
ternal to the board, this product looks
like a static memory board and has no
wait states since the refresh is trans-
parent. The number of personal com-
puters with a saturated 64 K memory
address space is likely to go up as more
and more products such as this reach the
market.w

Circle 618 on inquiry card.

Controlling Those Necessary Bells,
Whistles and Other Goodies

Comptek has designed and manu-
factured this interesting array of com-
ponents with the needs of the real world
interface in mind. The heart of the con-
trol setup is of course a typical micro-
computer, an Altair bus compatible
machine into which the main “control
logic interface’ board plugs. Out of the
board comes a ribbon cable to a DB-25
connector at the back edge of the
cabinet., The DB-25 is in turn the recip-
ient of a cable which goes to vyour
remote power unit, the box shown in
this picture. This box, which is one of
many which may be driven from one
control logic interface board, contains
the optically isolated 400 W controller
for 110 VAC. The costs of this interface
in kit form are $189 for a 16 channel



PC3216 control logic interface card, plus
$39.50 for each PC3202 400 W power
control unit kit. Other options include
fully assembled versions at higher prices
and a 32 channel PC3232 control logic
interface card. A product like this is
needed when you want to have your

computer drive 110 VAC appliances,

lighting circuits and other household
electfical loads. Comptek is located at
POB 516, La Canada CA 91011.,m

Circle 619 on inquiry card.

Morrow Tape Interface

Morrow's Micro Stuff, POB 6194,
Albany CA 94706, has introduced this
Altair bus plug-in unit which generates
and reads data on up to three channels
of audio recording in the Kansas City
standard of recording, at 300 bps. Also
thrown into the board is a serial port to
allow communication with a Teletype
with reader control, as well as any
RS-232 serial device. Also included is an
8 bit parallel board for use with parallel
interfaced peripherals such as keyboards
or tape readers. A ROM on the board
holds 512 bytes of programming for the
cassette interface, UART simulation, and
transfer to or from your 8080’'s memory
or the 512 byte programmable memory
region on the board. This board is
available in kit form for $120 or assem-
bled and tested at $165 with warranty,
The product is marketed by mail or
through computer stores.m

Circle 620 on inquiry card.

Circle 127 on inquiry card.

cnmpteL Boards DO Something

ok ‘s« '8 CL2400
Ei' I’ A NEN Real Time Clock
!. AR R | $98—Kit $135—Assembled

If your system needs to know what time it is, our CL2400 is
the board for you. The present time in hours, minutes, and
seconds is always available for input, and is continuously
updated by the highly accurate 60 Hz power line frequency.
Need periodic interrupts? The CL2400 can do that, too, at any
of 6 rates. Reference manual with BASIC and assembly
language software examples included.

PC3200
Power Control System

PC3232 $299—Kit $360—Assm.

,w @‘« PC3216 $189—Kit  $240—Assm.

PC3202 $39.50—Kit $52—Assm.

~

If your system needs on/off control of lights, motors,
appliances, etc., our PC3200 System components are for
you. Control boards allow one /0 port to control 32 (PC3232)
or 16 (PC3216) external Power Control Units, such as the
PC3202 which controls 120 VAC loads to 400 Watts. Optically
isolated, low voltage, current-limited control lines are
standard in this growing product line.

camptelc P.0: Bax:att
La Canada, CA 91011

"'Real World Electronics"” (213) 790-7957

Matrox Video Display with
External Sync Capability

One fascinating possibility for the use
of small computers is in combination
with standard video signals for various
purposes. (An example might be display
of product feature data along with
digital messages in a merchandising
situation such as a department store.)

16 K STATIC RAM

For ALTAIR / IMSAI/POLY 88

$459 wr

ASSEMBLED $529

USES 4K STATIC RAMS - NO REFRESH
VERY LOW POWER - LESS THAN 1 AMP
Z80 FAST - 200ns ACCESS TIME
PROVISION FOR BATTERY BACKUP
LOW PROFILE SOCKETS FOR ALL CHIPS
EACH 4K ADDRESSABLE TO ANY 4K SLOT
HARDWARE/SOFTWARE MEMORY PROTECT
FOREACH 4K
e SPECIAL PAGING OPTION ALLOWS UP TO

1 MEGABYTE ADDRESSABLE MEMORY
e LOWCOST
CONSTRUCTIONMANUAL ...............ocoinen. $1.75
PAGING OPTION.. . . o ceissniemsscass sapsiemndomee ad $9.00
QUANTITYDISCOUNT .........oovvnnn 5 BOARDS — 5%

10 OR MORE — 10%

DEALER INQUIRIES INVITED

OMNI SYSTEMS INC.
P.0. BOX 7536, UNIV. STATION
PROVO, UTAH 84602

READER SERVICE NO. 198 )

147




Circle 143 on inguiry card.

Your Mail Order Computer Shop...

IMSAI 8080 kit with 22 slots (limited quantity) $645.00
TDL Z-80 ZPU (the one with full software available now) 242.00
Edge Connectorsand guides for IMSAI| each 4.25
Edge Connectorsand guides for IMSAI 10 for

Vector Graphic 8k RAM kit with 500 ns chips

Seals Bk RAM kit with 250 ns chips

North Starcomplete Micro-Disk System kit

WETAKE
- MASTERCHARGE OR BANKAMERICARD [ e ]
For phone and mail orders... EAMKAMERICARD
(Add 4% of TOTALORDER forservicecharge) Il

TERMS: Shipping charges — $10. per CPU or large units, $1.50 per kit,
$2. minimum per order.
Provided stock is available, we will ship immediately for payment by
cashiers check ar money order.
Allow 3 weeks for personal checks 1o clear. New York State residents
add appropriate sales tax.
PRICESSUBJECTTOCHANGEWITHOUT NOTICE.

Forthe best prices available on:

IMSAI « TDL « NORTHSTAR +« POLYMORPHIC
TARBELL + SEALSELECTRONICS

CALL: (315)637-6208
WRITE: P.O.Box 71 * Fayetteville, N.Y. 13066

Teach your DUMB TERMINAL
to display lower case!

ADM-3 Lower Case Kit

by Northern Valley Systems

* Add Lower Case character display to your ADM-3 or
ADM-3A CRT
e |nstalls in under 10 minutes with NO MODIFICATIONS

to PC board.

= Custom programmed character generator ROM
included.

* Save $70 off Lear Seigler Kit price - yet get the same
results.

Price: $27.50, 25% deposit required on all COD’s. Non-

COD orders sent Postpaid. Dealer Inquiries Invited.

Send to: Northern Valley Systems,

8 P.O. Box 687, Englewood, N.J. 07631
Enclosed find $ for e unifs:
(N.J. Residents add Sales Tax.)

MC/IBAC# Expires. -~ & - -
Signature: Interbank #
Name

Street

City, State ___Zip

Circle 280 on inquiry card. 148

Matrox Electronic Systems, POB 56,
Ahuntsic Sta, Montreal, Quebec
CANADA H3L 3NS5, has just announced
the new member of its video RAM
family of devices. Thjs is the
MTX-16325L, shown here in front of a
teleyision driven by a mixed signal
generated from another video source and
the character generator. Since the hori-
zontal and vertical synchronization can
be slaved to the external source, such as
the standard television video picture in
this case, it is possible to combine the
displays. The application of this $225
module (lower prices in larger quantities)
provides ample opportunities for the
imagination,m

Circle 621 on inquiry card.

Ruggedized Power Supplies

B

Calex Manufacturing Company Inc,
3305 Vincent Rd, Pleasant Hill CA
94523, has come out with this sealed
power supply black box which s
designed for use with small dedicated
microprocessor systems using the 8080.
The supply transforms an AC input at
110V (or several other voltages) into
+12V at 225 mA, —5 V at 20 mA, and
+5V at 1.25 A. These voltages are
sufficient to run a typical 8080 system
with 8080, 8024, 8228, two 2708s and
several programmable memory parts
with about 500 mA of TTL logic power
left over on the +5 V lines,m

Circle 622 on inquiry card.

A Splice in Time Saves Nine?

Master Digital Corporation, 1308-F
Logan Av, Costa Mesa CA 92626, has
come out with this $60 tape splicing jig
which can be had with various options
for tapes from 5 to 8 channel widths,
The company also makes pressure sensi-
tive mylar tape patches in lengths from
one to 12 inches, opaque or clear.m

Circle 623 on inquiry card.



& PERSONAL
ew l COMPUTING EXPO
COMES TONEW YORK FOR BIG BUSINESS

[t's a brand new show in the world’s biggest economic center

specifically for manufacturers and buyers who are into personal
computing. For the first time, this booming field will have a New
York Coliseum showcase in the major population center in the
east. It is planned as the largest public show of its type in the world
. that will attract enthusiastic buyers from a multi-state area.
oc WHY NEW YORK?
. New York is the economic nerve center of the world. It also is

the world’s communications focal point, the one place that will put

But watch Out personal computing in a significant spotlight. New York is sur-

rounded in depth by people who work in the computer field, by

e means computer learning centers, universities, personal computing
clubs, and thousands of others whose lives are affected by

.
business compuers
From this vast potential, Personal Computing Expo will draw
the hard-core hobbuyist, the interested student, and, because of a
highly-publicized program of introductory seminars, those who
are attracted and fascinated by computing but have not had expo-
sure to the ways and means of becoming personally involved.

SHOW MANAGEMENT

Personal Computing Expo is being produced by H.A. Bruno &
Associates, Inc., a firm in the exposition and promotion fields
since 1923. Highly skilled in the production and promotion of
consumer and trade shows, the company currently promotes the
American Energy Expo, the National Boat Show, Auto Expo/
New York. Promotion assistance also is currently rendered to the
National Computer Conference and the Triennial IFIPS Congress
in Toronto.

The show producer has promoted successful shows in the New
York Coliseum every year since the building opened in 1957.
Staff personnel are thoroughly familiar with the building, its
services, management and labor.

EXCITING SEMINARS FROM “BYTE”
MAGAZINE

Personal Computing Expo is endorsed by “Byte” magazine,
whose staff is developing an exciting series of seminars and
lectures for the exposition.

Visitors to the show will be able to attend these meetings free of
charge. They will hear from lecturers such as Louis E. Frenzel
and Carl L. Holder. More importantly, visitors will be able to
attend meetings aimed at their proficiency levels, from beginner
through intermediate and advanced personal computing.

FOR DETAILED INFORMATION CONTACT:

RALPH IANUZZI, Show Manager
H.A. BRUNO & ASSOCIATES, INC.
78 E. 56th Street
New York, N.Y. 10022

—— (212) 753-4920

Sfeleter) o0, Endorsed by BYTE Magazine
OCTOBER 28, 29, 30, 1977
PCE PERSONAL COMPUTING EXPO ¢ NEW YORK COLISEUM
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Commentary Listing 1.
Deal card to dealer
Store as face down card.

Deal card to player.

Deal card to dealer.

Jump around subroutine

Begin ""Deal Card" subroutine

} Generate random number in R99
~

> Convert random number to a card value.

Store card value

Is card =11 [ACE] ? If so then go to COS

Is card in range 2 to 10? If so then go to TAN.

Force card value of 10 if outside legimate range

o S " ! e, ot o N\,

Blackjack Logic:
> Would hand go over 2, if ace counted as 117

If so then ACE =1 else ACE=11

. =

150

[IeskTQp\Vondeps

SR-52 Card
BLACKJACK

Michael | Garvey, vice president and
systems consultant with General Computer
Services Corporation, 2308 Central Av, Mid-
dletown OH 45042, sends in a game program
for the SR-52, which was accompanied by
this note:

| appreciate your article in your
December issue on the “buried gold" in

Operating Procedure For “SR-52
Card BLACKJACK":

1. Load the program card, both sides, after it has

been prepared.

2. Prime the random number generator with a 9 or
10 digit number as its seed. A good choice
of a priming number is the current time of
day (24 hour clock), followed by the date.
This gives 10 digits total in the format.

Enter: hhmmyymmdd
Then press: STO,9,9

3. Enter the amount of your bet and start the
game:

Enter: bet amount
Then press: A

4, Qutcome:

If the display flashes, then the game is over. The
display shows the total of dealer and player
hands.

Press: CE to stop flashing.

Then press: RCL, 9, 8 to read out the
cumulative score if desired.

Go to Step 3 to restart game.

If the display is not flashing, the dealer's face
down card is not shown.

5. Player options:

To take a "hit,"”

Press B

Then go to step 4.
To “stand,”’

Press C

Then go to step 4.

To “double down" (if player's hand is 10 or 11
and not initial deal),

Press D
Then go to step 4.

Notes on operation of the game:

The player always wins at 21.

House always draws to 16 or lower, stands on
17 or higher.

On a “push’ (both hands equal) neither side
wins unless player has 21.




Advanced 8K EPROM
Memory Module
Doubles As Programmer

Introducing

® Holds 8K BASIC Plus System Mouitor

® 5-100 Bus Compatible

® No Special Software Required—Write to
EPROMs Just Like RAM

® 512 Bytes of Ow-board RAM for Stack or
Scratch Pad

® Shipped With One 256-Byte RAM and One
512-Byte EPROM pre-programmed with a
Syttem Monitor

COMPLETE KIT 3164

MOUNTAIN HARDWARE
Box 1133B, Ben Lomond, CA 95005

Circle 250 on inquiry card.

Camp Retupmoc
Rose-Hulman Institute of Technology

Four one-week programs in com-
puter programming will be offered
this summer at Rose-Hulman Insti-
tute of Technology, Terre Haute, In-
diana, The program, known as Camp
Retupmoc, is for boys about to enter
their junior or senior years in high
school; it consists of lectures on
BASIC programming, films on com-
puting, and talks by computer scien-
tists in business and industry who are

making novel applications of the
computer.

Dates for the Camps are June
19-24, June 26-July, July 10-15, July
17-22. The fee, including tuition,
room and board, is $125.

CAMP RETUPMOGC"

For further information contact
Dr, John Kinney, Rose-Hulman Insti-
tute of Technology, 5500 Wabash
Ave., Terre Haute, Indiana 47803.

NOW HEAR THIS!

ALPHA DIGITALSYSTEMS
SLLS IMSAL KITS AND TOTAL IN
TED  SYSTEMS  ASSEMBLED,
EDOUT, AND WARRANTED AT KIT
PRICES

TYPICALSYSTEM
* IMSALBORD Computer
* 225lot Mother Board
= All Connectors
* 1K RAM
* Mty
* dCahle A
= [ Cahle M
* Assembled Svstem Total

ALPHA |
SPECIAL DOS SYSTEM DEAL (ncludes)

* IMSAL #8080 Computer
* 22 Slol Mother Bd. with Conn
* 16 K HAM 4 4K Boards)
* 40 K Disk iwith Controller
* DECwriter typewriter 30 cps
* DOS-BASIC Software

Assembled System Total $1905

tless DECwriter) $2495

Select any kit or system of Kits from the TMSAL
price list, order from us and receive the
assembled unit for the same price. If vou don't
have a price list, drop us a line and we will send
vou one. Terms: Cash with Order - Prices in
clude freight | NC Residents Add 4% Sales Tax )

How ean ALPHA DIGITAL SYSTEMS do all
this? Its simple. ALPHA DIGITAL WANTS TO
HE YOUR COMPUTER COMPANY
ADS ALPHA DIGITALSYSTEMS
RT. 4 BOX 171A
BOONE, N.C. 28607
(704) 264-7946

Circle 255 on inquiry card.

LONG ISLAN D's

first: e e ™

e R
. BYTIE
Tues, - Fri. W
12t09

&

Sat. Q &
0to5 <©
10 to QUTEFI =]

We have .
IMSAI 8080 SOL
Byt-8 Processor Tech
SWTP MPB8 Interfaces
CROMEMCO Memory Expansion
TDL Lear Siegler
Poly-88 Floppies

Cassetis Dec Writers

KITS and ASSEMBLED

BYTE SHOP EAST, INC.

27-21 Hempstead Turnpike

Levittown, Long Island N. Y.

(516) 731-8116

Two Blocks East of Wantagh Pkwy.

Circle 227 on inquiry card.

SUPPLIES

FLOPPY DISKS, MINI OR
STANDARD MEMOREX OR 3M

3M DATA CARTRIDGES
DC300A, DC100A

3M DIGITAL CASSETTES

3M OR MEMOREX AUDIO
CASSETTES, C-60

3M DISK CARTRIDGES
WE OFFER:
+ COMPETITIVE PRICING

« IMMEDIATE DELIVERIES
{Any Quantity)

= UNCONDITIONAL GUARANTEE

BETA BUSINESS SYSTEMS
8369 VICKERS ST., #G

SAN DIEGO, CA 92111
L=
. (714) 565-4505

Circle 276 on inquiry card.

@OMPUTALK/)

. r—’\ l -
® O
EPLIF|ER

(38
SPEECH

SYMTHISIZIN

5-100 BUS
4
SA1
s'.\fNTHEs,ls-lawr.nuL:|
SOFTWARE |
e |
-

SPEAK “KAAMPYUTAOLKER"
MODEL CT-1 SYNTHESIZER  395.00
CSR1 SOFTWARE SYSTEM 35.00
DEMONSTRATION CASSETTE 2,95

ALIF FRESIDENTS ADD 6. SALES TAR

WRITE FOR INFORMATIVE LITERATURE
COMPUTALKER CONSULTANTS
P.0. BOX 1951, DEPT. B,

SANTA MONICA, CA 90406

circle reader number 140

Circle 140 on inquiry card.



Listing 1, continued:

Location Code

083
084
085
086
087
088
089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
11
112
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
163

165
156
157
158
159
160
161
162
163

46
65
42
00
05
46
34
43
00
05
36
44
00
00
56
46
11
47
42
01
09
86
46
14
02
49
01
09
50
00
46
12
02
51
32
41
45
46
13
50
00
46
45
43
00
02
75
02
01
95
90
88
80
87
43
00
01
75
02
01
95
90
87
80
88
22
60
00
68
43
00
01
75
01
07
95
80
89
01
51
32

Key

*LBL

—

et e

Commentary

Store adjusted card value.

Add card to total hand of receiver.

Game entry (start here)

Clear bet in R19

Go to 000
“Double down" entry

Multiply bet by 2
Turn on "stand" flag
"Hit" entry

Deal card to player

Skip around “stand"’’

From step 012

Turn on “stand’’ flag

If player’s total = 21 then go to 2’
else if player's total >21 thengo to 1°

If dealer's total = 21 then go to 1
else if dealer's total >21 then go to 2'

If “stand’’ switch on then go to 8' [to
display]

Is dealer's total =177

If so then go to 3’

Draw another card for dealer
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the Texas Instruments SR-52 Program-
mable Calculator; it confirmed my suspi-
cions that my SR-52 had more power
than the instruction manual said.,

Enclosed is a program listing for a
program that | have written that will
allow you to play BLACKJACK with an
SR-52. This program was the toughest
that | have written for that machine,
since the 224 program steps allowed just
didn’t seem enough for the game; several
days were spent in working and
reworking the code in order to get the
game to fit with the features | wanted. As
you can see, it just fits, exactly.

| have sent this program to you in case
any of your readers would be interested
in it. My family and friends have had a
great deal of fun with it, and jt’s
especially great for killing time on a long
trip; one person can ‘‘stake” the "house,”
while another person is the player. The
program automatically keeps score for
the plaver, and even handles the
“double-down" feature of the game.

| submit it for the entertainment of
anyone who wants to use it.

Listing 1 shows the program code, which we
typeset using column headings from the
original form, along with the register allo-
cations. The procedures for using the SR-52
Card BLACKJACK program are summarized
in the box labelled “Operating Procedure.”

Location Code Key Commentary

164 41 GTO

165 13 C } GotoC

166 46 *LBL

167 89 *3¢

168 43 RCL

169 8]0} 0

170 01 1

};; 12 ECL Is dealer’s total = player’s total?
173 00 0

174 02 2

175 95 =

1;? gg 'l?f'z ' If so then go to 7°

jt;g gg 'I‘I,\fl\; } Is dealer's hand less than player’s
180 88 Tl If s0 go to 2

:g; g? *:"»BL } Otherwise, dealer wins

183 01 1

184 94 W=

185 49 *PROD So make bet amount negative.
186 01 1

187 09 9

188 46 *LBL

189 88 b2 L

190 43 RCL

L . : Add current bet to player's total
1e2 i s score

193 44 sSuUM

194 09 9

195 08 8



Listing 1, continued:

Location Code Key Commentary

196 46 *LBL

197 67 ol &

198 43 RCL ;

199 00 0 Game over, so display end game

200 03 3
201 85 +

202 85 +

203 46 *LBL \

204 68 -8’

205 57 *fix

206 02 2

207 43 RCL

208 00 0

209 01 1

210 75 -

g‘:; gg (I?CL > Display dealer hand as integer, player as decimal,
213 03 3 and await next round,
214 85 +

215 43 RCL

216 00 0
217 02 2
218 55 olo
219 01 1
220 00 0
221 00 0

The SR-52.

222 95 = Register Utilization:

223 81 HLT Y,

ALLOCATIONS FOR SR-52 CARD BLACKJACK: 00 = pointer for subroutine parameter
01 = dealer count

User accessible labels: Flag Usage: 02 = player count
03 = facedown

A = Start game 0 = “'stand” flag 05 = currentcard

B = Hit 98 = winnings

C = Stand 99 = random number output

D Double 19 = current bet [ |

Spring into season At last! No more wardrobe crises! BYTE T-shirts are herel Now you

have the perfect garb for computer club meetings, Altair Conven-

with a BYTE T.shirt tions, playing Shooting Stars and computer chess. (A pair of
trousers from your own closet is suggested as an addition to the
BYTE T-shirt. BITS can’t do everything for you.)

BYTE T=hirts are of top quality 100% cotton or cotton-polyester,
The original design, by artist Judy Lee Rehling, is silk screened in
red on white shirts with blue trim on collars and sleeves, or on blue
heather shirts.

The $5.50 price includes postage and handling.

Send to: In unusual cases, processing may exceed 30 days.

BITS, Inc.
70 Main St.
Peterborough NH 03458

Please send me ___ extralarge ___ blue heather
—large ___white with blue trim and
red letters

medium
___small T-shirts @ $5.50 each (includes

Total enclosed § postage and handling)

Bill MasterCharge No.______ Exp. Date
Bill BankAmericard No Exp. Date
Name.
. Address.
City
Signature

All orders must be prepaid
Prices shown are subject to change without notice.

153 Circle 213 on inquiry card.



A Guide to Baudot Machines:

Part 3, A Teleprinter Test Circuit

Michael S McNatt
4658 E 57 S5t
Tulsa OK 74135

:D: LOOP

SUPPLY
-———
LOW

VOLTAGE
SUPPLY

Now that you’ve found out what type of
Baudot teleprinters are available on the
surplus market, and where to go to get
information on how to interface them to
your microprocessor, it might be convenient
to build a test box to check the working
condition of your new acquisition. What
follows is a circuit for just such a test box
which can be used to provide the 60 mA
current loop required by the Baudot ma-
chine. Circuits are also included in the box
to generate signals which can verify correct
machine function. Although not as handy as
the test box, a Baudot keyboard may be
used to test a page printer of the same speed.
The test box has variable control of data rate
for testing all Baudot teleprinters. The test
box circuits supply the following functions:

1. Standard RY test signals, either con-
tinuously or at two second intervals,
for mechanical alighnment purposes.
These signals result in a maximum
amount of slipping and sliding of
adjacent gears and parts within the
machine, conditions which are also
most likely to cause malfunctions to

HIGH VOLTAGE

TTL
PROCESSOR

= T0 CMOS

CURRENT SWITCH

CONTROL

PROCESSOR
INTERFACE

!TELEPF“NTER |
KEYBOARD |

surface. The two second interval used
with the RY test prevents a rather
large waste of paper or tape during a

long test.
2. Individual Baudot characters at two
second intervals. Five bit-switches

select the particular character desired
(see table 1 in part 1 of this article for
bit codes). One use of this function is
to check various machines to see
which keys are actually installed for
selected bit combinations. For exam-
ple, there are at least three different
“figures” code assignments. Another
use is in troubleshooting, for instance
when the wrong character is appearing
on the printer or punch in response to
a processor output command. The test
box can be quickly switched from
“CPU" to local “char” mode to verify
that the source of the problem is or is
not the machine itself.

Also included in the test box is circuitry
to accept serial TTL or CMOS level Baudot
coded output from the processor or hard-
ware code converter, The “MODE" switch

Figure 1: Block diagram of
a Baudot machine test box
allowing the generation of
continuous or intermitient
‘RY’ test signals, or indi-
vidual Baudot characters.

RY GENERATOR
AND CONTROL

E

DATA CLOCK
BAUDOT
CHARACTER
GENERATOR
BIT 2 SECOND
SWITCHES TIMER
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selects between processor input, RY test
signals, and the individual character
generator,

The absolute minimum amount of hard-
ware one can get by with when setting up a
Baudot machine is a high voltage loop
supply. Some machines, Model 28s and
Kleinschmidts, for example, come equipped
with this supply; unfortunately, my Model
15 RO page printer didn’t. It may be a good
idea to borrow or build a test box anyway.
When trying to determine the operating
condition of a prospective Baudot machine,
taking along a simple loop supply can enable
at least a very minimal check of the printer
mechanism. When purchasing my 15, the
seller, a ham, used his own supply to
demonstrate successful clutch action, then
opened and closed the loop by rubbing the
connections, causing random characters to
be printed. Obviously, a better check would
have been with a test box or a speed
compatible Baudot keyboard. However, the

T B I B S R R I
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* 8 @ 8 ® 2 & " 80
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demonstration, in
satisfactory because of the price, $30!

this case, was totally

Theory of Operation

A complete schematic of the Baudot
machine test box is shown in figure 2. Many
of the parts used were selected solely be-
cause they were immediately available from
the proverbial junk box. (I think there are
companies which would envy some of the
so-called “‘junk boxes" I've seen belonging to
hams and computer phreaks...) For in-
stance, the transformer shown was the only
one usable that came out of a thorough
purging of not only my junk box but that of
a fellow designer. Actually any transformer
secondary from 110V to 300 VAC may be
used, as long as adequate series power
resistors are included to result in a short
circuit current of 65 to 70 mA. Telegraph
loops, such as Western Union, usually work
at 260 V. Use of the higher voltages, around
200 VDC, although requiring more power to

155

Photo 1: A sample layout
of the Baudot test box.
Note the eight diodes
plugged into the 16 pin IC
socket at the lower right
of the picture. These
diodes are being used in
replacement of IC7 in the
circuit of figure 2,

Photo courtesy of Don Clum
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Figure 2: A Baudot machine test box and interface. This circuit generates 5 level Baudot code to be used in testing the working
condition of a Baudot teleprinter. All resistances are measured in ohms, and unless otherwise marked are 1/4W and *10% ac-
curacy. The circuit allows either continuous RY test strings or intermittent 2 second test strings. The RY test string causes the
most movement of gears and will show any difficulties in operation quicker than other test string combinations. All unused

inputs of any CMOS integrated circuit must be grounded.

be wasted in the series resistors, results in a
faster response in the printer selector
magnets, which is especially important at
the higher speeds such as 100 words per
minute. Do not put the standard transient
suppression diode across the coils because
selector magnet release will be slowed down.

Since CMOS logic elements are used, the
low voltage secondary winding can be of any
voltage which will result in from 5 to
12VDC for the +V supply. The series
resistor capacitor network across high volt-
age transistor Q1 is used to suppress the
voltage transient occurring in the magnet
coils when Q1 is turned off. A low logic
state at IC4, pin 10, results in a mark or
clutch state, since this will switch Q2 and
thus Q1 on, causing loop current to flow.
Resistor R1 tied to +V insures that the
machine will remain in the mark state
while changing the MODE switch.

The data clock and the 2 second interval
clock, 1C3 and IC4, are standard CMOS
oscillators. In substituting CMOS, try to
avoid 4049 inverters in these oscillators. The
character generator is formed by 8 bit shift
register 1C5, which is parallel loaded with
the 5 Baudot data bits, a start bit, pin 15,
and a stop bit, pin 7. The remaining bit, pin
1, is tied high. Characters are generated
every 2 seconds when the load control, pin
9, is pulled high for one half period of the
data clock. Flip flop IC6 synchronizes the
load pulses from the slow interval clock with
the much faster data clock. Note that serial
input ICS5, pin 11, is tied high. This provides
marking 1s to be introduced into the shift
register after the parallel loaded Baudot bits
have been shifted out.

The RY generator is essentially a CMOS
version of an RTL circuit published in Ham
Radio magazine, March 1971, pages 23 to
29. Briefly, IC1 and 1C2 form a four bit,
labeled A through D on schematic, binary
counter which skips two states when
counting from 0 to 15. The RY pattern thus
generated is shown in the timing diagram
of figure 2. Referring to the schematic,
counter state 1, DCBA = 0001, causes flip
flop A to be reset, thus clocking flip flop B.
This occurs when IC1, pin 2, goes high,
causing the reset pulse at IC3, pin 4. Counter
state 14, DCBA = 1110, causes flip flop A to

be set, with no clocking of flip flop B. This
occurs when IC1, pin 1, goes high, causing
the set pulse at IC3, pin 10.

The RY control is a three position SPDT
minitoggle switch with the center position
off. A neat feature of this circuit is that no
matter when the RY control is switched
from one position to another, complete RYs
are always generated.

Miscellaneous Notes

® | used six TN914 diodes and two
resistors in place of IC7, hence the 16
pin socket was used as a diode holder,
(see photo 1). The 4075s are more
convenient, but the diodes were in the
junk box at the time. If diodes are
used, connect three of the anodes in
place of IC7, pins 1, 2, 8, and the
cathodes in place of 1C7, pin 9, and tie
a 1M resistor to ground at this point.
Ditto to replace the second gate,

® To avoid the self-smoke or reach for
the sky mode, all unused CMOS inputs
must be grounded or tied to +V.

® Obviously the test box can be as
simple or complex as one desires. The
minimum configuration would proba-
bly be two Eveready No. 416 67.5V
batteries and a resistor in series, using
the “‘sparking” method to generate
random characters!

® Seriously, the RY generator is manda-
tory, with the character generator and
2 second timer as options. Of course a
more sophisticated Baudot test box
would have an 8080A, a 1702A, an
8251, and maybe some hexadecimal
character readouts. . .

Summary

An old surplus Baudot code teleprinter is
the most inexpensive hardcopy peripheral
available to the computer hobbyist today.
This series of articles has presented ap-
proaches to acquiring, using and testing
these units, as well as sources of reference
material and interfacing hardware and soft-
ware. It is hoped that the information
provided will greatly ease the acquisition and
interfacing tasks facing the hobbyist who
owns or is planning to own one of these
practically indestructible machines.m
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GNAT 3M Drive

This new GNAT MC-200 data storage
system will make an interesting option
for many wusers. This is an RS-232
interfaced serial device which plugs into
a standard DB-25 connector often used

lsnar

|

|

|

ME- 200 . Lo !
= ’

with RS-232. It gives the user a serial
storage capability on 3M DCD-100
cartridges. Optional parallel 10 is also
available.

The unit has sufficient intelligence
built in to recognize various command
sequences including start write, start
read, stop write, stop read, rewind, etc.
All these sequences are duplicated by
hardware switches on the front panel for
manual control as well. The data rate for
the device, which looks logically like any
RS-232 serial terminal, can be set by a
switch at rates from 75 to 9600 bps.
Options available include paraliel inter-

The Ultimate in Terminal Printers

The ultimate in
mechanisms is that
Diablo HyType Il printers and similar
high-speed, high quality impact mech-

terminal printing
provided by the

anisms. These mechanisms give print
quality (with carbon ribbons) good
enough to photocopy and reproduce, yet
at character printing rates of up to 45
characters per second. Applied Com-
puter Systems, 248 Sobrante Way, Sun-
nyvale CA 94086, has taken the Diablo
mechanism and placed it into this
attractive package along with a micro-
processor and numerous options. The
result is a hard copy oriented micro-
computer with prices starting at $4500
and options including floppy disks,
memory to 64 K, plotting, sort and
merge capability, down loading of pro-
grams over communications lines to large
systems, and user programmability of
the built-in microprocessor. Communi-
cation speeds of 600, 1200, 2400 and
4800 bps are supported, and the stan-
dard memory size is 4 K bytes. Key-
boards customized for APL, ASCII and
IBM 2741 compatibility are available.w

Circle 612 on inquiry card.

face, file search capability, dual drives,
etc. The price of this system is $1930,
and its mix of features should prove
quite useful for those who want a file
storage system with the minimum of
interface complexity.

GNMNAT is located at 7895 Convoy Ct,
Unit 6, San Diego CA 92111, and
delivery is quoted as from stock to 60
days ARO.=

Circle 613 on inquiry card.

An Interesting Test Fixture

AP Products, POB 110, 72 Corwin
Dr, Painesville OH 44077, has intro-

duced this interesting new fixture
for use in testing integrated circuit
assemblies. Called the ‘Logical Con-

nection," this is a preassembled ribbon

cable attached to an IC test clip at one
end, and a flat cable socket connector at
the other. The length of the ribbon cable
can be chosen by the purchaser; the
example here is of course rather short to
illustrate the idea.m

Circle 614 on inquiry card.

* K K X ¥

ASSEMBLED
AND TESTED

MVM 1024 Microprrocessor VIDEO

MoDuULE

Sixteen 64-character lines, upper/lower case 128 character font.
Software-controllable reverse video characters.

Full read and write capability for both cursor pesition and character code.
Interfaces to any microprocessor: 8080, 6800, 6502, etc.

Scrolling, line/character insert|delete, etc. easily done with software.

THE SOPHISTICATED VIDEO MODULE
FOR THE ADVANCED EXPERIMENTER

Write or call for complete literature.

Riverside

1700 NIAGARA STREET

ELECTROMNIC DESIGN INC.

BUFFALO, N.Y. 14207
716 B75-7070

Circle 201 on inquiry card.
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THE
COMPUTER CORNER

Lower Hudson Valley
Southern Connecticut

®|MSAI B0BO
®*POLY-88

® Teletype supplies

® Full line of magazines

® Processor Tech

® Computer Book Service
® Magnetic tapes & disks

®Brain Games & Puzzles

THE COMPUTER CORNER
White Plains Mall
200 Hamilton Avenue
White Plains, N.Y. 10601
Tel: (914) 949-DATA

Hours:
10—6 Daily & Saturday
10—9 Thursday

Circle 161 on inquiry card.

COMPUTER MART
OF
NEW HAMPSHIRE

DEALERS FOR
TDL ICOM IMSAI

DIGITAL GROUP

SOFTWARE INCLUDES:

8K BASIC EXT. BASIC

TEXT EDITOR  DISK BASIC
WORD PROCESSOR
MACRO-ASSEMBLER

170 MAIN STREET NASHUA
(603) 883-2386

Circle 176 on inquiry card.

MPRES!

your computer.

Monitor up to 256
points under software
control.

Each MPRES card
monitors eights points

and plugs into the
XPRES bus.

Call us. We're the
interface people.

CRC ENGINEERING, INC.
P.O.BOX 6263
BELLEVUE, WA 98007
(206) 885-7038

Circle 202 on inquiry card.

the microcomputer

an introduction to

reality

now in canada:

imsai
processor
cromemco

tdl

and more

The Computer Place
186 Queen St. W
Toronto M5V 121

416—598-0260 160 Elgin St.

Ottawa K2P 2C4

613—236-7767

Circle 156 on inquiry card.

Focus Scientific

<rovovCw

BARGAIN

+ 5V @ TA - 12V @ 2A
+12V @ 2.5A +180 V @ 150 ma
+30V @ 200ma (unregulated)

-6.2V @ 25ma (no adj. pot)

Brand new, made by CDC for
microprocessor terminals. 110 VAC
in, regulated and adjustable DC
outputs. Overvoltage protected +5,
-12. Power status signal. Fan
Schematic. Original list $600+
From stock, UPS paid, custom foam
box, guaranteed

$50.00

ELECTRAVALUE INDUSTRIAL
BOX 464
Cedar Knolls, NJ 07927
(201) 267-1117

Circle 247 on inquiry card.

WE NEED PEOPLE WHO
ENJOY COMPUTERS

We're a small custom software house
doing state-of-the-art things with
large online scientific data bases. Not
with packages — our systems are too
sophisticated for that. You would
develop systems for real-world use, in
intellectually challenging applica-
tions. Mostly Fortran for IBM/370,
DEC-10, Univac 1100-series. We offer
the usual benefits (a bit better than
most), comfortable offices, and
company-paid coffee. Send your
resume (in confidence), salary re-
quirements, to

Dr. R. Gary Marquart
Fein-Marquart Associates, Inc.
7215 York Road
Baltimore, Maryland 21212

Circle 257 on inquiry card.



An Interesting New Product
for People Wanting Complete Systems

Frank Laczko, president of TLF,
POB 2298, Littleton CO 80161, called
us early in February to announce his
new brainchild, the Data 12 computer,
shown here. This machine is an example
of a completely integrated system
oriented to a terminal user. Its architec-
ture is that of the Digital Equipment

Corporation’s PDP-8E, using the Intersil
IM6100 microprocessor.

The $1695 price tag of this processor
with its built-in tape drive gets a PDP-8
like computer with 4096 12 bit words of
user memory, serial terminal interface,
tape controller with one drive built in,
and a tape operating system that
includes both an unattended batch mode
of operation and real time task
scheduling capability. The random access
tape cassette drive uses a preformatted
digital cassette that has an average access
time quoted by the TLF press release as
less than 25 seconds, with bidirectional
search speeds of 100 inches per second.
The tape holds a maximum of 262,144
words in 128 word blocks. The software
supplied with the system is completely

A New Variation on Solderless
Prototyping Boards

Continental Specialties, 44 Kendall
St, POB 1942, Mew Haven CT 06509,
has announced an interesting new varia-
tion on the solderless breadboard con-
cept: modular units with a set of inter-
locking edges so that they can be built
up into multiboard arrays that are rigidly
held together.m

Circle 609 on inquiry card.

A Portable Display Terminal

The Micon KDM/1 is manufactured
by Micon Industries, 252 0Oak S5t,
Oakland CA 94607, The terminal is a
self-contained keyboard with 32
character alphanumeric LED display,
available for $400 mail order. The prod-
uct is available in eight different colors.
It is also available in many fine com-
puter stores, Options include acoustic
coupler, digital cassette tape storage and
additional memory capacity to 1920
characters.m

Circle 610 on inquiry card.

oriented to an interactive keyboard, and
it includes an “invisible” system execu-
tive that handles all 10 scheduling,
buffering and’ vectoring. The operating
system, modeled after DEC’s OS-8, is
written with an eye towards device
independence in the same fashion as
larger computers. The system software
manages named files for mass storage
control, and also includes the usual text
editor for program preparation, a
symbolic assembler, dissassembler and
loaders. The system is marketed with a
BASIC compiler which includes multi-
segment program linkage conventions,
large multidimensional arrays, string
handling, and multiline user defined
functions. User memory can be
expanded to 32 K words, and additional
peripherals are also available.m

Circle 611 on inquiry card.

Qops...Some Phi-Deck Updates
to Freeman's Article

| have read an article published
in the March 1977 issue of BYTE.
The article, “Cassette Transports for
the ‘Roll Your Own' Hobbyist,” had
some errors in it concerning the Phi-
Deck cassette transports. These errors
are apparently due to the normal time
lags involved between the occurrence
of a development and the time con-
sumed to communicate the event.

Areas | would like to bring to your
attention are:

Solenoid Operation

Phi-Deck uses a 4 motor design for
all control functions. No solenoids are
used, thus eliminating the power con-

8B-SPM Clock Module

88-UFC Frequency Counter Module

88-MODEM Originate/Answer MODEM

GENERAL PURPOSE PERIPHERALS

INTERNATIONAL DATA SYSTEMS, INC.

S$100 Bus: Cards (ALTAIR/IMSAI Compatible)

MCTK Morse Code Trainer/Keyer
TSM Temperature Sensing Module
DACB Eight Bit Digital to Analog Converter

400 North Washington Street, Suite 200
Falls Church, Virginia 22046 USA

Telephone (703) 536-7373

USES KIT PRICE
Your computer keeps lime of day regardless of whal program it is $96.00
execuling. Applications include event logging, data entry, ham
radio, etc
Measure frequencies up to 600 MHz. Compuler can monitor $149.00
multiple frequencies such as transmit and receive frequency.
Use your computer to call other computer systems such as large $199.00
timesharing systems. Also allows other computer lerminals to
“dial-up” your computer
Hardware/Software package which allows your compuler toteach $29.00
Morse Code, key your transmitter, and send prestored messages
Use it to measure inside and/or oulside lemperalure lor comput- $24.00
erized climate cantrol systems, elc
Requires one eight bit oulpul port. Use it lo produce compuler $19.00

music

Terms: Payment with order. Shipment prepald. Dellvery is stock to 30 days. Write or call for detalled product brochures.

Circle 204 on inquiry card,
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Floating Point

Software
for the 8080

ECT CODE ON PAPER
URCE LISTING

» multiply, and divide
floating point accumulator

th any B080 microcomputer
2K bytes program store
se multiply 2.5 msec.
ecimal digits
saparately)

Circle 262 on inquiry card.

COMPUTER CLUBS
PROFESSTONALS-AMATEURS

BUSINESSMEW-HOBBYISTS

ORGANIZE (5-20 PEOPLE) AND BUY A
FULL TELEPROCESSING SYSTEM (Z-80
MICROCOMPUTER, CUSTOM BOARDS,
DUAL FLOPPY). THEN BUY SINGLY RE-
MOTE OR IN-HOUSE VIDEQO TERMINALS
(WE SELL THESE TOO!). ADD MVT's
BOSSYSTEM/1 SOFTWARE AND YOU

HAVE A "DEDICATED" COMPUTER FOR
5-20 USERS.

USING OUR MULTI-USER BASIC INTER-
PRETER YOU ARE NOW READY FOR EASY
REMOTE PROGRAMMING, PROCESSING,
GAMES, ETC. FOR A COMPLETE SYSTEM
(TESTED AND BURWED-IN WITH SOFT-
WARE, TERMINALS AND PERIPHERALS)
THE PRICE FOR 10 PEOPLE IS LESS
THAN $1900 PER PERSON.

WRITE NOW FOR FURTHER DETAILS ON
THIS NEW AND EXCITING DIMENSION
IN PERSONAL COMPUTING.

MVT MICROCOMPUTER SYSTEMS, INC.
P.0. BOX 62
AGOURA, CALIFORNIA 91301

Circle 264 on inquiry card.

ORANGE COUNTY

Hardware and Software

SERVICE and SALES

Fountain Valley Plaza
Y2 Block South
of
San Diego Freeway

18120 Brookhurst St.
Fountain Valley
Calif. 92708
714-863-5551
® Hours ®
Monday-Friday 1-8
Sat10-6 Sun12-5

Circle 261 on inquiry card,

Pictured above is the new OP-80A
High Speed Paper Tape Reader from
OAE. This unit has no moving parts,
will read punched tape as fast as you
can pull it through (0-5,000 c.p.s.),
and costs only $74.50 KIT, $95.00
ASSEMBLED & TESTED. It in-
cludes a precision optical sensor ar-
ray, high speed data buffers, and all
required handshake logic to interface

with any uP parallel 1/O port.

To order, send check or money order
(include $2.50 shipping/handling) to
Oliver Audio Engineering, 7330
Laurel Canyon Blvd., No. Holly-
wood, CA 91605, or call our 24 hr.
M/C-B/A order line: (213) 874-6463.

Circle 64 on inquiry card.

THE BETTER
BUG TRAP

The Better Bug Trap is an
Altair/IMSAI plug-compatible
board that extends system capa-
bilities to facilitate software
debugging and real-time proces-
sing. Capabilities include interval
timer, real-time clock, watchdog
timer, processor slowdown, and
clock with variable rates. Four
hardware breakpoint addresses
allow you to stop processing or
generate an interrupt at a break-
point without modifying exist-
ing software. The board services
its interrupt with a CALL
instruction to ANY memory
address you choose. All capabili-
ties may be set by software or
front panel. Write for free
literature.

$180 assembled, tested, com-
plete documentation, software.

MICRONICS, INC.

PO Box 3514, Greenville, N.C. 27834
919- 758 - 7757

Circle 196 on inquiry card.

SIX PORT /0 CONTROLLER

® Program Control of Ports
S100 Buss Compatible
Parallel 1/O
Single Printed Circuit Board

VIDEO SYSTEM
30 x 64 Display — 1920 Char.
120 Character Buffer
1 psec Read /Write Time
Extensive Software Provided
Display Attribute Controls Are
All Programmable

Available in Kits or Assembled
Bank Americard and Master Charge
Accepted

Dealer or Club Discounts Available

IOR
Box 28823 Dallas, Texas 75228

Circle 268 on inquiry card.



Circl

e 83 on inquiry card.

®
COVIPUTER VMIAHRT

A NEW YEAR, A NEW LOGO, A NEW STORE ! !

Last year we opened the first computer store on the
East Coast. This year we move out of the Hobby
Store and into our new Real Systems Showroom and
Store. The largest display of up-and-running com-
puter equipment. The same friendly help and advice.
Plus-all the bits and pieces you can’t find elsewhere!

Plain and Fancy Software too! %
\3¢®

‘0»
«.eo“"

é(Jver $10.00 BankAmericard

and Master Charge accepted
Stan Veit -Storekeeper.
COMPUTER MART OF NEW YORK INC.
118 MADISON AVE. (ENTER ON 30th ST.)
212-686-7923.

sumption associated with maintaining
asolenoid in the active state.

Die Cast Chassis

All Phi-Deck models now utilize
a precise die cast chassis. Triple | no
longer uses the sheet metal frames.

AC Phi-Deck Models

Triple | is announcing two new
Phi-Deck transports which will give
us a total of five models. Both of the
new models will use an AC capstan
motor.

New Pricing

Phi-Deck Models 1 and 2 are now
built with the die cast chassis. This and
other factors have increased the price of
these models to $124 in quantities of
1 to 9. The price is higher, but you can
now get a precise die cast chassis for
under the $169 mentioned.

If you could update your audience
about the above corrections to the
article, it would be greatly appreciated.

Jack Morrow

Applications Engineering Technician
Triple 1

POB 25308

Oklahoma City OK 73125

My fault. In editing, | should have
correlated later Phi-Deck literature with
the article, which was written in the
Summerof 1976...CHn

[ PAPERBYTES

Design and Implementation of a |

Tiny Assembler 6800 —~

! s $7
PAPERBYTES
Tiny Assembler 6800

Design and Implementation
of a Microprocessor Self Assembler

by Jack Emmerichs

Send today to:

BYTE Interface Technical Services, Inc.
70 Main St

Peterborough NH 03458

Dealer inquiries invited

All orders must be prepaid,

Microprocessor Self Assembler

Originally described in the April and May 1977 BYTE, PAPERBYTES is now offering
Jack Emmerichs’ Tiny Assembler 6800. This book contains the complete Tiny Assem-
bler source listing plus object code in cross assembly format (space restrictions prevented
printing of this material in BYTE). A bar code version of Tiny Assembler is included for
convenience, as well as reprints of Jack's two articles and additional user manual mate-
rials. Tiny Assembler will run on any machine with MIKBUG and 4K of memory starting
at address 0000, and is an excellent tool for the interactive development of functional
blocks for a large structured program. Add it to your 6800 system and you’ll have a
valuable programming aid which can free you from the drudgery of machine language.
The best part is the price: only $7. Order yours today!

e T e e T R - S e Y S == |
I Name R T T :
[
| Address I
|
| City | s State Zip |
| |
| PAPERBYTES Price of Book $ _J [
| Tiny Assembler 6800 |
| Postage, 35 cents $ — |
| Tatall e e =
I O check enclosed i
| [‘ O Bill MC # = Exp. Date l
| _m O Bill BA # Exp. Date |
I Signature :
| Inunusual cases, processing may exceed 30 days, No. 700 I
I You may photocopy this page if you wish to leave your BYTE intact.
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CANADIANS!

Eliminate the Customs Hassles.
Save Money and get Canadian
Warranties on IMSAI and S-100
compatible products.

IMSAI 8080 KIT $ 838.00

ASS. $1163.00

(Can. Duty & Fed. Tax Included).
AUTHORIZED DEALER
Send $1.00 for complete IMSAI
Catalog.
We will develop complete applica-
tion systems.
Contact us for further information.

Rotundra I “
Cybernetics
Box 1448, Calgary, Alta. T2P 2H9

Phone (403) 283-8076
TWX 610-821-1883

Circle 234 on inquiry card.

Circle 164 on inquiry card.

South Florida

Across from the University of Miami

WIREWRAP

University Shopping Center
Cut & Stripped =30 Wire Gold Wire Wrap Sozkets
in Aed, Yellow, Blus or Orange High Ouality Closed Entry Type

1238A South Dixie Highway
Coral Gables, FL 33146 w0 s 0 | i
(305) 661-6042 i 2

Hand Wrap UnWrap

Sunny Comeuter Stores. Inc $5.95 with 2 frea v

South Florida's First Computer Store

We Carry:

®* |MSAI, COMPUCOLOR, VECTOR,

SOUTHWEST, C.5.C., CROMEMCO 53485 e i
inchuedes 55.00 free & 7400 & 740500 1Ty

VECTOR GRAPHIC, SEALS wire & sockuts . c..;::‘ﬁ:‘:::f-ufﬂ‘ﬂf"m

® Books, Magazines, Newspapers 1C:Bataries not incl 1213) 797.4002 or 797-4007

® Sockets, IC's, Printers e e A

® Digital Cassette Equipment 3100 aibsr. Srdar b peed JiP5 ppd

® Debugging Equipment

) Page Digital Electroni
We offer Classes, Friendly Advice and g ok e ikl
1701 East Orange Grove Blvd

Service Pasadena, California 91104

Hours: Monday — 12 Noon to 9 P.M.
Tuesday through Saturday —
10 A.M. to 6 P.M.

Circle 273 on inquiry card.

The Best of BYTE, Volume 1

-

Send now to:

70 Main St
Peterborough NH 03458

.

BYTE Interface Technical Services, Inc.

You may photocopy this page if you wish to leave your BYTE intact.

T

The volume we have all been waiting for! The answer to those unavailable early issues of
BYTE. Best of BYTE, edited by Carl Helmers Jr and David Ahl. This 384 page book is
packed with a majority of material from the first 12 issues. Included are 146 pages
devoted to 'Hardware’ and how-to articles ranging from TV displays to joysticks to
cassette interfaces, along with a section devoted to kit building which describes seven
major kits, “Software and Applications’ is the other side of the coin: on-line debuggers
to games to a complete small business accounting system is included in this 125 page
section. A section on “Theory" examines the how and why behind the circuits and
programs. “‘Opinion’’ closes the book with a look ahead, as to where this new hobby is
heading. It is now available through BITS Inc for only $11.95 and 35 cents postage.

| Address

' City ~ State Zip

Price of Book %
The Best of BYTE, Volume 1

l Postage, 365 cents $
I Total $_
I O Check enclosed
|
| -" O Bill MC # Exp. Date
| = OBilBA# Exp. Date
I
| Slgnatur=— = — = -~ & .
I In unusual cases, processing may exceed 30 days. All orders must be prepaid.
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BUILD YOUR OWN
COMPLETE
COMPUTER SYSTEM

AMI EVK 99 GBO0 BASED
MICROCOMPUTER
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Advanced Microcomputer Products Presents

=E= Prototype Design Equipment
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NOW $133.00

TV GAME KITS

TV KIT NOY
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RO S98.00
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4.6SLOT MOTHER BOARD $29.95

5 EXTENDER BOARD $46.50
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SPECIAL
BUY 10 OF THE FOLLOWING
AND YOUR PRICE 15

FAT02 Baud 1

B2 14 Priority Int

ZBOCPU

280 3881 PIC

Z80 3882 CPC
PD 372 Flappy Controller 55.00
PDITI May T

APP Notes la

Gl AYS 355

AOD 2613 Ugp
RO 2513 Lowarcase
TS A0GONL 2 4K RAM
MKA09G 4K HAM

16028 UART

1883 UART

AYS1013A UART
S101C.E 1K CMOS RAM
3 IGTTE At
WO 1941 Du

6300
6307
6305
G306
6340
G341
6352
353

st Prosucts

OB
counzy
[T )
oMo

500
500

SHEESNER¥IZIE

g

ALTAIR /IMSAI COMPATIBLE
K MEMOR Y

wil
5198.00 COMPLET
I ens desse S1LAZAPE - Please o

SZERuIRN:

]

00
STARTER

808B0A
SET STARTER SET

ho

(e "
100 PIECES MIX TAKE 10% DISCOUNT
1000 PIECES MIX TAKE 15% DISCOUNT

P. 0. BOX 17329
IRVINE, CALIFORNIA 92713

PHONE (714) 968-3865

for stupping and handling. N
Calfornia Resdents add 6% 1as

US or add 5%
rim ixrcder $10.00
Foremn add B

oRDER YO
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G6'6Y'S 80L3 » WVH JLLVIS MY S66VS 08Z

WIREWRAP SOCKETS - GOLD

14 Pin WW 1 lavel .30
14 Pin WW 2 level 33
14 Pin WW 3 level 37
16 Pin WW 1 level 4
16 Pin WW 2 level 34
16 Pin WW 3 level 38
18 Pin WW 3 level .60
24 Pin WW 1 level J0
24 Pin WW 2 level 75
24 Pin WW 3 level 85
40 Pin WW 3 fevel 126

EDGE CARD CONNECTORS

IMSAT 5100 WW 250" Row Spacing . 55.00
IMSAT 5100 5T .250" Row Spacing . . . 5.00
Al S100 WW Wire Wrap . . cow v o« B0
Altair 5100 5T Soldertail 5.25

D-SUBMIN CONNECTORS

RS$-23225 Pin Male Part No. DB25P - 5350
AS5-23225 Pin Female Part No. DB25S . . 3.95
RS-232 Plastic Hood for above 75
Microprocessors Timebases
CRYSTALS TV Gumies Precision Crystaly
Frequency Case Price  Frequency Cue Prige
1.000 MHz HCB/HC33 495 13.000 MHz HC18 495
2.000 MHz HCG/MC3I3 5.85 1431818 MH:  HCI1B 495
2097T162MH:  HCE 6.95  18.000 MH:z HC18 485
4.000 MHz HC18 4.85 20.000 MHz HC18 495
5.000 MHz HC18 495 32.000 MHz HC1B 4.95
6.000 MHz HC18 4.95 100Ke HC13 1295
10.000 MHz HC18 495 357945 Ke HC18 495
28576 MH, 5.95
W FUNCTION GUNERATON k1T &
T Zein s
W TIMING CIRCLITS & # COMMUNICATION CIRCUSTS
- 90 XmieEs 1an
VIE K naER 14
195 Nmz208 arm
' 470
148
* FUASE LOCKED LOOFS * STUNEO DECODERS
KRZZUIER 15 et Tuse i 85 XWE210P 100
AHSGICE o b 180 X 3I0ER 100
KAPEAICE o G 180 X 100

W FUNCTION GENERATORS %
KMITOBCP  Masmss v o
KmaIOTCe

NWTAICF
NHALSACE
KRE1IGCP
wRezoICe

2708 PRIME

onLy $49.95

Build Y our Own MON ITOR
Mow in Stock — NEW
M3000 - 100 12-inch display module
M2000 - 155 S-inch display module
*Add $10.00 Shipping

§229.00
$208.00

MOTOROLA Exorciser, MEKGB00D!I

and MEK6800D2 Compatible Modules

9601 16 Slot mother board - Inc. Conn. $175.00
9602 16 Slot card cage 19" rack mount 5 72.00
9610 Utility Prototyping Board $ 36.00
9615 4K Eprom Module {17024) $350.00
9620 Parallel 1/O Module $375.00
9626 BK Static Ram Module $350.00
9650 8 Channel Duplex Ansyn |/O $390.00
All assembled and tested. Not Kits
e
e ————— =
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74H10 Dual 4 Input Buffer .............ccoovvvnnnn,..

7490 Decade COUNREr ... .......'ovoesoeosnon . 49
745175 Quad Flip-Flop withclear . .......... ... ... ....... 99
74283 4 Bit Binary Adder .............ooiiii. 99
2% round speaker, 8 0hms .. ...l 1.00
2w round speakar, TODONITS .. o oo emems s mamaes 1.10

Speco miniature replacement speakers from 1" to 3%", SASE for list.
Brand New GE Stereo Tape Amplifier Board with all components 4

Watts 12 Vac supply limited ..........ccoivinniniiiinnnn... 3.50
Mono Amplifier Board 1 control .......................... 2.25
6 foot black or brown zipcordand plug ...................... 35
RG174 50" coil ......... I R e R el 4.50
2%" round speaker, BOhMS . ... ..oviit i e 15
VHE Ferrite-Beads - ewrnwssmecsisim s wisamiam i 15 for 1.00
Hamn & CB Slide Mounts with lock & coax connectors .......... 8.95
2 Amp Bridge Rectifier, 200 Volt . ..........coivuiiirnneon.. 50
2 Amp Bridge Rectifier, 600 Volt . .............c..ooouan.. 1.25
3 Amp Bridge Rectifier, 200 Volt .............coviiiininnnn... 85
Gould AA 500 mA Nicads vsisesiesvainnabaimmasniveess 1.69
2 Amp 1000 VoIt FECEITEE 2 vovosve sris s e aaisle 10 for 1.00
LM723 14 pinVoltage Reg . ........coovuuneinianeninnnnn.. 49
ZNOIB oy 95

ZN2218B: . . oo viminin & 45

2N22TOA .. o ooreorisos 40

RF DEVICES awesaia g

2N33753W400MHz .. ........... $5.50
2N3866 IWA00MHz .. ..., 1.15
by Jia i RV LT O —— 4.75
2ZN5590 1OW 175 MHz ............... 7.80
2N5531 25W 175 MHz ... ... ....... 10.95
T e T Ptk 3.95
2801226 ... ivieiieennennnes 1.25
2NGOBO AW 176MHz .. .............. 5.40
2NGOBT ISW 175 MHz ....ooiveiinn 8.45
ZNGOB2 2BW 175 MHz ...........u. 10.95
2NGOB33OW 175 MHz .............. 12.30
2NGOB4 40W175MHz ... ... ... 16.30
2SC1306 ... 0v e eeiiniineie et 4.30
YT B I o 5.25
INZBTB: oo s T special 10.95
ZENERS

IN746to IN759 ........ 400 Mw . . . ea. .25
1N4728 10 TN4764 . . Twatt ............ 28
IN5333 10 TN5378 . .5watt .......... 2.10
1N2970to 1N3005..10watt ......... 2.40
1N3305 10 1N3340 . .50 watt ......... 4.75

74y K L e A A S 99
VPEIN2 EE) orers s D sinmy 55
2N39040r 2N3906 ............... 25
2N5496 0r 2N6108 ... ............ 70
MJE340 (2N5655) .............. 1.10
40673 RCAFET ............... 1.55
781 0r 709 14PinDIP............. 25
o L R 15
L s 1.75
200 Volt 25 Amp Bridge . ........ 1.50
TNG14-1N4148 ............ 15 for 99
TN34-1NGO-1NB4 .......... 10 for .99
CA 3028 Dif. Amp ............. 1.50
4060CMOS ........ooeenn... 2.00
LM309K VoltReg .............. 1.10
WUB085 . coeawis imnmsmsimame 2.20
5313 Clock Chip .........ootn 3.95
5314 Clack Chip . ....o.oiiinass 450
5316 Clock Chip ...............4.95
/A0 [ [ O e e L L 89
LM309 or 741 Min DIP Op Amp ... .. 45
LM7AICETO50p Amp ....c.n.n.. 45
14 0r 16 Pin IC Sockets ............ 30

.001 Pacer Cap. 192P10292 200 WVDC ..18

128 kHz Crystalin TO5 Can ....... 4,95

2NR222A iivczvinn s 30 Kits, Books, Boards, Magazines. Special 2102L| 8 for

el $17.507 8080A CPU Chip $29.95. We stock OK Battery
IN2484 ... ......... Operated Wire Tool $34.95, OK Hand Wire Wrapped
gﬁggg? ------------ Tool $5.95. 7400 ICs CMOS, Timers PLL’s IC Sockets.
IN2926G . . .. ... ... 2 All kinds of transistors, rectifiers and diodes. Plus other
2N2926Y ........... electronic parts.

2N3053 ........... _

gﬁgggg ----------- : HOURS: MONDAY TO SATURDAY, 9:30-5:00
oNasag OPEN WEDNESDAY UNTIL 9 PM (516) 378-4555.
DNBBID . e vmsnics

2N3553 .......... ! We quote on any device at any quantity. Add 5% for
gﬁgggf """""" gg shipping. Minimum order $6.00. Out of USA send
IN3638A ... ..... . 31 certified check or money order, include shipping costs.
2N3646 ............ 21

gmg;;gn 135 Special 50 Foot Spool 30 wire wrap

AN VL e $1.98. White, b red or yellow.

Build the W7BBX Programmable Keyer (Ham Radio
April 1976) We can supply the four PC boards and a
Comprehensive Construction Manual all for only
$29.95

Write for our catalog featuring other Kits including
the hard to get Keyer switching transistor 2N4888 as
well as other Keyer parts and boards.

Clubs contact us for quantity discounts on any of our kits.

We have Wire Wrap Sockets and Wire Wrap Wire — 50 feet $1.98.

ALDELCO KITS

Slide Pots Tapered 1 Kor 15K . $ .50
Egg Insulators ................. 45

ING642 ......... 10.25
NATIONAL 8080A SPECIAL $19.95  FANLLTK SRS 14.35
2N5913 . ......... 1.70

STOPWATCH KIT Operates on a 9
Volt battery. Includes Crystal,
Switches, 72056 MOS Chip & LED
Displays and Board . . ..... $29.95
STOPWATCH HAND CASE for
ABONE )i e s et e 3.856
CLOCK CABINETS Beautiful
wood simulated walnut grain $3.95
Plexiglass in Blue, White, Black or
Smoked . ...... R 7

SIX DIGIT AUTO OR BOAT
DIGITAL CLOCK KIT Has a
beautiful Charcoal Grey moulded
high temperature plastic case with
chrome rim. Dimensions are 13%"
high x 4" wide x 4%" deep.

Large 0.4 LEDs display hours,
minutes and seconds. Works on 12
Volt AC or DC as well as automatic
switching to a 9 Volt battery for
power failures. Battery (not sup-
plied) fits in case. Provision for
blanking display LEDs for out of
car or boat use. Adjustable Crystal
Time Base included, as well as

Mobile Mounting Bracket.

KIT ONLY $29.95
Three or more kits 2795
Wired and Tested 39.95

Power Pack for use on AC 295
NOW NEW IMPROVED DIGI-,
TAL ALARM CLOCK KIT Hours
* Minutes * Seconds displayed on
six BIG 0.5 Fairchild 7 Segment
Display LEDS 12-hour format
24-hour alarm with snooze fea-
ture, plus elasped time indicator
and freeze feature. Eight pages of
pictorials and instructions. NEW
on-board power transformer
and circuitry for optional time
BIHSE 4 rrvie e, g s e $19.99
60 Cycle time base kit for dc use
in automobile or for battery
OPeration ..........es. $4.95
12 OR 24 HOUR CLOCK KIT.
Comes with Big 0.5 Seven Segment
LEDs. Uses National 5314 Clock
Chip. Fits our Walnut Grain or
Plexiglas Cabinets. ONLY $1895

L LC 2281A BABYLON TURNPIKE, MERRICK NY 11566
516-378-4555




Californi

Post Office Box 3097 B

SPERR

IndusTriAal

Torrance, California 90503

< % LUNIVAC

The famous Sperry Univac 1710 Hollerith keyboard assembly
is now available from California Industrial for only $24.88
The ideal computer input device for accountants and
mathematicians. The numeric keys are placed on the lower
three rows to resemble a ten key adding machine. This
format allows one handed numeric data entry.
Original cost was $385. Used but guaranteed in excellent
condmon Complete w:th documentatlon

CONNECTORS
RS-232

DB25P
male plug & hood

5395

DB25S female

395

Altair, Imsal compatible gold plated, dual 50
(.125 centers) thwee fier wire wrap edge

100
IMSAI/ALTAIR

AR 7 50 ceveaos

Edge Connector

conneclor. 3 for $13.50

Uncoded computer keyboard Contains. 63
reliable gold plated SPST swilches. ASCI
Kit: components and printed cicull board,
$35.00 additional

Power Transformer

5498

. 5150
a shipping
Input 117ac. Output-2iv 5A center
tapped. Suitable for 12v. 5A. or Sv
ma power supply. Four other wind-
ngs al lower currents.

CALCULATOR
KEYBOARD

Ideal for keyless eniry systems, burg-
lar alarms, Touch Tone or hoxa-
decimal computer inpul code.

trips

Manulactured
clock radio
@ microswit
your presel wake-up tlime

tar Panasonic
Thoe clock mechanism
h upan reaching
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*We want fo give them away — bul our accoun-
tants won't le us. So instead we are selling them
it cost. And harefora must fimit the purchasn of
the SNT400 and the I.M?H to 50

pOr Cuslomor
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Conductor

: IRIBBON WIRE

SPECTRA-STRIP

Co_mpucorp

DIGITAL

COMPUCORP
Power Adapter

%49

Tvic 1.4

UV Erasable
MEMORY

JOYSTICK 550

=Y

This joystick leature lour 100K potentio-
milers, thal vary resistance proportional to
thie angle of the stick, Perfect for television
games, quad stereo and radw controlled

aircraht

$150 shipping

5 voit 2.2 Amp regulated power supply. Also
delivers 12 voits at 4 Amps unregulated
Paerfect for TTL applications.

BRIDGE RECTIFIER
MOTOROLA 27 Amp. 200y,

RECLINE
=)

BNC CABLE

15 feet of RG-58U
connector

al ends

15TOIVDC o

MICRO
BUZZER

TRIMMER

POTENTIOMETERS
2K 10K 50K =

5 ror 5,98 %:‘A

50 100
15( 14 12«

COMBINATION LENS
MOUNTING DEVICE
Red Amber Green
20 50 1001k

17: 151311

2N3055
MJ3055
2N3904
2N3906

jumbo red
!,

LED

Transistors

ea. 10 S0 100
2N2222h .20
89
89 94 B7 J5
A5
.15

Diodes

1N4002 100v..08.06.05
1N4005 600v..10.08.07
1IN4148 signal .07 05,04

.18 .16 .15
B84 77 65
Qulput

12v. 175ma.
TRANSFORMER

11.09.07
11.09.07

duty grounded
power cord and mating
chassis connectors.

(-
10 25 100 m
'%

14

BINDING
(221025 100 POSTS

15.10.0

AA NICAD
BATTERY

15214 Grevillea Avenue » Lawndale, Calilornia 90260 = (213)772-0800

Thumbwheel
<{] switch

Ten position

‘} BCD

‘139u
10
3.9 89"
CAPACITORS

ELECTROLYTICS
__ta. 10 50
4500/50v. 149 135 119

1000/15v. %55 49 45
anial

512 .10 .08
.06 .05 .04

Addise
01disc

pDisca

SPDT
MINIATURE
TOGGLE
SWITCH

$|9 8!].
1050 100
588 .81.73

‘-gs ea.

N
DPDT

ROCKER SWITCH

/
A
&

(]

Photoconductor
Cells

3 for ‘.93

10 ohrr‘l te 100K

Wire UJrop Center
IC SOCKETS

Wire wrap
€a. 25 50 ea. 25
17: 16
20 19
21 20
36 35

63 60

3736 35
38 37 36
99 93 85
169 155 139

SO0t
]

$9, 515,

KYNAR%:
. 500 1,000 I‘I.lllnl;D

Solder

o

sastas ﬂ.

OK HOBBY WRAP-310
wire wraphsteip tosl

$545

All marchands Caltlarnla Industeial in pramium grade.
dery pped the name day recelved

PLEASE INCLUDE SHIPPING ON ORDERS UNDER § 15.00
Cafilarnin residents sales lax » Money back guar

Sarry, no COD's « Fareign orders add 10% Circle 200 on inquiry card,




COMPUTER
WAREHOUSE
STORE

DEPT: B @584 COMMONWEALTH AVENUE @ BOSTON, MA e 02215 617-261-2701 @ VISIT US: 9-9 WEEKDAYS: 9-6 SATURDAYS

ONEDAY

USED PERIPHERALS
FOR MICROSYSTEMS
HAZELTINE 1000 $795

VIDEO DISPLAY TERMINAL + SHIPPING 35 l'o
12 LINES x B0 CHAR., TTY COMPATIBLE,
5 x 7 DOT MATRIX, 525 LINE RASTER.
BUILT & TESTED; PLUG & GO

OLIVETTI TE318 - BACK IN STOCK!
RS232 INTERFACE, QUIET OPERATION
10 CPS, PRINTER, BUILT-IN PAPER TAPE
READER/PUNGH, ELECTRIC TYPEWRITER
KEYBOARD WITH ADDITIONAL 10 KEY
" NUMERIC PAD, YOUR CHOICE OF FRICTION
5875 OR SPROCKET FEED, LIGHTED PLATEN AREA

FOR EASY READING, STANDARD PAPER AND

+ SH'PP'"G‘65‘bTAPE SUPPORTED BY OLIVETTI

TECHTRAN 4100.......$595. 2

TAPE CASSETTE DRIVE. CAN RUN DIRECTLY FROM TERMINAL
INDEPENDENT OF CPU. FULL EDIT CAPABILITY.

KDl ADTROL AR-21...$95q 20

ELECTRO OPTICAL PAPER TAPE READER WITH 110V PS, STEP-
PER MOTOR, 250 CHAR/SEC, FAN IN TABLE TOP HOUSING

IBM 731 1/O WRITER $7 50+

81''PLATEN,PINFD,EBCDIC,U/L CASE,DUAL CLR RIBBON,115V

CWS U-BUILD-IT SYSTEM $599

+ $35 SHIPPING
MPU, CRT TERMINAL &
AUDIO CASSETTE AT A
.. ROCK BOTTOM PRICE !

SC/MP HICRUCOHPUTER 256 x 8 RAM, 512 x 8 ROM
GREEN PHOSPHOR VIDEO MONITOR; 12" RASTER SCAN
SWTPC 1024; 32 CHAR. x 16 LNS, ASCI| KEYBOARD
SWTPC AC-30 AUDIO CASSETTE INTERFACE

*OTHER PACKAGE PLANS - SEND FOR OUR CATALOG

TO ORDER EQUIPMENT

1.ENCLOSE CHECK FOR FULL PRICE PLUS SHIPPING CHARGES
(KITS - ADD $5 IF UNDER $100; $10 IF OVER)
(FOREIGN RATES HIGHER)
BANKAMERICARD & MASTERCHARGE ACCEPTED -
SEND CARD NUMBER, EXPIRATION DATE, INTERBANK #
2.CLEARLY IDENTIFY SHIPPING ADDRESS
3.DESCRIBE ITEM BY MODEL NUMBER
ALL MERCHANDISE WARRANTEED

A MUST FOR PERSONAL COMPUTING

SEND $1 FOR OUR CATALOG
THE ONLY ONE OF ITS KIND! FULL DETAILS ON OUR
COMPLETE LINE OF KITS & UNITS, REVIEWS OF OVER
150 BOOKS, LISTS OF NEW & SURPLUS PARTS & '"'ALL
ABOUT HOBBY MICROCOMPUTERS'' - AN INTRODUCTION TO
PERSONAL COMPUTING. Circle 138 on inquiry card.

SHIPMENT

SPECIAL DISCOUNTS!

ON KITS & ASSEMBLED UNITS

SAVE UP TO 207% OFF KIT PRICE WHEN A PERIPHERAL 1S
PURCHASED AT THE SAME TIME.($200 MAXIMUM DISCOUNT)

PERIPHERAL PRICE OVER $900 mp20%0FF kIT
PERIPHERAL PRICE OVER $250mp 10%0FF kIT
PERIPHERAL PRICE OVER $95 mp 5%0FF kIT

GREEN PHOSPHOR $150
VIDEO MONITOR %

SHIPPING
STANDARD 1V P TO P COMPOSITE VIDEO INPUT,
16MHz BAND WIDTH, RASTER SCAN 12x12x13" s

WITH POWER SUPPLY VIDEO AMPLIFIER, DRIVING CIRCUITRY
VENTILATION MUFFIN FANS, 7x9" HORIZONTAL VIEWING

CAPABLE OF 24 LINES x 30 CHAR., ANTIGLARE #'' ETCHED
GRADIENT DENSITY FACE PLATE, P39 GREEN PHOSPHOR, ON/OFF
BRIGHTNESS CONTROLS, 115Vac, 60 W ... TRULY A COMMERCIAL
UNIT BUILT TO WORK IN A DEMANDING ENVIRONMENT.

DATAPOINT 1:33;00-200 i

THERMAL PRINTER !5 +525 SHIPPING |
PARALLEL PRINTER WITH ADDITIONAL CIRCUIT
BOARDS TO PROVIDE SERIAL INTERFACE, PRINTS

UP TO 30 CPS, 100Vac PS USES WIDELY AVAILABLE
NCR PAPER, 96 CH, ASCII, 80 COL, CRT COMPATIBLE 5x7
DOT MATRIX, SOL]D STATE WITH LESS THAN 25 MOVING PARTS.

DATAPOINT 2200-200 $395.: i

CONSOLE PRINTER <y P

BOTH UNIVAC & SINGER BUILT THESE
PRINTER MECHANISMS WHICH OPERATE AT 1
30 CPS FROM A ROTATING WHEEL. 65 CHAR. .-
USES STANDARD FORM FEED PAPER, PINWHE
IS INTERCHANGEABLE.

UNIVAE 0769-06 PRINTER MECHANISM ONLY
INCLUDES MOTOR/PRINT WHEEL ... $195 +SHIPPING 75 15

K ITS * HIGHLIGHTS FROM OUR *

WIDE SELECTION
IMSAI BOBO MICROKITS LEAR SIEGLER ADM-3A
BOBOA KIT 5 SLOT.eueenneeannn.. $699 E W/ Cursor Control
8080A KIT 22 SLOT.uevenvsnensans 751 .12 CRT

LY, MEMORY KIT caes 139 %

PIC-8 PRIORITY INTERRUPT
SERIAL 1/0 KIT...

24 LN X BD CHAR
PROM 4-512 KIT...

: 1:? \( :g:zzi Loor $875
UCRI=1 KITerrns. . 59 SCAMPKIT.......ovvvnn. $99

CABLE A KIT...cviucinnussasnenns 18 FROM HATIOMAL SEMICONDUCTOR
STANDARD INPUT/OUT INTERFACES, KEYBOARD KIT..ouvivisnesss 95

MANUALS , SOCKET SETS
VIKING 100 PIN, HEAVY DUTY..... $3.00

SWTPC 6800........... $395
#5012 BYTES of ROM SSERIAL INTERFACE
®R5232 or 20 mA 4K of RAM

HPHb
HPCb, MPSb, MPLb EACH. cavnssss 9.50
CONNECTOR SETS HPU/MEM. . o
CONNECTOR SETS INTERFME..
LEBA...cvaras 5 GT61,..
AC30 AUDIO INTERFACE...... con 19
PPUO PRINTER ¢ v venansnvasnrsnes

1 | PP 15.50 CTS.ccuuvann 9.95
ALL SWTPC UNITS ARE KITS

SHOKE 51GNAL BROADCAST 16K RAM 595

* BUILT UNITS *
ICOM MICROFLOPPIES

PLUG COMPATIBLE FOR:

$100 BUS...FD2h11... .. $1095
SINGLE DRIVE FD2402...... § 649
ICOM FLOPPIES:
FF36-1 FRUGAL.......... $1195
FF36-2 DUAL FRUGAL..... 1395
360-58 BLT;INTFC B0BD.. 300

s171 POWER SUPPLY .., 250
FD360-2-5DUAL SYSTEM... 3000
LTV DT i B s 245
KIM=2 HK, . cicvnivandonas 179
KIN=3 BRaucososamninsssunss 289
MANUALS PACKAGE.......... 15
TARBELL AUDIO CASSETTE KIT 120
INTERSIL INTERCEPT JR. 5281
R RAN S G a e s e etere 145
ROM/PROM BOARD......... 74.65
YOU ADD MEMORY CHIPS
SERTAL. D A0V o v ninivipsiaimaces 81.50
AUDIO VISUAL BOARD..... 125



SPECIAL OFFER
100 STEPS
PROGRAMMABLE

SCIENTIST
#4525

REG. $89.95

38

- RPN logic with “built-in” hierarchy for increased

accuracy and speed in calculating sequences involv-
ing arithmetic, trigonometric, logarithmic, power or
exponential functions. - A rollable 4-level stack lets
vou review or use intermediate solutions. - Eight-
digit plus 2-digit exponent LED display with full-
floating decimal system. - Scientific notation for
increased mathematical capacity. - Sine, cosine,
tangent and inverse trigonometric functions. -
Common and natural logarithms and antilogarithms.
. Instant automatic calculation of powers and roots.
- Single-key square root calculations. - Single-key Pi
entry. - Separate storage memory. Square, square
root and reciprocal calculations. Change sign and
register exchange keys. - MOS/LSI solid-state cir-
cuitry. - Includes 3 AA rechargable NiCad batteries.

MANUFACTURED IN USA BY
BY NATIONAL SEMICONDUCTOR
ONE YEAR UNLIMITED WARRANTY
10 DAYS MONEY BACK GUARANTEE

__ Model #4525@38.95
Model #4520@28.88
____ACCharger@4.95
Case(s)@295
Calc. Stand@2.50

Cal. Res. add 6% tax

Total

ASC Il KEYBOARD
NEW LOOK IMPROVED DESIGN

k-
$58.00

This 63 key ASC Il Encoded Keyboard kit was
designed and manufactured by Electronics Ware-
house Inc. Features: Single 5 volt D.C. supply,
utilizing only TTL Logic elements (no MOS devices
to blow). TTL drive capability (each of the eight bits
of ASC Il output will drive the equivalent of ten
standard TTL inputs without external buffer drivers),
de-bouncing, upper and lower case fully ASC I, 8
bit parallel. In addition to the alpha-numeric and
symbol keys available on a regular keyboard, the
following keys are utilized: Escape, back-space,
tab, line-feed, delete, control, shift-lock, shift (2
keys), return. All 128 ASC |l characters are generat-
ed.
Kit includes: 63 key keyboard, P.C. board, all
required components and assembly manual with
ASC Il code list.
Optional: Parity bit-add 50¢ ¢« Enclosure - $25.00
* Serial output-add $2.00 » 18 Pin edge connector
- $2.00 e Sockets - $4.00
Note: If you already have this teletype keyboard
you can have the kit without it for $39.00. Dealer
inquiries invited.

FROM CONCORD
THE FIRST FULL FEATURE

st DMM «xir

NTRODUCTORY PRICE:
$ 11

Reg Suggested Retail: $149.00

- AUTO RANGING
- AUTO POLARITY
- AUTO ZERO

- 3 Large Digits (1/2”) 0% °

MEASUREMENT RANGES:

Voltage: (AC & DC) 1 MV - 1000V
Current: (AC & DC) 10}.|A -1A

RESISTANCE 1Q-10MQ
Basic D.C Accuracy. better than
1 Digit

Power 4 AA batteries (Recharg-
able batteries optional)

- Rechargable

NI-CAD BATTERIES: $6.00 « ACCHARGER: $4.95 « ENCLO-
SURE: §12.95 » TEST LEADS: $1.95 « SHUNT KIT FOR 3
CURRENT RANGES: $4.75 « SOCKETS $2.50

ALSO AVAILABLE

MODEL #4520 With the same features as above but

without programming capability @ $28.88. Acces-

sories same pl'iCB as above. Circle 157 on inquiry card,

SAME DAY SERVICE IF PAID BY CASHIER'S
CHECK, MONEY ORDER OR CHARGE CARD.

ORDERING INFORMATION
SHIPPING AND HANDLING - $3.00 + 50¢ Insurance
California residents add 6% sales tax

ELECTRONICS WAREHOUSE Inc.
1603 AVIATION BLVD. Dept. B
REDONDO BEACH, CA. 90278

TEL. (213) 376-8005
WRITE FOR FREE CATALOG

You are invited to visit our store at the above address
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World’s Lowest
IC Prices

MEMORIES

Rams

745200 2.95
2102 1.50 %
210241 1.70
Proms

82523/S123 1.95 ¥
825129 3.25
Others

TMS 3409 2.00
MM 5013 1.50
NS 5260 1.50
NS 8619 2.00
MH 0026H 3.25
TTL

7400 A2 %
7402 14
7403 A4 3
7404 .16 %
7407 .20
7410 A2 g
7416 .25
7420 A2 %
7427 .25
7437 .20
7438 .20 %
7440 12
7441 .65
7445 .60
7447 75
7450 14
7451 A4 ¥
7473 .28
7474 .28
7475 .40
7480 40 3%
7483 .68
7486 .28
7490 .45
7493 .50
7495 .49
74107 .29

Order Minimum §10.00. Add $1.00 shipping and handling charge per order. California residents add 6% sales

* SPECIAL PRICES *

74109
74116
74123
74141
74145
74150
74151
74152
74155
74157
74160
74161
74163
74165
74173
74174
74175
74177
74180
74181
74191
74192
74193
74194
74195
74198
9602

9300

9312

SCHOTTKY

74S01
74502
74837
74S38
74585
745113
745138
745139
745140
748151
745153
745172

.30
1.50
.45 ¥
.80 %
75
.60 ¥
.60
.90
.60
.60
.75
.75 *
75 ¥%
.80
1.25
.75
75 3%
.70
.80
.50
.85
70 %
70 ¥
.85
.68
1.25
.50 *
.75
.70

-

.25
.25
.40
.60
2.00
.80
1.50
1.50
.50
2.00
2,50
4.50

tax. All orders shipped First Class within 24 hours

745174 2.05
748175 2.05 %
745181 2.95
745197 2.20
745257 1.50
HIGH SPEED

74H00 20
74HO1 20
74H04 .20
74H10 .20
74H11 20
74H40 20
74H51 20
74H52 20
74H74 .40
74H103 50
74H106 50
LOW POWER
SCHOTTKY

741500 29
740502 29
74LS08 29
74LS10 29
741527 .30
74LS73 .45
74LS75 65
74LS151 1.10
74L.S153 1.10
74LS157 1.10
74LS161 1.25 %
7405163 1.50
7405164 1.50
7418174 1.10 ¥
74LS175 1.50
7415193 1.50
7418221 1.25 %
7418251 1.50
7415253 1.50
74LS257 1.50
74L.5258 1.50

Order the famous lasis 6 volume Programmed Learning Course ""Microcomputer Design is a Snap' for

$99.50 and receive a special $10.00 credit on any group of IC's.

Satistaction 100% guaranteed.

ELTRON

Free catalog—Just send us your name and address

C.0.D. Orders: Phone (day or night) 408/354-1448

i
|
|
|
[
I

CMOS

4001 16 I

4002 16 I

4006 .90

4007 16 I

4008 70

4011 . A6 % I

4012 16 %

4013 30 % I

4015 .80

4016 35 %

4019 70 I

4020 .90

4021 95 I

4023 16 %

4025 20 % I

4027 40

4028 60 |

4030 35

4040 95 |

4042 60

4043 75 |

4044 70

4049 35 % l

4050 35 %

4066 .65 l

4068 35

4071 16 I

4073 16

4075 16 i

4516 85

4528 75 i

LINEARS

DM8820/30  1.75 l

NE536T 2.75

NES55V .43 |

NES556A .90

1456V 75 l

1458V 52

566V 1.25 I

567V 1.35

540L 2.00 I
[
0
i

PO BOX 2542B :

Sunnyvale, CA 94087

Circle 102 on inquiry card.



A New Generation of Computer Kits

When we started catering to the computer hobbyist back in '73, some people thought we were going to go out of business; now

it's 1977, and because of the popularity of our computer kits
ECONORAM liim: first the price, which is extremely low; next the

we are again expanding the line. Note particularly the new 8K
unique configuration that extends its usefulness. Our Motherboard

represents another tremendous value made possible because of our large parts business. We're also distributing products from
both George Morrow and Mullen Computer Boards---we think they are exceptionally good and represent cost effectiveness equal to

our line of kits.

From parts to peripherals, we are your one-stop, mail order computer store.

protect

features full buffering,

on board regulation, and
§$-100 buss or any bidirectional buss.

solute minimum., And there's more...to see for
yourself, send $1 to cover costs and we'll send
you our ECONORAM II™ Logic Print/Documention.

$163.84

¥¢ per bicl

MOTHERBOARD $80

Use with the IMSAI microcomputer as an add-on with room for 10 peri-
pherals, or for starting an 11 slot stand-alone system. Comes with 10
edge connectors---lots of places would charge you the cost of our Moth-
erboard for these alone. Active, regulated terminations, included on
board, minimize the crosstalk, noise, overshoot, and ringing you can
find on improperly terminated busses. And of course, we use an epoxy
glass board, with bypass caps and heavy power traces included. Get
yourself one of these, a Morrow Sigma-100 Front Panel, some ECONORAMIT

boards and a power supply, and you're well on your way to a powerful
system at a really good price.

At last, a machine where you can examine, alter, and
monitor every functionof the CPU/front panel and its op-
eration in real time. Edit or modify your program while
you run it...think of what this means in terms of extra
productivity, reduced frustration, and greater speed.

The SIGMA - 100 Minicomputer CPU Board (with integral
front panel) gives you this control...run your program,
or step it at any rate from 1 to 1000 steps per minute.
You can stop the machine to examine and alter processor
registers, memory locations, and I/0 devices---there is
special firmware to keep the CPU from going to sleep.

You can also monitor all of the above during
execution of a program as well. Everything
Morrow |/O Board

is front panel controlled by your fingertips
through a 12 pad keyboard; octal data reads
out on 7 segment readouts. DOCUMENTATION: $5.

If you think 1/0 boards don't offer emough fea-
tures...we agree. This one handles 3 cassette ma-
chines, a modem or teletype, and video terminal or

other RS-232 device...and includes a general pur-
pose 8 bit port for an ASCII keyboard, tape reader,
or the like. Contains ' Kbyte of onboard RAM and
Y Kbyte of onboard ROM to give this peripheral the
required smarts; data buffers handle the interface
between the I/0 board and your 5-100 buss micro or

minicomputer. Want to know more of

this versatile board? Our complete
documentation, many pages of useful
information, is available for $5.

FND359 .4"
READOUT

Commeon cathode,

READO

7 me——.

TERMS: Add 50¢ to orders under $10.
5% for shipping; any excess refunded. Street ad-
dress MUST be included for COD orders. Place Bank-
Americard® and Mastercharge® orders ($15 minimum)
by calling (415) 562 - 0636, 24 hours. California
residents please add sales tax.

Please allow

8Kx8 ECONORAM I

Uniquely configured as 2 separate 4K x B8 blocks (with fully independent
and address decoding to increase flexibility), our ECONORAM [1™
guaranteed 450 ns or faster speed (use 1 wait
state with Z-80; necessary logic included on board), plated-through, dou-
ble-sided epoxy glass board with gold edge fingers, low profile sockets,
3 state outputs that can drive the Altair/IMSAI

We use proven, reliable technology, like static 2102L-1 low power 1K
RAMs, and low power Schottky ICs which keep current consumption to an ah-

Morrow SigmalOO0 Front Panel

FND503/ 5_1I9 S

FND510 Com anode

segment display. FND503 Com cathode
CAVE FIFTY CENTS EACH! ’
EED 10/ $ 4.00 A— 95¢ each
5 100/$35.00 scoial Bize 0758050

ORBOY

BILL GODBOUT ELECTRONICS
BOX 2355, OAKLAND AIRPORT, CA 94614

Circle 9 on inquiry card.

4K x8 Econoram™

If you want the best combination of value and econ-
omy, look at ECONORAM™, We don't just claim low
power: we guarantee current consumption under 750
mA, with the typical board falling between 600 and
650 mA. Fully compatible with the 5-100 buss; full
buffering gives clean and unambiguous data transfer;
and speed is puaranteed 450 ns or faster. We didn't
cut corners on the kit either, with low profile soc-
kets, dipswitch address selector, low power Schottky
support ICs, and a high quality circuit board.

i el AR (079
Small System Power Supply

Finally, a quality, cost-effective supply for small sys-
tems. Gives you a full 4 Amps at 5 Volts, with crowbar
overvoltage protection, along with half an Amp of +12 and
half an Amp of -12,..and an additional 10 mA supply, ad-
justable over 5 to 10V for biasing required by some CPUs.
Although intended to be used with computer systems, it's
also a dandy little bench supply for digital experiments.

$45
Mullen Extender Board $35

Almost every S5-100 buss computer owner
will at some point need an extender board,
and there are many good reasons to choose
this one., Like the integral logic probe...
the specially designed edge connector that
allows use of clip lead probing and iden-
fifies pin numbers...the jumper links that
allow easy current measurement...the non-
skid probe,..the quality board...and the
instructions, which are clear and very com-
plete. Save yourself troubleshooting time
nd trouble with this useful peripheral.
Mull :

ullen Opto-isolator/Relay
8 fast reed relays respond to an 8 bit
oar word: feed the relay associated with its
bit a "1" and it closes, give it a "Q"

n —

== Y and it opens. Also, B opto-isolators ac-
cept an 8 bit word from the outside world
and send it to your computer for hand-
shaking or further control purposes. lse
it when you need a general purpose 1/0
switching gizmo - medel railroad, security
systems, audio switching, and so on.

Vector 8800V Proto-
type Board $19.95

Same size as typical Altair card, but useful for any
prototyping work. Accepts virtually any size IC pack-
age, has a power and ground plane, room for 4 regula-
tors (with 1 heat sink provided)...implement your own
memoty boards, I/0 boards, and other circuits.

100 PIN EDGE CONNECTORS

5-100-1405T: NEW! Soldertail type, fits §6 each
.140" spacing--same as Altair motherboards. 5/$27.50

]
LI

actual size

5-100WW: 3 level, gold plated wrap posts; §5 each

.250" pin spacing fits IMSAI motherbeards.

5-1005T: Same as above but soldertail.

FREE FLYER: Give us the word and we'll send you a
copy of our flyer, which describes our complete
line of products in pgreater detail. In addition
to our computer oriented line, we carry many items
relating to electronic music as well as a complete
line of semiconductors and components.



MICROCOMPUTER JADE CO. OFFERS

RiAE T it & AL 0 e 0 THE ITEMS SHOWN IN THIS AD FOR IMMEDIATE SHIPMENT

TS Lrasable . 8 Bir Cru

Ta prasle fug b Improved Soos ; FROM STOCK. IN ADDITION WE STOCK OVER 4,000 OTHER

TS5 Frasable 10, Super BO08

CPU | ARE0) ITEMS. INCLUDING:

CPU (3R50)

Support Devices

Program Storage Unit  (f

5 t¢ Memory Interface (F-8)

Parallel 1/ Controlics i

Counter  Timer Circuit

WAVEFORM G B-Bit 1/0 Fart

| : Frioritylnterrupt Control

BO3E ] Ki-Directional Bus Driver

MCA024 Dual VCO 7 Clack, Gencrator h Deiver

566 YCO-Function - f System Controller & Bus liriver

armable Communication Int

; : T : cripheral Interlace
ARACTER GEKERATORS Progr Dircct ¥em Retess: tontral

All Standard, Hi-Speed, Low Power, Schottky TTL Product
All Linear Devices

Transistors—Diodes

Clock Kits & Modules

Vectors & AP Products

Resistors-Capacitors

Video Games & Chips

PROM Setters [E-Prom]

Wire & Wire Wrap Tools

507 5 line CMZI0 Upper case
Iine

CM32] (Signetics] . IWRAMIC RAMS

T
SHIFT REGISTERS DENAMIC

L404AN 1024 x 1 Bit +5 i 107h-2

15050 512 % | Bit T oM 3 SuTho

© @ NOO A WN =

T
16k
M50 100 & 2 Bit o M J0aR
2500 50 a I Hit e i a4
50180 32 .0 3,95 5 Ju0n

b % T _ ' SPECIAL OF THE MONTH

MMS05H 1024 x b Rit . I8 ping STATIC BAMS

MISC OTHER COMPONENTS

al Lok Cost MOS Clock liriver / 2 : ;
5 Wiz Dual MOS Clock Driver 3 . :
#1-Directional One Shat : _ . 2708 E_PR M
| bus Driver/Receiver 5 a2 i i
state lex Buffer 5 A '

- . o | Price $35.00 ea.

S0 te MOS Driver

Clock Generater
T ¥ Camera Sy
tscillator I'r
Ten Rit

Toadl T 2t Y master ch BANKAMERICARD

RE1S Quad Tri tinv) L y o

UARTS

AY5-1013 (TRI6OZA) 30 KHz

1

FIATURES

Digital Clock Module 74 LSOO

Low  Power Schotthky

*iodigit 0.8 display * FAST SET
4 *FAST S

sCompl ds onlv
Tran G switches
Jransforaer & sxi TALSO0 ) uad 2 08 Gare 10 Stage Ranars Cuponse
12 hr | : 741502 40 11 1 WO Gatef bnve 250 » | Satic BAM

A 741502 . b ude Compatatar

er Viilure [ndicator r 741503 40
Biirect Hrive RIN 40

40 it
AN o & Imput OR Gate

. 14 Imput N Cste
-40 Wl fes ? Triple § Imput AND Cate
.40 2 T ONAND Triple 3 Input 08 Gate
1 1
npat % . Quad B Tepe Register
.50 E-mput MR Cate
40 ) 2

W DISPLAY /500

Slnstrument pancel clacks

MO DUTH

RA

-FM INDICATOR

4 Taput AND Gate
3 1 RAND Schmito Trigaer
o trig/Reset M 5 Ma

1
MA 1002 A e . pipzios; patl fecriuhe

$10.95 MA 1003
$24,95

TRANSIORMLE, | 1 ® Adrcraft/Mar
SCIEAMAT[E Tib

NIRTE DISPLAY K11

TIME BASE CHIP 74LS : : i

MM OSRET BT Spame Dse/Dieiader

CLOCK CHIPS

ALY 2 I wiWCD [ '

MUELIEY

URES

Md5316 Clock Chip
*Seeds only case &

IV OAC # 200 =a tas Mischare

lanking control S CLOCK KIT PR TEI T

174 Dption $12, 95 e

#24 hr Cagability 1 i 7415101
S50 minute [imer sfarmer Sl
d § 3 5
5 OCKETS

W Basplav |

er Fa
he <logh radio 1 (!

T4LS363 e
Description

CONNECTORS

. . . i
i 1 Electronics for the Hobbiest and Experimenter Lo Pro Open Frome Tin
e <hif nL2 - — Wire Wrap Tin
Standard P C Tin

5351 WEST 144th STREET Wire Wrap  Tin

Lo Pro (Open Frame] Tin

LAWNDALE, CALIFORNIA 90260 Standard 7 € Tin

Wire Wrap

(213) 679-3313 Lo Pro m.,',?f'.;.m. Tin

Wire Wrap

told (%a

Circle 215 on inquiry card.
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CRYSTALS |

THESE FREQUENCIES ONLY e
Fraguency CasaiStyle Price
1.000 MHz HC33U §5.95
2.000 MHz HC3aU $5.95
4.000 MHz HC18/U §4.95
5.000 MHz HC18/U 54,95
CY12A 10.000 MHz HC18/U 54.95
CY148 1431818 MHz HE18U §4.95
CY194 18.000 MHz HC18U §4.95
CY2za 20.000 MHz HC18U 5485
CY308 32.000 MHz HC18U 54.95

XR-2206K8 Kit $27.00 Special XR-2206KA Kit $17.00

8080A  CPU §19.95
B212 8 Bit Input/Qutput 4.85
8214 Priority Inerrupt Contral 15.95
8216 Bi-Directional Bus Driver 6.95
8224 Clock Generator/Driver 10,95
COP1802 - with wser manual 39.95

CPU'S

MICROPROCESSOR COMPONENTS

8228 System Controller - Bus Driver 510.95
MCE800L 8 Bit MPU 35.00
MCBB20L  Periph. Interface Adapler 15.00
MCGE10APT 128 x B Static RAM 6.00
MCBEIOLT 1024 x 8 Bit ROM 18.00

CPU 49.95

@ Timeband

1 Faghi Camer ar arzor o

Digltal Alarm Clocks

C-500 - bvawy Case
C-5000 - Ehony Case Woodgrain Case
16.95 $19.95

im 3Y2 DIGIT DVM KIT

Thes 0-2 VOC .05 per cent digital voltmeter features the Motorola 3% digit
DVM chip set. It has a 4" LED display and operates from a single +35V
power supply. The unit is provided comphete with an injection malded black
pastic case complete with Bazel. An optional power supply is avaitable
which fits inlo the same case as the 0-2V DVM allowing 117 VAC opesation

A. 0-2V DVM with Case $49.95
B. 5V Power Supply $14.95

Logic
Analyzer Kit

Analyzes any type ol digital system
Checks data rates in excess of 8 million
words per second

Trouble shoot TTL, CMOS. DTL, RTL,
Schottky and MOS families

Displays 16 logic states up 1o 8 digits wide
Sea ones and zeros displayed on your
CRT, octal or hexadecimal format

VECTOR _WlHING PENCIL

SPECIAL §7.95

Tests circuits under actual operating
conditions

Featured on February's Front Cover of Popular Electronics

Easy to assemble — comes with step-by-step construction manual
which includes 80 pages on logic analyzer operation,

» Some applications are:

WAVEFORM E XA R TIMERS
GENERATORS XR-555CP L
AR205 $8.40 XR-320P 155 DIGITAL AUTO INSTRUMENT
brirs Ao i  im SEVEN DIFFERENT INSTRUMENTS!
A aarr: A ,q_g;',slﬁl’,mw;sﬁ 10 "" "“igf; 2 ;',] MEETS OR EXCEEDS ORIGINAL AUTOMOTIVE SPECS.
STERED DECODERS x:=|-=1:|n " PJlIsE LOCXED LOOPS Piease specity which one of e seven models you want
WR-1II0CP 850 AR-1468 385 *A-210 5.2 whan ardanng - these do not al come m one unt
XA-1310EF 320 NR-1488 580  XA-215 660 i Ench madel mus! be bought separately
XR-1E00P 320 WR-1480 i RSATCP 15 4
:g-z?ﬂ 299 :n ;am 520  XR-SG7CT 170 UARTS TACHOMETER 4 SPEE,"D?_‘METEH
AV-E101T 30K Bawd BE 1 ipadlsgied
co N N ECTO RS . G or B Cycandors 5 OIL PRESSURE
g s 2 WATER TEMP. sl
PRINTED CIRCUIT EDGE-CARD s 100250"F Ol TEMP
156 Spacing-Tin-Double Read -Out FUEL LEVEL AR F
Bilurcated Contacts — Fits .054 to .070 P.C. Cards 3 f:f‘;’:;?;ww 7 BATTERY MONITOR
15/30 PINS (Solder Eyelet) §1.05 | wasswa  ses SPECIAL REOUESTED ITEMS =1 Voits From 11-15 VDG
18/36 PINS (Solder Eyelet) $2.49 | Med 3N e 825115 B BRIGHT YELLOW ORANGE
MCAER (14018] 750  COMB15 6% 1 995 4
22/44 ~ PINS (Solder Eyelet) 5295 | hivses " 38 s 230 twesooo 175 s e B ISR s
50/100 (,100 Spacing) PINS {Solder Eyelet) $6.95 | MCuse 1450 MCMESTY s hes 1985 00 Hoihing slso to buy! 12 Vot NEG GRD.
COAs9 9.95 MOMESTS ” 5‘] DS0026CH 375 AY-5- !IW 17 50 ma KIT: 549 95
25 PIN-D SUBMINATURE £04070 9 MEMESTS T30 1050 oD 13.95 ONS: 41s i x 2 BSLRBLE ta o
DB?SP PLUG 33.25 PA RATH U N |cs ALLOW 1703 Add $10.00 for reguired speed ansducer . A
DB258 SOCKET $4.95 WEEKS DELIVERY

MODEL
100A
$189.00/Kit

— Troubleshooting microprocessor
atdress, instruction, and data flow

— Examine comtents ol ROMS

— Tracing operation of control logic

— Checking counter and shift
register operation

— Monitoring 10 sequences

— Verifying proper system operations

DIGITAL STOPWATCH |

» Brght & Dupet LED Display
» Times fo 59 minites 59 55 seconds
= Crystdl Controlled Time Base
» Trege Stopwaiches m One

Times. Single Event — Sghit & Taylot
e Sie 45" 12157 x 907 (47 ounces)

w Usas 3 Penlie Cells
Kit — $39.95
Assembled — §49.95

Heavy Duty Carry Case $5.95

$19.95

Stop Watch Chip Only (7205)

ELECTRONIC ‘PENDULUM’ CLOCK

Swing Pendulum
.7"" Hours and Minutes Display
12 or 24 Hour Mode
Time Set Push Buttons
Alarm Feature
Kit-unfinished

$59.95

REPLACEMENT WIRE — BOBBINS FOR WIRING PENCIL

BUGBOOK

Continuing Education Series

during lesting
i
1]

i E-A-E:q g ;;l::: ;5 m? grm g.qg BUGBOOK | & Il - Basic concepts of TTL Logic — over 90
.p-,ﬁ 3 3E WG EIEAR szZ:u Giperments SA100/s01
W36-3-0-Phg 3 250 . 36 AWG BLUE §2.40 BUGBODK Ma - Infroduces UART — ]
for RTTY enthusiast §5.00/book
1/16 VECTOR BOARD BUGBOOK 11l - Explores BOBO chip — introduces
ar ;mlg"soaunn lr-mm:\‘ Frits Mark B0 Microcomputer $15.00/book
™

555 TIMER APPLICATIONS SOURCEBOOK WITH
EXPERIMENTS — over 100 design technigues $6.95/book

CMOS-M-DESIGNERS PRIMER AND HANDBOOK
a complete CMOS instruction manual

$6.00

l

intinductory Otter

all & books (worth §49.95)
SPECIAL - 542.95

(case unassembled)
Assembled-stained
(case assembled)

$69.95

QUARTZ DIGITAL AUTO CLOCK
OR ELAPSED TIMER!

Elapsed Timer: Hrs, Mins and Secs
12 or 24 Hr Capacity

Simple Resel - Starl Pushbution
Control

in. per ma. intemal
battery backup. 12 velt non-polar opedation
DIMENSIONS 41z [
12m 24 mun M!ID‘

Kit: $29.95
Assembled: $39.95

CASE ONLY (inchudes hardware, mounting brackst and bezel) $6.50

CONTINENTAL SPECIALTIES

: JE700 ancx

The JEJ00 5 2 low e

These joysticks leature four *
oientiomaters, that vary re-
sislance proportional to the
angle of the stick. Sturdy metal
construclion with plastics
components anly at tha mova-
ble joint. Perdect for electronic
games and instrumentation

smm *5K Pots $4.95
*100K Pots $7.95

291,364 : PROTO BOARD 6 Other CS Proto Boards PROTO CLIPS
BBO-.75K  Bhack A $1.60 $15.95 PBI00 - 4.57 x 6 $19.95 L 1apm §4.50 12 01 24 Hour
(6" long X 4" wide) PB101 - 5.8" x 4.5 29.95 | 16 PIN 4.75
HEX&UECIMAL ENCODER 19-KEY PAD Eg‘g; AGCr 39.95 | 24 PIN 5.50 115 VAC
] 103 -9 x 6 59,95 [rm—
e PBIO - 9.5" x 8" 7 W it
« Retun Key PB203 - 9.75 x 6% x 2%  75.00 - 5"3“@“'“"‘-"
i PB203A - 8,75 x 6% x 2% 120.00 £
SN e e i o s w2 - Funcion Generztor| - DIGITAL CLOCK KIT — 3% INCH DIGITS
Togic Monitor $84.95 69.95 4 DIGIT KIT $49.95 4 DIGIT ASSEMBLED $59.95
$10.95 b e e I o] L ““'3,”32“ 6 DIGIT KIT $69.95 § DIGIT ASSEMBLED $79.95
.90 eac i H:u_ —- This ;."t.,‘;’“ Iluaﬁurus big 3% high digits for u;um #; offices, auditoriums,
£ a #le, digit & formed by 31 bright 0.2 LED's. The clock operates from
63 KEY KEYBOARD UT PRDTU STHIPS g{_’;‘a‘; ﬁfmw ‘; ﬁ 117 VAC, has either 12 or 24 hr. operation. The 6 digit version is 27" x
“ AT OI47S 470 1000 305" x 1% and the 4 digitis 18" x 3% x 1%"".Kits come complets with
. e SEREy 1 1S OT478  busstp 225 @l companents, case and fransformer
g} -glss zs«o 505: Specily 12 or 24 Hour When Ordaring
-3 us SNy 2
o 21125 OT-165 180 ? 475
—_———— g@ 2 iz |JEBO3 prose -
HODIES 16 LIKE TO FOUA BIT PARALLEL KEYEBOARD ENCODER $7.95 : o7 0 i00 S S TR s o =
; «ARRIARBARY i . Experimentor 300§ §.95] [ ooeeenstte n ng lagic tamibes :
JOYSTICK 217 Lo o0 sgs] [t G bt e RS

55.00 Minimum Order — U.5. Funds Only
California Residents — Add 6% Sales Tax

Spec Shaels - 25¢ — Send 35¢ Stamp lor 1977A Catalog
Dealer Discounl Available — Request Pricing

bt 550
ames

1021-A HOWARD AVE., SAN CARLOS, CA. 94070
PHONE ORDERS WELCOME — (415) 592-8097
Al Advertised Prices Good Thiu June

Test, drawing 4 scant 1} mi max 1 eses 3 MANI
reads

symbols () - 1 (LOW) -0
Probe can defect mgh Hequency
1 can't be used at MOS levels
will iesuit

$9.95 Per Kit

~ printed circuit board

TL 5V 1A Supplv

Thes 15 & standand TTL powee
LM309K v
vols W Iry
everything you meed in o

by $9.95 Per Kit




SNTA0ON
SNTA0IN
SNTanEN

SNT4IER

SNTA30N
SNT43N
SHT4ITN

SNT44T
SNTadN
SNTAASH
SNT44BN
44,

i

SNTASEA
ENT4B0N
SNTAT
547

N
SHTATIN
SNTATEN
SMraTEM
SHTATEN

SNTA14aN
ShT41a5N
SNTA14TN
SNTAL4EN
SKT4150N
SNT415IN
SNT415IM

7400N

TTLW

22 SNTHISIN 100
45 SNT41SEN 99
] SNT4156N 89
ar SHIAISTN 99
2 SNTATBON 125
50 SH74IGIN 99
32 SNTAIBIN
500 SHT4IBN 110
50 SHTAIBSH 110
98 SNTA1EEN  1.25
] SHT4IBTN 550
B SNT4ITON 2.0
39 SHT41TZN B95
3.5 SNT41TIH 150
248 SNTAITAN 125
45 SHTAITSH 59
75 SNTAITGN 50
49 SNTA1TTN 80
4 SNT4IBON 89
] SNTAIBIN 240
] SHTavEEN 95
1] SNTAIB4N 195
4.00 SNT4185N 220
.00 SNTA1BEN  15.00
] SNTA1EIN 600
] SHT4IESN 395
] SNT4ION 119
5 SNT4I9IN  1.25
] SNMIGEN B9
&0 SNTIIN B9
1.09 SNTAIMN 125
Ll SHT4155N 5
1.15 SNT4196N 125
.00 SNT419TN 75
450 SNT4188N 175
4.50 SNT410AN 175
115 SNTAZ0ON 559
235 SNT4ZTON 50
200 SNI42STH 179
1.00 SNT4284N  6.00
b SNT4ZBSH B0
L] NT438TN 5

MANY OTHERS AVAILABLE ON REOUEST
207 Discount for 100 Combined 7400's

» Battery Operated (Size C)
« Weighs ONLY 11 Ounces
» Wraps 30 AWG Wire onto

Standard DIP Sockets (.025 inch)
Complete with built-in bit and sleeve

$34.95

ibanenes nol mcluded)

WIRE-WRAP KIT — WK-2-W
WRAP « STRIP « UNWRAP @ “‘\

= Tool for 30 AWG Wire !

» Roll of 50 F1. White or Biue 30 AWG Wire | \

« 50 pes. each 1. 27, 3" & 47 langths — | ‘©

pre-stripped wire,

$11.95

WIRE WRAP CENTEnj
HOBBY-WRAP TOOL-BW-630

Timeband s, ssams
— Waiches —
Men's & Ladies
o Solid State ‘
o Displays hour, minute, TCS41 White wiawap 529,35
T201 Black Bracelel  519.95 second, month & day TCA40 Yellow wistrap 53495
Leo
e Snap-out battery e ————
r LADIES LED
replacement
o Free set of replacement "
batteries p
e Choose LED or LCD
styles
1231 ! .
1238 Yehow o i e | One year factory T White wistap 53488
LED Wa"al'lt}' TI0 Yeblow wisbap  $39.85
wa G al—— o
A9 Red 105t i Aed 10351
XC209 Green 451 ¥C11 Gireen 451
209 Or: g Yiell a5
@9 Sow o DISCRETE LEDS o
200" dia 185" dla. 200° dia. 085" din,
wzz Red 1081 X526 Fied 581 XC556 Fed 1081 MVSD - Fed - 6751
fised Groen 451 ¥C526 Green % XCES6 Groen 451 .
w22 Vellow A1) DS Yellow 4151 HCS56  Yellaw 451 -HED LED
i) Duange 451 4528 Orange 431 XC556  Orge 4751 2T a NG
§sL22 AT 431 X053 Tar 451 ACESE Clew e ] it 5§1.00
SPECIAL * — XC556 Red 100/$8.00 1000/$60.00 — SPECIAL *

Common Catnes

"% DISPLAY
W LT m"\ o i
5% 7 Dol Matrx

LEDS

TYPE

m e

Jihcdde-range

nede-Aied

Cammon Anode-ted =
i

POLARITY

40

4

=« ™ WIRE WRAP TOOL WSU-30
WRAP « STRIP « UNWRAP -§5.95

-

WIRE WRAP WIRE — 30 AWG
251 min. $1.25 50ft. $1.95 100ft.52.95
SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black

1000 ft. $15.00

0

Plier Mose (serrated-jaw)
Scissors Action Cutting

10-32, 10-24)

12-X0 alect.)
“Up-Front” Wire Cutting

=
T

CUTTER CRIMPER TOOL (CS-8)

6 Bolt Cutters (4-40, 5-40, 6-32, B-32,

Crimp Stations (7mm Auto — 22-20 to

Scissors Action Stripping (No. 22-20 1o No. 10)

n & F
ALL THREE HAND!

BOOKS $6.95

s « Crimp Stations — insulated (2w-20 to
65 12-10 elect.)
& Actual Size - 8% gt~ $8.50
215
1.50
115 o
300 = Permacel Electrical Tape
-:g‘: o . « 3 (wide) X651 (long) « Allweatner « Notimpan
290
28 FACTORY $1.25 per roll — $9.95 per 10 roll package
}E‘? seecs ATARI GAME BOARDS WHL.  Gomian Cathode. » Dip Package p §9.95 p packag
o DARD A — &% 2 16 » WHL e
2 thver 60 3 $6.95 ea. | « 3105 volts @5 mils per segment e EﬂEEEﬁS —_ D'I’ENEE%"— RWELE;"FJERS i
' Misc. Transistors, Resissors, ORLY 500 EA ithi i
100 Diodes, Cans, Crystals, Swikch, i, kg | 7 segment Monolithic e H_ed Display INT46 3.3 400mm 47000 INGDOS GOOPIV 1 AMP  10/.00
325 b 2 Digit 5.19 INTEIA 5.1 400m 4100 1NSDOG  BOOPIV I AMP 101100
260 DELUXE BOARD B — 11': 3 3 Digit .59 1N752 56 400m 4100 IN4DOT 1000 PIV ) AMP 1071.00
278 Chver 100 each roisatle 1C's 4 Digit .99 INTS) 62 400m 4700 WN3500 50 #00m 8100
275 Mese Tramtors. Resistors, 5 Digit 1.18 INTSS 6.8 400m 4100 IN414B 7S 10m 15/1.00
4.50 Diodes, Caps, Crystals, Swaches. LEDS, INgSD B2 H00m BIE.00 NSS4 35 10m 12/1.00
74C02N £5 015 25 —mee % 4100 NG5 T 5 f
o e TC SOLDERTAIL — LOW PROFILE (TIN) SOCKETS e S S
LINEAR ouaan 13 {5 DS e A i S0R e 52 s0m T B tw ]
I’ TEMG 105 LMISEC 5 b4 -2 “ ok s 3 3 5235 68 500m 28 1N 68 1w ?:
75 LMITN 115 LMidoeM 95 b L ' ghon P - 2 1N5236 75 500m (8N B2 tw 2
1.00 325  Lwissev 185 e = 2 3 456 25 Ao 6100 42 12 w ]
o5 4.00 LM211in 1.95 -+ o 1N458 150 m 6_1 00 1h4T4E 15 N v ol
X 139 LMEOOIN 285 T Y i . TNSESA 160 10 6100 1H1183 SOPW 35 AMP 150
1.00 105 LM3GSH ] Mgn 527 a0 i N1 SOPIV 1 AMP 12100 INIIBS 100 PIY 1.70
1.00 179 LMdsook 55 16 i 1 139 115 INADOZ 100 PV 1AMP 12100 IHIIES 150 PV 1.50
110 178 LMIGOSH ] 18 pin 3 159 1.30 INGDO3 Z00 PV 1AMP 121100 INNIBE 200 PIV 1.60
] B.00 LM3909 1.5 24 pin a5 TN4DO4 400 POV 1 AMP 12/1.00 INTIER 200 PIV 3.00
115 600 LMSSSSN 185
%0 100 MOSSSBV 100 o v SCR AND FW BRIDGE RECTIFIERS
0 600 LMTS2SM 90 100 90 360 154 @ 400V SCA 5155
150 600 LM7SIEN 125 N ¥y iy 154 @ 200¢ ScA e
13 :'! Eﬂ'?u s :5 3 40 pitt Ll 145 2128 1.6A @ 200V sta 50
i Lol WIRE WRAP SOCKETS (GOLD) LEVEL #3 MDASED:Y  I2A@ SOV PWERIGEREC 195
135 500 7545CN 33 a 3 pin - SE08 5 85 MDA 980-3 124 @ 200V FW BRIDGE REC 185
1.35 S0 7S453CH 33 }3 - 40135 110 —~
1.7% 1.25 754540 19 4z 159 145 130 53100 TRANSISTORS
1.75 1.7 TS4DICN ] 6 40 pin 175 1.55 140 48100 e
1.75 1.25 TEZCH B 158,00
L7 tes rHson Plastic Push Button Switch | MINATURE TOGGLE SWITCH 1%
175 &oooed 215 * 18 AWG Solid Wire - 5" Long : @
1.7 LM709H % E-‘-Sg?i ;-3: ® .50 (wida) X .60 (high) %-27 Th;;a: A JMT-221 DPDT onfofifon  §1.95 l:‘u g b0
5.95 LMTO9N 2 A3035 * B AMP @ 14 Vol - 1 AMP ol i ]
L B ot 1k @ ‘%- yal -+ JMT-223 DPDT on/nonejon $1.75 st 4
170 LMT1IN a9 C:gnﬂ;g ;g Push On-Push O 58 49 y JMT-121 SPDT onfofifon  $1.50 25100 1
1.85 LM723H 55 [ g Nosmaly Open 44 2 5.8
o e 2. Sgaog s g e R JMT-123  SPOT  onfnonefon §1.25 e 12
195 LM733N 1.00 CA3080 85 LB y'ﬁgs ::n 2; . o
1.95 LMTa0% 100 CA3081 200 NHg 51 1 1%
135 DuaicH % cAle 200 e==u1 CLIPLITE 8/%1.49 DIP SWITCHES A A 330
185 LMMICH 3 Cals 160 | SPST Shide Action 3H3123 105100
195 L7414 36 CAIDES a5 LED MOUNTING SYSTEM B pen dpl 4 swalch unt $1.75 ea. —
178 LM74TH L] Caguss 375 use with XC556 LEDS #206-7 (14 pin dip) 7 swiich undt $1.95 3, CAPACITOR 50 VOLT CERAMIC CORNER
175 LMT4IN » Cajost 1020 Specty Colors — Fed - Gaeer - Armbes - Yeblow #206-8 (16 pn dip] 8 swiich und  $2.25 ea. DISC CAPACTTORS
i Drean B ook = 14 10-49 50-100 19 1049 50-100
1o Wwpt 05 0 03 O0GF 05 0F 035
i5 www @ cow s 050 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. i B Mo oar bow o
175 L”h::g:‘;:: : }3 E'“"m : ";2 10 0HM 17 OMM 15 OHM 18 OHM 47t 05 MM 03 0F 05 04 035
100  iwaom 85 Roust 59 ASST.1 se. 27 0 390N 47 OHM T4 WATT 5% 50PCS. ;g ﬂl' g? g gg gﬁi: '& Dng -ﬁ
65 LWI3ION 295 ACAIGS 325 B8 0K B2 OWM 100 O bt IR S o 3 2 0%
20 SR ASST. 2 Sea. 180 OHM 220 OHM OHM 1/4 WATT 5% 50 PCS. 100 VOLT MYLAR FILM CAPACITORS
: 74'.500 T T T4L5151 AT0OMM 560 DHM 68O OWM B20 DFM .g;gu :; :: .:; .xsm: ;? :; .1:3
oy 0 - e i q ay . 2 m E i
; ASST. 3 S5ea I (K 1Ak 2 164 WATT 5% S0 PCS, 04Tt 2 0 o e FH
: 3.5 oimt 12 a0 07 2m NN m
ASST. 4 Sea 114 WATT 5% 50 PCS +20% DIFPED TARTALUMS (SDLID) CAPACITORS
VsV 2 7 a1 S N0 2 D
ASST.S  sm e WATT % 50 s R L R A
3 WAy M 23 7 dlewv ® B on
9 ASST. 6 5 ea 04 WATT 5% 50 PCS. A7V 28 2 w 5.825Y 36 3 235
i i 1 oM 1M 1aM 2m ‘g:’;g:"' gg gg ‘I; ‘[:ﬁ: 'g : 'z
ASST. 7 Ses. 27M 3.3M 19m 1M 5 6% 1/4 WATT 5% SOPCS. i ELECTROUTTIE G .
ASST. BR Includes Resistor Assortments 1-7 (350 PcS.) $10.95 ea. P I 1
o $5.00 Minimum Order — U.S. Funds Only Spec Sheels - 25¢ — Send 35¢ Stamp for 1977A Catalog ;g:ﬁsﬁ Il: :5 |‘|; : ﬁ::'w ‘Ig :; :a
op it 188 California Residents — Add 6% Sales Tax Dealer Discount Available — Reguest Pricing 4-?:2“ e o 12 \ ('-25\# 5 o 1
TK CHIP sy a5 13 a0 LhEY 06 18
CLOCK CHIPS e e | g oA N R e s
MM5300 G Digit, BCD Quiputs, Reset FIN 5905 2Esy 7 15 a2 D I T A T S T
MMSI11 G Dign. BCO Guipuls. 12 e 24 Hour 195 ey M 20 I8 4ANSN 8 14 .1
MMS312 4 Digt, BCD Outputs, 1 PPS Outgut 495 ¢ BV 19 7 95 e M 12 0
MM5314 & Dog, 12 or 24 Howr, 50 ar 60 Mz 455 750V 2% n 19 107259 15 13 1]
MMST16 695 10025V 24 20 18 0EV 1B 4 92
ELECTRONICS maw % % 8 o f 4
CTI001 6 Digi 595 22005 R 28 25 00EV Wk oW
. a1 38 oY 2 20 a8
GREA L ANDROKS o ics 6288 1021-A HOWARD AVE., SAN CARLOS, CA. 94070 ooy S S S (Rl G
+ 4000 Serios ICS 5295 PHONE ORDERS WELCOME — (415) 592-8097 100016V 55 50 45 20NV B T 6
Do on 5295 All Advertised Prices Good Thru June 2WOMEY 70 B2 55 ATOIBV T E-

Circle 15 on inquiry card.



for communication and an 1/0 interface for a printer

DISPLAY (P/N 4802-1095-501) FEATURES:

® 17" B/W CRT

® 41 lines of data

® 52 characters per line

® Characters are generated by a diode matrix “graphic”
technigue

® 21 special push-buttorts wired for a program call up

® Brightness Control

® Se|f-contained power supply

KEYBOARD (P/N 4802-1115-5601) FEATURES:
® Reed switch technology

® 54 data keys

® 23 special keys detachable with cable

LOGIC UNIT (P/N 4802-1157-502) FEATURES:
@® 1024 by 6 bit core memory

® Printer 1/0 interface

® Communication 1/O interface

POWER: 115V, 50/60 Hz, 500 Watts

WEIGHT: 210 Ibs. (including logic unit, keyboard,
display and cables.)

FOB LYNN MASS (you pay shipping)
Check with order please.

computer display terminal

This display terminal has an integral controller, B/W cathode ray tube and keyboard. The system has a serial 1/0 interface

$180.00

External logic & power pack not shown, ¢c ! S I S LE]

4 way cursor control, graphics display.

The story: These are unused terminals made for airport
ticketing & seat assignment. After several years of
storage they require tinkering to make operable. We have
some hints printed such as cleaning PC fingers. One of
our customers has this tied into his KIM-1, another has
his running with his IMSAI. We have data on this.
Should be useable on most common computers. A hell
of a deal and all for a paltry $180.00. Don’t be left out
as many were on our past VIATRON deal. Sold "as is"’
all sales final.

WITH COMPLETE DOCUMENTATION

SPECTRA FLAT TWIST

50 conductor, 28 gauge, 7 strands/
conductor made by Spectra. Two con-
ductors are paired & twisted and the flat
ribbon made up of 25 pairs to give total
I of 50 conductor. May be peeled off in

pairs if desired. Made twisted to cut down
on “cross talk.” Ideal for sandwiching PC
boards allowing flexibility and working
on both sides of the boards. Cost orig-
inally $13.00/ft
SP-324-A $1.00/ft. 10 ft/$9.00

SP-234-A $1.00 ft 50 cond. 10 ft/$9.00
SP-234-B .90 ft 32 cond. 10 ft/$8.00

In tall TO-5 can TINY
DPDT, 24 volts. Brand new. SWITCH
cost $16.00 each TELEDYNE

SP-134 $3.00 each 2/$5.00

WIRE WRAP WIRE
TEFZEL blue #30 Reg. price
$13.28/100 ft. Our price 100 ft $2.00;
500 ft $7.50.

MULTI COLORED SPECTRA WIRE

Footage 10 50 100’
8 Cond. #24 $2.50 9.00 15.00

124 22 3.00 11.00 18.00
14 " 22 3.50 13.00 21.00
29 ” 22 7.50 28.00 45.00

Great savings as these are about 1/4
book prices. All fresh & new.

Precision 16 pin DIP network as shown.
Each resistor 1K. For pull-up/pull-down
interface networks. Value over $1.00
each; New, CTS or Beckman

SP-320 pack of 6 $1.00

Please add shipping cost on above. Minimum order $10

FREE CATALOG SP-9 NOW READY
P.O. Box 62, E..Lynn, Massachusetts 01904

s

Circle 18 on inquiry card.
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KITS BY [ CLOBTO

4Kx8 Static Memories

MB-1 MK-8 board, 1 usec 2102 or eq. PC Board $22
(Mot for 5-100 Buss)

MB-4 Improved MB-2 designed for 8K “piggy-back”
without cutling traces. PC Board ...... ...530
Kit 4K .5 usec....5129.95 Kit BK 5usec 5199
MB-3 1702A's Eroms, Altair 8800 & Imsai BOBO compat-
ible swilched address & wail cycles. 2K may be ex-

panded to 4K. Kit less Proms....$65 2K Kit....$105
4K Kit...5145
MB-6 PC Board . 835

MB-6A BKx8 Swuched addmss and wait ass:gnmenls

Kits byWALCON

(AVAILABLE MID-MAY)

MM-1 8Kx8 Ram Board Firs! fully buffered 8K ram
board. Addresses and data are fully buffered. Low
power rams used. Protect is reset with a single switch,
Documentation is available for 5 which is refunded at
time of purchase of board or kit.

MM-1 KIE L e $245
ASSEMTIBE |\ o s s esoyisaitnsor s e s|r 4t o o 295
PC Boardonly ................ ..30

* 2102AL-4 FULL SPEED MEMORY (500ns) *
* Nearly '3 less power consumption of even a
21L02A PRIME FROM NEC
*

Memory protection is switchable for 256, 512, 1K, 2K, 4K * $2.00 EACH 32 FOR $1.80 EACH
and 8K. 91L02A .5 usec rams. Altair 8800 & Imsai compat- 64 - $1.70 128 FOR $1.60 EACH
b WIg]zsbcanuef powgmmai.o&am $290
. asambied & (ested ............
VO Boards 7400 16 7470 45 74161 1.00
V0-2 /O for 8800, 2 ports, committed pads for 3 more, 7401 16 7472 40 74162 1.50
other pads for EROMS UART, etc. 7402 21 7473 35 74163 1.00
Kit...$55 PCBoardonly..........c.covvennn. $25 7403 16 7474 35 74164 1.10
64 x 16 VIDEO BOARD Altair plug compatible display 7404 18 ;j;g -gg 74165 1.10
32 x 16 or 64 x 16 switch selectable. Composite and ;igg -gg Tase o ;j:?‘g ;fg
Eifﬂzl&wdeo ports, upper and lower case with 7407 59 ;222 ;g 74173 SEo
Kit 2w . $179.95 7408 25 : 74174 185
7409 25 7486 40 74175 85
PC 8oard. : i 7410 18 7483 200 74176 90
SP-1 Syntheslzer Board Computer \.ontrolled wave 7411 30 7490 45 74177 Q0
forms 9 octaves 1vrms %% distortion includes high 7413 45 7491 75 74179 30
level music langauge. Kit ......... . 3250 7414 70 7492 50 74180 90
Altalr Compatible mother board. Room for 15 connec- 7416 .35 7493 50 74181 250
tors 11" x 11%" (w/o connectors) ... ... 545 7417 .35 7494 .80 74182 95
With 15 conneclorns ... ...cvvevviieennns ..5105 7420 .20 7495 .15 74184 1.95
Altalr Extender Board (w/o connectors). . ... ...$9.00 7423 37 7496 80 74185 2.20
With w/w CONNeCIOr ... ..ot $13.50 7425 30 74100  1.00 74190 1.15
100 Pin spec WW or Soldertail both fit Imsai or SSM 7426 30 74107 40 49N 1.25
Mother Board $5.00 each 10/$44 7427 35 74109 .90 74192 90
- . 7430 25 74121 A0 74193 80
17027, EROM . $ 8.00 7432 30 74122 50 74194 125
programming send hex list 5.00 7437 27 74123 70 74195 75
£YS-1018 AT 6.95 7438 27 14125 60 74196  1.25
2513 Prime spec. upper or lower case 11.00 7440 15 74126 60 74197 20
900/ priems GFU 25 7441 85 74132 100 74198 175
8212 prime latch buffer 4.00 7442 60 74141 1.15 74199 1.75
8224 prime clock gen 5.00 7443 75 74145 115 74200  4.95
8228 prime sys controller 8.90 7444 75 74147 235 74251 175
7445 75 74148 200 72284 4,95
B2S06 200 825126 350 74C200 550 7446 -80 74150 100 74285 4.95
82507 2.00 825129 350 8573 4.50 7447 .70 74151 .80 74365 90
82511 200 825130 395 8574 550 7448 80 74153 90 74367 75
82512 200 825131 395 8575 4,50 7450 25 74154 100 74368 90
82517 200 745206 210 8576 450 7451 25 74155 1.00  MH0025 2.50
82523 250 745412 400 8577 350 7453 25 74156 1.00  MHO026 285
825123 300 8578 4.00 7454 20 74157 1.00 95H90 9.95
: 7460 20 74160  1.25
| MM5309 800 25018 $1.25 1101 40 74LS00 40 74L00 25 74L78 901
I MM5312 4,00 2503V 2.00 1103 1.25 74LS01 50 74L01 25 74L85 1.40:
| MM5313  4.00 2504V 200 2101 450 74LS02 40 74L02 25 74L86 75
| MM5320 495 2505KN 200 2112 450 74LS03 40 74L03 25 74L89 3501
I MMSs54 180 2507V 1.25 2602 1.60 74LS04 45 74L04 30 74190 150
'| MM5556 250 2509A 200 4002-1 7.50 74LS05 45 74L05 40 74191 1.50:
| MM5055  1.90 2510A 200 4002-2 7.50 74LS10 40 74L06 30 7493 1.70]
I DM8836 B0 2511A 280 MM5262  1.00 74LS11 50 74L08 40 7495  1.70
| DMBB37 150 2517V 1.25 7489 200 74L512 55 74L09 40 74.98 2801
| 80C95 110 25188 1.50 74200 495 74LS20 40 74L10 30 74L123 150
| 8oce7 1.00 25198 2.80 74589 350 74LS22 45 74120 35 74L154 200,
| B8OL97 1.50 2521V 150 74C89 350 74LS27 45 74126 40 74L164 250!
| 81L22 150 2522V 2.00 74L89 350 74LS30 40 74L30 40 T74L165 2.50,
1 81L23 190 2525V 2.80 8T80 250 74LS42 1.50 74L32 45  74L192 1251
! BiL51 250 2527V 2.80 8197 2.00 74LS55 A0 74L42 1.50 74L183 1.20 :
: 85L52 250 2528V 280  INTEL 74L573 65 74L51 .35 MC4044 225,
| 85L63 1.25 2529V 280 8216 495 74LS74 65 74L54 45 N8263 350
1 86L70 150 25328 2.80 8214 8.30 74LS76 B85 74L55 35 N8e2s 250 |
| 86L7S 190 2533V 2.80 8251 1450 74LS151 155 75LT71 30 DMB131 250 |
| 86L99 350 91L02APC 255 8255 1450 74LS174 220 74L73 55 B8T16 2.00 |
1 B86L12 80 32ea 240 1488 1.50 74LS175 1.95 74L74 55 B8T20 2.00 :
:_ 8T13 250 64 ea. 225 1489 150 74LS192 285 T74L75 1.20 8T10 2.00

MIKOS

419 Portofino Drive
San Carlos, California 94070

Please send for xlstor, IC and kit list

For large orders please send money order or cashier's
check to avoid delays in wailing fr checks lo clear.

Check or money order only, California residents add 6%
tax. All orders postpaid in U.S. All devices tested prior lo
sale. Money back 30 day guaranlee. Sorry we cannot
accep! returned ICs thal have been soldered to. $10
minimum order. Prices subject to change without notice.

The Proko Paper Tape Reader

A fully TTL butfered optical tape reader for reading 8-level
paper lape. It's compatible with nearly all parallel input
ports and has both positive and negative strobe outputs.
The power (+5V @ 20ma) is derived from your I/O
board...just supply a light source (study lamp), grab the
tape and pull!

PTR-Il Kit $54.00 Assembled $68.00

Now, add mass storage to your micro with the North Star
floppy disk systemn. Comes with cables, S-100 controller
with bootstrap rom, and powerful extended basic. (Basic
supports sequential and random access disk files.)

North Star Disk Kit.......ovvviniiiennnnenannnd $699
IMSAI 8080 Kit with 22 slots .................. $650

SPECIAL DEAL: IMSAI WITH DISK
$1325

B " The sD. Sales Co.

ﬂmmﬂ}uﬂl Z-80 CPU Kit
w@ﬂ'

= For S-100 Buss

v $14900

SPECIAL DEAL No. 2
IMSAI 8080 with 22-SLOT MB

UPGRADED WITH Z-80 CPU $750°°

POWER TRANSFORMER
FOR ALTAIR™ TYPE BUSS

Designed to deliver +18VDC @ 2A and
5VDC @ 22A with proper bridges and fil-
tering.

2950 each
NEW FROM IMSAI
32K RAM CARDS

for S-100 Buss
Full Speed — Low, Low Power

$725%

D-CONNECTORS
25-Pin

Bimboards

for Prokotyping le $3%
$13%° each Fer:aie §400
4 for $44% Palr $6%

439 marsh street
san luis obispo, california 93401
805/544/5441

Delivery: Stack to 45 days from receipt of order. We pay all UP.S.
shipping on U.S. orders. Check or maney order accepted NoP O.s
except by above lerms. California residents add 6% tax Prices

subject lo change without nolice.

Circle 57 on inquiry card.




New Component Values Surplus Bargains

PRIME, NEW 2708 1K x 8EPROM — $ 47.95
PRIME, NEW 2716 2K x 8EPROM — $ 77.95

ziLoG z-80s $47.95

91L02C’s , 300ns low-power — $ 1.89

PROTOTYPE BOARDS FOSER

SUPPLY
Surplus power supply (made by Milwaukee Electronics) removed
from used Mohawk Data equipment, excellent condition..... 'Sorry

we can't give full details at press time, but we're sure that it will
supply all the +5 you’ll ever need as well as other voltages. "Has all
the good things — such as over-voltage protection. We hope to have
schematics to ship with these units. Limited supply. A REAL
VALUEI Order as —

42-5005 Power Supply ................ $24.95

Prototype boards for the S-100 bus are available from many others
—but only MINI MICRO MART supplies four different types. Two
are wire-wrap versions and two are general-purpose DIP, for either
ww or point-to-point wiring. All boards come with a 5V regulator
and a heat sink. The two ‘‘bus’ versions are unique and have cir-
cuitry etched on for buffering and address decoding, and include
the decoders and necessary tri-state buffers. (lllustrated above is
the general-purpose DIP version, MODEL 01-2115.)

J b TELETYPES

01-2115 General-purpose DIP Prototype Board $ 18.95
MINI MICRO MART has one of the largest selections of used,

01-2116 Wire-wrap Prototype Board .. ... .. $19.95 reconditioned, and rebuilt Teletypes in the U.S. —
01-2136 Gen.-purpose DIP Bus Interface Bd.. . $29.95 RO-33's (printeronly)......... ... . $395 to $595
01-2112 Wire-wrap Bus Interface Board . . . . . $30.95 KSR-33’s (keyboard & printer). . ... ... $495 to $695

ASR-33's (prntr. keybd.reader & punch) . $695 to $895

AUDIO CASSETTE INTERFACE Model 35 RO’s, KSR ‘s and ASR s also available.

Tr YAy

SURPLUS PERIPHERALS

We have a tremendous inventory of used and like-new computer
peripherals which we have rescued from large computer systems.
Among them are: Delta video terminals, Hazeltine 1000 video
terminals, Univac 30 CPS serial printers, Singer 30 CPS serial
printers, 9-track digital reel-to-reel recorders, used commercial
minicomputers and intelligent terminals.

Also available are a wide variety of transformers, power-supply kits,
and surplus power supplies.

Send stamped, self-addressed envelope for details on any
advertised items or for a copy of our catalog.

Add $2 for handling, shipping & insurance for each item
ordered,

This simple board can be used with any minicomputer or TV term-

inal that uses a UART with a 16X baud-rate clock. Designed for the ® ® 3]
St. Louis BYTE standard, it also provides for a tone/no-tone and a
HITS interface. Available in kit form, order as — cn)

51-2166 Audio Cassette Interface . ........ $2495 1618 James Street, Syracuse, N.Y. 13203, Phone: (315) 422-4467
Circle 279 on inquiry card.



s_ D_ SALES CO., ro.Box28810-@ DALLAS, TEXAS 75228

JUMBO LED CAR CLOCK

$16.95

KIT

Alarm Option — $1.50
AC XFMR — $1.50

You requested

engineered from scratch. Not a makeshift kluge as sold by others.

Features:

A. Bowmar Jumbo —.5 inch LED array. c\_oc\{_‘
B. MOSTEK — 50250 — Super Clock Chip. T\SF‘EDGPNNO
C. On board precision crystal time base. 000 S ON\EP.S \

D. 12or 24 Hr. Real Time Format. 90 cUSTO{RONG"

E. Perfect for cars, boats, vans, etc. (8 BE

F

THE HOTTEST SELLING KIT WE EVER PRODUCED!

P.C. Board and all parts (less case) included.

it! Qur first D.C. operated clock kit. Professionally

1702A 2K EPROM UP YOUR COMPUTER!
THIS MONTH'S SPECIALS We tell it like it is. We could have said g
h p 21L02-1 1K LOW POWER 500 NS
AMD — 8080A $14.95 these were factory new, but here is the A 3 |
7.80 CPU 49.95 straight scoop. We bought a load of STATIC RAM Time is of the essence!
= - new computer gear that contained And so is power. Not only are our
825129 1K PROM 2.50 a quantity of 1702 A's in sockets. We RRM's faste[: than a speed){ng bullet
carefully removed the parts, verified but they are now very low power.
tof:_'eironguahlli;gﬁ g;‘-d ardE Fﬁl—gir ntg them We are pleased to offer prime r;ew
1 a deal. rst come, 21L02—1 | d super fast
60 HZ CRYSTAL TIME BASE first served. Satisfaction guaranteed! RAM's, Altl)owwspo;f:{: a{lo STpRETCH
S.D. SALES EXCLUSIVE! U.V. Eraseable. NEW PRICE! $2.95 ea. | vour ROWEY subbly_ Tarthet fand. st 10s
(2.3 US access time) SCHE GAAEESAL R A RO b St
$5.95 ea. 2,310.00 8 for $12.95
KIT FEATURES: R S.D. SALES EXCLUSIVE
A. 60HZ output with accuracy comparable to a digi- $12.95 mos6DIGIT UP—DOWN COUNTER $"|2_95
tal watch. 40 PIN DIP, Everything you ever wanted in a counter chip.
B. Directly interfaces with all MOS clock chips. Features: Direct LED segment drive, single power supply %lz
c s I - (1.5 MA t ) VDC TYPE.), six decades up/down, pre-loadable coun er,
. Super ow power cops_umptlorl . YP. separate pre-loadable compare register with compare out-
D. Uses latest MOS 17 stage divider IC. th' gﬁgsand seu?Pblseglmenit outputs, Int;arnal i?a'}_ oscilla-
E. Eliminates forever the problem of AC line glitches. tor, compatible, leading zero blanking. 1IMHZ. count
f
£ Parfoct tar cite. Bosls. GCAMPERE, OF aVen for Hott- input frequency. Very limited quantity! WITH DATA SHEET
able clocks at ham field days. . 7400—19c  7411—29c 7451—19c 7490—65c  74153—75c¢
£ smal _sted; can_be dsed o (exkting Onelocures | abEoiue qait it 1 dn Jergie cpaarhY
e : —19¢ —69c —39¢ —75¢ —75¢
Kit includes Crystal, Driver IC, PC board, plus all necessary 74.502—49¢c 7420—10c 7474—35¢ 7493—69¢  74161—95¢
parts and specs. At last count — over 20,000 sold! 7404—19c  7430—19c 74LS74-59c 7495—75¢ 74164-1.10
74L04—29c 7432—34c 7475—69c 7496—89c 74165-1.10
74504—44c 7437—39c 7476—35c 74121-38¢c  74174—95c
1000 MFD Slide Switch () 74L504-49c 7438—39c 748B0—49c 74123-65¢ 74181-2.50
Fil C Assortment 7406—29c 7440—19c 7483—95c 74132-1.70 74191-1.25
ilter Caps S0 7408—19c  7447—85c 7485—95c 745138-1.95 74192-1.25
Sgtr?ghgﬁ W\sf;eg 1OurI (‘?est sellieri. 341[_0—19: 7448—85c 86?1@5—451: 74141-75¢  74193-1.00
mini- IN —
mitht PC leads. a?&rlé easm:l stan- RESISTOR JECRATEDCIR 74195~ 69¢
os popular dard sizes; sin- ASSORTMENT i
value for hobby- | gle and multi- | W 5% & 10% Asqs'osftslaepnt
ists. Compare at position units, PC leads. A good P.C. LEAD PC leads. At
up to $1.19 ea. All new, first | mix of wvalues. DES HEAVY DUTY least 10 different
from  franchise name brand. Try 200/%2 1IN4148/1N914 Full Wave Bridge values. Includes
type electronic one package and : 100/$2.00 25 AMP 50 Blv 001, .01, .05
parts stores. S.D. | you'll  reorder 1N4002-1A, $1.25 plus ' other stan’
pecia 4/%1. more! Special ! 100 PIV 40/$1. : dard values, o
12/$1.00 60/$1.00

$9.95 wr

P.C. Board — 3.00
AC XFMR — 1.50

kits sold by our competition!
Eliminate the hassle —
avoid the 5314!

SIX DIGIT ALARM CLOCK KIT
We made a fantastic kit even better. Redesigned to take advantage of the

latest advances in |.C.

displays, Mostek 50250 super clock chip, single |I.C. segment driver, SCR
Do not confuse with Non-Alarm digit drivers. Greatly simplified construction. More reliable and easier to

build. Kit includes all
optional.

clock technology. Features: Litronix Dual %"

necessary parts (except case). P.C.B. or XFMR
NEW! WITH JUMBO LED READOUTS!

Motorola SCR
2N4443, 8 AMP
P.C. Leads

400 PIV.
3/81.

FAIRCHILD - TBA 641
4W. Audio power Amp. Just
out! In special heat sink
DIP. One super audio IC.

$1.50 with data

FND-359 -Led Readout
4 IN. Common Cathode.
High effeciency. Has FND-
70 PIN OUT. 79

$15.95

COMPUTER POWER SUPPLY
A very fortunate purchase, One of the best industrial quality REG-
ULATED supplies we have seen. High performance, small size.
Input is 120 VAC 60 HZ. Has the following regulated outputs:
—-5VDC@800MA; —15VDC @ 1.25 AMP; —25vVDC @ 180 MA.
Sold at a fraction of original cost. Do yourself a favor and order
NOW. We expect a quick sellout.

$4.

AMD — 1702A
Factory Prime Units. Brand New.
1.5 micro-seconds access time.
95 each. HUGE FACTORY DIRECT PURCHASE!

OUR CATALOG
is chocked full of rare parts
bargains, deals, RAM or CPU
kits, plus much more. Yours
FREE!

PRICEé SHOWN SUBJECT
TO CHANGE WITHOUT
NOTICE.

Terms: Money back guarantee.
No COD. Texas residents add
5% sales tax. Add 5% of order
for postage & handling. Or-
ders under $10. add 75c.
Foreign orders: US funds
only!

Special Thanks to:
Dennis, Fred, Abe, Bill, Sam,
Hal, Tom, Alex, John, Ely,

and Larry

S.D. SALES CO.

P.0. BOX 28310 @
Dallas, Texas 75228

Call your Bankamericard or
Master Charge order in on our
continental United States
toll free Watts:

1—800—-527-3460

Texas Residents Call Collect:

214/271-0022

ORDERS OVER $15.00 — CHOOSE $1.00 FREE MERCHANDISE

Circle 27 on inquiry card.



NEW COMPUTER INTERFACE BOARD KIT

#

|
| Our new computer kit allows you to interface constantly connecting and disconnecting your
! serial TTL to RS 232 and RS 232 to TTL. There terminals.
are four of these supplied with the kit, so you Example: Out store to printer — Voltage
can run up to four devices on one TTL or four $490 0 requirement +5V and +5V or x12V depend-

separate TTL to RS 232 devices. ing on your RS 232 device.

Typical use: You can use your computer We supply — board, connectors, documen-
ports to run an RS 232 printer, video terminal tation and components. Sorry, we do not supply
and two other RS 232 devices at once, without case or power supply.

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT

This power supply kit features a high frequency torroid transformer with switching

transistors in order to save space and weight. 115V 60 cycle primary. The outputs $7900
with local regulators are 5V to 10A, in one amp increments, —5V at 1A, =12V at 1A
regulators supplied 6 340T-5 supplied.

F8 EVALUATION BOARD KIT
UNIVERSAL 4K
MEMORY BOARD KIT$7450 WITH EXPANSION CAPABILITIES

A fantastic bargain for only

This memory board kit can be used with with the following features: 00
most microcomputers. Some of the outstanding e 20 ma or RS 232 interface
features are: * 64K addressin

] : . g range

32-2102-1 static RAM’s, 16 address lines, * Program control timers ¢ 64 Byte register
8 data lines in, 8 data lines out, all buffered. On- e 1K of on-board static  Built-in priority interrupts
boarld decoding for any 4 of 64 pages, standard memory e Documentation
44 pin, .156" buss. * Built in clock generator ¢ Uses Fairbug PSU

E 1] i
SANKEN AUDIO POWER AMPS
51010 G 10 WATTS s 795
S11020 G 20 WATTS )
A EIGHT Si 1050 G 50 WATTS ¥
LTI TURN TRIM POTS Chah fa CONDUCTOR CCD 110 LINEAT *
51, 10K, 25K, 50K, 100 01 = ‘,'E‘ oiF SPECTRA SCANNING CHA ’)f\sull (V]
: ) 14 PIN DIP FLAT CABLE DEVICE 56500
16 PIND 10°/51.50 = - —
o 18 PIN NP 100'/$13.50 ccD 201 100 x 100 CHARGE
24 PIN DIP SOCKETS h}lll'llu DEVICE 599,00
) £ g #30 WIRE
28 PIN DIP SOCKETS WHAP WIRE Send 26¢ for our catalog leaturing
AOPIN DIP SOCKETS SINGLE Trangisy and Rectifio
V“‘]':‘?" "‘CIBO‘\RID 145 Homgshire Si., Cambridae, Bass
67 singla seihed o ¥
* DRILLEL 3 TTLIC SERlES 74LS SERIES LINEAR CIRCUITS
i up 10 21 00— 1% 2445 70 74L500 25 LM 01
v LSI DIP IC JA0T— 1% 7446- 70 74L502 25 LM 301/748
7402 15 7447- 70 741504 29 LM 307
7403- .15 7448 70 74L508 25 LM 308
25 7404 01 ] 7450 20 MLS10 25 man
ab 7405 ] 1472 13 ML511 25 LM 319
AED., Y | LLOW EN 1406~ 25 1473 5 741520 25 LM 324
£ LARGE LED's 7407~ 25 7474— % 74L521 .25 LM 339
) 1L-5 (MCT-2) $ .75 2008— 25 7475 49 : 741522 25 LM 370
0 MOLEX PINS 100/51.00 7400 2 7476 a6 74173 1.40 7AL527 29 LM 377
0 Iu J-| S8.00 7410 [ 7480 a5 74174 a5 74L530 25
8 10 WATT ZENERS 3.1 .56.8 7411 2 7483 70 175 82 141532 37
( 12,15,18,22,100,1 7412~ 2 7485 BB 14176 76 741537 37
) 1 WATT ZENERS 4.7, 5.6, 7413 : 7486- 30  74177— .79 741538 .37
: 18 or 22V T4~ ] 7480 185 74180 .70 1AL574 .49
55 MCBRE0D MODEM GHIP 7416~ 28 7490 45  74181-2.10 141590 95
5/5 1.00 7417- 25 1491— 70 ,u.-.;go 1.20 7415132 - 1.10
3/5 1.00 743 20 2 74932 50 1.20 T4LS138 - 1.40
CIMOS {D1ODE CLAMPED) 7493 45 ? 86 74L5139 — 1.40
ac 22 4015 O5 4020 110 7494 .70 M 85 7ALSIED 140
MC10 4016— A0 4030 22 1495— .70 74194 85 74LS5157 — 1.20 =
14C193 4017-105 4033 150 7496- .70 74195- 75 FACEIS =1.28
4001 4018-1.00 4035 74107~ .32 7415162 — 1.75
Lty ol 2aeh ; 7415163 — 1.75
4002 23 4019 25 74L8175 1,35 741 Cor V
4006 1.7 y A5 74L5175 — 1.35 ahk
a007- - / 7415193 - 1.80 1?-”0
- 74L5258 — 1.45 3
4009 4 "SILICON SOLAR CELLS pALazsg ~i1.45 o
4011- 722 ¢ 22 ADSE 2} diameter 74L5368 75 [1:‘1\50[]&
4012- 22 4026 1256 4066 80 AV at 500 ma. $4.00/.2V at 200 mils $2.00 ]
4013 y A R 3900
8038
F20K-5 or 16V $1.40 PR
LED READOUTS 3207.5,12,15 PAY_1
FND 359 C.C S 55 MAN-7-3" C.A s .95 or 24V £1.25 100 40 70 )
FND 503 C.C. $1.05 N5 33-3 dig. array  $ .75 R523 0 MINIATURE T 200 70 1.0 0 [
FND 510 C.A. DL 747 C.A, 51.95 232 06 5PDT 400 1.0 1.60 !{0. 1,00 1.20 2.20
HP 7740.3" C.C.  $1.25 CONNECTORS female . L W06 DPOT . 600 170 230 360 S

Torms: FOB Cambidgs, Mass. SOLID STATE SALES WE SHIP OVER 95%

inefude Potiane Mlnmum P.0. BOX 74B OF OUR ORDERS THE
Grdor $6.00, CO'5 820 SOMERVILLE, MASS. 02143 TEL. (617) 547-4005 DAY WE RECEIVE THEM

Circle 59 on inquiry card.



DIP PLUGS AND COVERS

Use for mounting diodes, resistors, jumpers, etc.
Gold plated parts for long weor.

PLUGS COVERS
1-24 25-49 50-99 1-24  25-99
8 pin 46 .39 .32 .10 .09
14 pin .48 .40 .34 .10 .09
16 pin 56 AT .38 .10 .09
24 pin i 72 .65 .15 13
40 pin  §1,23 $1.08 .93 «25 -22
L ]

DIP PLUG INTERCOMMECTS

equipment, lomp panels, etc.
connectors, color coded ribbon coble, molded plugs.
Very flexible and durchle.
To order, make up port number from characteristic ond find

price in chart.

ldeal for use from board to boord, remote switches, in test

Made from gold plated

is double ended 24 pin, & inches in length. Price is

Quantity pricing is avoilable.

wropping .
lengths of insulated portion.
vial or 1000 per poly beg.

in Block, Red, Yellow ond Green.

PRICE CHARTS g NGLE END

No OFf Ping Length

L {5 - . ot 1
14p seeeee 1,51 1,62 1.72 1,83 2,05
16P ==+=++ 1,64 1,76 1.7 1.99 2.21
24P seeees 2,49 2,69 2,88 3,08 3,48

DOUBLE END

14P seeeee 2,76 2,87 2,97 3.08 3.30
16P =+++++ 3,01 3,13 3.24 3.36 3.58
24P =vene 4,55 4,75 4,94 5,14 5.54

500 ft. rurl‘..‘.‘..$9.95

1,000 ft. roll.....517.85
WIRE WRAP I,C. SOCKETS, 3 LEVEL GOLD
14 pin 38¢ ea, 10 for §3.60

HIGH CURRENT STUD DIODES
D2131 200V, 25A
D2135 400V, 25A.....nsnns
D2138 600V, 25A,..
3289 200V, 100A.

Compare our prices|| |,

PRESTRIPPED WIRE WRAP WIRE
Highest quality 30 ga.

For instance: 5-14P-18 is single ended 14 pin
interconnect 18 inches in length, Price is §1.72, D-24P-0é

§4.55.

Kynar insulated silver plated wire for
Stripped 1" on bath ends, Indicated lengths are

Packed 100 per sturdy plastic

Available

Length Price per tube of 100 Price per bog of 1000
1" $1.48 (WW3DVC-1) S11.84 (FWw3oBK-1)
2 $1.60 (WwW30VC-2) §12.80 (fww3oBK-2)
4" $1.,85 (Ww30vC-4) $14.80 (YWwW30BK-4)
& $2.20 (WW30VC-6) §17.40 (fWW30BK-6)

Daoler Imuxry Invited

100 ft. rolleeennn.. $3.45 10 rolls, mixed colors., . 524,00

4 rolls , mixed colors, . $35,82
4 rolls , mixed colors. . %64.26

16 pin 42¢ ea, 10 for §3.90

......... SRR,

. §1.00
+ 31,55
. $5.85

Contract Cancellation Specials.....All Full Spec, NEW ||
SN7490.......39¢ 2MN3734.....38¢ 2M3773

LM320H-12...51.29 25861 .
TN5231A.... 25¢ 1N3572
1MN52268..... 35¢ G,E.

741 {mini-dip..3/51 50V,

3Amp Epoxy Bridge. .

.75¢ 2M4401 .
90¢ 2M4403.
D45C5 44¢ 2MN1557..51.3¢9

$1.75
.5/81
.5/81

. 79

character generator with shifted characters. It

ally extend below the baseline, such as j,y,g,p and
q. A 7-bit address code is used to select one of
the characters,
Features:

.Statie operation

.TTL compatability

.CMOS compatability (5V)

.Shifted character compatability

.Includes Greek alphabet

Maximum access time =500n5
(See article in March '77 issue of 73 Magazine for
applications im:lm]tnp, TV=-Computer interface)
HOMB3TIA . .o vanvsonss anea cesarsssssssnanes $9.95
$1.00

Be sure to get the latest edition of
the TRI-TEK flyer. Paocked with

good news on the latest components
and |i t:omrel!!ll IR

MM5320 TV SYNC GEMERATOR |,C,

Generate all the sync pulses necessary for camera or video
terminals. Use with MCM&571A in the TV-Computer inter-
face. MMS320N...0eerusersesrnsesanssnereass$1B.80
L A P Y

CI0=-1 400V, 25A Stud SCR. . vussassoasnasnsns
SCASE 500V, 10A Stud Trioc......

TEHGKC 5A VARIABLE REGULATOR
NOW- at last, a high current adjustable regulator.
Same simple circuitry as the popular 78GKC. HNeeds
only two extemal resistors to program to any volt-
age between +5 and 3OV @ 5A output.
TBHGKC

el e e il levels. Applicotions include zero crossing switch, mator

control, tachometers, motor testing.
NEW BOOK

LMIBISN, ....vt. T A A AP
b P S R T e

NEW BOOK FROM NATIONAL

MOS LSl. Giont data book filled with spec and opps

on large scale MOS circuits from MNational Semiconductor

Corporation. Price includes shipping in U.5. only...54.25

Outside U.S., odd postage for 2 lbs,

TIP-30 40V, | amp PP Plastic.essssasascssassss 30¢
TIP=33 40V, 10Amp MNPN Plostic.cavveansarssass 51,00

LMI1815 ADAPTIVE SEMSE AMP CHIP,

1M5393 200V, 1.5A Died
1 N4003 at o good savings.

Sturdy replacement for
5/81

DATA BOOKS BY G.E,

OptoElectronics Manual,  Filled with spec and applications
on o wide voriety of Opto devices including many new iso-
lators and couplers. G.E. Opto Manual......... 54.25

Semiconductor Data Book. A giont book of data, cross
references, applications on G.E. devices from transistors
and diodes to SCRs, Triacs and power modules, Over
-Stand MILBOG-B 1400 BIG pages. MNeorly 5 |bs of book ! !

3/4 Size.uviniinnns ceaa93.50 G.E. Semi Conductor Dato Book...eeeeeaenans L511.95

1/2 Size,. ,.Uhnd\‘sl\ir( puckcl’ size) «53.25 Foret o dd § for 5 Ibs (2.3KG)
Computer Flow Chart Symbols......... .$3.50 e 3

PROFESSTONAL TEMP!..\TFS LOGIC SYMBOLS

Pewer Transistor Users Handbook. Fer anyone using power
transistors and you want to know how te mount on heat
sink, derate or just generally apply them right, this is the
| book. G.E. Power Transistor Users Book........ $3.95

Fost Signol Diode
115V VR 100mA If. Reverse recovery time is less than
20 n5 ot 100mA forward! 6 pf cop. Some size os

1N914, 1N4148, DED0L s asnairas eeneas20/81

"COOK BOOKS"
The famous Howard Sams " Cook Book" series tells you what
and how in o broad range of subjects, Probably the most
widely referenced works in their fields.

Prices quoted include shipping (U.S. only)

TTL Cookbook...eseseeseasead28 pages.i.osa. .59.95
Active Filter Cookbool ++223 poges..... .o $15.95

TO-5 Heat Sink. THERMALLOY 22118 2-piece black
ized far i heat dissipotion. HS22118. 5/81

6.8V, 50Watt Zener, Made by Matorola in TO-3
cose. Gold plated. ...iceviavrsvernssansnas 51,00

L5V, 5W 5% Zener. 1N5352B axial lead zener is just
right for those MOS voltage supplies....cceeus 3/ §1

CMOS Cookbook. . ++++402 poges........ 510.95
Ceneral Purpose NPN Switeh. #2501-12 NPN switch in IC OP AMP Cookbook. .. ....579 pages........ 514.25
TO-18 metal transistor similar to 2N2B47. TV Typewriter Cookbook. ....250 poges...v.ess 510.95
#2501-12...... sesrerensnasrsasnenasnennsiasl2f§1.00

MC14411 BIT RATE GENERATOR

2N6234, 4OV, 3A PNP switch, TO=5.....cveeres
2N2905, &0V, .6A PNP SwitchfAmp. TO-5..
2N2147, SOV Germanium TO=-3....ccceuunnnianss

ment in data communlcuhons such as TTY, printers, CRT s
or microprocessors. Generates 14 different standard  bit
rates which are multiplied under axternal control te 1X,
BX, 16X or &4X initial volue, Operates from single +5

50V, 45Amp Fast Recovery Diode.
Similar to IN3909 stud mount. Reverse recovery at
R e b e e e 52,00

= 4 poges of dato......
SIGNETICS B000 SERIES TTL LOGIC Crystal for the above....eseeusssiaes
These quality units are faster and have greater fan-
out capability than standard TTL. From a giant fac-
tory change-over you get real bargain prices. All
are house mumbered, but we provide an reference and
pin-out sheet.

NABB0A. . .Quad-2 {nput NAND gate.....oevees 8/51.,00
NBB22A...Dual J-K master/slave F/F. L A451.00
NBBB5A. ..Quad 2-input NOR gate........ 8/51.00
KBBI0A. . .Hex Inverter....
NB202A...10 bit "D" type re

Accutacy: *0.05% of Reading 1 Count
Two Voltage Ranges: 1,998 V and 1998 mv
* Up 1o 25 Conversion/s
Zin > 1000 M ohm

AutoPolarity and Aute Zero
ingln Patitive Vollage Reference
Standard B-Sevies CMOS Outputs=Droves One Low Power
Schotiky Load
Uses On-Chip Systom Clock, or Externad Clock
Low Power Consumption: 8,0 mW typiesl @ +50 Y
Wide Sunply Range. e.q, $45 Vo B0V

MC14433 SINGLE CHIP 33DIGIT A/D

Single chip combines linear and CMOS digital to bring you
the simplest yet DVM approach. Requiring only 4 external
passive ports, this subsystem gives you: Auto polerity, oute
zera, single voltoge reference, B m\W operation, overrange,
underrange signals, 25 conversions per second and .05% £

1 count accuracy | 100 uV resolution. 24 Pin DIP,
MC14433P ......wifh specs. ,

The following items are available in large quantities
Dealer or manufacturcr inquiry is invited.

2N3414.. NPN switch on reels......

INTS3A.. 6.2V, 5%, MW Zener..
CLO06F2.. 50V, 4A SCR w/socket..
IN967B.. 18V, 5%, W Zener...
42501-1 Quad Hi speed NPN Lransis
package, Similar to Motorela MPQ3303.......

We pay surface ;h;ppung on all orders over $10 US, $15 fmelgn in US ‘unds

t Ql - te k l nc Please add extra for first class or air mail, Excess will be refunded. Orders
» . P +

under $10, add §1 handling. Please add 50¢ insuronce. Master charge and

6522 NORTH 43R AVENUE, Bonk America cards welcoma, ($20 minimum). Telephone orders may be ploced
glendale, arizona 85301 10AM to 5:30PM daily, Men thru Fri. Call 602-931-4528. Check reader

phone 602 - 931-6949

service cord or send stamp for our latest flyers packed with new and surplus
alectronic companents.

Circle 32 on inquiry card.

MCMG571A i{s an Bl92-Bit Horizental-Secan (Row sclect)

Used with motor control to adopt to variable input and noise

contains 128 characters in a 7X9 matrix, and has the
capability of shifting certain characters that norm-

Single chip for g I fi ies for equip)

volt supply, MCI4411. . ueenuiinennsnnnnansss 311,98
.40



Resder Service

To get further information on the products advertised in BYTE, fill out the reader
service card with your name and address. Then circle the appropriate numbers for the
advertisers you select from this list. Add a 9 cent stamp to the card, then drop it in the
mail. Not only do you gain information, but our advertisers are encouraged to use the

Reader
Service
Number

75
168
255
272
275
276

4
227
27
200

127

140
161
253
143
176

marketplace provided by BYTE. This helps us bring you a bigger BYTE.

Reader

Page Service Page

Number Number Number
Advanced Microcomputer 164 167 Electronic Warehouse 168
Aldelco 165 247 Electravalue 159
Alpha Digital Systems 151 102 Eltron 169
Apple Computer 14, 15, 17 257 Fein-Marguart 159
Artison Computer 128 248 Franklin Electric 67
Beta Business Systems 151 9 Godbout Electronics 170
Bits Inc 131, 132, 162, 163 *  HAL Communications 129
Byte Index 127 262 Hashizume Burt 161
Byte Shop East 151 151 Heath Co 68, 69, 70, 71
Byte Shop of Miami 127 12 IMSAIS
California Industrial 166 117 Intel 10, 11
Camp Retupmoc 151 204 International Data Systems 160
Comptek 147 268 I0R 161
Compucolor 60,61 278 Ithaca Audio 145
Computalker 151 215 Jade Company 171
Computer Corner 159 15 James 172,173
Computer Electronics 127 214  John Wiley & Sons 105
Computer Enterprises 148 209 Logic Design 127
Computer Mart NH 159 * MACC 130
Computer Mart NY 162 18 Meshna 174
Computer Place 159 261 Micro Computers 161
Computer Room 1156 77 Micro-Term 107
Computer Shack 111 242 Micromation 26
Computer Shop (Canada) 127 196 Micronics 161
Computer Warehouse Store 167 119 Midwestern Scientific Inst 121
Continental Specialties 126 57 Mikos 175
CRC Engineering 159 279 Mini Micro Mart 176
Creative Computing 143 112 MiniTerm 122, 123, 124, 125
Cromemco 1, 2 * MITS CIV
Cybercom 13 250 Mountain Hardware 151
Data Search 108 71 mpi 145
Digital Group 28 171 Mullen 144
Digital Concepts 144 264 MVT Microcomputer Systems 161
E&L Instruments 113 * NMNCC 63, 64, 65, 66
Economy Company 139 155 Morth Star Computers 24
Edityper Systems Corp 114 280 Northern Valley Systems 148
Electronic Control Tech 127 277 Noval 81, 82, 83, 84

Reader
Service Page
MNumber Number
260 Objective Design Inc 146
40 Ohio Scientific Instruments 49
64 Oliver Audio Engineering 161
198 Omni 147
* PC 77 Atlantic City 75
273 Page Digital Electronics 163
265 Paia Electronics Inc 23
63 Parasitic 109, 110
*  PerCom Data 12, 72
194 Peripheral Vision 29
281  Perri-White 110
*  Personal Computing Expo 149
*  PolyMorphic Systems Clhil
213  Prime Radix 153
24  Processor Technology 6, 7, 8
219 RHS Marketing 98, 99
201 Riverside Electronic 158
234 Rotundra Cybernetics 163
27 SD Sales 177
282 Sams Howard W 51
26 Scelbi 25
73 Scientific Research 79
236 SEALS 73
169 Smoke Signal Broadcasting 120
59 Solid State Sales 178
29 Southwest Technical Products Cll
164 Sunny Computer Stores 163
96 Synchro-Sound Enterprises 86, 87
205 Szerlip Enterprises 108
121 Tarbell Electronics 146
82 Technical Design Labs 53
136 Technical Systems Consultants 107
32 Tri-TekInc 179
270 Urban Instruments 112
137 Vector Graphic Inc 74
220 Ximedia 27
222 Xybek 114

*Reader service inquiries not solicited. Correspond directly with company.

BOMB-

BYTE’s Dagoing Moaitor Box

On BOMB Card,

Article No. ARTICLE PAGE
1 Kraul: Designing Multichannel Analog Interfaces 18
2 Hollis: Newt: A Mobile, Cognitive Robot 30
3 Fylstra: Interfacing the IBM Selectric Keyboard Printer 46
4 Carr: Interfacing to an Analog World: Part 2 54
5 Simpson: Come Fly with KIM 76
6 Welles: Software for the Economy Floppy Disk 88
7 Wimble: Artificial Intelligence: Part 2, Implementation 100
8 Quek: Introduction to Microprogramming 116
9 Guzzon: A 6800 Selectric 10 Printer Program 140

10 McNatt: A Guide to Baudot Machines: Part 3 154

180

The Bomb of March

The BOMB of March has fallen. In the
tabulation of the stacks of cards returned
with article evaluations, Jack Breimeir and
Ira Rampil came out first, and receive the
$100 prize for their article “The Digital
Cassette Subsystem, Part 2.” Second prize
winner in the tally came up as a tie between
Steve Ciarcia’s *“Try This Computer on for
Size” and Thomas R Buschbach’s “An Inex-

pensive Joystick Interface.” Steve and
Thomas will each receive a $50 bonus
check.m
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Microcom

PolyMorphic Systems now offers the complete, assembled,
personal computer system—the POLY 88 System 16. A full
16K system with high speed video display, alphanumeric
keyboard, and cassette program storage. A BASIC soft-
ware package providing the most advanced features avail-
able in the personal computing market. Features like PLOT
and TIME, which utilize our video graphics and real-time
clock. Others like VERIFY, so that you know your tape is
good before you load another. Or input type-ahead so you
can tell your program to run while the tape is still loading (it
stores up to 64 characters of commands or question re-
sponses to be executed). All these plus a complete pack-
age of scientific functions, formatting options, and string
capabilities. Withthe POLY 88 Systermn 16 you can amaze
your timesharing friends the very first night!

Polymorphic Systems 11K BASIC —  Size: 11K bytes.

Scientific Functions: Sine, cosine, log, exponential, square root,
random number, x to the y power.

Formatted Output e Multi-line Function Definition e String
Manipulation and String Functions » Real-Time Clock ¢ Point-
Plotting on Video Display ® Array dimensions limited by mem-
ory » Cassette Save and Load of Named Programs e Multiple
Statements per Line ® Renumber ® Memory Load and Store ®
8080 Input and Output ¢ if Then Else ¢ Input type-ahead.

PolyMorphic
Systems

POLY 88

PolyMorphic
Shstems

Commands: RUN, LIST, SCR, CLEAR, REN, CONTINUE

Statements: LET, IF, THEN, ELSE, FOR, NEXT, GOTO, ON, EXIT,
STOP, END, REM, READ, DATA, RESTORE, INPUT, GOSUB, RE-
TURN, PRINT, POKE, QUT,

Builtin Functions: FREE, ABS, SGN, INT, LEN, CHR$, VAL, STRS,
ASC, SIN, COS, RND, LOG, TIME, WAIT, EXP, SQRT, CALL, PEEK,
INP, PLOT.

Systems Available. The POLY 88 is available in either kit or as-
sembled form. It is suggested that kits be attempted only be per-
sons familiar with digital circuitry.

System 2: is a kit consisting of the POLY 88 chassis, CPU, video
circuit card, and cassette interface. Requires keyboard, TV moni-
tor, and cassette recorder for operation. $735

System 16: consists of an assembled and tested System 2 with
16K of memory, keyboard, TV monitor, cassette recorder, 11K
BASIC and Assembler on cassette tapes. $2250,

System 0: The circuit cards an S-100 mainframe owner needs to
be compatible with the POLY 88 software library. System 0 con-
sists of the central processor card with monitor ROM, the video cir-
cuit card, and cassette interface, all in kit form. $525.

Prices and specifications are subject to change without notice.
California residents add 6% sales tax.

460 Ward Drive
Santa Barbara, Ca. 9311
(805) 967-2351




Now you can buy an

Altair'8800b or an Altair

680b computer right off
the shelf. Altair plug-in
boards, peripherals,
software and manuals
are also available.
Check the list below
for the MITS

dealer in your area.

ALTAIR COMPUTER CENTER
4941 East 29th St
TUCSON, AZ B5711
I602)-748-7363

COMPUTER KITS

1044 University Ave
BERKELEY, CA 94710
(415.B456-5300

THE COMPUTER STORE

B20 Broaaway

SANTA MONICA, CA 90401
213)-451-0713

GATEWAY ELECTRONICS, INC
OF COLORADO

2839 W 44th Ave

DENVER, CO 80211
1303)-458-5444

THE COMPUTER STORE. INC
(Hartford area)

63 South Main Streat
WINDSOR LOCKS, CT 06096
1203)-627-0188

MARSH DATA SYSTEMS
5405 B Southern Comifart Bivd
TAMPA, FL 33614
I1813)-BB6-9880

THE COMPUTER SYSTEMCENTER
3330 Piedmont Road

ATLANTA, GA 30305
1404)-231-1691

CHICAGO COMPUTER STORE
517 Talcott Rd

PARK RIDGE, IL 60068
1312)-8B23-2388

THE COMPUTER STORE
UF ANN ARBOR

310 East Washington Streot
ANN ARBOR, M1 48104
[(313)-995-7616

THE COMPUTER ROOM
3938 Beau D'Rue Drive
EAGAN, MN 55122
[612}-452-2567

GATEWAY ELECTRONICS, INC

B123-25 Page Bivd
ST. LOUIS, MO 63130
[314}-427-8116

ALTAIR COMPUTER CENTER
B11 N 27th 5t Suite 9
LINCOLN, NB 6B503
(402) 474-2B00

COMPUTER SHACK
3120 San Mateo N E
ALBUQUERQUE, NM B7110
6051-BB3-8282, 883.-8283

THE COMPUTER STORE
269 Osborne Rood
ALBANY, NY 12211
1518}1-459-6140

"

THE COMPUTER STORE
OF NEW YORK

55 West 39th Street
NEW YORK, NY 10018
(212)-221-7404

COMPUTER STORES

QOF CAROLINA, INC

1808 E Independence Blvd
CHARLOTTE, N.C. 28205
(704)-334-0242

ALTAIR COMPUTER CENTER
5252 North Dixie Drive
DAYTON, OHIO 45414
1513)-433-B460

ALTAIAR COMPUTER CENTER
110 The Annex

5345 East Forty First St
TULSA, OK 74135

18918 )-664-a564

ALTAIR COMPUTER CENTER
8105 SW Nimbus Ave
BEAVERTON, OR 97005
1503)-644-2314

ALTAIR COMPUTER CENTER
5750 Bintliff Drive Suite 206
HOUSTON, TX 77036
(713)-780-8981

COMPUTERS-TO-GO
4503 West Broad St
RICHMOND, VA 23230
{804)-355-5773

MICAROSYSTEMS (Washington, D C |
6605A Backlick Rd

SPRINGFIELD, VA 22150
(703)-569-1110

THE COMPUTER STORE

Suite 5

Mumicipal Parking Building
CHARLESTON, W. VA. 25301
(304)-345-1360

R miEs
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