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Our 6800 computer system repre-
sents the best value available today,
with no sacrifice in performance.

| would like to explain why this is
true. The most basic reason is that
the 6800 is a simpler, more elegant
machine. The 6800 architecture is
memory oriented rather than bus
oriented as are the older 8008, 8080
and Z-80 type processors. This is an
important difference. It results in a
computer that is far easier to program
on the more basic machine language
and assembly language levels. It also
results in a far simpler bus structure.
The 6800 uses the SS-50 bus which
has only half the connections needed
in the old S-100 (IMSA!/MITS) bus
system. If you don’t think this makes
adifference, take a look at the mother
boards used in both systems—com-
pare them. The SS-50 system has
wide, tow impedance 0.1 lines with
good heavy, easily replaced Molex
connectors. The S-100 bus, on the
other hand,has a very fine hair-like
lines that must be small enough to
pass between pins on a 100 contact
edge connector. |'il give you one
guess which is the most reliable and
noise free. As for cost—well any of

OMPUTER

sl-lll'i! 6800 SVsTem

you who have purchased extra con-
nectorsfor your S-100 machines know
what kind of money this can run
into. The 6800 is supplied with all
mother board connectors. No extras,
or options like memory, or con-
nectors for the mother board are
needed in our 6800 system.

The 6800 is not beautiful, but "'Oh
Boy’ is it functional. That plain
black box is strong and it has an
annodized finish. This is the hardest,
toughest finish you can put on alu-
minum. Most others use paint, or
other less expensive finishes. The
6800 does not have a pretty front
panel with lights and multicolor swit-
ches. This is because the lights and
switches are not only expensive, and
unnecessary, but also a great big pain
to use. We don’t crank up the 6800;
we use an electric starter—a monitor
ROM called Mikbug. He automatical-
ly does all the loading for you with-
out any time wasting switch flopping.
So in the 6800 system you don’t buy
something expensive (the console)
that you will probably want to stop
using as soon as you can get your
hands on a PROM board and a good

That's another thing. Mikbug® is a
standard Motorola part. it is used in
many systems and supported by the
Motorola software library in addition
to our own extensive collection of
programs. it is not an orphan like
many monitor systems that are uni-
gque to the manufacturer using them
and which can only run software pro-
vided by that manufacturer. Check
the program articles in Byte, interface
and Kilobaud. You will find that al-
most all 6800 programs are written
for systems using a Mikbug® monitor.
Guess how useful these are if you
have some off-brand monitor in your
computer.

The 6800 will never win any beauty
prizes. it is like the Mode! "'T" and
the DC-3 not pretty, but beautiful
in function. it is simple, easy to use
and maintain and does its job in

the most reliable and economical way
possible. What more could you want?

Mikbug ®is a registered trademark
of Motorola Inc.

Suild 53500

Computer System
with serial interface and 4,096 words

monitor. of memory . .. ........... $395.00
O Enclosed is $395 for my SwTPC Computer Kit [ Send Data
O or BAC #
[ or Mmc Ex Date
NAME
ADDRESS
CITY STATE 21P
Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284
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Meet the most powerful
M C 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).

® The power and convenience of the well-known Z-80
wP.

® A power supply you won’t believe (+8V @ 30A,

+18V and —18V @ 15A — ample power for addi-

tional peripherals such as floppy disk drives).

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.

FASTEST, MOST

POWERFUL ,.C
Cromemco’s microcom-

puters gre__;he faste :

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 S-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 uP 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 ASSEMBLF:Ij (MODEL Z-2W)
(includes the above as well as all 21 sockets and card
guides and a cooling fan; for rack mounting ). ..$995.

Cromemco
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Your computer’s usefulness de-
pends on the capability of its CPU,
memories, and 1/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 IMSAIls, 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/IMSAl CPUs.
Has 4-MHz clock rate and the power
of the Z-80 uP chip. Kit (Model ZPU-
K): $295. Assembled (Model ZPU-
W): $395.

MEMORIES
® 16K RAM. The fastest available.
Also has bank-select feature. Kit
(Model 16KZ-K): $495. Assembled
(Model 16KZ-W): $795.
e 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.
e THE BYTESAVER — an 8K capa-
city PROM card with integral pro-

TV DAZZLER

7 |

To make
your computer

more useful-

a wide choice of
- memory, 170, 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.

® 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.

1/O INTERFACES

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

® 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.

e DIGITAL INTERFACE (OUR NEW
TU-ART). Interfaces with teletype,
CRT terminals, line printers, etc. Has
not one but two serial //O ports and
two 8-bit parallel 1/O ports as well
as 10 on-board interval timers. Kit

i n ¢ o r p o r a t e d
Specialists in computers and peripherals
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 e (415) 964-7400

WwWWW.americanradiohistorv.com

(Mode! 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 |I/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.

1yv-nlL
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BYTE is published monthly by BYTE Publications Ine, 70 Main 5t, Peterborough NH 03458,
Address all mail execept subseriptions to above address: phone (603) 924-7217, Address all
editorial carrespondence to the editor at the above address. Unacceplable manuscrpts will be
returned if accompanied by sufficient first class postage. Mol responsgible for lost manuseripls or
photos. Opinions expréssed by the suthors areé not necessarily those of BYTE, Address all
subscriptions, change of address, Form 3579, and fulfillment complaints to BYTE
Subseriptions, PO Box 381, Adington MA 021 74: phone (617) 646G-4329,

Second class postage paid at Peterborough NH 03468 and at additional mailing offices,
Subscriptions are 812 for one yvear, 522 for two vears, and §32 [or three vears in the USA and
its possessions, Add £6.50 per year for subseriptions to Canada and Mexioo, For alr delivery to
western Europe, and for surface delivery worldwide, 5256 for a one year subseription only.
Worldwide air delivery avallable at additional rales upon request.

Single copy price is 81.60 in the USA and its possessions, 82 in Canada and Mexico, and £3
elsewhere,

Foreign subscriptions and sales should be remitted in Unlted States funds. Printed in United
States gi‘ America. Entire contents copyright & 1877 by BYTE Publications Ine. All rights
reserved,
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Ideas and imagination are the
inputs to creative uses of computers.
Ted M Lau has sct down somc of his
thoughts on potential personalized
uses of computers in his Catalog of
Liberating Home Computer Concepts.
Some of his suggestions can be imple-
mented  with  present  technology.
Some will have Lo await further de-
velopment. In cither case the prospects
arc exciting.

Artificial intelligence has intrigued
pcople for many years. The possibility
that computers may be able to “think
on their own’ is onc of the recurring
themes of science fiction. Artificial
intelligence is starting to pervade re-
ality, not the super thinking beasts of
fiction, but the machines that perform
tasks normally thought 1o require in-
telligence. in his article, Artificial In-
telligence, an Evolutionary ldea,
Michael Wimble describes one type of
artificial intelligence technique which
rcaders may find quite useful.

What does it take to make a
computer system complete to the
point of plugging it into the wall,
plugging it into a color television, and
turning it on? Stephen Wozniak of
Apple Computer describes the design
of such a system in his product
description article on the Apple-Il.
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About the Cover

medical techaigue at the university in
Giessen, Germany , who is interested in
small computer systems dnd  batik,
combined both  fascinations Lo pro-
duce  this month's cover, another
winning entry in BYTES Computel
Art Contest,

Birgit Quednau, a student of bio-

Now that you have your micro-
processor up and running you surely
want to parade it before some of your
friecnds and relatives. Your cluttered
basement or garage workshop, how-
cver, may nhot be the best place to
demonstrate your brainchild. In his
article, Come Upstairs and Be Respect-
able, Steve Ciarcia describes his solu-
tion to this dilemma by installing a
remote keyboard and video monitor in
his den. This arrangement is great for
partics and other gatherings since the
vital components of the processor can-
not be subjected to the whims of some
unknowledgeable person.

Joseph | Carr, in his first of a two
part article on Interfacing With an
Analog World, gives us an insight into
transducers and some of the problems
of processing their outputs into signals
which can be digitized by an analog to
digital converter.

Adding floating point calculation
abilities 1o your microprocessor can
represent a quantum leap forward in
performance. The floating point func-
tions discussed by Sheldon Linker in
his article, What’s in a Floating Point
Package?, will allow you to perform
addition, subtraction, multiplication
and division with extremely large or
small numbers, using software exclu-
sively.

How can you convert one of those
surplus keyboards without encoders
into a usable text input? Find out by
reading Bob Brehm’s Using a Key-
board ROM.

www americanradiohistorvy com

Jack Emmerichs’ Tiny Assembler
presentation is  completed in  the
sccond part of his article in this issue:
Implementing the Tiny Asscmbler.
Readers will find a discussion of struc-
tured code details for a 6800 as well as
complete object code and sufficient
information to get Tiny Assembler
6800 up and running in any machine
with MIKBUG and at least 4 K of
memory starting at address 0000.

Last month Michael S McNatt de-
scribed the various types of Baudot
teleprinters that are available on the
surplus market today. This month he
describes various ways in which these
devices can be interfaced to a micro-
processor using both hardware and
software techniques in his article, A
Guide to Baudot Machines: Part 2,
Interfacing Techniques.

Using somcone else’s interpreter or
compiler is the normal mode of opera-
tion for anyone contemplating a high
level language. But with any com-
plicated picce of software, use
sometimes requires a bit of ingenuity
on the part of the user as David
Chapman points out in his descrip-
tion of a nit in many a BASIC inter-
preter. Turn to All This Just to Print
a Quotation Mark? You’ll also find
a short glossary including some very
important terms in the world of
applications softwarc.

The 8080 microprocessor gencrally
performs operations using 8 bit words.
There are, however, several ways in
which 16 bit words can bc manipu-
lated on the 8080. In the article, 8080
Programming Notes, John McCarty
and Paul Krystosek elucidate on 16 bit
data manipulation.
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A mess of parts doth not a computer make”’
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Undoubtedly ANON was talking
about some of today’s PC computers.
Exciting as they may be, most of them
give you a few surprises you really don't
need.

For example you have the board all
wired, and suddenly it occurs to you,
““Where’s the TV interface?"’

Surprise! (The TV interface is extra
and costs $200 plus.)

‘*And the keyboard intertace —
where’s that?”’

Surprise! (Add another $185 extra.)

“‘How about an audio cassette inter-
face so you can store and enter low cost
programs and large amounts of data?"’

Surprise! (Add $175 more.)

**And what about software?™’

Surprise! (Each program will cost
you $20 plus.)

See what we mean?

The new Sol PC Terminal Com-
puter. It's a complete kit, hardware,
software and no surprises for $475.

It's the first small computer con-
ceived as part of a total system.

Not only do you get everything you
need, but our systems approach is more
economical, too. The $475 kit (fully as-
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sembled and tested, $745) includes all of
the following as standard features:

Video display interface.

Keyboard interface.

Audio cassette interface.

8080 microprocessor.

512 eight bit bytes of PROM on

a plug-in personality module.

2048 eight-bit words of RAM.

A 1024 character video display

generator.

Serial and paraliel interfaces for

connection to external devices and

an edge connector for memory
expansion.

Optional extras include a power
supply, video monitor, ASCII keyboard,
walnut case. floppy disk system. high
speed paper tape reader. PROM pro-
grammer, and color graphics interface.
We also have a library of low cost soft-
ware that's the best and most extensive
in the industry.

In short. you get a complete.
powerful, small computer and smart

terminal that’s fully expandable to a larger

Sol system, as your requirements grow.
Surprises are great at Christmas-
time. But when you're opening the box

www.americanradiohistorv.com

ANON

of your new computer kit, you want
everything you need to be there.

And with Sol, 1t 1s.

To order or to get more informa-
tion write Processor Technology, 6200
Hollis St., Box B, Emeryville, CA 94608.
(415) 652-8080.

SolPCTerminal
Computer
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Surveying the Field oy Car Hotmrs

Who Uses Personal Computers?

In the fall of 1976 Mike O’Brian, who is a
second year student in the MBA program of
the Tuck School at Dartmouth College,
approached us with the idea of doing a
reader survey of BYTE’s circulation as an
independent study project. For those among
our readers who contemplatc starting a
magazine (or any other business for that
matter) you should be aware of one fact:

Table 1: An estimate of the total dollar volume to date of memory and
processor sales at the retail level, based upon a typical current price of $42
per 1024 bytes of memory installed, 78,000 current demonstrated enthusiasts
reading BYTE magazine, and an extrapolated total of 26,100 operating
computer systems with greater than 1024 bytes of memory.

Installed Dollar

Memory Percentage Extrapolated Volume Range
Range Count (1448 base) Installed Count (@ $42/1024 bytes)
1 K=-2K 59 4.1% 3200 $ 13Mtw$ .27M
3 K-4 K 62 4.3% 3300 $ 42Mw0$ .55M
5 K-8 K 80 5.5% 4300 $ 90Mto$ 1.45M
9 K-12 K 7n 49% 3800 $ 1.44M 10 $ 1.92M
13 K-16 K 70 4.9% 3800 $ 2.08M1t0 $ 2.56M
17 K=24 K 62 4.3% 3300 $ 2.36M 1o $ 3.33M
25 K=32 K 41 2.8% 2200 $ 231Mto $ 2.26M
33 K-65 K 31 2.1% 1700 $ 2.36Mto $ 4.64M
66 K and up 9 0.6% 500 $ 1.39M 0 $ 1.39M*

Total owners of operating computer systems
with 1 K or more bytes of programmable
MEMOTY & v o v e e e e e e e e e e e e 26,100 $13.4M to $19.1M

Allowing a conservative range of $1000 to
$1500 for processor, video interface, key-
board and other peripherals at the retail level . . . . . ... ... $26.1M to $39.2M

Estimated total doltar volume todate . . . ... ... ... ... $39.5M to $58.3M

*We have no upper bound on this range, so the lower bound is used for these estimates.

Table 2: Experience with the machine language or assembly language of
specific computers or classes of computers. Percentages calculated on a 1448
response base.

Category Counts Percent
Any largecomputer. . . . . . . . .. 0. ... 739 51%
Any minicomputer . . . . .. ..o e e 849 59%
Motorola6800 . . .. .. .............. 338 23%
MQS Technology 6502. . . . . ... ........ 163 11%
Intel8080 . . . .. .. ... ... ... 607 42%
Zilog Z-80 . . . ..o e e e 114 8%
Intersil IMB100 . . . . .. . ... .. ........ 67 5%
Digital Equipment LSI-11 . . . . .. ... ... .. 185 13%
RCA1802. . ... ... .. it 59 4%
Signetics 2650. . . .. ... ... oL L 35 2%
National PACE . . . . ... ... .. ........ 62 4%
6
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There are so many things to be done which
are never anticipated until you get into the
project that priorities have to be made and
various ‘‘neat” ideas put off on occasion.
This reader survey task is one such ‘“‘neat”
thing to do from our point of view, but of
lower priority than such obvious high pri-
ority items as preparing the magazine once a
month, attending to circulation matters, etc.
As a result, the idea had languished. When
Mike made his suggestion that we fund the
mailing and printing and administrative costs
with he himself providing the statistical
analysis and data reduction for his course
work through facilities at Dartmouth, the
response was somewhat predictable: We now
had a way to do a survey.

The results of this survey are now avail-
able, and | feel that readers may be inter-
ested in learning just what we found, in
summary form. (A more complete paper
discussing these results in more detail was
presented by me at the IEEE Electro 77
show in New York City, April 19 1977.) I've
heard numerous rumors and conjectures
from various sources concerning both the
number of computer systems already sold,
the number of people involved, and the type
of people involved. But a conjecture based
on a personal assessment of the marketplace
can sometimes be no better than an arbitrary
assertion. One way to change such assertions
into a better estimate of reality is to make
empirical measurements of the data such as
we have performed. With this spirit of
measurement and observation, Mike and |
set out to design and implement a survey of
the readers of BYTE, circa October-
November 1976.

The basic idea of a survey is to choose a
subset of the total population of readers,
then mail them a detailed questionnaire to
characterize various aspects of their partici-
pation in the field of personal computing.
Then, since we presume that the sampled
population is typical of the total population,
we can generalize the results to the entire set
of BYTE readers. Mike and | designed a 4
page detailed questionnaire covering numer-
ous aspects of the personal computing field,
which was sent to an *‘every nth’” sample of
the BYTE circulation list as it stood the first
week of October 1976. By selecting only
those subscribers who had paid in full, and
applying an every nth name algorithm, we
printed a list of 2163 subscribers who would
receive the survey. The survey questionnaire,
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a prepaid postal reply envelope, and a cover
letter were sent to each of these readers. The
cover letter also contained an entry blank
for an incentive contest with five life sub-
scriptions to BYTE awarded.

The survey forms were Kkept separate
from the entry blanks to preserve anonymity
of the respondents, and the forms were sent
lo Mike at Dartmouth to be keystroked and
analyzed. The response rate to this survey
was nothing short of fantastic, according to
Mike’s marketing advisors at Dartmouth.
1448 of the 2163 people surveyed returned
forms by the November 13 1976 deadline.
This is a 67% response.

There are numerous ways lo describe
characteristics of individuals, based on vari-
ous biological, educational and economic
factors. One parameter which is of interest
in passing is the question of sex. It is
fashionable in this era to minimize differ-
ences in interests, tastes (and therctore,
capabilitics) among people based on bio-
logical gender. Popular illusions to the con-
trary, it is an observed data point in our
survey that 99% of the computer enthusiasts
are male, 1% female. (These percentages are
based on those who answercd the questions;
those who ignored the question were at the
1% level also.) This draws no conclusions
concerning the reasons for the skew relative
1o the total population distribution among
human beings on this planct, but it is an
interesting point of fact.

Another question often asked is that of
cducational level. What kind of intellectual
capabilities arc demonstrated by those who
get into the computer passion as readers of
BYTE and practitioners of these arts? We
asked readers what was the highest level of
formal education attained or actively in
progress. The following table summarizes the
responses found:

High school 11%
Junior college 15%
Bachelor’s degree 1%
Master’s degree 22%
PhD 9%
MD or DDS 2%
No answer to query 1%

This shows a definite concentration of
people with a significantly high educational
background, which of course is consistent
with the economic question "“What is your
income?”  which obtained the following
results:

$ 010 $10k 8%
$10k to $15K 19%
$ 15k to $20k 22%
$20K to $25k 16%

The new MB6A *‘Blue Board’’ is compatible with Altair,
IMSAI and other S-100 bus systems.

Look at these features:

e Low power—500 NS access—no wait cycle.

e DIP switch selection of memory protect increments
(256, 512, 1k, 2k, 4k, or 8k).

¢ Provision for battery back up.

e Plus Tl low profile sockets, gold-plated edge
connectors, solder masked, first line parts and
guaranteed for 90 days.

$265.00 in easy-to-assemble kit form Includes complete
documentation and assembly Instructions. $325.00 assembled.

The MBBA is available off-the-shelf through your computer
hobbyist stores or direct, along with our other fine products
including processor, memory, 1/0, mother and extender boards.

P@' Cybercm A Division ot Solid State Music
L._ .J-‘i

2102A Walsh Avenue
Santa Clara, CA 95050
Telephone (408) 246-2707

We’re the blue boards.

w.americanradiohistorv.com
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» NOWI THE PERFECT MICROCOMPUTER
VeClOR 1

It's a two touch affair

VECTOR 1 is based on the 8080A Microprocessor and S-100 Bus -
EASY TO ASSEMBLE, EASY TO ACCESSORIZE, EASY TO BUY AND VERY EASY TO OPERATE.

>

=\

Pas
V ) M
[ § -— - -
eCtOR CRAPHC INC.
717 LAKEFIELD ROAD, SUITE F
WESTLAKE VILLAGE, CA 91361 [ (805) 497-0733

www.americanradiohistorv.com


www.americanradiohistory.com

$25k to $30k 15% Table 3: Language and programming experience and intentions. All
$30k and up 19% percentages based on 1448 respondents.
The median inco‘me of this sample'is $20k Frq Oce Lit Int None Excl
per annum, leading to the conclusion that
computer hackers tend to be fairly well off Machine Language 26% 40% 66% 14% 17% 3%
economically Assembly Language 31% 34% 65% 18% 13% 3%
’ BASIC 21% 38% 59% 25% 14% 2%
What H p le | dSo Far? FORTRAN 26% 43% 69% 11% 18% 2%
eople ?
at Rave Feople Invested S0 Far PLI 6%  13% 19% 19%  54% 8%
Buying a computer system is in some ALGOL 3% 13% 16% 10% 66% 8%
respects like buying a house or a car. It is a iSEOL gz,: 13:2 fg: ;(1)3: gg; g?’:
ang term ‘capltal investment b}/ ‘the ln‘dl-' RPG 29 8% 10% 9% 73% 8%
vidual, but it does have characteristics unlike Ded Appl Lang 12% 19% 31% 12% 48% 9%

the house or the car in its relative freedom
from maintenance due to its preponderance
of integrated circuits. In designing the sur-

vey, we made one mistake in the form'’s Occ = occasional use, or past use frequently.
layout which prevented an easy tabulation Lit = literacy = Frq + Occ (ie: know language).
f answers in the “H h h . Int = intend to learn language.

0 . ow muc‘ ave ,y None = no interest in language.

spent on X?" category where X is some item Excl = exclusions, did not answer question.

like a floppy disk, main frame, terminal, etc.
But we did get useful data on a key item
which enables us to deduce a lower limit on
total sales of computer products to date.
This item is the number of bytes of memory
contained in systems. We found that 35% of
the readers had operating computer systems,
based on one question. Correlating the re-
sponses to the question ‘‘How much mem-
ory do you have in thousands (K) of bytes?”

Definitions:

Fra frequent use, currently.

with those readers who had operating com-
puter systems, we found the distribution of
table 1. This table also contains an extrapo-
lated figure based upon the February 1 1977
BYTE circulation of 78,000 readers, and an
estimated dollar volume of sales of memory

Continued on page 155

IN WIRE-WRAPPING ©¥C HAS THE LINE...

HOBBY-WRAP-30 WiRE-WRAPPING, STRIPPING, UNWRAPPING TOOL FOR AWE 30 (.025 SQUARE POST)

[ swippinG charge s1.00

tH|RESIDENGS ADD s&g;,m

UNWRAP

OK MACHINE & TOOL CORPORATION

3488 CONNER BTREET, BRONX, NEW YORX, N.Y. 10478 U.8.A. » PHONE (212) 094-8800
TELEX: 125091 TELEX: 232398
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NOSTALGIA OF COMPUTING

The letter from Don Nyre in your
February 1977 issue suggesting that we
do more to preserve our computer
heritage by preserving antique computers
and publishing more articles on com-
puter nostalgia and antique computers
caught my eye. We here at Western
Washington State College are doing our
bit (2) to preserve our computer heritage
by still running an IBM 7090 and canni-
balizing a 7094 for parts. Yours truly cut
his eye teeth on a Royal McBee LGP-30
and was weaned to an IBM 650 and from
thence to an [BM 704 in graduate
school.

Our 7090 is interfaced to our IBM
360/40, which is interfaced to one of
our Interdata 7/32 minicomputers,
which will shortly be interfaced to a
MITS 680b. | suppose we should com-
plete the circle by having the 680b push
the START button on the 7090 console.
In Seattle 709 and 7090 equipment is
still the basis of Herb Burke's Puget
Sound Computer Service. Interested
readers are invited to ship their spare
IBM 700 and 7000 series computers to
Herb, COD. | am sure he will appreciate
it.

Keep up the good work with BYTE.

Melvin Davidson

Curator, Computer Museum
Western Washington State College
Bellingham WA 98225

ANYONE HAVE A 6800 APL?

Include me in your list of BYTE
readers interested in the APL program-
ming language. | would gladly buy up a
product that made it possible to run
APL programs on my 6800 system.

Jay Voral
279 Twinlakes Dr
Sunnyvale CA 94086

ATTENTION AUTHORS:
INFORMATION NEEDED

I wish your magazine and others like
it would give more coverage to com-
mercial equipment and software, and
how those can be interfaced with the
home market products you primarily
focus on. The reason is that much of
what you do cover appears to be uscful
for the same applications businesses and

professional institutions use their com-
puters for, but at astonishingly lower
costs. Yet it remains puzzling how this
home market equipment can be used
with commercial products.

For example, the IBM 5100 desk top
computer appears equivalent in capacity
to the Altair and similar systems for the
home; yet |, at least, find no mention of
it in BYTE. [See BYTE December 1975
for a new product item on the [BM
5100...CH/ At the same time, very
sophisticated software is marketed for
the IBM 5100, such as applications
packages in APL. Can any of that soft-
ware be used by the amateur computer
owner? .

Another example is cassette re-
corders. | use some remote terminals for
timesharing for which there are cassette
recorders typically costing $3,000. These
are the only recorders the terminal sup-
pliers provide for their terminals. Is there
any way all those cassette devices
covered in BYTE can be used with the
commercial grade remole terminals,
which are themselves special purpose
microprocessors (eg: GE Terminettes)?

A related example is modems. You
have covered a variety of remote tape
data transceiver devices, but never men-
tion specifically what kind is required to
operate by telephone a commercial time-
sharing facility as opposed to a user’s
own custom designed system.

George Lyons
280 Henderson St
Jersey City NJ 07302

APL in microland is alive and well;
we know of several interpreters presently
under development, and we are pre-
paring a number of articles on the
subject of implementing and using APL.
With an APL interpreter for an 8080,
6800, 9900 or other processor, it will be
possible to run public domain APL
applications packages, of course allowing
for detail differences between inter-
preters which will always exist. Your
other queries might make good starting
points for articles; so, authors take note.

ADDENDUMS TO THE F8 REVIEW
| would like to make a few additions
to the article on the Fairchild F8 (Febru-
ary 1977, page 88). As correctly pointed

out by Mr Baker, the 3851 program
storage unit (PSU) is rather expensive for

10
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the hobbyist. But Fairchild now makes a
3861 peripheral input output (P10} chip.
The PIO is identical to the PSU except it
does not contain the 1 K of ROM. Five
versions of the 3861 are available, each
mask programmed with different 10 port
addresses and interrupt vectors. This
chip allows for adding 10 ports to a
system without adding more ROM. A
3861 is about half the price of a 3851.
Thus using a 3850, 1to 4 3861s,a 3852
DMI or 3853 SMI and PROM or pro-
grammable memory, one can build a
complete system without having a 3851
mask programmed. We have done that
here in a number of projects with much
success.

Fairchild also makes a 3851 pro-
grammed with a debug program (called
Fairbug) and some Teletype 10 sub-
routines (part number 3851A). Fairbug
allows one to read and write memory
and the 64 scratchpad registers and load
and dump programs, as well as execute a
program. The O subroutines do all the
serializing and timing in software. Two
bits of an 10 port on the 3851A are used
for serial input and serial output respec-
tively. Two other bits are used to select
the bps rate (110 or 300). This makes it
very easy to hook up a terminal to the
F8. No UART or bps rate generator is
needed.

| think you are publishing an excel-
lent magazine. Each month BYTE gets
bigger and the articles get better. I'm
interested in both hardware and software
and you have a very good mix of both.
I’m glad to hear that you will be running
a series of articles on building a com-
puter using the 6502. | have been using
this processor in my home system since
it first came out. | believe it has one of
the best instruction sets of the available
processors. | hope your articles will
generate more interest in the 6502 so we
can build up a large library of software
for it.

Jeffry L Parker
Fairchild Systems Tech
1725 Technology Dr
San Jose CA 95110

STANDARD TAPE INTERFACES?

A lot of data which would be inter-
esting to process with amateur com-
puters is distributed at cost by the
federal government in machine proc-
essible form (such as the population
census). However, the data comes on
half inch tape for mounting on a large-
scale system. Is there any way to read
these tapes into an Aliair size system?

Jacob Schmidt
310 E 83 St
New York NY 10021

Yes: Build a controller to interface a
surplus 7 or 9 track tape drive. This is a
doable project which has already been
successfully tuckled by advunced home-
brewers. Eventually we should see such
controllers availauble on the market as
specialty items; however, the cost of 7 or
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PolyMorphic Systems now offers the complete, assembled, per-
The POLY 88 sonal computer system—the POLY 88 System 16. A full 16K sys-
® tem with high speed video display, alphanumeric keyboard, and
cassette program storage. A BASIC software package
M lcrocomputer providing the most advanced features available inthe
personal computing market. Features like PLOT and TIME, which utilize

SYStem our video graphics and real-time clock. Others like VERIFY, so that you know your tape is

good before you load ancther. Or input type-ahead so you can tell your program to run
while the tape is slill loading (it stores up to 64 characters of commands or question responses to be executed). Allthese
plus a complete package of scientific functions, formatting options, and string capabilities. With the POLY 88 System 16
‘ﬁg you can amaze your timesharing friends the very first night!
=) !

\3 ‘l PolyMorphic Systems 11K BASIC

Size: 11K bytes

Sclentific Functions: Sine, cosine, log, exponential, square root, random number, xtothe
y power.

Formatted Output ® Multi-line Function Definition ¢ String Manipulation and String
Functions ¢ Real-Time Clock ¢ Point-Plotting on Video Display ¢ Array dimensions
limited by memory ¢ Cassette Save and Load of Names Programs ¢ Multiple State-
ments per Line * Renumber ® Memory Load and Store ¢ 8080 Input-and Output e If
Then Else ® Input type-ahead.

Commands: RUN, LIST, SCR, CLEAR, REN, CONT.

Statements: LET, IF, THEN, ELSE, FOR, NEXT, GOTO, ON, EXIT, STOP, END, REM,
READ, DATA, RESTORE, INPUT, GOSUB, RETURN, PRINT, POKE, OUT.

Bulit in Functions: FREE, ABS, SGN, INT. LEN, CHRS, VAL, STR$, ASC, SIN, COS, RND,
LOG, TIME, WAIT, EXP, SQRT, CALL, PEEK, INP, PLOT.

Systems Avallable. The POLY 88is available in either kit or assembled form. Itis suggest-
ed that kits be attempted only be persons familiar with digital circuitry. The following are two
of the systems available.

System 2: Is a kit consisting of the POLY 88 chassis, CPU, video circuit card, and cassette
interface. Requires keyboard, TV monitor, and cassette recorder for operation. $690
System 16: consists of an assembted and tested System 2 with 16K of memory, keyboard,
TV monitor, cassette recorder, 11K BASIC and Assembler on cassette tapes. $1995.
Prices and Specifications subject 1o change without notice.

California residents add 6% sales tax.

PolyMorphic
Systems

460 Ward Drive  Santa Barbara,
Ca. 93111 (805) 967-2351

POLY 88

PolyMorphic
Systems

Reset

: j . &y
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9 track IBM compatible drives is fairly
high unless purchased via a surplus
house.

6800 REGISTER TRANSFERS,
CLARIFIED

Many readers must have spotted the
goofin my letter, December 1976 BYTE,
about the 6800. TAB and TBA do allow
exchange between the two accumulators,
and it is the X register that only com-
municates with A and B via memory. As
the owner of a 6800 system, perhaps
you should have spotted this! [Maybe,
but | can give the ultimate cop-out and
say facetiously that it was your letter,
after all. But the point is valid of course
~ and | do use TBA und TAB whenever
necessary on my 6800 .. CH/

H T Gordon
641 Paloma Av
Oakland CA 94610

PS: My disparaging comments on the
IM6100 were based entirely on chapter
12 of volume 2 of the Osborne Asso-
ciates book. Until then | knew nothing
of the inner operation of the PDP-8
except that (through a FORTRAN com-
piler) it works fine. That this primitive
hardware should survive {entirely on its
accumulated software) was quite a
shock! The Osborne book is a treasury
of information on design. You should
run an article on the profound dif-
ferences among micros, and between
minis and micros, to educate your
readers who lack the time or background
to plough through the Osborne book.

Old software eventually dies, but
usually when the machines which use it
have been scrapped. For example, not
many people must be using the
FORTRAN compiler for the SPIRAS-65
computer | saw auctioned in Cambridge

MA in 1973 (or was it 19742) for $85
(not bud for an 8 K 24 bit minicomputer
processor in working condition,
optimized with floating point for num-
ber crunching). As a second example,
there are still very real programs still in
operdation on machines which could add,
subtract, multiply, print, read cards, etc.
| refer to all those old monster |BM
tabulating equipments such as the 407,
etc, which use plugboard programming
to create algorithms of a simple order.
Why throw out a working machine if it
doesn’t cost an amount approuching
infinity to maintain it?

MEETING THE ECONOMICS
OF STUDENTS

My main purpose in writing this
letter is to voice a student’s point of
view. | feel that my view is represen-
tative of a number of college and high
school students involved in computing
across the country. Basically, | am of the
opinion that we have been passed over
by the industry. First of all, one must
realize the limited budgets available to
students. There are many powerful sys-
tems in existence but these are often too
expensive for a student of meager
earnings to afford. No matter how you
slice it, a function software development
system (processor 4 K bytes program-
mable memory minimum, PROM moni-
tor, video display, cassette 10 and pack-
aging) costs well over $700, a conserva-
tive approximation. Students like myself
don’t have the money. Now I'm not
saying that someone should offer a
system like the one above for $200,
since that would be ridiculous; my real
complaint is that | have not seen a low
cost alternative system which is designed
with the following idea in mind: Most
students have access to a dial up time-
sharing system, and could thus use a
terminal of sorts that can be kept at

home or in the dorm. So why not design
the terminal with a processor in it, so
that we can expand the terminal into a
compiete system a little bit at a time,
while still using the thing as a terminal
for the timesharing service? Basically, it
would be like a Processor Technology
SOL, but without the extra memory,
cassette interface and the attractive but
probably expensive case. If it were pos-
sible to make such a minimal terminal at
a price around the $350 to $450 range,
while retaining the ability to expand
upwards, | think there would be a large
market among students such as myself.
There are great numbers of students
throughout the nation who are capable
of writing some excellent software for
small systems, but have not even tried to
get into this type of computing because
of the cost involved.

Tony Aiuto
19 Old Field Ln
Great Neck NY

For the person with a tight budget,
the single board computers and com-
puter kits such as KIM-1, JOLT, the new
Motorola 6800 evaluation kRit, or the
Intersil Intercept |r (to name just a few)
provide the least expensive starting point
(minus timesharing options). All are ex-
pandable upwards but come sans video
display, modem or keyboard. Or, if a
finished high level language system is
what you want, go to a department store
and evaluate a programmable calculator.
Alas, no video display in calculators, but
toward the end of this year we can
expect to see some interesting portable
computing products which are variants
of calculators scaled upwards (perhaps
with video outputs) at prices in the
calculator range which you can afford.

And then, of course, if you're a
student at a college, there is the old tried
and true method of locating a professor,
selling him or her on the idea of getting

MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL

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’

F ol S d
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Complete Control System

Intel developed the world’s first single
chip microcomputer. IMSAL has built the
system to put it to work. Instantly!

Presenting the IMSAL Single Board
Control Computer. A complete program-
mable com puter and hardware control
system on an 8% x 10" board.

Just plug in the power source (a 5V
power supply or a 6V battery will do), and
vou can be controlling your home
environment today!

The Chip Designed for Control

Intel designed the 804878748 single chip
microcomputer with one thought in mind.
Complete control. Everything vou need is
there: CPULRAM. TK ROM/EROM. 1/0.
tmer/counter. interrupts . . . the works.

The Board That Implements It Instantly
There's a 24 pad hexadecimal kevboard
and 9-digit LED hea display already on
bouard. So vou can start controlling the
cofteepot and the sprinklers the minute you
get the IMSAL home. Without adding
anything but the connecting wires.

You can run almost any peripheral
availuble, Not to mention the kids™ electric
train. The IMSAL Control Computer is

plete Control.

Fim e o .’
! 1 '3

.

RS232 compatible. There are 12 quasi-
bidirectional 170 lines with handshaking
and 14 more regular 170 lines. 5 heavy duty
relays. and Teletype and audio cassette
interfaces. All on one board.

There's already an extra |IK of RAM on
board, plus sockets for another IK of
RAM and 2K of ROM/EROM. Still need
more memory? The IMSAL 8048 allows
expansion up 1 64K ol RAM ofl board.

Ultimately. the only limit to this system
Is your imagination.

Now. that’s control.

For instant control, use the coupon provided.

www.americanradiohistorv.com
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GENTLEMEN:

1 want instant control!

7] Send ROM Computer Kit $249°

] Send EROM Computer Ki1$399
—]Send assembled ROM Compuler $299*
—]Send assembled ERON Computer $499
| [ Send 5V power supply $99

*June delivery.

Check/MO enclosed. Al $

Charge my: (] BAC ] M/C

= Exp. Date
l Sig.
[J Send more information

Name

Address
| Ciy
Sute/Zip

IMISA

IMSAI Manufacturing Corporation
14860 Wicks Blvd.

San Leandro, CA 94577

(415) 483-2093

TWX 910-366-7287


www.americanradiohistory.com

you and your school into personal com-
puting studies, and having the school
make the investment for you. This ap-
proach has been done by undergraduate
and graduate students with minicom-
puters (and lately, microcomputers) for
years.

COVER KUDOS

It is truly refreshing to be reminded
that art in America is not confined to
museums. The choice of cover art for the
January 1977 BYTE is a credit to your
editorial staff. My highest praise goes out
to Mr Tinney for his insight and well
presented message. There is one small
problem, however: All those people like
me who removed the cover for framing
are left with no protection for the first
pages of the magazine.

Stuart Beatty
1424 34th St NW
Canton OH 44709

Magazines have often inspired excel-

Are You Interested in Limited
Edition Reprints of BYTE Covers?

We have received a significant
number of requests for reprints of
BYTE covers in full size poster form.
However, the number is not sufficient
to cover preparation and handling (as
well as a bit of extra remuneration to
the artists) at typical poster prices in
the $2 to $5 range.

As a way of satisfying the de-
mand for covers, we would like to see
if there is reader interest in limited
edition printings of covers (without
the BYTE logo or lettering which is
applied in the reduced magazine form
of the paintings). A limited edition is
defined as a run of n < 100 prints,
approved by the artist, signed and
numbered by the artist, and accom-
panied by a notarized affidavit
certifying the limited quantity and
position in the run. Such sales would
be conducted as an auction, with the
lowest numbers going to the highest
bidders, ranked by the price bid. A
minimum acceptable bid would be
announced when the auction sale fs
announced.

If you are interested in bidding on
such prints, let us know by sending a
postcard listing the covers you'd like
to see reprinted (by month and year),
and the price range in which you
would intend to bid in such an auc-
tion. Address the card to:

Cover Print Survey
BYTE Publications

70 Main St
Peterborough NH 03458

If we get enough response to war-
rant such reprints, we'll announce
selections in a future issue and solicit
bids.m

lent artwork, a practice which we at
BYTE want to encourage. A classic
example is the work that artist Maxfield
Parrish performed early in his career
illustrating magazine covers and stories
early in this century. For those unfa-
miliar with the man, Maxfield Parrish
had a unique and aesthetically pleasing
style of painting which will probably
class him among the great romantic
artists of all time. When | first asked
Robert Tinney to execute covers for
BYTE (which were constrained to the
cartoon format of early BYTES by our
production means, not Roberl’s choice),
| used Maxfield Parrish as represented in
a book by Coy Ludwig as one of the
mental models to be considered. The
January cover was Robert’s jdea and
came out quite well.

COVER REPRINT INTEREST

Please let me know whether the front
cover of February 1977 BYTE, or for
that matter, any other of the computer
art you publish, is going to be made
available in poster-like form.

Richard H Deip
19703 Gary Av
Sunnyvale CA 94086

We have available presently one cover
reprint poster: the fuly 1976 painting by
Robert Tinney in its original form,
which costs $2.95 postpaid. Order it
through BITS (see advertisements in
this issue).

FOR YOUR CANADIAN READERS’
INFORMATION

Our store, The Computer Place,
officially opened November 15 1976.
Before that date, during renovations,
we were selling micros and peripherals
on an appointment basis only. We
deliver from stock and we do not sell
what we can’t back up.

Our store in Toronto is the largest
in Canada; it includes a service and
repair facility of 1400 square feet,
salesroom of 900 square feet, general
offices of 600 square feet, and storage
facilities of 1000 square feet.

We maintain a minimum of two
systems up for customers to work with.
Additionally, we have two bench mark
dual floppy systems up and running:
one a Processor Technology Hellios Il
based system, the other an iICOM with
IBM formatting.

Our product lines include TDL,
IMSAI, Processor Technology, EMA
Industries, North Star, Cromemco,
iCOM, Volker Craig and Cybernex
terminals, Centronics printers, Sanyo
monitors, and OAE paper tape readers.
We are also handling used equipment.

We are the exclusive Canadian distrib-
utors for National Multiplex, Seals
Electronics, and Scientific Research (the

Continued on page 105
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BUY YOUR

COMPUCOLOR 8001

FROM THESE
DEALERS.

ARIZONA
Phoenix: Phoenix Byte Shop West
12654 N. {gth Pr.
Tempe: Tempe Byte Shop East
813 N. Scottsdale Rd.
Tucson: e Shop of Tucson
2612E. way
CALIFORNIA
Lawndale: Byte Shop of Lawndale
16508 Hawthorne Blvd.
Orange: Computer Mart of Los Angeles
625 W. Katella. No. 10
San Dicgo: The Computer Center
8205 Ronson Rd.
San Francisco:  The Computer Store
1093 Mission St.
San Jose: Amco Electronics
414 S. Bascom Ave.
San Jose: Byte Shop
155 Blossom Hitl Rd.
Van Nuys: Computer Components
5848 Sepulveda Blvd.
CONNECTICUT
Windsor Locks:  The Computer Store
63 S. Main St.
FLORIDA

Corat Gables:  Sunny Computer Stores
1238A S. Dixie Hwy.

Tampa: Microcomputer Systems
144 S. Dale Mabry Hwy.

GEORGIA

Atlanta: Atlanta Computer Mart
5091-B Buford Hwy.

HAWAII

Honolulu: Compact Computers
PO.Box |

ILLINOIS

Champaign: ‘The Numbers Racket
518 E.Green Si.

Evanston: Ity Bitty Machine
1316 Chicago Ave.

Park Ridge: Chicago Computer Store
157 Talcott Rd.. Hwy. 62

INDIANA

indi i Home Comp
10447 Chris Dr.

MARYLAND

Rockville: Computer Workshop. Inc.
5709 Frederick Ave.

MASSACHUSETTS
Burlington: The Comg:ler Store
idge St.

120 Caml
MICHIGAN
“Troy: Gencral Computer Company
2017 Livernois
MINNESOTA
Minneapolis: Cost Reduction Services
3142 Hennepin Ave. So.
MISSOURI
Kansas City: Computer Workshop of Kansas City
6903 Blair Rd.
NEW JERSEY
Iselin: ‘The Computer Mart
501 Route 27
NEW YORK
East Mcadow:  The Computer Mart of Long Island
2070 From St.
New York: “The Computer Mart
314 5th Ave.
OHIO
Columbus: Computervision
894 W. Broad St.
SOUTH CAROLINA
Columbia: %lc Shop
18 Greene St.
Houston: Communications Center
7231 Fondren
Richardsen: The Micro Store
634 S. Central Expressway
WASHINGTON
Seatile: Retail Computer Store
410 NE 72nd St.
WISCONSIN
Beloit: Austin Computers
1835 Northgate
Watertown: General Precision Electronics
207 Rhine St.

(602) 9427300
(602) 894-1129
(602) 327-4579
(213)371-2421
(714)633:1222
(714) 292-5302
(415)431-0640
(408)998-2828
(408) 226-8383
(213)786-74 1t

(203)627-0188

(305) 661-6042
(813)879-4301

(404) 455-0647

(808)373-2751

(217)352:5435

(312)328-6800

(312)823-2388

(317)894-3319

(301) 468-0455

(617)272-8770

(313) 362-0022

(612)8222119

(816)741-5055

(201) 283-0600

(516) 794-0510
(212)279-1048

(614) 228-2477

(803)771-7824

(713) 7749526
(214) 231-1096

(206)524-4101

(608)365-6006
(414)261-8148

Compucolor Corporation



www.americanradiohistory.com

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
MHY. 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

a conversational programming
language which uses English-
type statements and familiar
mathematical notations. It’s
simple tolearn 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,

www.americanradiohistorv.com

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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The Small Computer

Twenty-five years ago a computer as powerful as the
new Processor Technology Sol-20 priced out at a cool million.

Now for only $995 in kit form or $1495 fully
assembled and tested you can have your own small computer
with perhaps even more power. It comes in a package about the
size of a typewriter. And there’s nothing like it on the market
today. Not from IBM, Burroughs, DEC, HP or anybody else!

It fills a new role

If you’re an engineer, scientist or businessman, the
Sol-20 can help you solve many or all of your design problems,
help you quantify research, and handle the books too. For not
much more than the price of a good calculator, you can have high
level computer power.

Use it in the office, lab, plant or home

Sol-20 is a smart terminal for distributed processing.
Sol-20 is a stand alone computer for data collection, handling
and analysis. Sol-20 is a text editor. In fact, Sol-20 is the key
element of a full fledged computer system including hardware,
software and peripheral gear. It’s a computer system with a
keyboard, extra memory, 1/O interfaces, factory backup, service
notes, users group.

It’s a computer you can take home after hours to play
or create sophisticated games, do your personal books and taxes,
and a whole host of other tasks.

Those of you who are familiar with small computers
will recognize what an advance the Sol-20 is.

Sol-20 offers all these features as standard:

8080 microprocessor — 1024 character video display
circuitry — control PROM memory — 1024 words of static low-
power RAM — 1024 words of preprogrammed PROM —built-in
cassette interface capable of controlling two recorders at 1200
bits per second — both parallel and serial standardized interface
connectors — a complete power supply including ultra quiet
fan — a beautiful case with solid walnut sides — software which
includes a preprogrammed PROM personality module and a data
cassette with BASIC-5 language plus two sophisticated computer
video games — the ability to work with all S-100 bus products.

Full expansion capability

Tailor the Sol-20 system to your applications with our
complete line of peripheral products. These include the video
monitor, audio cassette and digital tape systems, dual floppy
disc system, expansion memories, and interfaces.
Write for our new 22 page catalog.

Get all the details.
Processor Technology, Box B, 6200 Hollis St.,
Emeryville, CA 94608. (415) 652-8080.
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A Catalog

of Liberating Home Computer Concepts

Ted M Lau
1219 Pioneer Dr
St Louis MO 63132

Unlike commercially developed systems, home grown
computer systems are not required to justify themselves
directly in terms of dollars and cents, which means that
home grown systems can be put to a wide variety of uses,
from whimsical games for pure enjoyment to public services
for helping people, uses that are certainly worthwhile but
whose worth cannot be quantified. | suspect the computer
hobby will continue to address itself to a broader range of
applications even after prepackaged consumer oriented
systems have filled the marketplace in the next few years.

But like all powerful technologies, home computers
should not be allowed to wander into any applications for
which they seem suited, but should be guided by human
values. Technology is often called ‘‘value free,"” meaning it
is neither good nor bad of itself, but by virtue of the effects
of its applications. To be “good,” humankind (represented
by each individual) must first define its will, and only then
how technology can serve it.

Presented here is a catalog of home computer applica-
tions that serve the goal of ‘“human liberation” as |
personally envision it. Many of the applications listed can
be found in other sources, but many well known applica-
tions are omitted. | have attempted only to include enough
examples to illustrate the concepts underpinning each
category so that the reader will be able to use the catalog to
generate new applications of his or her own. Along the way
| briefly introduce some thoughts of Marshall McLuhan, the
media guru, but interested readers should consult a library
for a fuller treatment.

In brief my message is: Home computers should serve
your values. If you don’t value war games, don’t put them
on your computer. | value ‘““human liberation” and here’s
how | see home computers aiding that endeavor. But
whether you agree with my vision or not is incidental. Use
this catalog as an example. Go to it: Define your own
values, and then define how the computer might help.

A. LEISURE TIME LIBERATION
1. Games
a. The computer as game board or game recorder:
The game participants input their moves, the
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computer updates the game status display(s), and

keeps move records.

1) Go, Stratego, Risk, Avalon-Hill games (in
general, games with complex boards): Using a
graphics display device to represent board and
token position, and a keyboard or panel for
input of moves.

2) Speed chess: Using a wired chessboard as an
input device, the computer senses each player’s
move, keeps the clocks, and prints a list of
moves at completion of the game. A move
number display allows the players to add
additional time periods if both players satisfy
the first period requirements (rather than
having the game end when one player’s time
expires. This is a variation that stresses speedy
but not quality play).

. The computer as kibitzer: One participant inputs

all moves, and is aided in playing by advice from
the computer.

1) Chess: The computer advises of threats or
potential threats against your pieces, eg: forks,
skewers, checks, discoveries. Let two players,
each with computerized kibitzer, compete with
each other for accuracy, time, etc.

Blackjack (and games of chance): The com-
puter advises whether to stay or hit, and how
much to bet. Many statistically based blackjack
systems exist, some in print, waiting to be
algorithmatized.1 (Imagine the impact on Las
Vegas of hordes of gambling crazed people
equipped with wristwatch-sized kibitzers of this
variety. Or imagine the sales potential of such a
one chip blackjack calculator!)

2
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. The computer as opponent: The player inputs a

move, and the computer responds with its own.
An example is HEXPAWN by Robert Wier [page
36, November 1975 BYTE], where the computer
learns to play better through experience.

How about dominoes, backgammon, go-moku
(five in a row), hex, football, checkers? The

www.americanradiohistorv.com
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computer could be made into an extremely skillful
player in these games, and a difficult opponent to
beat. Games that are not soluble are best.

Or get your computers together for a computer
tournament, with no human players at all. The
First Annual World Computer Chess Tournament
was held during the summer of 1975,

2. Simulations

a. The computer as an analog: The player inputs

initial parameters, and optionally changes the
parameters during the simulation. The computer
outputs the values of variables that are described
by a logical or mathematical model.

Familiar examples are LIFE (cell colony
growth), LEM (lunar landing), and ROADRACE.
1) Patient work-up: The computer simulates a
person with an illness by responding to ques-
tions posed by a medical student. The student
tries to deduce the iliness (make a diagnosis) by
recognizing a pattern of symptoms.
Environment: Human and animal population
dynamics, poliutant flow up the food chain,
nuclear reactor dynamics, automobile fuel
economy — all can be simulated. (Simulations
hackers beware, though: are you creating an
accurate mode! or did you overlook
something?z)

2
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3. Toys
a. The computer as plaything: The infant inputs

actions, and the computer responds playfuily.

1) Crib entertainer: The baby strikes crib objects
(sensors), and the computer outputs funny
noises, blinks lights, motivates other objects,
etc.

. The computer as robot: The computer motivates

itself around an environment, and optionally

performs work.

Examples are the maze-running mechanical rat
which learns, the object-avoiding turtle, the house-
maid robot, the barmaid robot, and the billiard
player.

1) Piano player (not to be confused with player
piano): Robot sits on the bench, reads the
notes, and plays the piano. (Or why make it
humanoid at all? Simply mount controls to
each key.)

Using the computer for fun avoids consuming ready-
made leisure time activities. As opposed to TV ping pong,
home computers are general purpose and do not come
equipped with software ready for action. Computer players
must first decide how to spend their leisure, and then must
create the means for playing, or purchase software for the
purpose. As much or more enjoyment, experience and
learning occurs during the creating as during the playing.

B. MEDIA LIBERATION
1. Translation

a. The computer as Seeing Eye dog: Inputs from the
environment are translated by the computer into
outputs in a different sensory mode. Thesc out-
puts serve as substitute inputs for the user.

1) Printed text to spoken word for the blind: A
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very sophisticated minicomputer based product
was recently announced for this purpose. Vocal
analysis, computer-generated vocalization, and
text recognition are reasonable goals for ad-
vanced home computer technicians. Other
transiations for the blind include spatial per-
ception to sound and spatial perception to
vibration.

2) Touch, shorthand, or sign to speech for the
mute.

b. The computer as linguistic translator: Inputs in

one language are translated and output in another

language.

1) Cross assemblers: Assuming the computer
hobby remains linguistically diversified, transla-
tors will be valuable tools for the promoting of
free software exchange of programs in the
public domain.

2) Human language translation: Most experts have
been disappointed with results of computerized
translators, except when the context is specific,
as in technical journals. Their experience does
not eliminate the possible benefits of {imited
capacity English to Spanish translation ma-
chines in government offices and elementary
schools in many parts of the US.

2. Interpretation
a. The computer as mass media bodyguard: Semantic

inputs to the computer are interpreted and output

as information whose meanings differ from those

of the inputs.

1) Political “doublespeak”’ interpreter:3 Takes
written or spoken text and turns buzzwords
into their suppressed, connotative, or implied
meanings. Easy computer program, but who
defines the dictionary of doublespeak terms?

2) TV commercial replacer: The computer senses
when a commercial message comes on the air
and substitutes a viewer-chosen display such as
a game, art graphics, trivia quiz, silence, etc.

3) Remote lie detector: The computer measures
the stress evidenced in the vocal, facial, and
manneristic expressions of the person delivering
a TV ?eech, and outputs its findings to the
viewer.

3. Condensation
a. The computer as library card catalog: The com-

puter stores an index to media events.

1) Phonograph recording, cassette, magazine
index: by subject, author, keyword. Computer
could scan year-end index to magazine articles
for input. Books and records could have covers
scanned.

2) Public library book search network: User inputs
search argument and receives list of matching
titles.

. The computer as media monitor: The computer

scans many media channels and stores either entire
or condensed media events whose contents match
the interests input by the user. The user then
retrieves the stored events.

1) Entire verbal events: The computer stores all
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rint Your Heart Out.

With help from the Digital Group, naturally.

There are lots of capabilities and outstanding features of the
Digital Group printer...and (as always) the best news is
our price. Kit prices start as low as $495 for the printer and
interface card. It simply can’t be beat.

Now, that small computer system you own or have been
considering for personal or business use suddenlfr be-
comes a lot more usable—with the addition of a full-size
impact printer from the Digital Group. A printer designed
for small computers that need big output (like yours).

With the Digital Group printer, you can rlntTyour heart
out...and it won’t cost an arm and a leg. The Digital
Group printer is available for less than $500. That's
right—$500.

Just look at these specifications:

e Fast—120 characters per second

96 characters per line

12 characters per inch horizontal

6 lines per inch

Makes up to 4 copies simultaneously

Character set and pitch variable under software
control—double width characters, etc.

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%2-inch roll, fanfold
or cut page

Interfaces to 8-bit parallel ports

Find out all the facts about the Digital Group printer now.
Just fill in the coupon below or give us a call for the details.
We think you’ll find a place for our printer in your system
...and in your heart.

the digftel group )

P.O. Box 6528
Denver, Colorado 80206
(303) 777-7133

Quick. | want to print my heart out.
Send me all the details on your full-size impact printer.

Name

Address

City/State/Zip
Please print.
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Figure 1: Communications Structures. McLuhan identifies two major classes of communications structures: center-margin, and
point to point. The center margin structure at left is typical of pre-electric forms of media such as newspapers or books, in which
information flows from the center to the periphery of the network. A point to point structure, as at right, typifies the many
electronic forms of media such as the telephone network, ham radio, CB radio, etc. Due to political and economic factors, the
communications structure of some of the electronic media such as commercial radio and television more resembles the
center-margin case. But with more and more home computers, with sophisticated network terminal capabilities, the typical
home communications mode will shift increasingly towards the point to point case.

TV broadcasts from all channels on video tapes,
then reviews each segment for keywords, and
spools off only those in which a certain level of
keyword density occurs. Similar processing for
AP Teletype wire, police, shortwave, and ham
bands, etc.
2) Summarized verbal events: The computer moni-
tors all radio or TV newscasts and prints a
summary of nonredundant news items.
Music monitor: The computer monitors all
stereo (or quad) FM broadcasts, identifies
singers and groups by comparing to stored vocal
profiles, and tapes tracks of desired artists if the
event does not already exist in the library! (A
challenging application perhaps, but a good way
to build a personal music collection!)

3
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4. Alternate Media
a. The computer  as a public bulletin board: The

computer stores messages from individuals to

other individuals or to the public. Users input,

search for, browse through, and retrieve stored
messages at remote, publicly accessible terminals.

1) Carpool data base: Riders wanted, rides needed
by destination and departure time are matched
via a public computer network.

2) People skill resources data base: People offering
skills and services match with those needing
training, services, etc. A public access computer
network was set up in Berkeley and was used
for the above two, and many other, purposcs.
The network needs a scheme for catcgorizing

20

the messages and message searches, as with
classified ads in newspapers.

3) Interactive computerized ‘“‘singles club” and
dating service.

b. The computer as encoder or decoder: The com-
puter encodes or decodes alphanumeric messages
for transmission or reception over communications
channel.

1) Telemetry bands: Computer-receiver com-
bination detects and decodes scientific data in
broadcasts from satellites and space probes.

2) Amateur broadcast bands: The computer inter-
faces between operator and transmitter and
receiver for Morse CW encoding and decoding
to alphanumeric, or enciphering and deci-
phering of private secrecy codes.

Using the computer as an interface to the mass media
opens the possibility of liberating the individual from
information overload caused by multichannel dissemination
of largely redundant data. For example, almost all news
stories on TV, radio, and in newspapers (excluding local
stories) come from the two wire services, ie: are the samé
basic set of stories endlessly replicated. Increasing informa-
tion processing power at the receiver will allow sampling of
more diversified sources of news (or use of the gained free
time in other ways).

Diversification also implies decentralization, since
speedier information throughput (such as the personalized
computer allows by enhancing both the broadcast and
reception of data) on more numerous channels (say, cable
TV or radio bands) will help transform our center margin
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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

D=2

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

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

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, IL 60201

itty bitty machine co.
42 West Roosevelt
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

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, MI 48084

Computer Mart of Royal Oak

1800 W. 14 Mile Rd.
Royal Oak, MI 48073

NEW JERSEY

The Computer Mart
of New Jersey

501 Route 27

Iselin, NJ 08830

Hoboken Computer Works
No. 20 Hudson Place
Hoboken, NJ 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.I. NY 11554

The Computer Mart
of New York

314 Fifth Ave.

New York. NY 10001

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

OREGON

The Real Oregon
Computer Co.

205 West 10th Ave.
Eugene, OR 97401

Byte Shop Computer Store
2033 S.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 Malli
1800 Post Rd.
Warwick, RI 02886

SOUTH CAROLINA
Byte Shop

2018 Green Street
Columbia, SC 29205

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

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, WI 53213

CANADA

The Computer Place

186 Queen St. West
Toronto, Ontario M5V 1Z1

Trintronics

160 Elgin St.

Place Bell Canada
Ottawa, Ontario K2P 2C4

First Canadian

Computer Store Ltd.

44 Eglinton Ave. West
Toronto. Ontario M4R 1Al

Pacific Computer Store
4509-11 Rupert St.
Vancouver, B.C. V5R 2J4

Processor Technology, 6200 B Hollis Street, Emeryville, CA 94608, Phone (415) 652-8080
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2a. MICROPROCESSOR-BASED ART OBJECTS

l,_ ______________

| AFFECTORS
ART 084 ECT—>| OR

I DISPLAY
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| RECEPTORS

|

2b. ART OBJECT AS
ALIEN INTELLIGENCE

RE SPONSE
TO INPUTS

ART
OBJECT

OBSERVER

OBSERVER

INPUTS-
VARIABLES OR
PROGRAM COMMANDS

Figure 2a: A system diagram of art object components and

art object to observer interaction.

some functionul purpose.

communication structure into a point to point structure (as
prophesicd by McLuhan? and represented in figure 1).

C. ARTISTIC LIBERATION
Artists will be among the first to exploit the capabilitics

of low cost microprocessor-based systems. John Whitney,

for example, proposes to use MPUs to help create abstract
animated TV graphics, a form _he pioneered prior to the
days of inexpensive processors.? Since most artists already

know how they would use computers, | shall not attempt a

comprehcensive listing here. While | suspect that most art is

liberating in some sense or other, | will restrict myself to
applications that illustrate McLuhan’s idea that art is an
anti-environment which exposes the usually invisible effects
of media on us (sce figure 2a).
1. Self Exposure
a. The computer as an alien intelligence: Data inputs
and program commands are input to the
computer-driven artwork through means not
readily apparent to the participant. The artwork
transforms the data according to a program and
displays. The participant attempts to deduce the
transformations and program commands by vary-
ing the supposed inputs. In other words, the
artwork is a black box whose inner logic the
viewer attempts to deduce (sce figure 2b).

1) Proximity synthesizer (theramin): The distance
of lhe observer’s body parts from hidden
sensors determines pitch, filters, noise, ampli-
tude, waveform, etc. Obscrver explores the
object’s surface. How the sensors determine the
sound depends upon a Boolean concatenation
of variables, eg: hand close to sensor | AND
foot close to sensor 2 yields white noise, ctc.
Eavesdropper: The pattern of lights displayed
changes through time, but different types of
changes are initiated upon detection of vocal
keywords in the viewing room.

b. The computer as a Skinner box: The computer
rewards certain  behaviors of the viewer. The
viewer may deduce that he is in a Skinner box for
operant conditioning. (Sce figure 2c and the
literature of B F Skinner.”)

2

~—
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The interaction is
identical to uny computerized environment such as gaming,
CAl, etc, except that the art object uttempts to expose the
clever operations of the computer rather than to pursue

Figure 2b: The art object as an alien
intelligence. In this conception, the
object interprets inputs as data and
program commands. Data is then
transformed by the artwork and sent
back out. The transformation is a
complicated (but designed) function
of pust commands and data.

2c. ART OBJECT AS
SKINNER BOX

1. STIMULUS
3.REWARD

ART
OBJECT

OBSERVER

2.RESPONSE

Figure 2c: Another way of viewing the
art object is as « stimulus-response
program. The complications and vari-
ations involved in a big program can
make the object quite interesting in-
deed.

) Arms above head behavioral goal: Video inputs
of the viewer are displayed back to the viewer.
The computer analyzes the viewer's hand posi-
tions: the higher the viewer raises his hands, the
clearer his displayed self image becomes, until,
overhead, the viewer can clearly see his own
image. Random movements will be rewarded at
first, such as raising a handbag onto the
shoulder or adjusting eycglasses.

2) Touching: If viewers touch each other, artwork
dispenses a souvenir (penny, slogan button,
raffle ticket).

The purpose of these computer driven artworks is to
revcal to a large viewing public in graphic, intriguing,
cnjoyable ways, the sophistication and capabilities of
computerized environments. Even for the public fortunate
cnough to interface with computers via CRT in muscums,
libraries, and schools, thc computer remains transparent
and hidden. These art objects can be designed to expose the
computer’s workings.

www.americanradiohistorv.com


www.americanradiohistory.com

A complete language for
‘8008 /'‘8080" systems
including source listings,
routines, flow charts and
more!

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...
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D. EDUCATIONAL LIBERATION

The problem educators and psychologists have identified
as the main barrier to nationwide adoption of CAl
(interactive Computer Assisted Instruction) is the high cost
of hardware; but with the development of inexpensive
processors, this barrier will be overcome. The benefits of
CAIl are well documented: More pupils master the material
in less time than with conventional teaching techniques.
With hardware costs decreasing, the most costly component
of CAl will be software development, so if you want to do
CAl, get together early with other developers on software
standards so that course material can be shared. A CAl
software network is a must.

Educational liberation as a computer application means
every technique in this catalog. What follows is a more or
less traditional listing of CAl categories, given without
examples. Interested readers can pursue CAl in periodicals
beginning with Educational Technology .

1. Drill and Practice

a. The computer as drill instructor: The computer
presents no new material (new material would be
taught in a traditional way), but would test and
reinforce learning through repetitious questioning,
correcting wrong answers and accepting correct
answers.

2. Tutorial

a. The computer as lecturer: In “linear” fashion, the
computer presents new material to the learner and
periodically asks questions, but the speed or
direction of presentation is not modified by the
correctness or incorrectness of the answers.

b. The computer as absent minded professor: In this
“intrinsic”’ or ‘“branching” mode, the computer
alters its presentation depending upon the appro-
priateness of the previous answer only.

c. The computer as tutor: In “adaptive’” mode, the
computer alters its presentation based upon the
previous pattern of student responses and focuses
in on weaknesses, or skips over familiar material,
etc. This is the most difficult form to create.

3. Games and Simulations

4. Problem Solving

a. The computer as a computing machine: The
,student uses the computer as an aid in solving a
problem by inputting an arithmetic or algebraic
expression, or by writing a computer program
directing the computer to solve the problem.

5. Dialogue

a. The computer as Socrates: The computer presents
large bodies of information, and optionally queries
the student or is queried by the student. The
computer analyzes the student’s remarks and leads
the student to an understanding of his own
weaknesses, need for additional study, or satis-
factory comprehension, etc.

6. Discovery Learning

a. The computer as a land of exploration: The
computer offers a structured informational en-
vironment and the tools for its exploration. The
student directs his/her own exploratory efforts.

1) Hypertext: See Ted Nelson’s Computer Lib.8

CAl promises to break down the lock step approach to
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learning wherein all learners, grouped by age instead of by
aptitude or achievement, learn the same material at the
same pace. But this promise may cause problems the
experts don’t foresee: CAIl threatens the traditional role
and authority of teachers, threatens the institutional role of
public schools as keeper, babysitter and socializer of
children, threatens the modern routine of family life
ordered around a nine month, full time involvement by
offering children the possibility of learning at home
whenever they please. CAl still has a large mass of societal
inertia to overcome.

E. COMMUNITY LIBERATION

“Community” can be any geographically localized group
of people who have interests, problems, goals, and concerns
about their lives and locality in common. One family or one
block can be a community, or a city, but in general | am
thinking of a neighborhood — with a traditional history,
perhaps a distinct ethnic background, traditional local
business and industry, topographic boundaries, and so on.

The problem communities face in our day and age is that
they have been gobbled up by the cities, and have lost the
wherewithal to exercise control over factors and decisions
affecting their existence, issues such as housing, transpor-
tation, health care, zoning, schools, and so forth.2 This
section proposes how inexpensive computer technology
might be used to benefit community development in terms
of gaining two potent resources: economic power and
political power.

1. Economic Power

a. The computer as a service for sale: Many well
known applications could be sold to customers on
a per use basis, where the clients do not need full
time dedicated systems of their own.

1) Mailing list address labels.
2) Small business accounting and billing.

Once a local business or agency is paying for
its computer with these services, it' could
perform additional services on a free or nominal
fee basis of the sort listed in previous sections.

3) Social service and health care referral and
followup system.
4) Part time job match service.

b. The computer as hardware for sale: The neighbor-
hood computer store has already arrived, with
your friendly local retailer selling microprocessor
hardware and related services.

1) PROM programming services.
2) Hardware maintenance service.
3) Low cost peripheral manufacture.

¢. The computer as software for sale: People who are
unable to travel or do heavy work (as mainte-
nance, service, or manufacturing operations might
require) could develop software, for which there
will be increasing demand. System software like
monitors, compilers, access methods, and sort-
merge utilities; common subroutines like mathe-
matical functions; and application packages could
be developed and sold. Some corporate names 1’d
like to see:

Continued on page 162
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Part 1: An Overview

Artificial intelligence is a subject that has
fascinated people the world over for many
years, but with the introduction of the
computer this fascination is becoming a
reality. | do not mcan thc intelligence
depicted in so many scicnce fiction books
and scnsational movies, but rather the slow
and mcthodical application of computers to
perform tasks formerly thought to require
intelligence. To attempt to cven bricfly
describe the arcas and techniques of artificial
intelligence rescarch would certainly occupy
scveral text books. The small computer user
can, however, enter this cxciting field and
perform personal research and cxperiments
by using the technique described in this
article.

The technique is called "Artificial Intcl-
ligence Through Simulated Evolution’ and
its early use and implementation is described
very well by Fogel, Owens and Walsh in their
book of the same name, published by John
Wiley and Sons, New York, 1966. | have
chosen the technique for several reasons:

1. It can be simple to impiecment.

2. Itis a powerful techniquc.

3. It is readily programmable on any
small general purpose system.

4. It gives the user a quick and simple
introduction to the rcalm of artificial
intelligence.

The criterion just listed represent only the
low end of application of this technique.
Indced somc versions of programs using this
technique perform very sophisticated func-
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Artificial Intelligence,

An Evolutionary Idea

Michael Wimble
6026 Underwood Av
Cedar Rapids 1A 52404

tions using hundreds of hours of time on
large computers . .. and even involve the use
of artificial intelligence to analyze and op-
timize the very artificial intelligence process.

The Simulated Evolution Technique
What It Can Do

Before describing in detail the logic and
theory of the simulated evolution technique,
let us look at some early uses which are both
interesting and will probably also be the
initial uses of the personal computer. The
technique is basically a goal directed pattern
recognizer. That is, it performs some task
whose success is dependent on the formation
and rccognition of patterns. The goal given
to early programs was usually to predict
some future event based upon past experi-
ence, although some other uses were in the
areas of correlation analysis, image enhance-
ment and feature extraction.

Onc example of an early use, which was
more to debug the program than anything
else, was to predict prime numbers. The
computer was asked whether or not the next
number was a prime. |t then replied with a
yes or no, and was told whether or not it
had predicted correctly. The computer then
remembered this historical data and looked
for patterns to be used in future predictions.

To show that this technique is not just
some heuristic or statistical method, let’s
look at a slightly different but more interest-
ing case, that of predicting earthquakes. In
the prime number example, the goal was
simply to predict whether or not the next
number was prime. It was given a very
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simple ‘“‘sense of values’ that said making a
good prediction was good and making a bad
prediction was bad. By altering this sense of
values, we change the goal.

For earthquake prediction, the goal is as
follows:

® Predict when an earthquake will next
occur.

® To make a good prediction is very
good and to make a bad prediction is
very bad.

® |t is better, however, to predict a false
alarm  than to miss an actual
earthquake.

Now lect's compare the performance of the
program when given the two different goals.

In the casc of prime number prediction,
after about the seventh observation the
program realized that no multiple of two
was prime. After about thc seventeenth
observation, the program rcalized that no
multiple of three was prime. Unfortunately,
as the numbers get larger the occurrence of
primes becomes less frequent, at lcast for the
first few hundred numbers. So the program
rapidly sctiled into predicting that the next
number will not be a prime, which is
statistically very good.

In the casc of earthquake prediction and
using the same data as with the prime
number case (ie: the occurrence of a prime
number is the occurrence of an earthquake),
the program acted in a much more sophisti-
cated manner. In fact, a correct earthquake
prediction was almost never missed, al-
though 10% to 20% of its predictions were
false alarms.

Finally, let’s examine what is perhaps the
most fascinating usc of the technique: pre-
dicting people. One version of the program
was set up as a game. lts goal was to predict
which thing the opponent was going to do
next. The opponent, a human player, was
allowed to do one of two things, such as
say true or falsc. The game was played in
real time and was thus competitive. The goal
of the opponent was to be unpredictable.
Each time the computer correctly predicted
the opponent | scored a win for the com-
puter, otherwise it was a win for the
opponcnt.

The opponent was free to chose any
strategy as long as he was unaided. That is,
he could not use random number generators
or tables or other such aids. He might, for
instance, choose to be as random as possible
right from the start or he might try to use a
particular pattern until he felt thc computer
had discovered it and then to use a different
pattern.

One would think that if a person could
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make one of two choices, and he/she made
choices purely randomly, then the best one
could correctly predict him/her would be
50% of the time. This is true. In practice,
however, an unaided human cannot perform
random actions; there is always some pattern
or at least a bias. Moreover, it seems that a
person in a competitive situation tries to
find the pattern of his/her opponent and to
then develop an antipattern pattern. One
proof of this, in fact, is the performance of
the computer. When played against several
different players and requiring at least a
hundred predictions before the opponent
could end the game, the computer success-
fully predicted the opponent 55% to 85% of
the time, depending upon the opponent.
Typically, 65% of its predictions were
correct.

The Simulated Evolution Technique
An Overview

I will now explain the general functioning
of the program, first by analogy and then by
actual detail. The analogy may be shocking
to some, but bear in mind that it is only an
analogy. | use it because, although it is
technically inaccurate, it helps make the
process clear and it provides some layman
type concepts and explanations for the
actual mathematical processes that occur.

As the name of the technique implies, the
process involves creating an ‘‘organism’
which then undergoes evolution. The or-
ganism has a survival instinct, and to survive
it must successfully and continually achieve
a goal. If at any time it fails, it is made to
produce mutated offspring, each slightly
different than the parent. These offspring
along with the parent are then compared to
determine which one is best able to achieve
the goal, usually based upon historical data.
The one best organism is then kept as a new
parent and all the rest are destroyed. The
new parent now survives until the next time
it fails to achieve the goal.

What we then have is the simulation of
thousands of years of evolution in a matter
of minutes on the computer. Each organism
has several basic facilities to aid in achieving
its goal. It has an awareness of the goal via a
matrix of values which serves both as the
evolutionary selection criterion and as a
sense of values or judgments. It is able to
interact with the environment as in the case
of predicting the environment. Finally, it has
a memory. Some programs allow unlimited
memory while others may somehow restrict
what can be remembered. Some programs
even allow the organism to choose by itself
what it wishes to remember.

The importance of memory is well illus-
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trated by Fogel and his co-authors (page 1):

The distinction between knowledge and
intelligence became clear; knowledge
being the useful information stored with-
in the individual, and intelligence being
the ability of the individual to utilize this
stored information in some worthwhile
(goal directed) manner.

These characteristics: goal direction, en-
vironmental interaction and mcmory, when
coupled with one other facet, are responsible
for the program'’s “intelligent’’ behavior. The
singlc most important characteristic of the
program is that it is self-organizing. It starts
out with no preconceived notions. The
programmer’s own experiences are not re-
flected in the programmed organism. The
program is not limited to performing only a
few particular goals. What does occur is that
the program is given a goal and the organism
alters itself, changing its own makeup in
accordance with its own judgment and cx-
pericnce, always becoming better ablc to
achicve the goal. The goal can be any of a
wide varicty of goals, prediction being only
one of the simpler goals. The goal can cven
change while the program is running and the
organism will alter itself to meet this new
goal. With this in mind, consider Fogel’s
offering of a definition of intelligence (page
2):

More carefully stated, intelligence can be
viewed uas the ability of any decision
making entity to achieve ua degree of
success in seeking a wide variety of goals
under a wide variety of environments.

There are few restrictions on the program
other than those explicitly or implicitly
given by the programmer. The restrictions
within which the programmer must operate
are as follows:

1. The amount of computer memory
available determines the maximum
possible sophistication of the program.

2. The programmer will usually place
limitations on the evolution process so
that it will stop after somec time
period. Thus it will not take hours or
days to make the next responsc.

3. The organism can recognize only a
fixed number of input observation
types. For the game described in part
2 of this article, the number is two.
The amount of computer memory
required is related to the squarc of this
number and so seldom is greater than
16.

4. The organism can make only a fixed
number of output response types. For
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the game to be described the number
is two and is the same as the input
observation types (ie: the output is a
prediction of the next input).

5. The program operates sequentially. It
makes a response, receives feedback
which it uses to judge the ‘“‘goodness”
of its previous recsponse, and reorga-
nizes itself to make the next response.

The Simulated Evolution Technique
Detailed Representation

The actual program uscs what is called a
state space mathematical model. The model
consists of a set of five clements thus:

{sh. {1} fo}. {rh. o}

where:
{S } is a set of states

{I}is a set of input symbols (input
alphabet)

.

O}is a set of output symbols (output
alphabet)

{T} is a set of transitions

f is the current state

The brackets ' { }" denote sets, a notion often
found in mathematical texts.

As an example, figure 1 represents a
hypothetical model for a stock investor. The
current state, f, is state X. The model says:
The mode! is at state X and if the market
price of the stock goes up (symbol U) then
the investor will scll a block of the stock
(symbol S) and go to state Y; otherwise if
the market goes down (symbol D) then the
investor will buy a block of the stock
(symbol B) and go to state Z. This is
represented in figurc 1 as:

Assume that the market had gone up in
the previous example, the current state
would now be Y and if the market price of
the stock were to now go down the model
says that the investor would buy a block of
stock and remain at state Y. In figure 1 this
is represented by:
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PRIME RADIX

PRESENTS
THE

WE DO IT WITH MIRRORS!

(and some very sophisticated state-of-the-art memory design)

¢ The 64Ktm comes assembled and tested with its own power
supply, attractively housed in an aluminum cabinet, ready to
y plug into your system.

Your dream can be a reality with the Prime Radix Corporation's * Psuedo-static operation: on board refresh clock-generator

64KTM memory system at a very cost-effective price. And provides processor independent refresh with no wait states.
because it is a standalone memory system, you've got the The 300NS worst case access time enhances high speed
advantage of greater flexibility not ordinarily available from operation.
add-in memory. Some of the features are: e Power/fail detection circuitry and battery backup will
e The 64Km is fully buffered, presenting one TTL Ioad to the provide non-volatile memory (batteries are optional at extra
memory bus. cost). _
The 64K s diaital - d ALTAIR b LIST PRICE IS AS FOLLOWS:
o e ™™ is digital group bus an ™ bus
. 4 . 40K 48K 56K 64K
compatible. When ordering, you must specify the bus $1490.00 $1580 00 $1670.00 $1750.00

architecture. A plugcard and cable will be furnished for the

particular bus architecture you specify. Delivery will be made in the same sequence as orders are
The minimum complement of memory is 40K BYTES, with received. Please allow 3 to 6 weeks for delivery. Mastercharge
starting address locations at OK, 8K, 16K, or 24K. and BankAmericard are accepted.

PRIME RADIX ® P O Box 11245 ® Denver Colorado 80211 @ (303) 573-5942 or 433-5630

O DIGITAL GROUP BUS

PRII\I_E R:XDIX O ALTAIR™ BUS PRIME RADIX. INC.

COMPUTER SYNTHESIS
O 64K @ $1750.00 49k (23 e
Denver. Colorado 80211
O 56K @ $1670.00 (303) 573-5942 or 433-5630

Make checks or money orders payable to:

O 48K @ $1580.00

Print Name i
O 40K @ $1490.00 Credit Card Number

— O Check or M.O. enclosed

Address O Charge BAC 4 Numbers Above Name (MC)Good Thru

O Charge MC

City State Zip (Please No C.O.D.'s or P.O.’s) Signature

www.americanradiohistorv.com

|
|
|
|
I
|
I
|
l


www.americanradiohistory.com

physics or math, this is what is called a
“simpllfying assumption.”|

Also, change type five is really not
something that needs to be done randomly.
There is a technique called deterministic
optimization that assures that the output
responses are the best possible for a given
model. There is, however, a desirable change
which can replace change type five and will
be'explained at the end of the next section.

u’s Figure 1: Hypothetical

i state space model of a
stock investor. The letter
codes U and P stand for
the up and down fluctua-
tions of the stock market
prices. The letters B and S
stand for the buying and
selling of stock. The set T
is the set of all the transi-
tions of the model.

The State Space Mode!
as an Intelligent Organism

{s)
{v}
{o} = {es)
il

f

For our pictorial representation of a state
space model we have a set of states which is
represented by the circles. The set of transi-
tions is represented by the arrows. Alongside
of each transition arrow is a pair of symbols
separated by a slash. The symbol to the left
of the slash is a symbol from the input
alphabet and says that if the model is
currently at the state connected to the tail
of the arrow and this input symbol occurs,
then this transition is to be taken. The
symbol to the right of the slash is a symbol
from the output alphabet and says that if
this transition is taken, as per the previous
statement, then this symbol is to be output
and the new current state is the state
connected to the head of the arrow.

State Space and Evolution

Given a state space model, we now look
at the evolution process. There are five basic
ways we can change the model; we can:

1. Add a new state
set {S} ).

2. Remove an existing state (change the
set {S} ).

3. Change (repoint) a transition (change
the set {T} ). .

4. Change the current state (change f).

5. Change an output symbol for a
transition.

(change the

Changing an input symbol is not allowed.
Every state must have exactly as many
transitions projecting from it as there are
possible input symbols. Thus when at a
particular state there is a valid response for
every valid input.

Note that the set of input and output
symbols cannot be changed during the run
of a program. Technically there are ways of
allowing this change but the programming
becomes highly complex, so we assume that
all possible observance types and all possible
desired response types are known when the
program begins. [/n programming, as in

32

www.americanradiohistorv.com

There are some interesting properties of
the state space models that get developed via
this simulated evolution. The first is the
tolerance to noise. Also, the model is able to
repair damage to itself. Finally, if the model
is knocked out of synchronism with the
environment it quickly locks back into
synchronism.

When the model is given the goal to finda
pattern, it may be constrained by the pro-
grammer or may have decided on the basis
of previous inputs that the pattern for which
it is searching is a simple pattern. The
environment may then contain high levels of
random signals (noise) but the model will
automatically ignore these random elements,
deciding that their pattern is too complex. It
will then lock onto the underlying patterned
signal and thus remove it cleanly from the
noise.

If the model is suddenly damaged, such as
by loss of power in a memory module, or
even by programmed destruction of a state
or a transition, the model tends to ‘“heal”
itself as new data is collected. It just so
happens that the model is always striving to
be a perfect representation of the environ-
ment. |f this representation is changed,
equivalent, say, to a person losing a leg, then
the evolution process will tend to restore the
damage to regain that optimum representa-
tion.

A common problem that does exist from
this method of artificial intelligence is the
loss of synchronism with the environment.
What may be an otherwise perfect model
may consistently yield incorrect predictions
simply because it started out at the wrong
state. Fortunately, as with the other prob-
lem types, the model has a tendency to lock
itself back in synchronism with the environ-
ment. Since, however, this problem can
occur for so many reasons, we opt to
provide an evolutionary function to speed
up this lock. We then replace the old change
type five with a new type, ‘‘advance the
current state ahead by one state.”” We are

Continued on page 44
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e HOW CAN YOU MAKE YOUR
Z80 SYSTEM RIVAL THE EXPENSIVE
® PROFESSIONAL MINI-SYSTEMS?

e BY ORDERING TDL’s ADVANCED
o

THE ZAPPLE
MONITOR

The versatile Zapple Monitor maximizes the
user’s system executive control. All /O driv-
ers for all TDL software are contained in the
Monitor; once the Monitor is modified to
your I/O configuration all other TOL software
is immediately compatible with your system
making your total system setup extremely
simple.

The Monitor supports a CRT, teletype and
audio cassette as well as providing exception-
ally powerful hardware and software debug-
ging capability. It’s modular organization also
allows other user provided /O drivers to be
‘tacked on’ at the end to handle any form of
1/0 your system may demand. The Monitor's
27 commands occupy only 2K of core. A de-
scription of the command set requires more
space than available here.

Coupled with TDL's other software, your
system attains the highest level system integ-
ration available for a micro-processor.  $25

THE RELOCATING
MACRO ASSEMBLER

Here is the most sophisticated program-
ming tool yet developed for a micro-
processor. It is without equal in terms of
number of functions, scope of capabilities
and usefulness.

+ It generates a fully relocatable object code.
+ It has complete macro generation and infi-
nite nesting of macros capability.

TOL's ingenious Z80 opcode set has as a
subset the same opcodes as the 8080. Where
other Z80 functions resemble 8080 functions,
the TOL mnemonics are logically derived for
ease of learning. Where our 780 opcodes
have no 8080 parallel, we genenlly use Zilog
opcodes. Your current 8080 source can be
reassembled with only nominal text editing.

INTEGRATED SYSTEM SOFTWARE.

ALL TDL SOFTWARE IS RELOCATABLE.

ZAPPLE

A BASIC

The most complete and innovative 8K Basic
interpreter written. Highly compatible with
other Basics. Unique Features include:

TRACE: Allows switching among various
line numbers during execution.

SWITCH: Allows switching among various
170 devices either in the program or from the
keyboard.

RENUMBER: Allows upward or downward
renumbering of the numbered line state-
ments.

LVAR: Lists program variables and their
values on your command.

LLVAR: Same as LVAR, but outputs the in-
formation to your hardcopy device.

EDIT: A unique feature in an 8K Basic. Al-
lows you to change the internal structure of a
line with the ‘delete’ command.

ZAPPLE BASIC is unique versatile and
powerful and up to 20% faster than compara-

ble Basics. $50
TEXT OUTPUT

A PROCESSOR

TOL'’s general purpose word processor for
the Z80. Used in conjunction with the TEXT
EDITOR and MONITOR, it occupies 3K of
core and provides powerful word-processing
capability.

TDL’s TOP features automatic paging, con-
catenation and justification, as well as many
other formatting functions.

Straightforward entry of the Processor's
numerous commands directly into the text
puts you in total control. The output from the
Editor is then run through the Processor to
produce output exactly as you have com-
manded.

Imagination alone limits the possible appli-
cations of this word-processor.

PACKAGE A - THE BASIC & SUPERBASIC PACKAGE: Consists of the Zapple Monitor, Zapple

Text Editor, Macro Assembler, The Text Output Processor and either 8K Basic @ § 169

SUPER

I wsc

Our powerful new 12K Basic Interpreter has
all the features of Zapple 8K Basic, plus these
additions, and many others:

* Allows eleven digit precision induding all
built-in functions as well as SIN and
ARCTAN.

Multi-line recursive user defined functions.
Sophisticated editing and program loading.
Statements may be tabbed horizontally
and/or spread over successive lines.

AUTO inserts line numbers automatically
into your program.

A PRINT USING statement is included
which allows the format to be specified as to
either a string or a statement number.
EXCHANGE interchanges the values of two
variables at high speed.

LOADGO allows one program to call in and
to execute another program.

CALL allows you to call resident assembly
language subroutines with any number of
numeric arguments.

SUPER-BASIC does much more and qual-
ifies as the finest Basic available for micro-

processors. $95
THE ZAPPLE

A TEXT EDITOR

This omnipotent tool gives you the ability to
create or to change assembly language pro-
grams and to facilitate general word process-
ing.

Text lines and characters may be located,
inserted, deleted or changed at will in either
forward or backward directions via a movable
internal pointer.

Control may be effected by 24 alpha nu-
meric commands which may be strung to-
gether in macro-like statements yielding
superlative editing capability. $35

Contact us for hardware systems as well.
Distribution Rights Available.

or Super Basic@ § 199

PACKAGE B - THE WORD-PROCESSING PACKAGE: Consists of the Zapple Monitor, the Text

Output Processor and the Zapple Text Editor ..........cooiviiiiieaiinnneees $ 85
PACKAGE C - THE SOFTWARE DEVELOPMENT PACKAGE: Consists of the Zapple Monitor,
Zapple Text Editor and the Relocating Macro-Assembler .................... $ 85 TECHNICAL

DESIGN
LABS

RESEARCH PARK BLDG.H 1101 STATE ROAD
PRINCETON. NEW JERSEY 08540 (609) 921-0321

All TDL Software is supplied on paper tape in relocatable hex format along with TOL’s com-
prehensive User’'s Guides and Manual. Write for prices on disk or cassette media.

ORDERING INFORMATION: Send check, money order or BankAmericard, Master Charge
current number and expiration date. Shipment is usually made via UPS or UPS Blue Label.
Specify other arrangements if you wish. Prepaid orders are shipped postpaid.
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System Description

The Apple-ll

To me, a personal computer should be
small, reliable, convenient to use and inex-
pensive.

The Apple-l, my first video oriented
single board computer, was designed late in
1975 and sold by word of mouth through-
out California and later nationwide through
retail computer stores. | think that the
Apple-1 computer was the first microproces-
sor system product on the market to com-
pletely integrate the display generation cir-
cuitry, microprocessor, memory and power
supply on the same board. This meant that
its owner could run the Apple BASIC
interpreter with no additional clectronics
other than a keyboard and video monitor.
The Apple-l video computer board was
originally intended as a television terminai
product which could also operate in a stand
alone mode without much in the way of
memory, although it did have a processor,
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Photo 1: A color test chart
showing the 15 shades of
hue available from the
Apple-11 as presented on a
typical commercial color
set, using one of several
RF modulators available
on the market. The Apple
BASIC program used to
generate this color s
shown in the text portion
of this split screen
(graphics and  text)
display.

Stephen Wozniak

Apple Computer Co

20863 Stevens Creek Blvd B3-C
Cupertino CA 95014

space for 8 K bytes of 4 K dynamic memory
chips, and its shared video generation and
dynamic memory refresh logic. Apple-I was
sold as a completely assembled and tested
processor board with a price under $700 at
the retail level.

The latest result of my design activities is
the Apple-ll which is the main subject of
this system description article. The Apple-lI
builds upon this idea by providing a com-
puter with more memory capability, a read
only memory (ROM) BASIC interpreter,
color video graphics as well as point graphics
and character graphics, and extended sys-
tems software.

Integral Graphics

A key part of the Apple-Il design is an
integral video display generator which di-
rectly accesses the system’s programmable
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memory. Screen formatting and cursor con-
trols are realized in my design in the form of
about 200 bytes of read only memory which
are built into the Apple-Il's mask pro-
grammed 8 K bytes of read only memory. A
1 K bytc segment of the processor’s main
memory is dedicated to the display gener-
ator, although it is also accessible to pro-
grams. The display transfer rate is the time it
takes to fully define the contents of this
scgment of memory, and averages about
1000 characters per sccond, limited pri-

marily by the software scrolling routines in
the system rcad only memory.

Since the Apple-ll incorporates this dis-
play generator as a part of its design, its text
mode becomes the terminal for the system.
The display has 24 rows of 40 characters
displayed on an ordinary black and white or
color television screen. Each character in the
Apple-Il designis a 5 by 7 dot matrix, so the
present version of the system only imple-
ments upper case characters of the 6 bit
ASCII subsct, as well as the usual numbers

VIDEO GENERATOR / MEMORY / PROCESSOR TIMING AND CONTROL

P, ,ROW OR
COLUMN SELECT

= i

!
PHASE
PROGRAMMABLE SHIFTER
MEMORY
4% TO 48K BYTES)

*ROW AND COLUMN

CHARACTER
GENERATOR

/| GEMERATOR

COLOR

SERIALIZER

I
i
|  ADDRESSES
|
I

MEMORY

FROCESSOR

DATA OUT

8

SERIALIZER

SERIAL 37:;5'3"
VIDEO (CHAR)
(GRAPHICS)

‘l SOFTWARE

WVIDEDQ

TIMING

6502 PROCESSOR'S
P CLOCK SHOWING
WHEN AND BY WHOM
MEMORY IS ACCESSED

. J . J
VIDEO ACCESS PROCESSOR
AND MEMORY ACCESS AND
REFRESH PROGRAM
EXECUTION

CONTROLLED

MU

COLOR
VIDEO
SIGNAL

Figure 1: A block diagram of the Apple-1! display generator. The generator sneaks into memory on the externally unused phase
of the 6502 processor's 2 phase clock. The output of the memory is processed (after a 1 clock cycle delay) to produce a net
video output through a software controlled video multiplexer. The three major modes of operation are:

Color graphics, in which each 4 bit nybble of the byte is treated as a color definition code by the color generator.

Character generation in which the 8 bit code is processed with a read only memory to generate a dot matrix pattern which
is serialized and sent to the yideo multiplexer.

Black-white point graphics in which the 8 bit word from memory is used to control the contents of a segment of a 280 by

160 point grid.

The timing diagram shows how the basic 1 us processor cycle period is split up into a video memory cycle and a microprocessor
memory cycle. Since the processor is engaged in internal housekeeping operations during the first (high level) half of a ®;
period, this segment of time can be used by the video generator to sneak into memory. Since all of memory is continuously
being scanned by the low order bits out of video generator, the entire 48 K byte field (maximum) of dynamic memory is
refreshed by the video portion of the cycle. (Refreshing of dynamic memory means scanning through all possible low order
addresses to recharge the internal memory capacitors of the chips.)

35

www.americanradiohistorv.com


www.americanradiohistory.com

THE

ARIZONA
Byte Shop of Phoenix-West
Phoenix, AZ 80529
(602) 942-7300

Byte Shop of Phoenix
Tempe, AZ 84281
(602) 894-1129

Desert Data Computer Store
POB 1334

Tucson, AZ 85702

Gary Miller & Bud Ward

CALIFORNIA
Byte Shop of Lawndale
Lawndale, CA 90260
(213) 3711-2421

The Computer Store
Santa Monica, CA 80401
(213) 4510713

A-VID Electronics
Long Beach, CA 30806
(213) 426-5526

Byte Shop of Pasadena
Pasadena, CA 91101
{213) 684-3311

Byte Shop of Tarzana
Tarzana, CA 91356
(213) 343-3919

Byte Shop/Thousand Oaks
Thousand Oaks, CA 91360
(805) 4979595

Computer Components
Van Nuys, CA 91411
(213) 786-7411

People’s Computer Shop
Sherman Oaks, CA 91423
{213) 789-7514

Upland Computer Labs
Upland, CA 91786
(714) 981-1503

Byte Shop of San Diego
San Diego, CA 92111
(714) 565-8008

Byte Shop of Westminster
Westminster, CA 92683
(714) 894-9131

The Computer Mart
Orange, CA 92667
(714) 633-1222

Byte Shop of Santa Barbara
Santa Barbara, CA 93101
(805) 966-2557

Byte Shop of San Fernando
Valley

Tarzana, CA 93156

(213) 343-3919

BASIC

LT
i

ALY

Deiwinals

;
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§y R W, BROWHN
o
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Tt

| { BRARY

il
LUME

SOFT

A

The “"HOW-TO-DO |IT"Books for the “DO-1T" Person

* * Available NOW! ! | at most computer stores * *

Byte Shop of Fresno
4131 E, McKintey Ave
Fresno, CA 93703

Byte Shop of Mountain View

Mt. View, CA 94040
(415) 969-5464

Byte Shops, Inc.
Sunnyvale, CA 94086
{408) 734-9000

Byte Shop of Palo Alto
Palo Aito, CA 94306
(415) 327-8080

Byte Shop of San Mateo
San Mateo, CA 94430
(415) 341-4200

Byte Shop of Hayward
Hayward, CA 94541
(415) 537-BYTE

The Computer Shack
San Leandro, CA 94577
(415) 895-9363

Byte Shop of Diablo Valiey
Walnut Creek, CA 94596
(415) 933-6252

Byte Shop of Berkeley
Berkeley, CA 94703
(415) 845-6366

Byte Shop of San Rafael
San Rafael, CA 94901
(415) 457-9311

Byte Shop of Santa Clara
Santa Clara, CA 95051
{408) 249-4221

Byte Shop of San Jose
San Jose, CA 95123
(408) 226-8383

Byte Shop of Campbell
San Jose, CA 95124
(408) 377-4685

Byte Shop of Sacramento
Citrus Heights, CA 95610
916) 726-2557

Computerworid Stores
1309 Court Street
Redding, CA 96001
Wiltiam J. Fraser

COLORADO
Byte Shop/Arapahoe Co.
Englewood, CO 80110
(303) 761-6232

The Computer Hut
Denver, CO 80202
(303) 573-4895

Byte Shop of Boulder
Boutder, CO 80301
(303) 449-6233

CONNECTICUT
The Computer Store
63 South Main Street
Windsor Locks, CT 06096

FLORIDA
Witliams Radio & TV, inc.
Jacksonville, FL 32206
{304) 354-5460

Byte Shop of Cocoa Beach
Cocoa 8each, FL 32931
(305) 784-1881

Computer Hut
Miami Lakes, FL 33014
(305) 821-2667

Micro Computer Systems &
Sales

Pompano Beach, FL 33068
(305) 972-6093

8yte Shop of Miami
Miami, FL 33155
{305) 264-BYTE

Micro Computer Systems Inc.
Tampa, FL 33609
{813) 879-4301

ILLINOIS
American Microprocessor
Equipment & Supply Corp.
Prairie View, IL 60069
(312) 634-0076

INDIANA
Graham Electronics
Indianapolis, IN 46204
(317) 634-8202

The Home Computer Store
indianapolis, IN 46204
{317) 894-3319

The Data Domain
Bloomington, IN 47401
(812) 334-3607

Computer Specialists

W. Lafayette, IN 47906
317) 7431711

KENTUCKY
The Data Domain
Lexington, KY 40502
{606) 233-3346

MARY LAND
Computer Workshop
Rockville, MD 20852
{301) 468-0455

Science Education Ext. Corp.

Potomac, MD 20854
(301) 299-9506

MASSACHUSETTS
Computer Mart, Inc.
Waitham, MA 02154
617) 899-4540

Computer Warehouse
Boston, MA 02215
(617) 261-2701

MINNESOTA
Byte Shop of Eagan
Eagan, MN 55121
(612) 452-1841

MISSOURI
Computer Systems Center of
St. Louis inc.
Chesterfietd, MO 63071
(314) 576-5020

Computer Workshop
Kansas City, MO 64152
(816) 741-5055

NEW HAMPSHIRE
Computer Mart of NH
Nashua, NH 03060
{603) 883-2386

Microcomputers Inc.
Nashua, NH 03060
16031889-1646

NEW JERSEY
Hoboken Computer Works
Hoboken, NJ 07030
(201) 420-1644

The Computer Mart of
New Jersey

501 Route 27

Isetin, NJ 08830

NEW YORK
The Computer Mart of
New York
New York, NY 10001
(212) 2791048

Synchro-Sound Enterprises
Hohis, NY 11423
(212) 468-7067

Computer Mart of Long

Isiand

East Meadow, NY 11554
(516) 79400

(516) 794-0510

Byte Shop of Levittown

Levittown, NY 11756
(516) 731-8116
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New York

Mini Micro Mart
Syracuse, NY 13203
{315) 422-4467

OHI0
Digital Design
Cincinnati, OH 45243
(513) 561-6733

OKLAHOMA
High Technology
Oklahoma City, OK 73116
(405) 842-2021

OREGON
Byte Shop of Beaverton
Beaverton, OR 97005
(503) 644-2686

Byte Shop of Portiand
Porttand, OR 97201
(503) 223-3496

PENNSYLVANIA
Byte Shop of Bryn Mawr
Bryn Mawr, PA 19010
(215)525-7712

Personal Cov.npuler Corp.
Frazer, PA 19355
(215) 647-8460

RHODE ISLAND
Computer Power tnc.
Warwick, RI 02886
(401) 738-4477

SOUTH CAROLINA
Byte Shop of Columbia
Columbia, SC 29205
(803) 771-7824

TENNESSEE
Byte Tronics
Nashvitte, TN 37203
(615)329-1979

Micro Computer Systems
Knoxville, TN 37922
(615) 966-9849

TEXAS
Micro Store
Richardson, TX 75080
(214) 231-1096

K.A. Electronics
Dallas, TX 75247
(214) 634-7870

Electrotex

Houston, TX 77006
(713) 526-3456

Altair Computer Center

Houston, TX 77036
(713) 780-8981

Interactive Computers
Houston, TX 77036
(713) 781-2703

The Computer Shop
Vanguard Systems
6812 San Pedro

San Antonio, TX 78216

Southwest Technical
Products Corp.

PO8 32040

San Antonio, TX 78216
Gary Kay

UTAH
8yte Shop/Salt Lake City
216 S. State St.
Salt Lake City, UT 84111
Bob Bollinder

VIRGINIA
Shire Enterprises
Richmond, VA 23222
(804) 321-4560

Virginia Computer Hobbies
Unlimited

Richmond, VA 23235
(804) 276-5056

WASHINGTON
Almac/Strom Electronics
Seattle, WA 98108
(206) 763-2300

WISCONSIN
The Milwaukee Computer
Store
Milwaukee, Wl 53213
414) 259-9140)

Microcomp
Fond Du Lac, Wi 54935
(414) 922-2515

CANADA
Trintronics
Toronto, Ontario
Canada M5V 121
(416) 598-0262

Byte Shop of Vancouver
Vancouver 9 8.C.
(604} 736-7221

The Pacific Computer Store
Vancouver, B8.C. V5R 2J4
(604) 438-Data

JAPAN
Byte Shop of Tokyo
2-9-9 Stotdanda
Chiyodaka, Tokyo
Kiyotake Ikeda
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WARE  LIBRARY

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
computer with at least 4K, NO other peripherals needed.

This Library is the most comprehensive work of its kind to date. VOLUME |
There are other software books on the market but they are Bookkeeping
dedicated to computer games. The intention of this work is to allow Games
the average individual the capability to easily perform useful and Pi $24.95
productive tasks with a computer. All of the programs contained ictures ...l .
within this Library have been thoroughly tested and executed on
several systems. Included with each program is a description of the VOLUME Il
program, a list of potential users, instructions for execution and . "
possible limitations that may arise when running it on various Math & Engineering
systems. Listed in the limitation section is the amount of memory Plotting & Stat
that is required to store and execute the program. Basic Statement Def ....... $24.95
VOLUME I}
Advanced Business
Billing
Inventory
Each program’s source code is listed in full detail. These source code Payroll ................. $39.95
listings are not reduced in size but are shown full size for increased
readability. Almost every program is self instructing and prompts
the user with all required running data. !mmediately following the VOLUME IV
source code listing for most of the programs is a sample executed General Purpose ........... $9.95

run of the program.

The entire Library is 1100 pages long, chocked full of program
source code, instructions, conversions, memory requirements,
examples and much more. ALL are written in compatible BASIC
executable in 4K MITS, SPHERE, IMS, SWTPC, PDP, etc. BASIC
compilers available for 8080 & 6800 under $10 elsewhere.

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 operatiog of the programs it contains. These volumes are
deductible as a buSiness expense when purchased by a company.
Send your remittance for prompt delivery, while supplies last.
Volume discounts are available to qualified dealers.

VOLUME V
Experimenter ............. $9.95

FUTURE ADDITION TO THE “BASIC SOFTWARE LIBRARY"

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

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 Residents Call (301)-721-1148
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Photo 2: This series of photos shows
the steps in writing an animated
BASIC game using the Apple-1l com-
puter’s BASIC interpreter. This se-
quence highlights the process of
writing a paddle versus “wall’”’ game
where the object of play is to knock
bricks out of the wall and eventually
get the ball to go all the way through.
This game is similar to many seen in
amusement parks and arcades, and is
typical of the Rind of game which can
be implemented with Apple-11's BA-
SIC software. Using the split screen
graphics and text display mode, the
BASIC statements are shown at the
bottom of each picture.

Photo 2a: The first step in any game is
to generate the uniform color back-
ground for the action of the game.
Here we use u blue field.

T S O
TERTERCE S B gy B o
WETE R R R N N o

P o B A = B B
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Photo 2b: Then we must add a liberal
dose of obstacles and field pieces to
make the problem interesting. For this
game, the major obstacle is a brick

and graphics available in standard character
generator read only memory parts. Assuming
that the video display is the currently
assigned system output device, the display is
accessed through our system software in
read only memory by using a subroutine
called COUT which adds text to the screen
using an automatic scrolling technique. This
is typical of the many read only memory
routines which ['ve incorporated into the
ROM to provide complex features with
relatively simple user interfaces. Another
example of such a software feature is a user
definable scrolling window. This means that
the user of the system can pick any of four
coordinates defining any rectangular subset
of the viewing area of the vidco screen as the
current scrolling zone. The remainder of the
display will remain frozen and data in the
window will scroll normally when COUT is
accessed. This is a most useful fcature: For
example, the user can sct up a game back-
ground or instruction menu in one part of
the screen while using the remainder of the
screen for scrolling the variable data.

In the text mode, each character position
may be displayed in normal (white character
on black background) or inverse, or flashing
modes. This information is specified by the
high order bits of each character stored in
the display memory. The cursor position, for
example, is indicated by forcing the charac-
ter at the cursor location to be in the
flashing mode with inverse video.

User application programs may switch the
display mode from character to color graph-
ics with a single instruction, dividing the
screen instantly into a patchwork of con-
trollable color on a grid of 40 horizontal
locations by 48 vertical locations. Each cell
in the grid may be one of 15 colors, and
software built into the system read only
memory can be used to define the color of
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wall of orangish (color 13} and green-
ish (color 12) bricks. Later on, since
we can look at the contents of the
screen directly, the game algorithm
will be manipulating these bricks.

any point as set by X and Y coordinate
integer values. Photo 1 shows a color scale
for the 15 colors possible, and a simple
BASIC program which generated the display.
Here the scrolling window features are used
to sct the color graphics mode in the fixed
portion of the screen (above) and set the
text mode of operation in the scrolling
portion (below). This mixed mode provides
a 40 by 40 color graphics grid plus four lines
of scrolling text at the bottom of the screen.
A routine in the system read only memory
selects this mode and sets up the scrolling
window corresponding to the text portion.
I've found this mode especially useful to
BASIC programmers who can write anima-
tion games like Pong while holding a tradi-
tional BASIC conversation in the text region
of the screen. This split screen mode of
viewing is used for all the color graphics of
photo 2 as well.

The same display memory region that is
used for the text display is used for the color
graphics. System software routines supplied
in the read only memory of the processor
allow users to simply clear the display, sclect
colors, plot points, draw horizontal and
vertical lines, and sensc the color values
presently at specified screen positions. | like
to think of these system software subrou-
tines as enhancements to the 6502 instruc-
tion set for the purposes of display control.

High resolution graphics is the remaining
Apple-Il display mode. This mode of display
is set up by system software routines which
are delivered with the computer, but are not
built into the system read only memory.
(Even with 8 K bytes for the read only
memory space, there sometimes isn’t enough
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Photo 2c: Next, we must of course
add a paddle, here created with a
deeper yellowish orange (color 9} hue.

s s = E R = = =
s = B B
PR S =

Photo 2d: Then, since no video court
game is complete without a ball we
must add a square ‘‘ball”’ to the

program, and set up some of the
parameters of jts motion.

room to fit all the needed features.) In the
high resolution mode, 8 K bytes of main
memory store the data for a display of
280 horizontal dot positions by 192 vertical
dot positions; so to allow enough room for
some BASIC software to play games with
this mode the system requires at least 12 K
of memory. If a color television is used with
this high resolution mode, the available
colors are black, white, violet and green. A
mixed mode with 160 rows of 280 dots plus
four lines of scrolling text can also be set up.
Applications of the high resolution graphics
modes include game boards, mazes, maps,
plots and histograms, user dcfinable char-
acter sets, and games like Space War in its
original animation graphics versions.

Some Details

All the Apple-ll video modes work iden-
tically, using a common clock timing chain
which is shared by the processor, memory
refresh and video generation logic. During
each microprocessor clock cycle’s ®q clock
pulse, an address is specified by the video
circuits and directed to the programmable
memory of the system through the address
muitiplexor (MUX) of figure 1. Display data
is received by the three forms of video data
generators toward the end of the ®9 pulse,
and this data is then latched for use during
the entire next clock cycle. Since all this
action occurs during the @ pulse which
lasts 500 ns, the video generator is able to
take over the access to the memory at a time
when the 6502 processor is busy with
internal housekeeping and processing opera-
tions which leave the data bus frce. During
the ®5 pulse, when the processor takes
command of the bus, the programmablc
memory of the system is uscd by the
executing program as if the video generator

didn’t exist at all. Because the integrated
display design uses this direct memory access
technique without stealing processor cycles,
it is possible to program accurate and pre-
dictable timing loops in software as if no
DMA were present in the system.

Memory

It is alleged in the Santa Clara (Silicon)
Valley that the microprocessor was invented
to sell programmable and rcad only memory
chips. It certainly has been the case that one
microprocessor in the past would often
support hundreds of memory chips, but
times change. Technology has since
bestowed upon us the 4 K bit and 16 K bit
dynamic programmable memory chips.

Apple-Il was designed to operate with the
16 pin dynamic programmable memory
parts, which come in 4 K and 16 K versions
which are (with some subtleties) pin for pin
compatible.

The Apple-ll board is supplied with
sockets for three blocks of memory, each of
which may be configured to use either 4 K
or 16 K dynamic programmable memory
parts, with intermixing allowed. This means
that if you were to purchasc an Apple with
4 K bytes of memory and later want to add
16 K bytes, there is no need to scrap the 4 K
chips.

Dynamic memories have one design
characteristic which is not present in the
simpler (but more expensive) static memo-
ries. This is the fact that they use capacitive
storage clements buiit into the chips which
must be periodically recharged (“re-
freshed’’) to prevent the information from
disappearing.

One of the elegant simplifications
provided by a system such as the Apple-ii
with its built-in display is the fact that
refreshing the entire memory address

39

www.americanradiohistorv.com

e O e

Photo 2e: Finally, the last
steps in finesse are the
score displays and related
captions which complete
the game. This game is
controlled by using one of
the analog inputs of the
Apple-1! to determine the
index of the current loca-
tion of the paddle, so that
by twisting the pot the
paddle is moved; the
speaker output is used to
generate a sound burst
when the ball hits the pad-
dle or wall.
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Photo 3: Two examples of the Apple BASIC interpreter, in the form of programs with several lines of execution results. (a) The
interpreter has a symbolic trace feature which allows dumping of named variables whenever a change occurs. This simple
program illustrates this ‘“DSP” command with a simple computational program. (b) A similar debugging feature of Steve
Wozniak’s Apple BASIC interpreter is a method of running the interpreter with a statement number trace, by giving a TRACE
command instead of RUN in the command mode of the interpreter. This enables one to fairly quickly debug a BASIC program
by examiining its effect on variables or its course of evolution through statement numbers.

space of dynamic memory chips is inherent dual slots so that multiple bit address de-
in the operation of the video display genera- coders are not required on peripheral boards.
tor. On successive pulses of the video dis- The Apple-1] cassette interface is simple,
play, it cycles through all the low order fast, and | think most reliable. The data
addresses of the memories as the memory is transfer rate averages over 180 bytes per
scanned to generate the video image. But second, and the recording scheme is com-
scanning through the addresses within the patible with the interface used with the
maximum allowable time is the algorithm Apple-l. This tape recording method can be
used to accomplish the required refreshing used with any inexpensive recorder, but as
of the memories; so with this video genera- with any such use of audio media only high
tor integral to the computer, refreshing of quality tapes should be used in order to
the memories happens to come for free and avoid problems due to dropouts from poor
is totally transparent to the user with no oxide coatings on the tapes. In the Apple
extended, missing or delayed cycies. This audio cassette interface, timing is performed
characteristic is sometimes called “hidden by software which is referenced to the
refresh.” system clock. A zero bit is defined as a full

cycle of a 2000 Hz signal (500 us long), while
a one bit is defined as a full cycle of a
| designed the Apple-Il to come with a set 1000 Hz signal (1 ms long). While reading data,

Standard Peripherals

of standard peripherals, in order to fit my full cycles are sampled, never half cycles, a
concept of a personal computer. In addition method which tends to provide immunity to
to the video display, color graphics and high DC offset and other forms of distortion. All
resolution graphics, this design includes a the cassette management routines are avail-
keyboard interface, audio cassctte interface, able to user programs as subroutine calls
four analog game paddle inputs (for user from assembly language directly, or through
supplied potentiometers which vary a re- hooks in the BASIC interpreter.

sistance which the processor measurcs), The Apple-11 analog game control paddle
three switch inputs, four 1 bit annunciator circuits are based upon inexpensive timer
outputs, and even an audio output to a chips of the 555 type. |'ve used a quad timer
speaker. Also part of the Apple-l1l design is of this type, called the 553, as shown in
an 8 slot motherboard for 10 which has a figure 2. To read the value of resistance on
fully buffered bus, prioritized interrupts, the paddle’s potentiometer, the timer is
two prioritized direct memory access (DMA) strobed under software control using rou-
schemes, and address decoding at the indivi- tines in the system read only memory. The
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Photo 4: Far from being limited to interpretive integer BASIC, the Apple-11 includes some powerful debugging and software
development aids at the machine language level. Here at (a) is an example of its dissassembler mode of operation, invoked by the
L command following an address in hexadecimal. A corresponding nonsymbolic assembler program will perform transformations
in the other direction from text sources. Here at (b) is an example of the instruction trace command, which allows a machine
language program to be followed mnemonically via dynamic disassembly, with register and condition code contents indicated

after each instruction.

input routine then enters a loop which
counts the length of the timer output pulse,
which is a function of the paddle potentiom-
eter’s setting. To prevent endless loops if a
wire breaks, the paddle scan routines exit at
the maximum count of 255. The resolution
of the loop is 12 us per count.

One memory address is dedicated to the
audio output port which drives a speaker.
When this memory location is referenced
from a program, with either a read or a write
operation, the speaker drive line is toggled.
Generating tones requires continuous
speaker toggling by this method, at an
audible rate. The cassette output port works
in a similar (toggle) fashion to generate
audio tones for the tape. The annunciator
outputs each have two corresponding ad-
dresses, with one used to set the output and
the second used to clear the outputs. Switch,
paddle and cassette inputs place their data
on the system bus in the sign bit position
when their corresponding addresses are refer-
enced; this choice of wiring enables software
to test the state of the bit directly with a
conditional branch instruction of the 6502
processor.

Apple BASIC

Apple-11 comes with an Apple BASIC
interpreter in the mask programmed read
only memories of the system. There is no
need to load it off tape, nor to dedicate any

programmable memory for it. It's always
there and it is impossible to accidentally
clobber it. This BASIC is essentially similar
to any BASIC with the exceptions that it
only implements 16 bit fixed point arithme-
tic. It also features some unique language
extensions to take advantage of the Apple-I|
hardware features such as color graphics and
to provide coriveniences in the form of
debugging aids. It is intended primarily for
games and educational uses.

A  monitor command puts you into
BASIC mode, which is indicated on the
screen by a prompt character, ‘>
Memory limits for BASIC source programs
and data are set automatically at the time of
entry, but these limits may be varied by user
commands. While in BASIC mode, state-
ments are entered on the current system
input device, which is normally the key-
board.

Apple-Il BASIC is implemented as a
translator-interpreter combination. When a
line is read from the input device, the
translator analyzes it and generates a more
efficient internal language facsimile. Syntax
errors are detected at this time. The ‘“‘nouns”’
of this internal language are variable names,
integer constants (preconverted to binary for
execution speed enhancement), and string
constants. The ‘‘verbs’” are 1 byte tokens
substituted for keywords, operators and
delimiters. Because the translator dis-
tinguishes syntax, different verbs are as-
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ONE SECTION, 553 QUAD TIMER
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Figure 2: How to make a 1 bit measurement of an analog parameter for
games (or perhaps we should say ‘2 bit"). Basically, a 555 style timing
element is set up so that it can be triggered by a 1 bit output port. After
triggering the oneshot, the processor enters a timing loop continuously testing
the 1 bit input port until the end of the oneshot’s cycle, which is controlled

by the game parameter potentiometer.

The result is an integer count

developed by the timing loop which gives a measure of how long the oneshot
pulse lasted, and hence a measure of the position of the input potentiometer.
Apple-11 implements four of these resistance measuring ports (which have
plenty of accuracy for game contexts with graphics display feedback but are
hardly not to be interpreted as having any absolute accuracy independent of

hand-eye coordination).

Author’s Note

So as not to slight their
efforts, | would like to
thank Allen Baum for
originating the Apple-1]
debug software, Doug
Kraul for helpful sugges-
tions on the [0 structure,
and Randy Wigginton and
Chris Espinosa for many
long and late hours testing
the Apple BASIC. ... SW

signed to different usages of the same
symbol. For example, three distinct verbs
represent the word PRINT, depending on
whether it is immediately followed by a
string source, an arithmetic expression or
nothing. Thus this distinction nced not be
made at execution time. For each verb there
exists a subroutine to perform that specific
action. Listing a program actually involves
decompiling the internal language back to
BASIC source code. Those statements with
line numbers are stored as part of the user
program, while those without line numbers
are executed immediately. If desired, the
Apple BASIC interpreter’s editing functions
can be set to generate line numbers auto-
matically. Although some commands are
valid only for immediate execution and
others only for programmed execution, most
can be employed in both ways. In the
BASIC source programs, multiple statements
may reside on the same line, separated by
colons (*:’).

BASIC language statements are stored in
user memory as they are accepted and
variables are allocated space the first time
they are encountered during immediate or
programmed execution. When a program
terminates, whether by completion, inter-
ruption or error conditions, all variables are
preserved. Programs may be interrupted in
execution by typing an ASCII control C; it is
then possible to examine and modify a few
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variables in immediate mode, then continue
execution at the point of interruption by
typing the CONtinue command. BASIC pro-
vides the line number of the statement as the
point of interruption when this sequence is
used. The entire variable space is cleared to
zero when BASIC is initialized by the CLR
command, and prior to executing the RUN
command. (It is possible to carry variables
from one program to another, but to initiate
the second program a GOTO command must
be used instead of RUN in order to override
the automatic clear at the beginning of
execution of a new program.)

The interpreter consists of a standard
expression evaluator and a symbol table
routine for allocating variable storage similar
to those described by Prof Maurer in his 2
part series in the February and March 1976
issues of BYTE. As statements are scanned,
nouns and verbs are encountered. Variable
names result in calls to the symbol table
routine which pushes address and length
information on the noun stack (operand
stack). Constants are pushed directly onto
this stack. Verbs are pushed onto the verb
stack (operator stack) after popping and
executing any verbs of greater priority. A
verb is executed by cailing its associated
subroutine. Tables define priorities and rou-
tine entry addresses for all verbs. Keywords
such as THEN or STEP, and delimiters such
as commas and parentheses, are dealt with
just as though they were arithmetic opera-
tors. Verb routines obtain their arguments
from the noun stack. Because verbs such as
parentheses tend sometimes to be of low,
and other times of high priority, each verb is
actually assigned two priorities (left hand-
right hand). One represents its tendency to
force execution of other verbs, the second
its tendency to be executed.

Interactive Monitor

The entry into BASIC, as well as other
user oriented features of the Apple-ll, is
provided by an interactive keyboard monitor
which serves as an aid to writing and
debugging machine language programs for
the 6502 processor of the system. The user
enters commands from the keyboard speci-
fying data and address parameters in hexa-
decimal. Multiple commands are permitted
on the same line and editing features facili-
tate error correction. | completely wrote and
debugged Apple BASIC using the monitor as
my only software development tool. It was
of course the first hand assembled program |
wrote for the system. In addition to the
direct monitor commands, a number of
subroutines were included in the Apple-Il’s
mask programmed system read only memory
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Sweet Sixteen Calling Sequence:

208 F6 —— —— —— —— —— —— —— —— —
JSR SWEET 16 6502
SWEET16 OP CODES SWEET16 CODE
RETURN
(1eave 6502 OP CODE

direct execution)

(reenter direct

6502 execution)

SWEET16 OP CODES (16 Bit Dperands, 2's Complement Arithmetic)

Op Instr Op
Code Length Description Code

00 1 Return to 6502 mode ——
01 2 Branch always 1R
02 2 Branch no carry 2R
03 2 Branch on carry 3R
04 2 Branch on positive 4R
05 2 Branch on negative 5R
06 2 Branch if equal 6R
07 2 Branch not equal 7R
08 2 Branch on negative 1 8R
09 2 Branch not negative 1 9R
OA 1 Break to monitor AR
0B 1 No operation BR
oC 1 No operation CR
oD 1 No operation DR
(¢]5 1 No operation ER
OF 1 No operation FR
Notes.

Length

R I A

Description

R«<2 byte constant (Load register immediate)
ACC<R

ACC-R

ACC—@R, R+R+1
ACC—-@R, R—R+1
ACC+@R double
ACC—@R double
R+~R—1, ACC+@R (pop)
R+~R-1, ACC—@R
ACC—@R (pop) double
COMPARE ACCto R
ACC—ACC+R
ACC—ACC-R

R«R+1

R<R—1

1. All branches are followed by a 1 byte relative displacement. Works identically to

6502 branches.

2. Only ADD, SUB and COMPARE can set carry.

3. Notation:

R = a 16 bit “register’’ operand designation, one of 16 labelled O to 15

{decimal}, O to F (hexadecimai}.
ACC = register operand RO.

@R = indirect reference, using the register R as the pointer.

— } = assignment of values.
4. lLength of instructions:

Branches are always two bytes: op code followed by relative displacement.

Load register immediate (1R) is three bytes: the hexadecimal op code 10
to 1F followed by the 2 byte literal value of a 16 bit number.

All other instructions are one byte in length.

to provide casy access to hardware features.
These are the service routines which are used
by the monitor, as well as BASIC and any
user routines you care to code.

The Story of Sweet Sixteen

While writing Apple BASIC, | ran into the
problem of manipulating the 16 bit pointer
data and its arithmetic in an 8 bit machine.

My solution to this problem of handling
16 bit data, notably pointers, with an 8 bit
microprocessor was to implement a non-
existent 16 bit processor in software, inter-
preter fashion, which | refer to as SWEET16.

SWEET16 contains sixteen internal 16 bit
registers, actually the first 32 bytes in main
memory, labelled RO through R15. RO is
defined as the accumulator, R15 as the
program counter, and R14 as a status reg-
ister. R13 stores the result of all COM-
PARE opecrations for branch testing. The

user accesses SWEET16 with a subroutine
call to hexadecimal address F689. Bytes
stored after the subroutine call are thereafter
interpreted and executed by SWEET16. One
of SWEET16’s commands returns the user
back to 6502 mode, even restoring the
original register contents.

Implemented in only 300 bytes of code,
SWEET16 has a very simple instruction set
tailored to operations such as memory
moves and stack manipulation. Most op
codes are only one byte long, but since she
runs approximately ten times slower than
cquivalent 6502 code, SWEET16 should be
employed only when code is at a premium
or execution speed is not. As an example of
her usefulness, | have estimated that about
1 K bytes could be weeded out of my 5K
byte Apple-11 BASIC interpreter with no
obscrvable performance degradation by
sclectively applying SWEET16.m
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The Apple-11 monitor read
only memory also contains
an interpreter program
called SWEETI6 which
can be used from machine
language programs to im-
plement 16 bit arithmetic
operations. This facility
can prove quite useful, for
example, in calculating ad-
dresses, and serves as an
extension of the instruc-
tion set of the 6502 which
is reached by the JSR
SWEET 16 escape sequence
in code.
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Continued from page 32

Byte Use
0.1 State 1
23 State 2
(n—1) *2,

{n—1) *2+1 Staten

Figure 2: State space

~model in matrix represen-
tation. The model can be
described by an n by m
matrix. The number of

states in the model is n
and the number of input
types is m. Each element
describes the output re-
sponse and the new cur-

Current
State Input Observation
A B (o

output: output: output:
response A response B response C

R
new current new current | new current
state: R state: R state: R
output: output: output:
response A response B response C

S
new current new current | new current
state: S state: S state: S
output: output: output:
response A response B response C

T
new current new current | new current
state: T state: T state: T

rent state to which the
next move is made.

current state = S

now complcte in the dcfinition of the
mutation types desired in our cvolution
simulation.

The State Space Modet
and Its Computer Representation

We now have sufficient knowledge to
begin cxamining the computer implementa-
tion of this artificial intelligence by simu-
lated cvolution. Although the discussion will
tend to be gencral, the emphasis is on using
the technique as a two symbol pattern
recognition game. This gamec would then
allow the computer programmer Lo expc.i-
ment on his/her own system with predicting
primes, carthquakes, pecople or any of the
virtually limitless arcas of pattern recogni-
tion and feature extraction. Those program-
mers with a more cxtensive background in
mathematics and automata theory and with
larger computer facilitics at their disposal
may want 1to attempt more sophisticated
programs with many symbol pattern recogni-
tion, advanced evolutionary techniquces, or
even using the intelligence of the program to
improve upon the intelligence process.

The most important design decision for

Bit Use

0 Qutput response type:
on is response type 1
off is response type 0

1—7 New current state.

Table 1: The representation that is used in the computer model for the 2
symbol pattern recognition. Table 1a is the memory allocation for the matrix.
Each state has two bytes with which to work. Each byte is broken into two
sections as shown in table 1b. Bit | is used to signify the oulpul respouse
type, either response O or |. The remaining seven bits are used (o indicate the

new current state.
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the program is the representation method of
the model. Figure 2 shows that the model
can be represented as an n by m matrix
where n is the number of states in the modet
and m is the number of input types. Each
clement on the matrix consists of two pieces
of information, a symbol to output and the
next current state. Thus, if the model is
currently at state S and input symbol typc B
occurs, then row S and column B of the
matrix defines the output response and the
next current state.

At lcast five other pieces of information
must also be maintained for the model,
namely the first state, second state, the
current state, value and the number of states
currently in the model. The current state is
used to dcrive the model's ncxt response.
The first state, second state and value are
used by the evolution process when the
model must be driven by historical data, as
when  determining which of the offspring
during mutation is the best. The number of
states currently in the machine is also used
by the mutation or cvolution routines, as
will be seen later.

Table 1 details a workablc representation
of a two symbol pattern recognition model
for a small computer. Each clement in the n
by m matrix consists of two bytes. Onc byte
for cach possible transition. For both bytes,
the high order bit dctermines the output
symbol. For example, high order bit on
could mcan ‘“next number is prime,” or “‘an
carthquake will occur next,” or ‘“the op-
ponent will next say truc.” High order bit
off would of course mcan the opposite. The
other seven bits in the bytc contain the
relative number of the next current state,
state numbers ranging from 0 to 127. De-
coding the model to make a prediction is
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Check these features ...

altair - IMSAI - S-100 BUS
PLUG COMPATIBLE

ACCESS TIME — 450ns No wait states

FULLY BUFFERED — for BUS reliability

LOW POWER CHIPS — for tong 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. BOARD — Quality G10 material with solder mask both sides and silkscreen

! ln////l

SOFTWARE — Diagnostic provided
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Price

KIT — With IC Sockets ........... $239

KIT — Without Sockets ........... §225
Solder chips directly to PCB

ASSEMBLED — With Sockets . . . . .. $295

ASSEMBLED — Without Sockets . - . - $280

-~

J iU

Name

Address

Zip

State

City R

Enclosed is $ Check [J Money Order [J
Bill my BankAmericard [J: Master Charge [J: Card No.

Exp. Date Interbank No.
Signature

Handling and Postage $2.50. California Residents add 6% sales r;

FRANKLIN ELECTRIC Co.

733 LAKEFIELD ROAD

FE

WESTLAKE VILLAGE,CA 9
(805) 497-7755

1361

casily done on most microprocessors and a

typical
l.

2.

5a.

5b.

6.

Part
general

scquence of instructions would be:

Load current state number into
accumulator.

Shift left one place (equivalent to
multiplying by 2).

Add input symbol type (aQora 1).
The result of step 3 is the relative
number from the beginning of the
mode! of the byte representing the
transition to be taken. Load this
relative byte into the accumulator.
If high order bit is on, then the
response (prediction} is type 1.

If high order bit is off, then the
response is type 0.

“AND" accumulator with hexadeci-
mal 7F; the result is the new cur-

rent state.

1 of this article has described the
overall workings of the simulated

evolution technique. Using the knowledge
thus far presented, the reader is prepared to
write his/her own artificial intelligence pro-
gram for predicting earthquakes, primes or

even people.

Next month this discussion

will continue with a description of the im-
plementation of a predictive game with
which the readers can experiment.®

The ®
fabulous Phi-Deck family

of 5 cassette transports
Under $100 in quantities of 10

Featuring:

+ Die-cast frames

- Remote controllable

« Precise, fast head
engage/disengage

» Quick braking

'\, « FF/rewind 120 ips
a ™ » Speed ranges from
4 to 20 ips

Electronic packages and mag heads for most applications
For application in:

1. Micro processing 7. Security/automatic warning

2. Data systems
recording/logging/storage 8. Test applications

3. Programming 9. Audio visualleducation

4. Instrumentation 10. Telephone interconnect

5. Industrial Control 11. Hi-Fi

6. RS232 Data storage 12. Point of sale

L]
@ Tiplel A pivision of the Economy Co. b-A
l 4605 N. Stiles P.O. Box 25308
Oklahoma City, Oklahoma 73125 (405) 521-3000
1 am interested in application no.
[J Have Representative call [0 Send application notes

Title

Name
Company Name
Address
City
LPhone Number

State Zip

a5
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A New Low for Paper Tape Reader Prices

Personal use review by
Daniel Fylstra
Hamilton Hall C-23
Harvard Business School
Boston MA 02163

Now you can add a paper tape reader
to your personal computer for only
$32.50. The new RAECO TPR-1 is a
‘‘pull through” type optical paper tape
reader using normal ambient light and no
moving parts. A machined tape guide
makes it relatively easy to pull tape
smoothly through the unit. Although the
reader works best with opaque (black)
paper tape, it can be used with a little
care to read the buff-colored tape

designed for mechanical readers. The
unit is easily interfaced to any processor
through an 8 bit parallel 1O port, with a
READY {or READY ) signal to indicate
the presence of valid data. Since the unit
has three-state output buffers controlled
by a separate ENABLE line, it theoreti-
cally could be connected directly to a
data bus.

The TPR-1 was below my price
threshold for a paper tape capability, so
| ordered one for use with my KIM-1.
RAECO gave me wunusually prompt
service, less than one week, during the
busy Christmas season. Instructions
supplied with the TPR-1 were clear and
complete, and in less than two hours |
had connected the unit to my system.
After carefully positioning the desk lamp
| was using as a light source, | subjected
the TPR-1 to the paper tape reader ‘‘acid
test,” loading Tom Pittman’s Tiny
BASIC, a fairly lengthy program, from a
buff-colored, fan-folded paper tape. Sure
enough, | was able to load the program
with only one retry after a checksum
error.

RAECO has done an excellent job of
bringing a paper tape reader capability to
the personal computing user at a new
low price. The RAECO TPR-1, as-
sembled and tested, $32.50 (optional
case, as pictured, $5 extra), from
RAECO, Box 14, Readville MA 02137.®

nca

RCA Has Just Published a New Product
Guide to Its CMOS-B Series of
Integrated Circuits

A 24 page product guide, COS-278F,
COS/MOS-B Series, The new standard in
CMOS digital logic, is now available from
RCA Solid State Division. The booklet
describes RCA’s B series of COS/MOS
high-voltage integrated circuits. All B
series devices are tested to voltages as
high as 22V and have an absolute
maximum DC supply voltage rating of
20 V. The comparable rating for the
traditional A seriesis 15 V.

The product guide contains a descrip-
tion of the features and benefits of the B
series, function classification chart, func-
tion selection chart, standardized static
electrical characteristics, and function
diagrams for 120 B series types, includ-
ing buffered and unbuffered versions.
Special information on seven standard
timing circuits is also included. Copies of
the COS-278F may be obtained by
writing to RCA Solid State Division,
POB 3200, Somerville N} 08876.m
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Zilog's Z-80A at 4 MHz

At its new manufacturing facility in
Cupertino CA, Zilog announced the
manufacture of the Z-80A microproces-
sor on February 24 1977. The Z-80A is
a faster microprocessor than the Z-80
and is pin and software compatible with
the Z-80. The Z-80A has a standard
clock rate of 4 MHz which is made
possible by a new technology developed
by Zilog. Single quantity prices quoted
at the press conference were $65 for the
ceramic package, and $59 for the plastic
package. The Z-80A will become Zilog's
standard microprocessor. However, the
present Z-80 at a clock rate of 2.5 MHz
will be continued at a reduced price.

According to Zilog, the Z-80A is
considered to be the fastest standard
microprocessor. Its instruction cycle is 1
s, and its throughput is 60% above the
throughput of the Z-80. It became
available in production quantities in late
March, 1977. For more information
write to Zilog, 10460 Bubb Rd,
Cupertino CA 95014, (408) 446-4666.5

Want Megabyte Megalomania?

Here is an inexpensive way to achieve
a 32 megabyte mass storage system for
use in filing /ots of data. The product is
the Model 5200 Carousel tape cartridge
system by National Computer Systems,
4401 W 76th St, Minneapolis MN 55435,
What does inexpensive mean? In this
context, it means that $3215 (in quan-
tities of 50) purchases you a single
Carouse} engineered for use with mini-
computers of microcomputers, using a
built-in dual microprocessor formatter
which provides interfacing disciplines,
handles housekeeping functions for the
storage device, and reduces the user
computer’s driving software require-
ments to command information and data
transfer.,

This machine is designed for unat-
tended operation. All the mechanical
operations of indexing the cartridge posi-
tions, loading, processing data and un-
loading are done automatically. This
means that data can be copied, files
sorted, information updated and reports
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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. Ail 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.

OSI 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 OSI'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 OS| 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 I/0 and ROM. There are over 13 accessory
boards including A/D, D/A, parallel and serial 170, 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 OSI 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 3259900

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". OS| 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 to:
OSI; Dept. S; Hiram, Ohio 44234 or enclose $1.00 for the full
O8I catalog which contains kits from $134 and fully assembled
computers from $439.

Ohio Scientific Instruments
11679 Hayden Street, Dept. S, Hiram, Ohio 44234
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spooled without operator intervention.
Put this device together with an LSI-11,
DEC’s timesharing operating systems,
multiple terminal ports, and a school or
business will have a very inexpensive
data processing system with lots of
usable mass storage. Usable in this case
means 8000 bytes per second data trans-
fer rate to the 3M style cartridges, search
speed of 120 inches per second (3.1
meters per second) and rewind speed of
180 inches per second (4.6 meters per
second). This translates (assuming a 300
foot (91 meter) 3M cartridge tape capac-
ity) into a maximum access time of 20
seconds for any given cartridge, assuming
that you are at the last block on that
cartridge and you have to rewind to get
to the first block. Indexing from car-
tridge to cartridge takes 4.25 seconds, so
making the assumption that we can
index in either direction, the worst case
access time to a given block would be:

Rewind from last block, present cartridge

Step eight times 4.25x 8=

Search forward to last block, new cartridge

Does This Have Any Relevance
to the Individual?

Yes and no. Yes, in the fact that for
some individuals, the price is well within
budget. We all know of people who have
full fledged minicomputer systems as
their personal computers. One example
is a data processing vice president of a
large East Coast bank who has a
PDP-11/40 in his home with hard surface

disks and the whole works. The single
quantity price of this Carousel drive will
most likely fit within the “conceivable”
personal computing budget of the high
level management person such as this
fellow (or owner of a small business with
potential commercial applications).

But more important, to those of us
who have far more limited budgets, is
the inspiration provided by this concept
of the multiple cartridge mechanism.
Why not do the same thing with Philips
cassettes for less money, perhaps with
fewer units of the media? Or even
consider a simpler mechanism with fewer
cartridges used by the personal computer
experimenter on a lower budget? Just
the very concept of a 3M drive with the
1/4 inch tape cartridges is enough to
excite the personal user, since it provides
the potential for 2 million bytes per
cartridge, electronically controllable
with fast access to any block.m

20 seconds (180 ips, 300 feet)
34 seconds
30seconds (120 ips, 300 feet)

84 seconds

Expansion of Capacity

Latest word from Texas Instruments
in Dallas is announcement of an increase
in the programmable memory and data
capacity of the SR-60 desk top calcu-
lator, This machine is now available with
up to 5760 steps of programming with
430 data registers — almost enough

capacity to wonder whether or not it is
really a calculator as opposed to a full
fledged computer. For all that capacity
in the new form, you'll pay a bit
however: $3,315 is the total price for an
SR-60 equipped with that many program
steps and data registers. Texas Instru-
ments calculator products are available
from many department stores and simi-
lar retail outlets, or you can forward
inquiries to Texas Instruments Inc, In-
quiry Answering Service, POB 5012,
MS 308, Dallas TX 75222, attention:
SR-60 Memory Addition.s

TARGET

Altair Program Library entry
#5-3-764 is a game called TARGET by
George W Rompot, which uses the Proc-
essor Technology VDM-1 video display
monitor to play a simulated shooting
gallery operation with a ‘‘gunship,”
“missile’” and ‘‘target” moving about the
screen. The program is written in 8080
machine code. The target moves at 5
lines per second up and down the right
edge of the machine, and the missile
moves across the center of the screen at
120 character positions per second; the
missile is fired in response to a keyboard
input of any character. The skill required
is represented by the need to “‘lead’’ the
target. The MITS game comes in the
form of 9 pages of documentation in-
cluding 5 pages of commented program
listing in octal for this 197 byte program
and a 13 byte screen initialization
routine.s

Let’s talk about a Real Bargain

Use it as a typewriter!

Our AJ 841 features the heawy duty Selectric IBM mechanism to give
you fast, dependable operation day after day. Use it in the office. Use

: it at home. At our price, it's an economical typewriter.

. Use it as a terminal!
The 841 incorporates our own SELECTRONIC
mechanism that turns it into one of the most useful
and reliable computer terminals on the market.
Thousands are in operation today. Your choice
of EBCD or Correspondence Codes, with APL
as an option. It will interface with almost
any IBM computer.
If you can use an efficient, low cost
computer terminal, here’s your chance
to get one for about the price of a good
typewriter alone.
If you're interested, call AJ Marketing
at 408-263-8520, Extension 280,
or write for more details.

It’s the Typewriter/ Terminal from AJ
We have hundreds of ready-for-lease, or
ready-for-sale terminals that have
been refurbished and repriced

to make them a truly
outstanding
bargain.

A, ANDERSON
JACOBSON

521 Charcot Avenue - San Jose, CA 95131 - (408) 263-8520
EASTERN REGION/Hackensack, N.J. (201) 488-2525 . CENTRAL REGION/Northbrook {Chicago). ll. (312) 498.4220

\
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IMSAI Presents:

The 3 for1 Slot Saver
A Masterplece inl/O Engmeermg

money and ex-
pand your computer.

The IMSAI Multiple Input/
Output board contains five ports
combining the most commonly used /O
interfaces. This compact, sophisticated board
replaces two or three older-type boards at lower cost
while making more slots available for new applica-
tions. The IMSAI MIO, like the IMSAI 8080, dem-

onstrates that fine engineering can be aesthetically

beautiful as well as solidly practical.

USEFUL AND EASY TO USE.

The IMSAI MIO is inexpensive and easy to install. It's
the most advanced /O board available, adding qual-
ity, convenience and value to your computer. With the
IMSAI MIO you can control a keyboard, printer, 2
tape cassettes and a teletype/CRT simultaneously.

Consider these important “‘useability’’ features:

1. Easy to assemble components — all board
identities are silk-screened.

2. Safe soldering— the entire board is solder
masked for quick, fast assembly.

3. Fast, flexible configuration — options are
selected with solderless wire strapping.

4. Easy testing and tuning— pre-recorded test
routines on tape cassette.

5

. Best of all — everything is explained in
comprehensive, understandable documen-
tation.

rface prov1de all the versatility
you need in an I/O board. The IMSAI MIO’s flexible
addressing and control features assure compatibility
with non-IMSAI 8080 software. Tape cassette applica-
tions are enhanced through inclusion of the Byte/
Lancaster and Tarbell recording modes.

ORDER NOW —SHIPPING NOW

The IMSAI MIO is available for immediate delivery.
$195 in kit; $350 assembled. Write or call for more in-
formation. Specifications and feature product bulletin

available on request. Send $1 for complete catalog of
IMSAI products.

Prices: USA Domestic. Subject to change without notice.

IMSAI

IMSAI Manufacturing Corporation
14860 Wicks Blvd.

San Leandro, CA 94577

(415) 483-2093

TWX 910 366-7287
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Photo 2: The Remote Transmitter Assembly. The transmitter also needs a

Come Upstairs

Photo 1: The Remote Re-
ceiver Assembly. This is
only one of the circuit
layouts possible. Place-
ment of parts is not
crucial. The receiver is
built so that it can be
plugged directly into the
microprocessor’s main
board.

power supply, contained within this box, for both itself and the keyboard.

With a stylish cabinet such as this, you can be proud to display your newest

addition to your friends.
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Steve Ciarcia
POB 582
Glastonbury CT 06033

For those of you who remember about
Walt and Ralph in “Having a Private Affair
With Your Computer” [April 1977 issue of
BYTE], | suppose | can say that with friends
like that | am not in any great need of
enemies. What may have appeared as a losing
situation on my part did have some benefi-
cial side effects — namely, the remote ter-
minal which | installed in my den to accom-
modate the comings and goings of people
using my system.

This remote terminal is nothing more
than a serial data link incorporating a univer-
sal asynchronous receiver-transmitter
(UART) attached to a keyboard and a
coaxial extension cable for a direct plug-in
monitor. Any computer system which can
be directly operated by a keyboard can be
converted for remote input exactly as | will
describe. The components are readily avail-
able and total cost should be less than $30.

The major application for a remote inter-
face is to be able to describe and demon-
strate your computer without having to
clean up your shop before letting people in
or worrying about what they’ll touch. Often,
when | have large parties, | will put a
Kingdom game on the computer and let
people play to their hearts’ content in the
den. Obviously, trying to do this in the
basement where the computer is located
would require constant attendance. All it
would take is one drunk to lean on the
processor card, or say, ‘“What does this do?”’,
as he flips the memory clear switch. | will
have to admit though that what had origi-
nally started as a purely defensively initiated
design has become an enjoyable addition to
my system. If just writing software, I’ll do it
upstairs now, with the family, rather than
appearing to isolate myself in the cellar
every night, getting moldy, as my wife says.

A simplified block diagram of this remote
terminal link is illustrated in figure 1. For
the keyboard inputs to the computer both
transmitter and receiver interfaces utilize an
interesting device called a universal asyn-
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and Be Respectable

chronous receiver-transmitter. The internal
structure of this device consists of a separate
parallel to serial transmitter and serial to
parallel receiver joined by common program-
ming pins. What this means, in fact, is that the
two sections can be used independently
provided they adhere to the same bit format
which is selectable through the wiring of the
device.

The transmission from the den to the
basement is done asynchronously and in one
direction only. As far as the computer is
concerned, this input device appears as any
other parallel input such as a keyboard. The
other part of the system is a monitor to
display computer generated video. The
monitor in the den uses direct video signals
and is attached to the video display elec-
tronics through a 200 foot coaxial cable, and
thus does not require the computer to re-
spond via the serial line.

Actual data transmission to the computer
follows an asynchronous serial format illus-
trated in figure 2. When no data is being

transmitted, the data line is sitting at a mark
or 1 level waiting for a key pressed strobe
from the keyboard. A key pressed strobe is a
1 to 5 ms positive pulse indicating that a
keyboard key has been pressed and that an
ASCIl code of that key is available for
transmission. This key pressed strobe, which
is attached to the data strobe of the inter-
face, causes the ASCII data to be loaded into
a parallel storage buffer, and starts the
transmission cycle. The serial output will
then make a transition from a logical 1 to 0.
This start bit transition indicates the begin-
ning of a serially transmitted word. Fol-
lowing the start bit, up to eight bits of data
follow, each data bit taking 16 clock
periods. At the conclusion of the data bits,
parity and stop bits are generated by the
interface to signify the end of transmission.

If another key is pressed, the process will
repeat itself. On the receiving end, the
receiver section of the UART is con-
tinuously monitoring the serial input lines
for the start bit. Upon its occurrence the

l——— TWISTED PAIR CABLE ————+|

Figure 1: A simplified
block diagram of the re-
mote transmitter and re-

ceiver circuit. With a
1760 Hz oscillator driving
the circuit, a data
transmission rate of

110 bps will be attained.
Although the exact fre-
quency is not important,
the two oscillators must be
accurate in respect to each
other or the circuit will
not function correctly.

LINE {( LINE +5V
DRIVER )T RECEIVER T -y
+5V +5V h
+5v l_l,\ COMPUTER
SERIAL DATA SERIAL DATA SF"J%WF,Es
JL P SO S\ —_—
KEY PRESSED bs RDAV 87 -
BO BDI RD7 86
Bl BD2 RD§) B5
82 803 RDS[: na >MICROPROCESSOR
B3 BD4 RD4& B3
B4 BDS RD3 B2
BS BD6 RD2 Bi
B6 B8D7 INTERFACE INTERFACE RDI BO
TCP] RCP
7
KEYBOARD o lesy — +5VL 8 BIT PARALLEL
- INPUT PORT
12V
+5V -12v
1 ‘ I1760Hz
5y OSCILLATOR +5V
i | |760Hz
LOCAL POWER OSCILLATOR
SUPPLY
-12v
VIDEO
bogég COAXIAL = CABLE BIS PLAY
| N 1 rF——————————— [
MONITOR __‘f_ — GENERATOR [+ MICROPROCESSOR

O O O
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Figure 2: Diagram illustrat-
ing how  asynchronous
data is transmitted. A start
bit is defined as a transi-
tion from logical 1 to 0.
The eight data bits are
then transmitted with the
least significant bit being
transmitted first and the
most significant bit being
transmitted last. A parity
bit is then sent followed
by two stop bits. With the
AY-5-1013, the parity bit
can be omitted completely
and there is a choice of
one or two stop bits fol-

TIME'S ARROW ——»

eight bits of data are slipped into a register
and the parity checked. At the completion
of the scrial entry, an output signifying data
available is set which can be used as an input
strobe to the computer. The interface will
not process additional serial inputs unlcss
the data available flag is acknowledged and
the data available reset linc is strobed.
Actual transmission can include or cxclude
parity, have onc or two stop bits, and data
can be in 5 to 8 bit words. These options are

110 bps, failures will be rare and in many
hours of operation 1 have not yet received a
bad character transmission. Parity s
eliminated by tying pin 35 to +5 V.

Both transmitter and receiver interfaces
utilize an NES55 oscillator to provide the
clock frequency (see figures 3 and 4 for
schematics). For a 110 bps serial rate, this
frequency is set for 1760 Hz and must be
maintained within 1%. For this rcason only
mylar or polycarbonate capacitors should be

lowing the transmitted pin sclectable. used. This transmission rate can be much
data. Table 1 is a pin function description for higher, possibly reaching a rate of 20 or 30
the AY-5-1013. thousand bits per second. But we must be
There are obviously many morc function- realistic: 110 bps is 10 characters a second
al inputs and outputs than are necessary for which is beyond the typing capabilities of
this limited application. We will purposcly most sane individuals. Building a 9600 bit
select only those which are absolutely neces- per second data link to a keyboard is absurd.
sary to minimize hardware and software The lower the data rate, the fewer problems
logic. The keyboard has a 7 bit ASCII you will encounter in the long run.
output code so a 7 bit word length is chosen Construction of the receiver and transmit-
by a binary 10 code on pins 37 and 38 ter boards is straightforward and wiring is
respectively. Two stop bits provide for a not critical. The unit in the den requires a
more reliable transmission by allowing more +5V and -12V power supply and an ap-
time between transmitted words. Two stop propriate case. Most new keyboards require
bits arc sclected by tying pin 36 to +5 V. +5 V for operation and the intcrface power
Parity is nice, but unless you are going to do supply should be made large enough to
something about it, it’s a waste of time. At accommodate both.
All my keyboards have cables with 11 pin
+5V “octal type” sockets [electron tube sockets
10K % and plugs similar to those of the large
1 :
33K ;JFF ;IOF.F « -2V
RESET _ VCC
DISCHARGE
10K ) ! 2
NES55 OuTPUTE I RO7IE—[>ps6
6 29 ros———[">B5
THRESHOLD +5v 36 ROS 3——[:>B4 T8
TRIGGER __GND LE:" Roalgo——D% SAS"KBJ&R
* ] v o D L
. 3;2 Ic1 RO2 :; BI
Qe 2 rot [2——{> 80
;J; —oard {">B7 DATA READY
13 o *5v IN9I4
21l  AY-5-1013 P — P4
*MYLAR OR 3 RESET|ia 23 100K (
POLYCARBONATE a DATA |0 pN——
AVAILABLE
Figure 3: A schematic dia- DATA IN | CD4009 AX.OlpF
. . 20
) OF (Ul? (RASAN? (11557 DM8820 RECEIVER (SND5182)
face for the remote key- +5V 6
boqrd. This section can be 4l rrose VTPV __ FROM
built on a vector card and 5 | ><x\/¢/y\x‘/o/\ REMOTE
. ) , RESPONSE SITE
installed in the computer’s [ Ic2 Ry
mainframe. All resistors 71 100pF 1z
. DM8820 OluF
are 1/4W and all resis- f'l: [
tances are measured in ‘

ohms.
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“octal” tubes/, so | naturally used the same and this should be some easy disconnect like

receptacle on this transmitter box. The cable an RCA jack or two banana jacks, as | used.
and conncctor can be any convenicnt type, The receiver construction is equally
and the keyboard will probably pull less simplistic and its proximity to the computer
than 200 mA. The only other connection is eliminates the necessity for building addi-
the twisted pair wirc to the recciver board tional power supplies. When a character is
Pin

Number Name Symbol Function

1 VCC power supply vCC +5 V power supply.

2 VGG power supply VGG —12 V power supply.

3 VDD power supply vDD ground.

4 Received Data Enable RDE logic O places the received data onto the output lines.
5-12 Received Data Bits RD8-RD1 eight data output lines. Received characters are right

justified; the least significant bit always appears on
RD1. These lines have three state drivers enabled by
a low level on the RDE line.

13 Parity Error PE goes to logic 1 if received character parity does not
agree_with selected parity. Three state output enabled
by SWE.

14 Framing Error FE goes to logic 1 if the received character has no valid
stop bit. Three state output enabled by SWE.

15 Over Run OR goes to logic 1 if previously received character was not

read before present character is transferred to receiver
holding register. Three state output enabled by SWE.
16 Status Word Enable SWE logic O on this line places status word bits
: PE,FE,OR,DAV,TBMT onto the output lines. Three
state outputs.

17 Receiver Clock RCP contains clock whose frequency is 16 times the desired
receiver data rate.

18 Reset Data Available RDAV logic O will reset the data available line.

19 Data Available DAV goes to logic 1 when an entire character has been re-

ceived and transferred to the receiver holding register.
Three state output.

20 Serial Input S accepts the serial bit input stream. A logic 1 to logic O
transition is required for initiation of data reception.
21 External Reset XR resets shift registers. Sets SO,EOC,TBMT to logic 1.

Resets DAV and error flags to logic 0. Clears input
data buffer. Tied to logic O when not in use.

22 Transmitter Buffer TBMT +  transmitter buffer empty flag goes to logic 1 when
Empty data bits holding register may be loaded with another

_ character. Three state output enabled by SWE.
23 Data Strobe DS strobe on this line will enter data bits into the data

bits holding register. Initial data transmission is initi-
ated by the rising edge of DS. Data must be stable
during entire strobe.

24 End of Character EOC goes to logic 1 each time a full character is trans-
mitted. It remains at this level until the start of
transmission of the next character.

25 Serial Output SO serially, by bit, provides the entire transmitted charac-
ter. It will remain at logic 1 when no data is being
transmitted.

26-33 Data Bit Inputs BD1-BD8 eight data bit input lines.

34 Control Strobe CcS logic 1 enters the control bits EPS, NB1, NB2, TSB,
NP into control bits holding register. Line can be
strobed or hard wired to logic 1 level.

35 No parity NP logic 1 will eliminate the parity bit from the trans-
mitted and received character. Stop bits immediately
follow the last data bit. If not used, must be tied to

logic O.
36 Number of TSB selects the number of stop bits, 1 or 2, to be appended
Stop Bits immediately after the parity bit. A logic O will insert
one stop bit and a logic 1 will insert two stop bits.
37-38 Number of bits NB2,NB1 two leads internally decoded to select five, six, seven,
per character eight data bits per character.
NB2 NB1 Bits per character
0 0 5
0 1 6 .
1 0 7 Table 1: A summary of
1 1 8 the pins and function
39 Odd or even parity EPS determines type of parity appended immediately after description of the
select data bits. Logic O inserts odd parity, logic 1 inserts :
) (T AY-5-1013 un/vgrsa/ asyn-
40 Transmitter Clock TCP contains a clock whose frequency is 16 times the chronous  receiver and
desired transmitter data rate. transmitter.
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+5V

Figure 4: The transmitter

10K _sz section of the remote key-
Y l A 4 board interface. This as-
$33K 2.IpF 2IOpF ;7710,‘;: sembly will have its own
. . power supply that allows
RESET veC it to stand a/one.at are-
{ DISCHARGE vs:s 2 mote area. All resistors are
GG q
i:".OK 3 w0 v 23 1/4 W and all resistances
OUTPUT 5y CLK STROBE |——————< ] KEY PRESSED gre measured in ohms.
8 [ tHRESHOLD t 34]L 0ap s J80)
36|STOP BIT 27
TRIGGZER GN'D SELECT Tte——<] BI
37
0——] /J7 IC7 }wono es ZB_-C] B2
NE555 NGTH
j,om: * 38 JLE Tal2® B3 ) FROM KEYBOARD
39 [ PariTY 30
- SELECT T1S 3—@ B4
PARITY ! <
*MYLAR OR s INHIBIT e R BS
16 |FLAGS 2
POLYCARBONATE DISABLE TI7——] B6 | IC6
s 2 ReseT DMB8830
AY-5-1013 3{voo outpuT |25 a
4 |RECEIVED +5v 21e YER— -~
ENABLE T 1K 3. z e )XOOCK. 10
P e alg COMPUTER

Table 2: Power pin assign-
ments for the receiver and
transmitter of figures 3

and 4.

received, the data available line goes high.
This signal is delayed and inverted and used
to reset the data available line. The result of
this circuitry is that the data available line
will remain high only for the duration of the
time delay set by the resistor and capacitor
at the input of the CMOS inverter. If your
system will not accept a 10 ms data ready
strobe, then dispose of the CMOS gate and
reset pin 18 via a computer output strobe or
some other synchronized means.

The last point of discussion is the line
driver and receiver. RS232C seems to be the
standard, but this would require a plus and
minus 12 to 15V power supply for the
drivers and receivers. The limits of most
microprocessor power supplies are usually
within +12 V and -12 V. Let’s be practical
for a moment. We aren’t stretching a 1 mile
cable along an arc welding line at an auto-
mobile plant (as occasionally happens when
working with industrial automation as | do
for a living}. What we have is 100 to 200 feet
of twisted pair in a relatively low noise
environment. RS232C is for industrial en-
vironments, and is not necessary for this
application. 5 V line drivers are quite accept-
able in this application, and a 7440 NAND

ic
Number Type +5V  GND -12V

1 AY-5-1013 1 3 2

2 DM8820 14 7

3 NES55 8 1

4 4009 16 8

5 AY-5-1013 1 3 2

6 DM8830 14 7

7 NESS55 8 1
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gate could be used as an appropriate driver.
A somewhat preferred approach is to use
5 V differential drivers and receivers such as
the DM8820 and DM8830. These National
Semiconductor (or their Texas Instruments
equivalents SW75182 and SW75183) devices
may not be available everywhere. A
Texas ‘Instruments 75107 and 75110 com-
bination with the appropriate pin numbers
changed can be used instead.

Construction is straightforward, and
checkout is a simple go or no go test. Make
sure that all voltages are correct and that the
keyboard inputs to the interfacc operate
correctly. It is a good idea to use a fre-
guency counter to set the 1760 Hz on both
the transmitter and receiver cards. If the
frequencies are not within a few percent of
each other, it will not work.

Attach a 1 or 2 foot twisted pair lead
between the two units, plug in the keyboard,
and remove the CMOS inverter from the
receiver card. To display the received data
word, either connect the receiver output to a
computer parallel input port and write a
program to scan and display it, or attach
some sort of LED buffer and driver kluge to
display the output.

When a key is pressed on the keyboard,
the ASCII code for that key should appear
at the receiver output. Momentarily ground-
ing the data available reset line will allow
another character to be received. When this
phase is accomplished, insert the 4009,
string your 200 feet of twisted pair cable,
hook your monitor up with 200 feet of
coax, and start plinking away.®
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INSTRUMENTS

TMS 9900
16BIT

MICROPROCESSOR

RS232C
: - L or

CONT 02 ir L 20MA

LOOP

CRY GND. ADRS PWRY DATA

8 VECTORED
INTERRUPTS

1 CHIP
CLOCK

TMS2708
E-PROM
ROGRAMMER

FREE YOURSELF FROM THE ONE BYTE WORLD. MOVE UP TO THE TWO BYTE TEXAS INSTRUMENTS TMS-9900
16-BIT MICROPROCESSOR — WITH OUR — “SUPER STARTER SYSTEM"” — TEC-9900-SS. SHOWN ABOVE, FEATURES
HARDWARE MULTIPLY AND DIVIDE, 69 MINI-COMPUTER INSTRUCTIONS, 7 ADDRESSING MODES, EXPANDABLE
TO A FULL 65K BYTES; MONITOR, TMS 9900 CPU, RAM, P-ROM, E-PROM, PROGRAMMER ALL ON ONE P-C
BOARD BASIC OPERATING SYSTEM AS LOW AS $299 UNASSEMBLED $399 ASSEMBLED AND TESTED
EXPLICIT MANUAL INCLUDED OR AVAILABLE SEPARATELY AT $35, TO LEARN MORE .. JUST TEAR OFF
A PIECE OF THIS AD. PIN TO YOUR LETTERHEAD & RETURN TO TECHNICO OR CALL OUR HOTLINE 1-800/638-2893
TO RECEIVE FREE INFO-PACKAGE. ---DESIGN & TECH SUPPORT BY ROSSE CORP.

9130 res rancn na ' THE TECHNOLOGY LEADER IN
TECHNICO Corm e seear00 | ELECTRONICS DISTRIBUTION
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Bioelectronics Laboratory

The George Washington University Medical Center
901 23rd St NW

Washington DC 20037

Interfacing With an

The jobs which a computer can perform
require some method for interfacing with the
outside world. Most of us are familiar with
the requirements and abilities of thc many
digital peripherals, but lack any practical
insight into the use of analog 10 signals. To
many, especially those oriented toward soft-
ware, doing anything in the analog world
seems like an anachronistic art form, or from
a technical point of view, a lot like trying to
skin an amoeba. However, the analog world
exists, and some means must be provided for
interfacing the computer with it. Since most
devices and machines in our world are
analog, this will extend your computer
horizons more than you may appreciate. So
if you want to put your machine to the task
of some really serious work, the time has
come to learn about some of the require-
ments of analog electronics.

Several problems present themsclves in
this area. We must understand something of
the mcasurement of physical and electrical
paramcters from the real world, amplifica-
tion and signal processing, analog readout
devices, and conversions from analog to
digital or vice versa.

Transducers

A transducer is any device which trans-
forms a measurement of a parameter from
one form to another for purposes of mea-
surement or control. We will modify this
definition a little to also specify that, for our
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purposes, the parameters we mecasure are
converted to electrical signals. We will also
consider devices which are merely electrodes
fo pick up existing potentials, as in bio-
medical applications, and also those which
will only produce a switch contact closure if
certain conditions are met. An example of
the latter is the thermostat in your home.

Transducers are available for almost any
type of physical parameter or phenomena.
Assorted manufacturers offer devices that
will produce an output voltage that is
proportional to physical parameters such as
force, strain, pressure, temperature, light,
position, flow or a host of other variables.

The function of a transducer leads us to
understanding just what we mean by analog
electronics. Most people will tell you that an
analog signal is one which is constantly
varying, as opposed to digital signals which
may have but two states. A more reasonable
definition also takes into account that the
voltage or current input to the circuit is an
electrical analog of some physical parameter
being measured. In this case, the word
analog is related to analogous.

The number of different types of trans-
ducers prevents us from being too specific in
this context, so we won'’t even try except to
point out that most transducers which you
will encounter will be resistive and have a
Wheatstone bridge circuit such as is shown in
figure 1. The voltage, E, must be rcgulated in
order to prevent variations in the excitation
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Figure 1: A basic resistive transducer in Wheatstone bridge form. The circuit
produces an output voltage that follows the relationship:

£ . _R2 R4
0~ RI+R2 ~ R3+R4

The excitation voltage E is usually between O V and 10 V for most common
forms of transducers. It may be either AC or DC, but DC types may be pre-

ferred for simplicity.

Analog World—Part 1

potential from showing up as artifacts in the
transducer output signal. | have used LM309
and 7805 three terminal integrated circuit
regulators for this function with good
success.

Determining the Resistors for
the Right Job

In most transducers of the class which we
are considering, resistors R1 through R4 will
change resistance with changes in the applicd
parameter being measured. Although some
transducers, notably temperature types, will
have only one or two resistors of the
Wheatstone circuit variable, most will allow
all four to vary with the applied stimulus.
Those resistors which do not vary are fixed,
of course.

The nature of the resistors in the bridge
will depend totally on the type of phe-
nomena or parameter being used to stimu-
late the transducer. Thermistors, for
example, are appropriate if it is tempera-
ture that is being measured. Piezo-resistive
strain gauge elements, on the other hand,
may be more appropriate for measurement
of force, pressure and so forth. A simple
linear taper potentiometer may be used to
measurc position. For the casual designer
with but moderate requirements, the only
specifications of real interest are such items
as the maximum and minimum range, line-
arity and sensitivity.

The range is the maximum and minimum
values of the applied parameter which can be
accommodated. A pressure transducer, for
example, might be specified over a range
of —100 Torr to +400 Torr (1 Torr=1 mm
Hg). 1t is necessary to know just what
the manufacturer of the transducer means
when range specs are given. The figures
quoted might be destruction points or they
might be the range over which other specs,
such as linearity and sensitivity, are guaran-
teed. In either case, though, the range limits
should not be excceded.

Desirable Qualities

Linearity is a measure of how well the
transducer output follows variations in the
applied parameter. This is usually quoted as
a percentage of either full scale, or some test
point, at which the device is calibrated.
Linearity can be thought of as a measure of
how good the transducer is—in other
words, how analogous the output voltage is
to the input stimulus. You will find that, in
general, linearity can be expensive; the
higher the cost, the better the linearity.

Sensitivity is one specification of primary
interest to the instrument designer. One
method for denoting this specification is in
terms of transducer output voltage per unit
of applied stimulus per volt of excitation
potential. This might be stated as:

S = X uV/V/unit stimulus
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Figure 2: The basic figure for a 741 operational amplifier with power con-
nected. The inverting terminal (—) produces an output signal that is 180° out
of phase with the input voltage. The noninverting input terminal (+) produces
an output that is in phase with the input. It should be noted that the pinouts
shown are for the 8 pin dual in line (DIP) and metal can packages. This par-
ticular circuit also comes in dual in line packages with two or four amplifier
sections sharing common power supply pins.

A pressure transducer, for example, might be
rated at a sensitivity of 100 uV/V/10 Torr.
Assuming the common excitation potential
of 5V DC, this tells us to expect an output
voltage of:

50 uV
Torr

100 uV/V/10Torrx 5V =
A pressure of 100 Torr, then, will produce a

voltage of:

50 uv
Torr

x 100 Torr = 5000 uV, or 5 mV

Analog Signal Processing

The processing of analog signals is one
area where analog and digital buffs are
frequently at dissonance with each other. To
be sure, many of the functions of analog
signal processing can be done equally well in
either field. In some areas there may be a
clear bias in favor of either analog or digital
approaches.

The normal signal processing functions
may be considered to be amplification,
filtering, compression and so forth. Amplifi-
cation seemingly becomes easy in software
because it is merely necessary to multiply
the input voltage, represented by a digital
word, by some constant called the amplifi-
cation factor. This is less easy than may
appear at first blush because the input might
be too low to take full advantage of the
analog to digital converter’s range.

Filtering is an area where software signal
processing has really come into its own. In
fact, it is possible to design a software filter
that is a lot better than all but the most
costly hardware analog filters. The problem
comes in trying to implement the software
filter in a limited amount of memory. On
systems with a small amount of memory
capacity, say less than 1 K bytes, the hard-
ware filter might be more useful.

Another aspect of signal processing is the
derivation of parameters. For simplicity of
hardware design it is sometimes easier to
measure one parameter than another. With
this in mind, the actual electronics can often
be kept simple prior to the analog to digital
conversions. It is often possible to use
software to do unit conversions and com-
pute derived parameters from related, but
easier to measure, parameters.
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Amplifiers

A computer will want to see an input in
the form of a digital signal flag or an n bit
word. Since the analog instrument may only
produce a voltage or current level this
presents a problem. In that event a suitable
converter is required. It must be noted,
though, that many modern digital instru-
ments used in science and engineering, es-
pecially those with digital readout, will
provide rear panel digital output, usually in
BCD (binary coded decimal) form.

Most common analog to digital converters
accept full scale input signals over a limited
range, for example, between =5V, 0 to
+10V, or 0 to +5 V. The typical transducer,
on the other hand, may want to output only
a few millivolts or less, a level that may well
be in the noise as far as the analog to digital
converter is concerned. In such cases, it
would be necessary to provide intermediate
amplification.

Although numerous approaches to ampli-
fication exist, the integrated circuit opera-
tional amplifier is probably most applicable
by the largest number. In fact, many small
computer systems already have the =12V
power supplies usable for operational ampli-
fier chips. In most of the applications which
you will find, the familiar 741 type opera-
tional amplifier is probably the best bet. It
comes in several package styles and has two
endearing qualities: It is forgiving of novice
designers and it is quite inexpensive, typi-
cally less than $1.

It is obvious in the limited context of this
article that | cannot fully describe either the
operational amplifier in its glory, or even the
full spectrum of its uses. For those inter-
ested let me refer you to my book Op-Amp
Circuit Design and Applications (Tab Books
#787). For this present discussion we shall
limit ourselves to the basic rules governing
operational amplifier circuits of use to you.

The symbol for the basic operational
amplifier can be seen in figure 2. Note that
there are two different power terminals and
that neither is normally grounded. Although
you will see some circuits in which one
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Figure 3: This circuit is a simple inverting
amplifier. It will produce an output voltage
according to the relationship:

Eour = —Ax Ej

The voltage gain factor A is equal to the
ratio Rf/Rj,. There are restrictions on the
value of this ratio which must be met in
order for the operational amplifier to
function properly (see text).

power terminal is grounded, in normal
opcration a symmetric dual power supply is
used. The +V terminal is always connected
to a supply that is more positive than the
—V terminal however the circuit is con-
figured. Symmetric potentials appropriate
for most operational amplifier integrated
circuits now available range between 4 V
and +15V. Certain special or premium
devices cxtend the limits on each end by a
couple of volts.

Simple Inverting Gain Follower

An ideal operational amplifier would
allow universal application with any gain
factor (see figure 3), but real operational
amplifiers impose certain constraints on the
designer. For example, it is not wise 1o allow
the value of R;, to drop below 5 to 10 times
the impedance of the transducer or other
driving sourcc. A transducer might, for
example, have an effective impedance (resis-
tance) of 100 ohms. In this case, the
minimum acceptable value for Ry, would be
1000 ohms. Similarly, other transducers
with higher effective impedance would
demand higher input impedances of the
following amplifier.

Problems of another sort will show up if
the value of R¢ is greater than 2 megohms,
or so. This is especially true if operational
amplifiers of the low cost 741 family are
used. In general, then:

1. Rj;y should be at lcast 10 times the

RIN RF

RF

AAA

VWV

+V

. Z \
a1 5

€N (IF RC IS DELETED) ?
- +
T 3 3
PIN NUMBERS SHOWN
-V FOR

8-PIN DIP OR

RC 8-PIN METAL CAN

effective impedance of the driving
source.

2. R¢ should be less than a couple of
megohms unless high grade operational

amplifiers are used.

A further rule that is not strictly neces-
sary, but seems to make things a little easier,
is to avoid trying to get too much gain out
of a single stage. Try to limit the gain in any
single stage to some figure in the “under
200" range. If greater gain is required, go to
an additional stage. Operational amplifiers
are cheap, in most cases, so it can be
penny-wise and pound-foolish to try to get
all your gain out of one.

Noninverting Followers

The noninverting operational amplifier
follower (sce figure 4) provides an output
that is in phase with the input signal. It also
provides a much higher input impedance.

The input impedance of an inverting
follower is limited by the value of input
resistor R;,. The noninverting follower, on
the other hand, has an extremely high input
impedance. If a premium operational ampli-
fier integrated circuit is selected, then it may
well be over 1 megohm. This is high enough
to be useful with almost any imaginable
driving source with a voltage output. Only
certain high output impedance current trans-
ducer sources would require higher amplifier
input impedance.

Differential Amplifiers

A differential amplifier will produce an
output voltage proportional to the differ-

E OUT

b

Figure 4: A noninverting amplifier. With the input signal applied to the non-
inverting (+) terminal, the output polarity will be the same as the input. The
output voltage can be taken as the sum of the voltage drops across Rjp and
Rp if the voltage across the operational amplifier Vg is taken as zero. Thus,
the voltage gain A follows the relationship:

EOQUT
EIN

l e Eout _ Rf+ Rin
Ej Rin
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Figure 5: This is the basic diagram for a differential input amplifier. It is
basically a combination of inverting and noninverting amplifiers. The output

voltage will be:

R3
ur= 77 (E1-E2)

This is provided that Ry = R and R3 = R4. Because this circuit tends to
reject signals common to both input lines it is used to minimize interference
picked up in wires connecting the transducer and its electronics.

El

/

ence between the two potentials referenced
to ground as scen by the inverting and
noninverting inputs. Almost all commercial
opcrational amplifiers can also be used as
differential amplifiers.

Figure 5 shows onc type of differential
amplifier that offers the cconomy of re-
quiring but one operational amplifier.

This amplificr will serve nicely where
compactness is required and both moderate
gains (less than 500) and relatively low input
impedance can be tolerated. Even the lowly
741 will serve nicely in this circuit. Higher
gains and higher input impedances are pos-
sible with higher grade operational amplifiers
such as the 725.

Another approach to higher gain and
much higher input impedance which still
uses operational amplificrs of moderate cost
is the instrumentation amplifier of figure 6.

Operational amplifiers A1 to A3 can be
741 devices in many cases, but it is con-
sidered wise to usc premium quality ampli-
fiers for AT and A2 in even moderalely
critical applications. The 1456 is a good
choice in these cases, while the 725 or
scveral cquivalents are best in tight cases.

Resistor R8 is a multiplec turn poten-

RE

2RI

A3 p———o

E OuT

] )
3 3
b b
Sw b

N

5

100 RI 2000

R2=R3
e R4 =R5
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VWA—

>
2 R7

77
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EIN g2
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R4

RI = R2
R3= R4

tiometer used as the common mode rejec-
tion control. The ideal differential amplifier
will only respond to a differential voltage
between the two inputs. Unbalances and
errors in real operational amplifier circuits,
though, make it possible for the amplifier to
respond to a common-mode voltage which is
shared by both inputs. R8 is adjusted to null
the output voltage under conditions where
both inputs are tied together and a signal of
several volts is applied to their common
junction.

Some Comments on Practical Circuits

Any of the circuits shown in this article
may be made workablc by almost any
builder with even moderate electronic assem-
bly skills. [t is only necessary to follow the
rules that are given. It must be noted,
though, that a lot more is possible with
operational amplifiers, but would require
somewhat greater design acumen. The rules
can be violated by the sophisticated designer
because they are selected to be the “most
true for the biggest number.” Next month,
I'll continue with a discussion of some
practical applications of operational
amplifiers.m

Figure 6: This circuit can be described as
combining the simple differential amplifier
of figure 5 and two copies of the noninvert-
ing gain follower of figure 4. The voltage
gain A is given by:

A=1+(

) * (&)

This equation assumes that R2 is equal to
R3, R4 js equal to R5, and R6 is equal to
the sum (R7 + R8). Also, it is wise to keep
R1 between 100 and 2000 ohms in most
cases with contemporary operational ampli-
fier integrated circuits.
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Peripheral Vision
impacts

your computer.

FULLSIZE
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:

s |t's fast—120 characters per second

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

e Character set and pitch variable under software control

e 5 x 7 character matrix

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

e Paper can be either a standard 8%z-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.

@ﬂ@ﬁﬂ@ A
RViISIO}

PO. Box 6267 Denver, Colorado 80206 (303) 777-4292
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What’s in a

Sheldon Linker

3514 Boelter Hall
UCLA

Los Angeles CA 90024

Byte 1

Floating Point Package?

If you have been using computers for any
length of time, or have used a calculator,
you know the value of floating point num-
bers. In this article, | will endeavor to show
how floating point works and how to use it.

Initially, you must understand the repre-
sentation of real numbers. In the decimal
system, a real number may have a sign, a
decimal point, digits to the left or right of
the decimal point, and an exponent. The
general form is commonly referred to as
scientific notation. This form is:

+N.NNNNNNX 10tMM

where N.NNNNNN is the "mantissa” and
MM is the “exponent.” Unfortunately,
decimal numbers are hard to deal with, even
with the decimal add or adjust instructions
of some microprocessors. There are some
simplifications that can be made without
serious loss of precision:

Byte 2 Byte 3 Byte 4

T — | — i —— e .

WEGEEARNERRADENGNO NI AEARAGIEE

Exponent

Exponent Sign

Mantissa Sign

“\_——'—‘*\/"——I———-ﬂ/

Mantissa

Example: The value of hexadecimal 013243F7
is hexadecimal 0.3243F7 x 161
or hexadecimal 3.243F7

or decimal 3.141593

Figure 1: Details how the floating point number may be stored in memory. In
this format the first byte contains the exponent, the sign for the exponent,
and the sign for the mantissa. Bytes two, three and four contain the mantissa
of the number in absolute value form, with 24 bits of precision.
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1. It is easier to handle the numbers if all
of the digits are on the same side of
the decimal point. This simplifies the
shifting used to ‘“‘normalize’ results
after a multiply or divide instruction.
The decimal form of this is:

+ NNNNNNNX 10¥MM

2. The exponent base should, for sim-
plicity of programming, be a power of
2. Assuming that a 6 bit (excluding
sign) exponent is to be used, table 1
helps in selecting the base by giving
the magnitude range (in decimal) for a
6 bit positive exponent.

For the sake of conformity to many
existing floating point packages, you should
either use a base of 2 or 16. A base of 2 gives
somewhat limited dynamic range; so for the
rest of the article, | will use base 16. The
dynamic range is defined as the difference
between the high decimal value of the
exponent and the low value. This reduces
the generalized form to a more specific case.

+ NNNNNNNX 16tMM

Another consideration is storage. So far, |
have 6 bits allocated to the exponent, 1 bit
for the sign of the exponent, 1 bit for the
sign of the mantissa, and some amount for
the mantissa itself. As one byte has already
been used, another three would work out
nicely. 24 bits gives a precision of 24Xlog2
or 7.22 digits of accuracy (which is treated
as 7 for formatting purposes).

Taking all of the above into account, we
now have the real number stored as in
figure 1./ This 4 byte format is similar to the
format used in an I1BM 360 or 370 for single
precision floating point. ]

We now come to what you've been
waiting for: arithmetic. Addition and sub-
traction are the easiest, so I'll start with
them. In the algorithms I'll present, addition
and subtraction are simplest when using only



www.americanradiohistory.com

positive terms; so the substitutions shown in
table 2 can be made. Vertical bars denote
absolute value as in |X]| signifying the ab-
solute value of X.

Table 2 actually boils down Lo a series of
additions, subtractions and sign inversions.
A flowchart of this process is given in
figure 2.

When adding or subtracting, the first step
is to determine whether a number is nega-
tive. When the first byte of a floating point
number is negative, then the entire number
is negative.

The second step is to change the sign of a
number. This is done by adding or exclusive
orring a hexadecimal 80 to the first byte of
the number in this format.

You may notice that in the flowcharts |
took no action to take the absolute value of
either the A or B terms. This is because the
mantissa bytes arc actually in absolute value
form.

You are now ready for the next step in
addition or subtraction. Before the numbers
can be used together, the cxponents must
match. This is done by incrementing the
smaller cxponent until it equals the larger
exponent, while at the same time dividing
the corresponding mantissa by 16. The larger
exponent becomes the exponcnt of the
answer up to this point. When comparing

Maximum Value
(Base raised to

Base 64th power)
2 1.84 x 1019
4 3.40 x 1038
8 6.28 x 1057

16 1.16 x 1077

32 2.14 x 1096

Table 1: A summary of
the dynamic ranges, dif-
ference between the low-
est and highest expressable
numbers, of several dif-
ferent bases. The bases are
all powers of two since
these are the easiest to
handle on a computer. The
range of the number is
determined by assuming
an exponent of 6 bits,
excluding the sign.

Table 2: Substitutions that
may be made when adding
or subtracting. This table
reduces to a series of addi-
tions, subtractions and in-
versions which are per-
formed by the routine of
figure 2.

Original Equation Use
A+B A>0 B>0 A+B
A+B A>0 B<0 A — |B|
A+B A<0 B=0 B — 1Al
A+B A<OB<O  —{lAl +IBI}
A—B A>0B=0 A—B
A—B A>0B<0 A + 1Bl
A—B A<0B=0 —(1A] + B)
A-B A<OB<O —(IBI —AI)

SUBTRACT
NO

CaLL suB2

CALL ADD2
CALL suB2
CALL ADD2
ANS = -ANS
RETURN
63
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Figure 2: Flowchart for a
routine which will manipu-
late the two values to be
added or subtracted ac-
cording to the rules sum-
marized in table 2.
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CALL
FIXUP

ADD
A+B

25
BIT ANSWER
?

DIVIDE
MANTISSA OF
ANSWER BY 16

INCREMENT
EXPONENT OF
ANSWER

‘ RETURN )

Figure 4: This addition
routine adds the two num-
bers and then checks if
there has been an overflow
into bit 25. If this condi-
tion exists, the mantissa is
divided by decimal 16 and
the exponent is incre-
mented by one, thus giving
a 24 bit answer.,

INCREMENT
EXPONENT
OF B

RETURN

INCREMENT
EXPONENT
DIVIDE #
MANTISSA OF
B BY 16
|
DIVIDE
MANTISSA OF
A BY 16

Figure 3: The FIXUP routine manipulates the exponents of the two numbers
so that they are equal. This is a prime consideration for subtraction and

addition routines.

one cxponent to another, you must keep in
mind that the exponent occupies only the
right 7 bits of the byte. To convert it to a
standard signed number, you have to extend
the sign by doing a shift left followed by an
arithmetic shift right. Finally, you are about
ready to do the actual addition or subtrac-
tion, but so that nothing is lost, you must
treat the mantissas as 32 bit fields. A
flowchart for the whole alignment step is
shown in figure 3.

After the addition or subtraction you
may have a 25 bit number, taking into
consideration the carry of the 24 bit man-
tissas. [f you do, divide it by 16 and add 1 to
the exponent of the answer, as shown in
figure 4. If the exponent of the answer is
now 64, then you have the condition known
as overflow. This is usually considered a
severe error and warrants stopping the pro-
gram, or substituting a “default’ value.

After the subtract, you may be left with a
negative number or zero. If you are left with
a negative value, set the sign indicator bit of
the answer to | and change the sign of the
difference, as shown in figure 5. There-is a
final step shown in figure 6, after the sub-
traction called normalization. If the mantissa
of the answer is less than hexadecimal
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0.100000, multiply it by 16 and subtract 1
from the exponent of the answer.

If the exponent is less than or equal to
—64, you have a condition known as under-
flow. The underflow condition is considered
a minor error, and the accepted response is
to set the answer to zero, print a warning
message, and continue execution of the
program,

Continue normalizing until the mantissa
is at least hexadecimal 0.100000.

To avoid the error of coming up with an
answer of —0, apply this simple test: If the
first 16 bits of the answer equals hexa-
decimal 8000, then the real answer is zero.
Also, be sure to assemble the exponent into
the final answer along with the sign and the
mantissa.

After mastering addition and subtraction,
we now forge onward to multiplication. As
theory tells us:

(AX16B) (CX16D) = ACX16B+D.

This makes things extremely simple. Step
one is to multiply the two 24 bit mantissas
together, giving a48 bit result. Don't scream!
You probably already have a method of mul-
tiplying two 8 bit numbers, giving a 16 bit
result. The method of multiplying and sum-


www.americanradiohistory.com

CALL
FIXUP

SUBTRACT
B-A

NEGATIVE \ NO

MANTISSA

|

CALL
NORMAL
CHANGE
SIGN OF
MANTISSA

I RETURN

SET NEGATIVE
BIT OF
ANSWER

l

CALL
NORMAL

RETURN

ming for a 48 bitanswer is shown in figure 7.
After carrying out the nine 8 by 8 multiplies
shown, sum vertically. Throw away bytes K
and L of the result since they won’t show up
in the answer. Step two is to normalize bytes
G, H, | and ). Bytes G, H and | now become
the mantissa of the answer. Step three is to
find the sign of the answer. Since table 3
applies to both multiplication and division,
the exclusive or function can be used on
bytes A and B to find the sign of the answer.
Step four is to find the exponent. Separate
the exponents, as in the FIXUP routine
flowcharted in figure 3, and add them
together along with the exponent given by
the normalization process. Check for over-
flow and underflow.

The rule for division is stated as:
(AX16B) = (Cx16D) = A+DX16B—-D,

This is similar to multiplication, except
that the exponents are subtracted, along
with the difference that you divide the
mantissas instead of multiplying. To multi-
ply, you took two 24 bit numbers and got a
48 bit product. To divide, you take a 48 bit
dividend and a 24 bit divisor, giving a 48 bit

~—— Figure 5: This subtraction

routine  subtracts  two
numbers and then de-
termines the sign of the
answer. If the sign is posi-
tive the answer is nor-
malized and the number is
then returned to the call-
ing program. If the answer
is negative a positive num-
ber is sent to the normali-
zation routine and then
the sign of the number is
set negative before being
returned o the calling
routine.

NORMAL

—y

MULTIPLY
MANTISSA
BY 16

-

UNDERFLOW
ERROR

|

ANSWER
=0

P

( RETURN ’

Figure 6: This is a normalization routine for the floating point format used in
this article. The answer is set up so that the mantissa is hexadecimal 0.100000
to hexadecimal .FFFFFF. This is accomplished by multiplying the mantissa
by decimal 16 and then incrementing the exponent until the high nybble of
the mantissa is from hexadecimal 1 to 16.

DECREMENT
EXPONENT
OF ANSWER

L .

a b c x d L e I
[ cxf

l bxf ___0 -

l axf l 0 _—3:_4!

I cxe o] :

| bxe __o_ i _o |

I ax I 0 | [] 1

[ cxd T T

| b x I o] \ : :

| axd ] T T T T

—————————————————— b ———d

SUM

Lo [ » |

Figure 7: A summary of the method of multiplying two 24 bit mantissas to
attain a 48 bit mantissa result. After the summation, the low order K and L
bytes may be discarded us they will not show up in the final answer.
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Figure 8: A division rou-
tine for floating point
numbers.  This routine
starts with a 48 bit divi-
dend and a 24 bit divisor
to arrive at a 48 bit quo-
tient. The routine then
normalizes the answer be-
fore returning it to the
calling program.

RETURN
ERROR

Table 3: A summary of
the sign of the answer
given the sign of the num-
bers used in a multiplica-
tion or division.

DIVIDE

SET UP DIVI-
DEND, DIVISOR,
QUOTIENT, AND
HOLD REGISTERS

4

DOUBLE DIVISOR
AND
HOLD REGISTERS

SUBTRACT
DIVISOR FROM
DIVIDEND

ADD HOLD
REGISTER TO
QUOTIENT

-

HALVE DIVISOR
AND HOLD
REGISTER

CALL
NORMAL

RETURN
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Sign of

Signs Answer
Az0 B>0 +
Az0 B<O0 -
A<0 B3>0 -
A<0 B<O +

quotient. Unfortunately, there is no way to
chain partial quotients together as can be
done with partial products. As you read the
description of 48 bit division, please refer to
figure 8.

First, you must set up four 48 bit fields:
the dividend, the divisor, the quotient and
the hold register. Second, set the 24 high
order bits of the 48 bit dividend to the 24
bit dividend and the 24 low order bits to
zero. Third, set the high order 24 bits of the
48 bit divisor to the 24 bit divisor and the
low ordet 24 bits to zero. Then, sct the
quotient to zero and the hold register to 1.

Now that the numbers are set up, nor-
malize the divisor by multiplying it by 2
until the high order bit is on. Every time the
divisor is doubled, the hold register is also
doubled. Notice that if the divisor is zero, it
will never get normalized; so it's a good idea
to indicate an error condition and abort the
program if this is the case.

The next step is the repeated subtraction:
If the dividend is greater than or equal to the
divisor then subtract the divisor from the
dividend and add the hold register to the
quotient. Then divide the divisor and the
hold register by 2. If the hold register is still
nonzero, then keep performing the repeated
subtraction. This leaves only the normaliza-
tion and sign operations, as in multipli-
cation,

This completes the summary of basic
floating point operations needed to do cal-
culations in scientific notation. There are
other formats which can be used, with more
or less precision, using BCD coding for the
mantissa and exponent, etc. The general
steps required are all very similar. Other
items which are useful to have, but which |
have not covered here, include conversion
routines for input and output, and transcen-
dental function evaluations. But even if you
can’t calculate a sine or a cosine, and don’t
have a flexible FORTRAN style formatting
output, the basic calculations of addition,
subtraction, multiplication and division can
prove a useful adjunct to your software.®
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WE HAVE IT.
THEY DON'T.

SOFTWARE

DOS

Disk Operating System *Device management and
executive scheduling *Directoried file manage-
ment system *Sequential and indexed random
file structure *Full support of all languages,
utilities, and peripherals.

FORTRAN 1V

ANSI FORTRAN compiler *Double precision
real and complex arithmetic *Non zero based
arrays *reentrant subroutines *Random file
I/0 *ISA process control, real time, and multi-
tasking extensions *Chaining, swapping, and over-
lays *Commercial subroutine package.

MACRO ASSEMBLER

Relocatable code generation *Macros *Dynamic
instruction definitions *Conditional assembly.

EDITOR

Character or line oriented *String operations
for search, search and replace *Store and exe-
cute command strings *Multiple files open
concurrently.

HARDWARE

Micro NOVA® 16 bit processor *Real time clock
*Hardware multiply and divide *Power fail auto
restart *8K bytes RAM *9 slot chassis with
front panel and power supply. (optional 18 slot
chassis)

ASYNCHRONOUS SERIAL INTERFACE

Strap selectable data, parity, and stop bits
*Modem control signals *Data rate strappable
from 50 to 19,200 baud *EIA-RS232C or 20ma
interface.

DEBUG ROM

Examine, deposit, control of memory and inter-
nal CPU registers and status *Breakpoints
for monitoring running programs *Auto program
load.

DISK
2 diskette drives per controller *315K bytes
per diskette *31.5K bytes per second transfer
rate.

EXPANSION

Memory expansion in'8K and 16K byte increments
up to 64K bytes *General purpose interfaces
for custom applications *9 slot /O expansion
chassis.

DISK SYSTEM

*CPU with 40K bytes RAM *Dual diskette *Asynchronous serial interface
*CRT terminal *Debug ROM *DOS *FORTRAN IV *Macro Assembler *Editor
*Utilities and support programs *Complete documentation set. $8400

Other systems available from $2700
All hardware is fully assembled and Leosted.
Support is available from service centers
around the country. Prices and specifications
subject to change without notice.

&S

It you are serious about computing, call or write
today. BPI Inc., 2205 East Broadway, Suite 6,
Tucson, Arizona 85719 (602) 326-6975

® MNOVA s u regstered trademark ot Data General Corporation. Southhoro, Massachuselts.
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Techaicsl

Forum

The 8080 High Level

Language Project of
Peter Skye, Continued

In the August issue (see page 12), you
published my letter about writing a high
level language compiler for use on a micro-
computer. | got quite a bit of response to
this project, and 1'd like to fill your readers
in on what is going on.

First Item

The following languages were mentioned
as possibilities for a new compiler, with
PL/l the overwhelming favorite. In order
of preference: PL/I, FORTRAN, BASIC,
SNOBOL, PASCAL, COBOL, RPG,

Figure 1: Character set, in logical groupings. Where more than one version of
a symbol is in common usage, all are shown.

1} blank, 0-8, A-Z, a-2

2} Greek alphabet {upper and lower case). Must include

[+ 3
for APL

P

w
3.tz 04

4) +

- APL negative symbol

* % %%

™

M NWVAVALDS @ kX

5) A combinatory symbol

£ summation symbol
I multiplication symbol

n pi

APL symbols

6 £ 7) $$8
+ T ¢ ¢
x L ’;
T 0 b musical flat symbol
1 B @
I 0O ‘
¢ O
+ Q ° degrees symbol
. e &=
o PB® v
c Vv -
o A i
~ Vv -
v A . therefore symbol

I
{ integral symbol
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Peter Skye, Chief Engineer
Watermark Inc

10700 Ventura Bivd

N Hollywood CA 91604
{213) 980-9490

FORMAC, TRAC, C, APL. ALGOL was not
mentioned.

| chose an expanded PL/l (which | am
exuberantly and unabashedly calling PL-
SKYE) for the following reasons:

1. PL/l includes all of FORTRAN,
BASIC, and ALGOL.

2. The main attraction of SNOBOL is a
few string handling functions. These
have been incorporated into PL-SKYE.

3. PL/I includes all of COBOL, aithough
the format and syntax of COBOL is
different from PL/I.

4. RPG is a very simple language. RPG
programs are very easily rewritten in
PL/I.

5. Only one person mentioned APL.
Since APL’'s “thing" is the power in its
assignment statement, | have included
the APL operators in PL-SKYE. Ques-
tion: APL operators have no hierarchy,
whereas PL/I operators do. What hier-
archy should be implemented? (I have
made all the APL operators the same.)
Come on, APL fans, write me this
time!

6. Format ability has been included in
PL-SKYE.

7. | am unfamiliar with PASCAL, TRAC,
and C, but the few people who men-
tioned these languages didn't mention
anything they could do that PL/I
couldn’t do.

Second Item

See figure 1 for the proposed character
set for PL-SKYE. This character set is larger
than those in common use, although nothing
out of the ordinary for a textbook. Which
brings up some questions:

1. Are there any symbols that | have
forgotten?
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ASTORY IN THREE AGTS

A c T l ' Our story begins with the ACT]

' terminal —the world's first Af-
fordable Computer Terminal. The ACT-I is
an exceptionally practical interface between
man and machine for any computer system
which communicates over aserial ASClIIlink.
Whether querying a microprocessor based
system or time-sharing on a major computer
net, the ACT- is the most economical meth-
od of alphanumeric communication at data
rates from 110 baud all the way to 9600 baud.
The ACT-] video computer terminal manages
a 1024 character display memory organized
as 16 lines of 64 characters chosen from the
standard upper case ASCII set. Receipt of
more than 64 characters on aline or the ‘CR’
code initiates a scroll operation. The entire
screen may be locally cleared at any time by
depressing the ‘CLEAR' key.

1/0 SPECIFICATIONS
(JUMPER SELECTABLE):

DATA RATE: 110, 300, 600, 1200, 2400,
4800, 9500 BAUD

PARITY: odd, even, or none
STOPBITS: 1 or2

LOGIC LEVELS: RS232, TTL,
or 20 ma loop

PRICE: $400

' Not to be upstaged by its excit-

AcT ' ing predecessors, the ACT-III
performs with state of the art elegance and

~ | versatility. The ACT-III includes switch

selectable display formats: 24 lines of 80
characters; 48 lines of 40 characters; or 96
lines of 20 characters. Transmission is also

| switch selectable between three modes:

~'= character, line or page at a time mode. The

PRINT key sends the contents of the 1920

. character display memory out an RS232C

printer port at rates up to 9600 baud. For
optimum efficiency, trailing spaces on any

: x; display line are excluded from transmission

o W e e L

L
A cT 2 1The plot thickens. For remote
! communication to a central pro-
cessor MICRO-TERM introduces the ACT-II.
The ACT-II includes all of the desirable
features of the ACT-I with the important ad-
dition of an integral originate —only 300 baud
modem and acoustic coupler for a standard
telephone handset. The ACT-II (without
monitor)slips easily into a briefcase (4x14x11)
and readily commutes with you.

The ACT-I's modem features 5 stages of
active filtering as well as one passive stdage
to achieve the lowest possible error rates
despite the noises present on Ma Bell'slines.

Want true CPU power for low cost? Inves-
tigate the time-sharing systems in your area;
the ACTII can be your key to the tremen-
dous libraries of debugged, documented,
software which are available on these dial-
up systems.

PRICE: $550.

. and of course the printer rate is indepen-
dently switch selectable.

Full cursor control, direct cursor addres-

] sing, protected data fields, and video inver-

sion are all standard encodeable functions.
Convenience features such as a video
monitor AC power outlet and a switch to
initiate a comprehensive terminal self test are
available on the cabinet rear. The ACT-IIl is
the most complete video terminal available at
a price far below that of the competition,
smart and dumb alike.

PRICE: $700.

GENERAL INFORMATION
All MICRO-TERM products are fully assembled, tested and guaranteed for 90 days.
| The MICRO-TERM product line is available from stock at discriminating computer
stores or may be purchased directly from the factory (30-45 day delivery). Prices are F.O.B.
St. Louis, Mo. excluding video monitors. Optional high resolution video monitors are available
from the factory beginning at $125.00.
BankAmericard and Master Charge accepted.

I\ q MICRO-TERM INC.

PO. BOX 9387
www americanradiohistorvy com

ST LOUIS, MO 683117
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2. Is there any standard for bit represen-
tations on these characters (IBMers,
please check your ‘‘green cards’’ 'cause
| lost mine)? [Use ASC//. .. CH|

3. How hard will it be to implement
these characters on 5 by 7 dot matrix
displays and printers?

Again, I'd appreciate your responses, espe-
cially from manufacturers concerning #3.

Third Item
(Machine Language, Pie in the Skye)

One of the most common requests was
for the ability to have in line "‘assembly lan-
guage” statements. | have made the value
judgement not to do this, for the following
rcasons:

1. All of the examples of things '‘you
couldn’t do” really can be done in
PL/I, by using the built-in functions,
iSUB capability, and list processing.
And programming is faster this way,
because you get accurate diagnostics.

2. In a properly designed high level lan-
guage, there should be a function or
keyword to do the thing you're try-
ing to accomplish, without having to
go to assembly language. PL-SKYE
will be updated, just like the diction-
ary, so that it will indeed do every-
thing. (And it jsn't “‘too big!"”) |Good
Juck ...CH|

3. If you put in statements which restrict
you to a certain processor, your pro-
grams are not going to be compatible
on any other system. Listen, folks,
processor independence is where it's
at. PL-SKYE will be written com-
pletely in PL-SKYE. | had to add a
few extra keywords to the language to
accomplish this, but that’s what you're
supposed to do when you write a
better compiler.

Fourth [tem

Relocatable code was mentioned several
times. Yes, PL-SKYE has this. Nobody men-
tioned it, but relocatable code makes it
easier to get into a multiprogramming envi-
ronment (play Star Trek, Pong, and cook
supper all at once!?), and allows concepts of
modular programming and linkage editing
not possible otherwise.

Fifth ltem

As to which processor to write for, people
mentioned the 6800, 8080, Z-80, and Micro-
nova. Although my original intentions were
for a Z-80 system with floppy disk, | now
plan on having code for the other processors
as well. And, you won’t have to have disk.

Sixth Item

Many people want the compiler’s and
program’s 10 to be independent of some
particular peripheral device. It sounds like
they really want the IBM Operating System,
which I’m not opposed to at all. But they’ll
have to wait; that kind of code doesn’t
belong in a compiler. You'll have to compile
your |O either directly to a peripheral, or
through an IBM type of Data Control Block
(DCB). How about somebody else writing a
good OS (Operating System)? In PL-SKYE?

Seventh ltem

Status of PL-SKYE? The original (pre-
BYTE letter) version has had two major
modifications: The input token routine has
been expanded to accept APL operators, and
the code generation logic has been expanded
to handle DECLARE statements internal to
contained blocks. ! think the easiest way to
distribute PL-SKYE will be on a phonograph
record, which you will play through your
RS 232. Any comments on this idea? | Why
not bar codes?. .. CH]®

More Comments on PDP-8s
(Or, “Over the Hill” Means
“Worth Looking At”)

| write this in responsc to the letters of
Mr Simmons and Mr Gordon, regarding thc
viability of thc PDP-8 as a computer for the
home hacker [“A Salute to the PDP-8 and
Farewell” BYTE #14, page 138; ''Comments
on Design Evolution” BYTE #16, page 50/.
In cvaluating any computer for possible use,
scveral factors are always present, such as
price, size, power consumption, reliability,
software and so forth. Every user will have
different criteria; | would like to offer some

70

comparisons, based on a set of criteria that
might be of interest to the home user, that
show the PDP-8 in a much more favorable
light than cither Mr Simmons or Mr Gordon
show.

Price: PDP-8s, 8/Is, 8/Ls are now avail-
able on the used computer market for $750
to $1200. These are for assembled, stand
alone units with 4 K of core memory,
Telctype interface, etc. The PCM-12 is avail-
able, as a kit, for about $1000 for the same
equipment (although with semiconductor
memory). These prices arc very closc to
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XilNevid 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 Duolex) 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.)

IMSAI +2-80

XIMEDIA is offering a special price on an IMSAI
1-8080 with a TDL ZPU Z-80 board instead of the
standard 8080 cpu.

The systern includes:
IMSAI 1-8080 without cpu board. 22 slot mother
board with 22 pre-sol/dered connectors and card
guides; cooling fan.

Price:
Kit Assembled

$999.00 $1,295.00

Selectric Terminals
$1,200.00

AT LAST!

An ASCII coded Selectric terminal
with a RS232-C interface.

Call or write us today for details.

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 COMPUTERIST'™ — IS NOW
OPEN IN SAN FRANCISCO. CALL US FOR DIRECTIONS.

1290 24th Avenue « San Francisco, CA 94122

(415) 566-7472. Please call collect!

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

www.americanradiohistorv.com
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those of unassembled Altair 8800 or IMSA!
8080 machines with similar equipment.

Software: No contest — the PDP-8 has
more. software available than any other
machine in the mini or microcomputer class:
two disk monitor systems, a real time system
with batch mode, four assemblers, three
editors, a variety of FORTRAN systems,
DIBOL, FOCAL, several BASIC systems,
and numerous special purpose packages.

Speed: This may come as a surprise, but
the PDP-8 is up to twice as fast as the 8080a
and 6800 in many applications. The PDP-8
will execute a 12 bit memory to accumu-
lator add in 3.0 ws; the 8080a does the
cquivalent with 8 bits in 3.5 us, at 2 MHz.
The PDP-8 is thus processing data at 1.75
times the rate of the 8080a for this re-
stricted example. Granted, the comparison
of two machines for throughput rate is
difficult, but any other example, including
assorted test routines, will show the PDP-8
to be the equal or better than the 8080a, or
other microprocessors. While the IM6100,
operating at 4 MHz, is slightly slower than
the 8080a, the high speed IM6100A operates
as fast as a PDP-8/E, giving a speed of 2.5 us
for the above mentioned instruction ex-
ample. The IM6T100A thus operates at a rate
comparable to the 4 MHz version of the
Z-80 microprocessor.

Architecture: The PDP-8 is repeatedly
called a primitive machine, and both Mr
Simmons and Mr Gordon make much of
comparing it to the 8080a, among others.
But consider these facts: The PDP-8 has true
indirect addressing; the 8080a and 6800 do
not. The “cute” auto index registers, con-
trary to Mr Simmons' feelings, are quite
powerful, and are used in virtually all soft-
ware for the PDP-8 to good advantage. The
statement that ‘“...no program is really
quite sure they are not used by some other
program . .. " makes little sense. The micro-
programmed instructions, while confusing at
first, allow the PDP-8 to do some operations
in one instruction that take scveral in a
8080a or 6800. For example, the skip
instructions allow testing up to three con-
ditions at once, something which would take
three jump instructions in a 8080a. The
PDP-8 and 8/I have optional hardware multi-
ply/divide. The IM6100, while not available
with this option, can implement a vectored
priority interrupt structure with the PIE
chips that are made for this device. The
paging structure of the memory is a nui-
sance, and the subroutine linkage is incon-
venient; however, since all PDP-8s have core
memory, the fact that read only memory or
programmable read only memory cannot be
used is less of a problem than with the new

72

www.americanradiohistorv.com

microprocessors, which generally use semi-
conductor memory. Note that this is not
true for an IM6100 based machine, and
some form of external storage is required in
this case.

Power consumption: This is a very real
consideration, since most home hackers can
ill afford the extra cost of running a power
hungry machine. Here, the PDP-8 is at a
definite loss; a PDP-8 uses about 500 W, an
8/l or 8/L about 300. This is over twice
what a typical 8080a based system uses.
However, the IM6100 is a CMOS device, and
a machine based on it would use less power
than other micro machines.

Interfacing: Here again, the PDP-8 is in
second place. Without building a special
interface, all the new Altair bus products are
unavailable to a surplus PDP-8 user. On the
other hand, numerous surplus devices are
available for interfacing to the PDP-8.

Memory: A fully expanded PDP-8 mem-
ory holds 32,768 12 bit words. This is
equivalent to 75% of a fully expanded 8080a
or 6800 memory, in terms of raw storage.
While not as much as the new machines’
capacity, this is still quite a large amount,
and adequate for nearly any application.

| would like to offer some final thoughts
on word length and design obsolescence. In
what holy book is it written that a computer
must operate on multiples of 8 bits? The 12
bit word of the PDP-8 makes it more adept
at multiple precision arithmetic; the 8080a
and 6800 are more comfortable with char-
acter oriented data. To offer some per-
spective, the {BM 360/370 series works on 8
bit characters, while the CDC 6600/7600
uses 60 bit words for fast arithmetic. The
IBM 1620 used 6 bit characters for storage;
both Mr Simmons and Mr Gordon will find
that, historically, word length has had little
to do with the relative merit of a computer
design. As far as design obsolescence goes, a
design becomes obsolete when its price to
performance ratio no longer competes well
with other designs. It is interesting to note
that Digital Equipment is selling more of
those ‘“‘old war-horse” PDP-8 computers
today than ever before; obviously it is nicely
meeting the needs of someone — a clear
indication its price to performance is still
quite competitive. | submit that, on the basis
of all this, the PDP-8 and IM6100 are both
worth considering by the home hacker for
his or her system. This “over the hill”
machine, as well as the IM6100, will prob-
ably be around, and quite useful at that, for
several more years.

Ronald B Howes JI:
5753 Emerson Av S
Minneapolis MN 55419
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ANNOUNCING THREE
NEW BREAKTHROUGHS

IN SOLDERLESS

DREADBOA

Whether you design or build circuits
for fun or for profit, you owe it to
yourself to discover how fast and
easy CSC solderless breadboarding
can be. Now, more than ever. Be-
cause of three new breakthroughs
in breadboard design. And our new
EXPERIMENTOR™ sockets**that
make the most of them.

1. Price whosaysaquality bread-

board has to be expensive? For as
little as $9.95, CSC’'s EXPERIMEN-
TOR sockets let you design, as-
semble and modify circuits as fast
as you can push in—or pull out—
comiponent leads. On arugged
one-piece socket with 550 solder-
less tie-points (94 five-point termi-
nals and two 40-point bus strips).

Sockets lock together, snap apart to
handle any size circuit with ease.

But don't let the low price fool
you: EXPERIMENTOR sockets are
precision-molded of durable, abra-
sion-resistant material, and feature
CSC's non-corrosive, prestressed
nickel-silver contacts for positive
connections and longer lite. All
contacts are identified, too. . .with
molded-in designations for easier
circuit assembly and diagramming.

2. Compatibility csc
EXPERIMENTOR sockets end the
“big-chip blues.” They're the only
ones with full fan-out capabilities for
microprocessors and other larger
DIP’s. as well as 4-16-pin units. EX-

PERIMENTOR 600's 6/10" center

is ideal for microprocessor's, clock
chips, RAM's, ROM's, PROM's, etc.
While EXPERIMENTOR 300's small-
er 3/10" center is perfect for smaller
DIP's. Both units, of course, accept
transistors, LED's, resistors, capaci-
tors, pot's —virtually all types of com-
ponents with plug-in ease. As well
as #22-30 solid hook-up wire for
interconnections. Eliminating heat
and lead damage to expensive com-
ponents. And saving you more
money, on parts.

Mix or match both models; arrange
them vertically or horizontally.

3. Flexibility with csc Ex-
PERIMENTOR sockets, you can
arrange your breadboard to suit
your circuit...instead of vice versa.
An exclusive snap-together inter-

wWwWWwW.americanradiohistorv.com
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locking system lets you instantly
connect them. Vertically or hori-
zontally. So you can mix or match
3/10 and 6/10" centers...expand-
ing or contracting to meet your
requirements.

CSC EXPERIMENTOR sockets
can be used alone, or mounted on
any convenient flat surface, thanks
to molded-in mounting holes and
vinyl insulation backing that pre-
vents shorts. You can mount them
with 4-40 flat-head screws from the
front, or 6-32 self-tapping screws,
from the rear. But however you use
them,EXPERIMENTOR sockets are
an unbeatable way to build and test
twice the projects in halt the time.

Y RS E X FERIMEN TORE
‘,‘-‘-EEE A il
rIEEE/—f—_"" "y
= ﬁl||I|||||I||||ﬂ||||l||||l|ﬂ||||i‘;

Both models feature 94 five-point
terminals (vertical lines) and two
48-point bus strips (one strip shown).

WHY WAIT? CSC EXPERIMEN-
TOR sockets are available now from
your CSC dealer, or by phone from
CSC, at $9.95* for the 300 and
$10.95* for the 600. Call 203-624-
3103 (East Coast) or 415-421-8872
(West Coast)—major credit cards

are accepted.

*Manufacturer's suggested list price.
Prices subject to change without 'notice.
U S Pat No D235.554

CONTINENTAL SPECIALTIES CORPORATION

=5 o—

44 Kendall Street, Box 1942, 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
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synchro-sound enterprises

““THE COMPUTER PEOPLE"

“IN STOCK
NEW LEAR SIEGLER ADM -3A KIT
FULL ADDRESSABLE CURSOR

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 e EASY TO USE e LOW COST

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

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-3AKIT .......oiiiiiiin.. $ 895.00
ADM-3A ASSEMBLED ............. 1099.95
LOWER CASEOPTION ................ 89.00

FOLLOWING ITEMS IN STOCK 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 $159.95

* % % % % % % %k % % % % %k * *

*
2708 EPROM $59.95 *
Set of seven $350.00 *

*

* % % % % % % k% % % % % % * *

% % % %
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DECwriter Il

($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

K K K kK K K K Kk kK K K K K K K K K K K

MOST ITEMS IN STOCK FOR SAME DAY
SHIPPING. FULL MODERN REPAIR FA-
CILITIES ON PREMISES—WE SERVICE
WHAT WE SELL.

K K Kk K K Kk K K K K Kk K kK kK K kK K K ¥

kkkkkkkkkk
*kkkkkhkkkikk%k

synchro-sound enterprises

193-25 Jamaica Ave., Jamaica, NY 11423
Phone (212) 468-7067

HOURS 9 — 4 DAILY + SATURDAY
BANKAMERICARD MASTER CHARGE
VISIT OUR NEW SHOWROOM
WORKING UNITS ON DISPLAY

$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

® MOS/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

® ASR-33 Array with four mode encoding

KEYBOARDKIT..........cvventn $ 79.95

ENCLOSURE ...........ccivivinnnt, 39.95
(WITH NUMERIC CUTOUT)

NUMERICPAD ........ccvvviinnnnn 29.95

COMPLETE KIT (withpad) ........... 139.95

ASSEMBLED UNIT (withpad) ........ 189.95

wwWwW americanradiohistorv com
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Photo |: The author’s
surplus keyboard,
mounted in its case with
the keyboard encoder
ROM circuit, repeat key
and LED monitor features

discussed in this article.

Using a Keyboard ROM

Bob Brehm
1095 Sherman Av
Menlo Park CA 94025

The keyboard encoder read only memory
has become more plentiful in the experi-
menters’ market recently. This versatile
device can be used to gencrate the full ASCI|
character set thus allowing the hobbyist to
easily and economically convert unencoded
or non-ASCIil keyboards to ASCIt. This
article presents both the logic theory and a
general description of one such encoder, the
SMC KR2376 MOS keyboard ROM, so you

www americanradiohistorv com

will know how it works as well as the
features that are available. Addition of a
repeat key and LED code readouts are also
shown and explained. After reading this, you
should be able to take any keyboard, strip it
of unknown encoding and convert it to an
ASCll  keyboard for wuse with vyour
computer.

The SMC KR2376 is a 40 pin MOS
keyboard encoder read only memory with

Photo 2: The keyboard
encoder and related cir-
cuitry is mounted on per-
forated board on the back
side of the keyboard as-
sembly. The maze of wires
in this picture is the result
of creating the Reyboard
matrix by hand wiring all
cross points.
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YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 YB Y9 Yi0

Il LINES

+5V {_——_ ______________
U SOKHz 2
GND 7 OSCILLATOR |3 “AA
8
& I I conTRoL
SE | 11 81T COMPARATOR cLoCK |
CONTROL
l I |
I 1t STAGE RING COUNTER I
O L INEERREREE
SHIFT
contror __ S|
D_J I 2376 BIT ROM 8 STAGE
o—rol] oeav coS:chGen
< ‘l |
::Rl (o] I
S | |
o l
TTL/DTL/ MOS R
DA[:—,? sl COMPATIBLE OUTPUT DRIVERS | xe 4o
INVERT ] | (“_,,, -L}—TYPICAL SWITCH CROSS POINT
I_ J X7
—— e e e e e = = | = | = — "
16 7 9 [0 |1 [12 13 |14 |15 EXAMPLE
PARITY DATA READY
INVERT OUTPUT d 0 O O

PARITY OUTPUT [ >——

D6 D5 D403 D2 DI DO
DATA OUTPUTS TO

MICROCOMPUTER

* R1 (680K R, CI(.001.F) PROVIDE 1.5mS DELAY

**R2(100KQ),C2 (SOpF)PROVIDE 50 KHz
CLOCK FREQUENCY

Figure 1: The internal organization of a typical keyboard encoder ROM array. The ring counters are a logic design element
which generates a one of “n’’ output which changes each time a clock pulse is received, Thus, picking one of the 8 X output
rows with one ring counter, and listening to one of the 11 Y input columns through a comparator addressed by the other ring
counter, the device can select a unique cross point of the matrix. The ring counter outputs also address the ROM array, so that
stopping the clocks when a key is found depressed allows the ROM to decode the ASC// output for the key contact.

all the logic necessary to encode single pole
single throw keyboard switches into ASCII
code. This integrated circuil features
TTL/DTL or MOS compatible outputs, 2
key rollover, N key lockout, self-contained
osciflator, a delay network to eliminate the
effect of contact bounce, and static charge
protection of all inputs and outputs! In
addition external control is provided for
selection of output polarity and even or odd
parity generation. With prices ranging from
$6 to $20, depending on source, all these
features are quite a bargain.

The logic design of this ROM is easily
understood if you look at the internal
structure and outside world connections
shown in figure 1.

The KR2376 contains a 2376 bit ROM,
an 8 stage ring counter, an 11 stage ring
counter, an 11 bit comparator, an oscillator

e00 0 0
wso0ecie

LN RN

circuit, an externally controllable delay net-
work for eliminating the effect of contact
bounce, and output drivers compatible with
TTL, DTL or MOS logic families.

The ROM portion of the chip is a 264 by
9 bit memory arranged into threc 88 word

Photo 3. The LED monitor assembly is also

constructed on perforated board, then
mounted to the keyboard assembly. A cor-
responding hole in the cabinet was cut so
that the LEDs are visible when the keyboard
is being used (see photo 1).
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Table 1: Mode Selection Logic.

Shift Key Control Key
Mode {pin 4) {pin 5)
Normal (N) (o] 0
Shift (S) 1 0
Control {C) 0 1
Invalid 1 1
where:

0 = O volts input to the pin in question

1 = 5 volts input to the pin in question

Yo Y1 Y2 Y3 Y4 Y5 Yg Y7 Yg Yo Yo
suB| t |Em | * , « |bc1 st |Fs |DLE|ETB N
LF | + |HT | * , « |pc1 st |[FF [NuL|BEL s
suB| t |eEm | * , «~ |bc1|st |Fs |DLE|ETB ¢
N N
Xo
NAK]| / . ) m n b v c 2z N
ENQ| ? > < |Mm N B |V c X 2 s
NAK|NUL| NUL|NUL[CR | so |sTx [SYN|ETX]| cAaN|suB C
N e e e e e ™ e~ ™~
X1 ~ e Se e . ~
{ Jue|Lr | p |\ |UL|crR [BS |[UN| = | + N
{ UL | LF P\ UL |crR |[BS |uN| - | + s
ESC | US | LF QLE \ UL[CR |BS [UN| - | + ¢
Xz e
8 9 ] : | - ? ~ ! |DEL| VT |SYN N
{ ) 0 » | = ~ |\ DEL| VT |ACK s
NUL|EM | 0 [suB|[crR |GS |RS | Fs |DEL| vT |SYN C
SN NG N N
X3 Y e
: } | nuL|DEL|+ |sTx|Rs |eTx| sP |EOT N
0 ] |NUL|DEL|* |sTx|Rs |ETX| sSP |EOT s
SUB | GS |NUL|DEL |+ |STX| Rs |eTx| sp | EOT c
N
X4 N
g | k i h g f d s a FF N
+ L K | J H G | F D S A |FF s
esc | FF | vT | LF |BS |Bell |Ack|EOT|DC3|SOH| FF C
SR N NG N N N O N—
Xs e b
\ o i u y t r e w q @ N
@ o] I u |v T R E wl|lal|le s
NUL| SI | HT |NAK| EM |Dca |Dc2 |ENQ|ETB|DC1| @ ¢
it N SUUY NG N Nl NGl NG Nl
X6 o e a S ~ o . ey .
7 6 5 4 3 2 1 DEL|ESC [ BS N
0 & % | $ # o ! UL |ESC | BS S
ETB | SYN| NAK| DC4 |DC3 [DC2 |DC1 |ESC | US |ESC | BS €
N S N N Nl Ny
X7 L N e
N = NORMAL
S = SHIFT
C = CONTROL

Figure 2: Key switches hooked up to the author's keyboard encoder. This
chart shows the ASCIl codes available in the KR2376 ST ROM, and the
wiring of switches within the matrix in the author’s case. An ASCIl code
chart (see figure 6) can be used to verify the switch wiring by looking at bit
patterns using the LED indicators described in figure 5.
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by 9 bit groups. The appropriate level (+5 V)
on the shift and control inputs select one of
the three 88 word groups. Each of the 88
individual words in a selected group are
addressed by the two ring counters. Con-
sequently the ROM address is formed by
combining the shift and control inputs with
the two ring counters.

The external outputs of the 8 stage ring
counter and the 11 bit comparator are wired
to the keyboard to form an XY matrix with
the 88 (or less if full ASCII is not needed)
keyboard switches as the cross points. In the
standby condition, when no key is de-
pressed, the two ring counters are clocked
and sequentially address both the ROM and
the key switch array. The absence of a data
ready output indicates that the data outputs
are not valid at this time. (They are actually
all ones if positive logic is used, or all zeros
if negative logic is selected.)

When a key is closed a single path is
completed between one output of the 8
stage ring counter (pins X0 thru X7) and one
input of the 11 bit comparator (pins YO thru
Y10). After a number of clock cycles, a
condition will occur where a level on the
selected path to the comparator matches a
level on the corresponding comparator input
from the 11 stage ring counter. When this
event takes place, the comparator generates
a signal to the clock control and to the data
ready output via the externally controlled
delay network. The clock control stops the
clock to both the 8 and 11 bit ring counters
and the data output bits (DO to D6) stabilize

Table 2: Some Control Codes. Most key-
boards do not have enough keys to generate
all 88 possible cross points of the matrix
shown in figure 2. As a result, certain con-
trol mode overlaps are used. The following is
a table of the control functions which were
implemented in the author's version of the
keyboard encoder, To get these ASCI/
codes, press the indicated letter or key and
the "CTRL" key simultaneously.

Key Combination ASCII Code
Ctri C ETX
Ctri B STX
Ctrl + ESC
Ctrl G BEL
Ctrl D EOT
Ctri L FF
Ctrt J LF
Ctri M CR
Ctrl H BS
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OUTPUT TO
KEYBOARD MATRIX

INPUT FROM
KEYBOARD MATRIX

X0 Xi X2 X3 X4 X5 X6 X7 YO YI Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YiQ

r iy
]40 29 |38 |37 |36 |35 [34 [33 |32 [31 [30]es |28 |27 |26 |25 o4 [23 |22 |‘2|

1C)

SMC KR2576

esv [V |2 |32 |4 |5 |8 |7 le 9 [0 [t {12 13 lia 15 e |17 |18 [¢] s2
DATA NEG

NC INVERT
<l 4 POS

9 |2

R |
> R
sopr 09K 2 06 05 04 D3 02 DI DO -12v | gaok M—
L b ’ ¢ +5V
DATA
I PARITY OUTPUTS gé:ADY
+5v
000 )
si c2
o
PARITY EVEN
CONTROL
+5v

CONTROL (KEYBOARD)
+5v

4

SHIFT (KEYBOARD)

Figure 3: Specific wiring diagram for the keyboard encoder. This diagraum shows the major part

of a parallel keybourd interface, the encoder itself.

with the ASCII code of the depressed key.
When DO to D6 arc stable a valid signal is
indicated on the data ready output pin. The
data outputs remain stable until the key is
released.

An additional feature provides for ex-
ternal polarity control of the data outputs.
Parity invert provides polarity control of the
parity output while the data (and data
ready) invert input provides for polarity
control of the data outputs DO-D6 and the
data recady output. Both of these features are
very useful depending upon your computer
requirements for odd or even parity and
positive or negatlive data outputs.

The above general description should
provide you with enough knowledge to
understand a practical implementation of
the read only memory in a typical surplus
keyboard. The trick is to remove the original
encoder and to wire up the new, docu-
mented encoder, using figure 1 as a model.

Implementation

The keyboard described is an “Ultronic
Videomatic 7000” which was purchased
from John Meshna for about $35. While |
used this specific surpius board, any key-
board which uses SPST switches can be
adapted to a new encoder. Do not attempt

to use ‘‘Hall effect,” capacitive sensing or
other “no swilch” keyboards with this
method. This keyboard has a nice metallic
enclosure which helps shield the read only
memory and ils associated circuitry from
noise. The diode board that came with the
unit was discarded to make room for the
ROM board and the LED monitoring
readouts.

My keyboard had all switches soldered to
a circuit board with one side of each switch
common to ground. It was necessary to
break the foil pattern and hook the switches
up in a manner consistent with the ROM
requirements. Many newer keyboards al-
ready have their switches wired properly for
this ROM and need not be changed. The XY
matrix wiring chart for the full ASCII
character set is shown in figure 2. To wire
your own keyboard, connect one side of all
switches of cach Y; column together; eg: for
Y4 t connected together one side of the
switches for M, =, H, Y, #. The other side of
the switches go lo the X; row buses which go
to the appropriate pins on the ROM.

Each X; and Y; switch can generate three
different codes depending upon the voltages
present on the STROBE (S) and CONTROL
(C) inputs. Mode selection logic is shown in
table 1.
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As can be seen from figure 2 there exist
several redundant keys whose codes may be
generated by enabling the control code of
other keys. This characteristic is very useful
if you don’t have a full 88 key keyboard
(the usual case). Actual keys implemented
on my keyboard are shown as small switches
in figure 2. Several of these keys and their
control functions are shown in table 2.

The pin diagram of the KR2376 is shown
in figure 3 along with the circuitry to
control the “function pins” of the ROM in
addition to the delay and oscillator com-
ponents. On my keyboard the parity select
and data invert switches are placed on the
rear of the enclosure.

So far we have shown how to hook up
the switches on the keyboard to the ROM
and provide selectable parity and data out-
put. It is now time to describe several
additional features that enhance the opera-
tion and use of the keyboard in the personal
computer system.

Circuit Enhancements

You can enhance the usefulness of your
keyboard with the addition of a repeat key,
selectable strobe output circuitry and an
LED code readout circuit. Each of these

improvements makes your keyboard more
versatile and allows it to be connected to
computers with varying input requirements.

Repeat Function

The basic idea behind the repeat function
is to pulse the data ready signal while the
ASC!l outputs remain stable. Since the
computer reads a keyboard input every time
the data ready line changes from its steady
state, the computer will accept the same
character many times if we pulse this signal.
An easy and economical way to implement
this function is to use a 555 timer and a
7400 NAND gate as shown in figure 4. The
timer operates at approximately 10 Hz or 10
characters per second. Closure of the repeat
switch allows IC3b output to change ata 10
Hz rate. The ROM data ready output is a
constant +5 V (using positive logic) when a
key is depressed. Therefore the data ready
(1C3c output) is gated at a 10 Hz rate when
the repeat switch is closed. Since we have
only used three gates of the 7400 we can use
the remaining gate to implement a data
ready invert function useful if a positive
going strobe is required with positive logic.
Additional combinations can be made with
negative logic. To use the repeat function

ca
AYiL
Vel U
BUTTON ,—-«.
SPOT i 2
6
e R4
$ a70K
3 1c2 7
555
‘ $ 570k
4 <47
7400 a,8 1
+5V

DATA READY, _r— (POSITIVE LOGIC) f—?
PINIE OF Lo [
ROM 6 - CI3

1C3 + 7400 NOTE -

Z PIN 14+ +5V DATA READY OUTPUTS
PIN 7+ GND SHOWN FOR POSITIVE LOGIC

B

S3 DATA READY POLARITY SELECT

@
" r _—\———C] DATA READY

Figure 4: Adding a repeat key. The logic required to add a ‘repeat” function to the keyboard
consists of a 555 oscillator and gating under the control of the repeat key switch. This circuit
also provides for either normal or inverted forms of the data ready line output. A key is
“repeated’’ by making the normal steady state output of the keyboard encoder’s data ready line

oscillate at about a 10 Hz rate.
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Figure 5: Keyboard monitor LED display circuit. Adding two 7400 NAND packages, 8 resistors
and 8 LED indicators provides an inveluable debugging tool for checking out the keyboard
matrix wiring — and o fascinating display once the wiring is pronounced error free. Check out
euch key in normal, shifted and conirol modes using the standurd ASCH code chart of figure 6.

just press the desired alphanumeric key and
then the repeatl key until the desired number
of letters are transmitted.

LED Code Display

This option is by no means necessary but
is very uselul to check out the operation of
the keyboard as well as have a ready source
for dctermining the ASCll code of any
keyboard character. The circuil diagram is
shown in figure 5.

When any input to the 7400 NAND gate
goes high it forces the output low which
grounds the LED causing it to light. During
standby using positive logic all inputs will be
high and conscquently all LEDs will be lit.
Negative logic will cause them 1o be extin-
guished in standby. The LEDs are arranged
on the keyboard such that the rightmost
LED represents the least significant bit (DO)
and the leftmost LED represents the parity
bit. Using positive logic the ASCII code for
any depressed key will be shown on the
LEDs as a tit LED for a 1 and a dark LED
for a 0. The opposite is true lor negative
logic. It is very inleresting to walch the
parity bit change as the code changes. With
cven parity you should always have an even

number of LEDs lit and with odd parity an
odd number should be lit.

Final Checkout

Final checkout should determine whether
the proper ASCIl code is present on the
LEDs (thus the output), whether the shift,
control, parity select, data ready select, and
data invert options function properly, and
whether the repeat function actually pulses
the strobe signal.

Code checkout is easy if you refer to
the ASCII code chart given in figure 6. All
keys that you have implemented should
show their codes on the LEDs. (In the event
you didn’t install the LED readouts, a
voltmeter at every bit will show the logic
levels. Individual bit measuring for 264
codes is very ledious and since the cost of
the LED readout unit is only about $3 it is
highly recommended that this feature be
built for test purposes if not actually in-
stalled.) Try all keys in the normal (lower
case ASCIl letters and numbers), shift
(upper case ASCI! and shift characters) and
the control mode. Press each key several
times 1o make sure the code is repeated on
the LEDs. In my case | found that for
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Typical
8 bit
Hexadecimal
Format

Figure 6: USA Standard for Information Exchange (ASCIl) code chart. The physical
arrangement of key tops on your particular keyboard switch array may vary, but the
correspondence between a given code und a given graphic symbol should follow this chart for

ASCII character exchange purposes.

High Order Bits 65,4 000 001 010 011 100 101 110 M
Low Order Bits T
3 (2| 1] 0| Hexo 0 1 2 3 4 5 6 7
0 |0 0 0 NUL | DLE |sP 0 @ P : P
o |o 1 1 SOH DC1 |1~ 1 A Q a q
o |ofl1]o 2 STX pcz | 2 B R b r
o o [ 1|1 3 ETX DC3 | # 3 c s c s
o |1 ]|]o0foO 4 EOT DCa | $ 4 D T d t
o (1| of1 5 ENQ | NAK | % 5 E U e u
o [v |1 ]|o 6 ACK | SYN [ & 6 F v f v
o [1 | 1|1 7 BEL ETB | ° 7 G w g w
1 |o|o]o 8 BS caN | | 8 H X h X
1|0 | o] 9 HT EM ) 9 [ Y i v
1 o] 1]o0 A LF sus | * J z j z
1T ]o [ 1] B vT ESC + ; K [ k {
1 (1 ]o]o c FF Fs . < L \ [ !
1T (1] o]~ D CR GS - = M ] m }
1T (1] 1o E SO RS > N 1 n ~
LA I I I I F ] us / ? 0 - o DEL

gL

7654 321

HIGH LOW
ORDER ORDER
1 0

Bit 7 is ignored in 8 bit
Processors.

0

The following table gives expansions of the multiple letter mnemonic functions in the chart.

Vertical 'Tab

NUL  Null vT SYN SYNchronous idle
SOH Start Of Heading FF Form Feed ETB End Transmission Block
STX Start of TeXt CR  Carriage Return CAN CANcel

ETX End of TeXt SO Shift Out EM  End of Medium
EOT End Of Transmission Sl Shift In SUB SUBstitute

ENQ ENQuiry DLE Data Link Escape ESC ESCape

ACK ACKnowledge DC1 FS File Separator
BEL BELI DC2 Peripheral GS Group Separator
BS Back Space DC3 control RS Record Separator
HT Horizontal Tab DC4 us Unit Separator

LF Line Feed NAK Negative AcKnowledge DEL DELete {rubout)

SP Space

certain letters | would get multiple codes.
This problem was traced to having several X;
lines hooked together or Y; lines hooked
together. After correcting these errors the
keyboard functioned properly. Voltages
should not excced +5V for input on pin 1
or —12V on pin 18 of the ROM. Total
power consumption is 200 mW for the
ROM, 265 mW for the TTL ICs, and
1333 mW for the LEDs.

Interfacing the keyboard to your com-
puter should be easy if a parallel input port
is available. Simply connect the DO to D6
inputs, the parity line and the data ready
line to the input port using the appropriate
logic level as required by your computer.

If you have a serial input port available
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for your keyboard, a parallel to serial con-
verter is nccessary. You can use half of a
UART as discussed in Don Lancaster’s excel-
lent article “Serial Interface” in the Septem-
ber 1975 issue of BYTE [page 22|. This
strategy, however, leaves half of the UART
unused. A more reasonable approach for
serial interface is to use the Teletype trans-
mitter circuit which is described in full detail
in Don Lancaster's 77L Cookbook pub-
lished by Howard W Sams, Indianapolis IN,
and available from BITS Inc.

Building an ASCIl encoded keyboard
using the KR2376 ROM is casy and cco-
nomical, and, in addition, provides a full
character set usually found only in expensive
keyboard logic assemblies.®



www.americanradiohistory.com

Your microcomputer is only as good
as its memory

Your micro-
computer is.
ir; a manner i e
of speaking. Diskotte
capable of think- __,D,f_ —=
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 load 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

gqiT 6800 957"

- -

A ey
e

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 ANS| 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-I/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, inciuding all power sup-
plies, cabinet, cables, software, manuals, and
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.

A-Vid Electronics Company
1655 East 28th Street

Long Beach, Callfornia 90806
(213) 426-5526

American Microprocessors
Equipment & Supply Corp.
Chicagoland Airport, P.O. Box 5§15
Prairie View, lllinois 60069

(312) 634-0076

Electronics for Yachting

‘7#4&%&&;‘4

220 West Cedar e Olathe, Kansas 66061 o 913/764-3273

Widwest Sccentific

Microcomputer Systems, inc.
144 South Dale Mabry Avenue

1525 South East 16th Street
Ft. Lauderdale, Florida 33316

TWX 910 749 6403 (MSI OLAT)

Tampa, Florida 33609 (305) 525-3478 000000000 D0OO0OD0OO0OO0OO0OO0OO0ODO0OO0OO0OO0OO0O0D
(813} 879-4301 TWX §10-955-9484 O Before | forget...send me your catalog (m}
@]

High Technology o Name D
Micro Store 1020 West Wiishire Blvd. Address O
634 South Central Expressway Oklahoma City, Oklahoma 73116 o O
Richardson, Texas 75080 (405) 842-2021 o @]
(214) 231-1096 g City o

Computer Worksho, .
Vanguard Systems Corporation 174 I?leld Road P O state Zip 0
6812 San Pedro London England o Bys77 O
San Antonio, Texas 78216 SW10 9AG 00000000000 O0OO0OO0OOCcOO0OO0OO0OoOoO0OOo0ooaQ
(512) 828-0553 01-373-8571

*MS| 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 (MS1 OLAT)
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Implementing =

the Tiny

Assembler

Listing 1: The external address table. This series of jumps is the sole interface
to the outside world from Tiny Assembler 6800. As originally written,
terminal oriented 10 is done wilh these five external references to MIKBUG,

~ Motorola’s Monitor Program.

{v79v)
¢0793)
t0796}
qoiem
{079a)
{v798)
{079}
0721}

tl
(9]
£n
Lo
En
(4

ul
aC

67
68

ccC
13

°
-

[ LIVITA ]
CHRIN
HEAQUT

sLaouT
STkt

Notes on External Linkages

vamcocdseccecos EFXTENNAL ADNRESS TABLE

JMe
JMP
PSHA
JSH
PULA
JMP
JMP
JMP

stlvul
SElaC

3Eve?
$Even

$EOCC
SEV/E

If MIKBUG is used (for example, in a Southwest Technical
Products machine, or an expanded version of one of Motorola’s
development board kits) then this code should be used as is. If you
interface to your own custom monitor, this code must be replaced
by references to equivalent routines as follows:

CHROUT: The contents of the accumulator, treated as an ASCII

character, are dumped on the output device.

CHRIN: The contents of the accumulator are defined by an

ASClI code obtained from the input device.

HEXOUT: The contents of accumulator A are dumped to the

output device as two hexadecimal encoded ASCII digits.

BLKOUT: A blank is dumped on the output device.
STROUT: A string, terminated by an EOT (hexadecimal 04) code

is dumped on the output device. The index register points to
the string on entry, and is updated during the operation.
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Jack Emmerichs

Brown Deer Wl 53223

When ali the functional requirements for
Tiny Assembler had been described in a weli
structured format, the final structural net-
work of the program was realized, as given at
the end of last month's introduction to this
program. Combining figure 3 of page 66,
April 1977 BYTE, with detailed table
definitions, | was at long last ready to begin
actual coding of the assembler itself.

Coding the Program

| was immediately confronted with two
problems. First, | did not yet have an
assembler to work with. Second, | had no
M6800 machine available! | thercfore de-
cided to start by writing a cross assembler in
PL/l. This would let me find and correct
any logical bugs in the asscmbler’s design. It
would also provide an assembler capable of
producing the final M6800 version of the
developed program.

Because structured design techniques are
language independent, no redesign was
necessary for the development of the cross
asscmbler. (In fact, assemblers written in
8080 or Z-80 codc could be developed just
as casily.) During testing of this program,
several minor logical errors were corrected,
and an operational design was available
for the final version of the program. In avery
real sensc, the assembler was used to write
and debug itself.

The next step was to translate each
function from the PL/l code to MG6800
assembler code. As cach block of code was
developed, it was added to existing functions
and run through the cross assembler to catch
any errors and to find the length of the
gencrated code. Final debugging of each
function had to be postponed until a ma-
chine was available. The code was basically
developed in a top down manner starting
with the mainline and working down the
hicrarchy of functions. However, the order
of listing different parts of the program was
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M6800 Structured Code Conventions

General Structure M6800 implementation
\F IF (test condition) THEN IF TST CONDITION
THEN :  (then processing} BNE ELSE
ELSE ELSE b i
(else processing) wan } then processing
ENDIF BRA ENDIF
ELSE i .
e n } else processing
ENDIF e % .
e continue
(set initial cond) * SET INITIAL COND
DO WHILE (condition) DO TST CONDITION
DO {do group) BNE ENDDO
WHILE : (may change cond} e
ENDDO il { do group processing
*
BRA DO
ENDDO il
* *
{set initial cond) * SET INITIAL COND
DO UNTIL {condition} [n]e] bl
DO (do group} bl do group processing
UNTIL . {may change cond) waw
ENDDO TST CONDITION
BNE DO
ENDDO il
* *
JSR SELECT
A general case structure: JMP ENDSELECT
SELECT LDOX #CASETABL
SELECT (based on case) LOOP JSR NXTCASE Calculate condition
: = TST CONDITION
CASE ({condition 1)
BEQ EXECUTE
{process 1} INX
CASE {(condition 2} INX
{process 2}
< BRA LOOP Move to next CASE
; CApr“‘)f:‘;;‘s“é‘)m" ) EXECUTE JSR X Execute CASE
ENDSELECT . RTS Return from select
. CASETBL BRA CASE1 ]
The case structure, recoded using BRA CASE2 Table of CASE Conditions
the DO UNTIL to check case: BRA CASE3 f
CASE *
SELECT CASE1 b
(point to first case) e First CASE procedure
DO UNTIL (selected condition) AU
{advance to next case) CASE2 o
ENDDO Second CASE procedure
: {execute case pointed to} RTS
ENDSELECT CASE3 )
il Third CASE procedure
RTS
ENDSELECT e
e } continue
* %%

Table 1: The general programming structures shown in the table above have been implemented as shown in the right hand
column where *** represents the particular code which is executed within these control structures.

influenced by the one pass design of the
assembler. All data declarations, output text,
tables, and commonly called subroutines
were placed at the front of the listing to -
reduce the number of forward references.
The program mainline follows the scction
containing common subroutines.

While the M6800 has a very powerful
instruction set, it cannot directly support
the functions shown in the pscudocode used

in the listings given as examples. Therefore,
control functions such as DO, THEN, ELSE,
UNTIL, WHILE and CASE need to be
performed by in line routines of M6800
instructions. Table 1 shows some of the
common functional structures with their
associated assembly language routines. The
basic structures of these in linc routines will

Text continued on page 92
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Table 2: Hexadecimal object code. This table contains the complete object code of Tiny
Assembler 6800, assembled at an origin of 0000 hexadecimal in memory address space. This
version can be used if necessary to load Tiny Assembler 6800 by hand. This type was set by
machine from the same data which was used to create the bar code listings of figure 1. Note,
however, that to make this version readable, fixed length lines were used (as opposed to variable
length lines in figure 1).

Ao~ Dgn A — B

0000
0010
0020
0030
0040
0050
0060
0070
a0g0
0090
0070
0080
00C0
0010
00F0
00F0
0100
o110
0120
0130
0140
o150
0160
0§70
0180
0190
0140
0180
01C0
0100
01E0
0110
0200
00
0220
0230
0240
0250
0260
0270
0280
0290
0240
0280
02C0
0210
0210
0780
0790
07A0
0780
07C0
0700
07L0
07F0
0800
0810
0820
0830
0840
0850
0860
0870
08 %0
0890
0BAD
0880
08CoO
0810
o080
08F0
0900
0910
0920
0930
0940
0950
0960
0970
09x0
0990
09A0
0980
09Co
09130
0910
09F0
0A00
A0
0A20
0430
0As0

7€
a0
(1]
a0
58
20
iC
00
2A
40
83
0A
00
0o
(1]
a0
a0
02
(]
10
40
40
40

40 5§

40
0
[Nl
50
1o
50
10
30
00
30
10
20
S0
S0
S0
00
00
0o
a0
0o
a0
00
0l
00
7E

26
00
At
a7
Fl1
Ll
26
DA
96
DF

39
BD
16
0
DE
2F

%6
90
a8
n
07
85
00

BD
BD
03
OF
04

7E
(13
58
91

41

08
F9
iD
29
70
[L}]

07
00
00
00
20
D
4F
a0
20
53
59
00
a0
00
00
a0

o0

[ 4]
ol
00
El

K8
3
B
90
Al
81

CE
17
a?
39
o1
07
Do
1A

39
FB
Ce
86
8D
L]

9E
97
a3
BD

08 3

og
22
26
8D
09
9

97
18
2
69
E6
LB
26
oo
oR

Ad
2A
0o
oo
20
20
43
04
86
A
4D
04
[}
[}
00
06
03
00
a0

P44

s3
49
54
41
41
56
41

43
s3
42

00
00
00
00
00
00

00

oo
20
00
00
20
a0
4E
ob
4F
on
42
00
00
00
00
06
20
iz
00
84
S,
3d
pb]
0
1
oA
19
oo
02
og
8F
0l
32
ki:]
on
RF
16
4D
00
00
00
00
00
00
00
00
00

07
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20
20
a0
a0
a
0A
20
00
52
0A
4F
0o
a0
00
a0
"
a2
as
a0
10
40
40
40
40
S0
S0
50
E0
Fo
50
11
50
00
50
50
pa |
50
3o
[114]
00
00
00
00
00
00
00
a0

BD

00
20
00
a0
00
a0
42
a0

00
00
0o
00

45 83

oo
aC
20
00
00
00
17
00
i
42
53
48

49

4D

§3 8

4C
4D
45
4t
44
4D
44
8d
4ab
sS4
45
54
41
53
00
00
00
00
00
00
00
00
00
a0
AC
02
02
FF
oF

6
08
n
28
ol
D6
39
038
c
27
07
16
00
07
BS
90
00
86
83
86
E?
1B

97
81

DB
(123
96
L3

97
2
8
4A
E6
o))
BD
8D
00

kh
BD
19

OF 2

30
17

17 2

26
08
48
00
JE
08
0A
06

00

00
a0
00
o0
2A
04
42
ab
4C
on
20
a0
a0
00
a0

20
04
00
(1]
2A
oD
32
0A
s6

20
o0
00
a0
20
0A
20
0A
45
a0
4F
00
00
a0
00
03
(]
00
43
§2
48
45
45
43
49
4D
53
55
43
52

52
3
ic
n
56
a2

20
oD
00
00
45
0A
42
0A

44 2

00
52
[114]
00
(1]

a0
0o
0o
00
00
00
00
7€
00
2A

- CE

00
B8
27
2A
o1
DF
Fé
D1
E?
DF
03
97
20

E 15

96
0A
9E
(4]
14
07
00
26
DE
30
04
82
81
0A
A6
7
08
04
2F

49
06
DF
23
29

00
00
00
a0

00
00
00
00
52
0A
20
00
49
2A
IF
00
00
00
00
00

pAKE

4E
44

00
00
00
o0
4F
00
0A
20
54
2A
an
o0

0ASO
0A60
0AT0
0ARO
0A90
0AND
0ABO
GACO
0ADO
OALD
0AFO
0B0O
0BIO
0R20
0B30
aB40
0BSO
0860
0B70
aBgO
0B90
0BAO
0BB0
0RBCO
(16 04)
OBFO
aBlro
acoo
acClo
aco
0C30
0C40
0cso
0C60
aC10
0C30
ac9o
0CAO
0CBo
0CCo
ocno
0CEO
oCFo
ohoo
onio
ano
oD30
0D40
0D50
o0D60
oD10
oD80
on9o
0DAO
oDBO
onco
obbo
ODEO
ODFO
0Lo00
oL10
0E20
0E30
0E40
ors0

97
oK
81
20
cB
03
ic
Fs
34
39
20
44
I6
o
¢
08
18
D7
06
BD
D7
DS
18
79
16
R
o8
90
97
a0
c
o8
BD
3o

85 )
b7 3

00
CE
23
32
96
Ab

2E
m

03
D6
LI
F
DE
c
OF

46 22

09
49
01
0l
6o
26
04
1E
98
o8
02
9E
49
03
08
04
26
kL)
DF
m
91

34

0E70
0E80
0E90
OEAD
0EBO
0ECO
CEDO
OEE0
OEF0
0F00
0F10
OF20
ar3o
0F40
0rso
0F60
0F70
OFRO
0F90
OFAD
0FBO
0FCO
aFDO
0FEO
OFFO0

1A
09
1
08
01
1A
03
0s
38
06
2C
26
8b
DS
20
CE
8D
a7
D
37
BD
TA
Co

Ab

Ab
0A
33
e
[4:}
00
32
00
07
04
o8
(11
08
O
06
Dt
01
BD
16
79
BD
7F
03
00
(1]
39
BD
97
96
34
1F
BD
(113
a
26
D6
2C
40
DE
00

03
26
W
4D
10
1

9E
11

16
81

88
69
79
2¢
8t

2F
Y
o8
8b
96
[12]
00
hh)
ic
79
as
oc
on
OE
08
¥
08
8D
R1

06
on
D?
DF
2C
(i3]
04

00
a6
06

16
oB
m
26

D?

39

3

DE
8D
23
i9
39
9
D?
FF
k]
06
79
08
oD
19
ic
02

27

39
81

0
96
99
m
00
kle
[T
kL)
86
96
oD
32

DF
DF
26

06
00
ob
2

06
BD
04
06
04
38
Ll
3y
0l

i9
06
05
07
9F
i9
03
0s
D1

2F
(113
04
16
ol

32
EE
F$

CE

8Y
2
8D
08
oC

93
90
Ab
D5
Al

A7

Ca
m
a0
06
2k
36
34
20
08
26
9
BD
CE
16
&Y
00
86
96
79
97
96
m
20
o7
TF
pM]
BD
OE
oc
00
oC
BD
3

11

4A
ocC
97
CE
[}
34
o1

34
86
96
97
06
86
0A
DF
86
DF
03
DE
06
TF
81

E6
D?
m
g
m

23

BD

DE
79
Eé
BD
6F
4C
00
8D
00
F8
AF
00
08
08
DF
9B
AB
Al
8D
03
BD
a8
00
20
06
EA
06

OF
00
1D
CB
4aC
DF
32
9k
79
04
oA
oB
00
BD
02
IE
43
(i3]
39
16
oD
00
0s
Deé
00
a3
oC
92
917
10
¥
oC
CE
39
BD
DB
oC
00
DF
BD
09
8C
4A
ocC
oC
86
45
AS
oC
46
oC
BD
LES
9E
00
19
01
ic
00

9E 3

00
o7
OE
26
33
DE
05
0B
02
TE
86
07
93
BD
04
(1]
(123
97
2F
oD
20
c
[
8D
07
7A
BD
Cs
pv)
m
E?

D?
D
1
a1l
8s
20
Al
g
96
BD
26
Ds
2F
0B
20
33
B
81
m
an
97
oc
[&:]
ocC
26
01
1A
oC
oc

00
Db
00
9

(113
oD
oR
as
Q?
0A
DF
00
BD
D6
(113
48
8D
m
9C
BD
kL)

02

90
OF
Al
00
07
i9
06
00
a0

ID 44
22 3
28 CI
D7 2E
02 26
9F 38
00 26
32 3
18 g1
0B 4F
06 CB
m 00
96 0C
2F 01
04 98
01 09
08 69
7N
00 1D
08 79
16 BD
26 0D
20 1C
D? 16
8D oC
39 97
96 09
97 oC
20 C4
03 BD
oD 96
39 7F
05 A6
0N 27
69 39
99 0oC
A6 00
DF 34
F 00
AS D
oC 1F
09 27
08 69
oD 58
20 Co
BD 0%
08 69
00 11
2C 26
08 69
DE 3A
B3 19
38 9E
AF 04
CE 02
08 86
02 20
D! 96
22 02
AF 00
22 01
19 2F
20 61
DE 2F
04 28
€6 05
00 2F
BD 0%
03 oF
22 DE
97 3C

07 Al
30 AD
B} 9E
0B DS
EE BD
8D 0%
B} 39
oC 97
20 k0
1C 86
39 CE
Cs CE
DE 20
1A 26
96 0%
CE 02
26 12

08 7A

44
81
41
20
a9
7F
09
96
04
39
10
IF
Dé
01
16
DF
19
04
23
19
08
m
00
BD
po)
09
81
20
kv
aD
17
00
00
ka
84
1A
20
BD
10
00
00
2F
39
49
39
69
kL)
34
03
39
6D
DE
0S5
DF
61
48
(113
04
6A
9E
i9
04

44
02
27
0A
86
00
08
18
26
%1
BD
23
oD
8D
A
2F
»
BD
07
37
79
00
3C
(12
8D
DE
2B
D2
00
1B
81
1F
91
8C
OF
00
<8
0A
39

0
81

81

58
96
i9
DF
2C
BD
BD
00
A
AF
kh)
81

BD
4C
81

04
2F
86
F

11

DE 22

DF
[1]:]
D?
EO
79
04
3d
A6
A6
39
00
kY]
BD
(1]
79
DE
30
CE
0

00
02
&6
F3
8D
DF
(1}
DD
00

36
26
16
ot
DE
DE
E6
00
02
CE
39
39
0B
[
A
2F
D?
a0
97
98
DF
04
8D
07
¥
SA

1A

44
23
9
8t
0s
n
1A
D6
03
58
0B
[11]
Eo
(11
1t
DF
8D
[1:}
96
8D
39
IF
D7
79
oC
oC
3Y
96
0)
39
24
81
0A
00
A7
ic
TF
AS
CE
39
39
30
41
49
05
CE
k2
DE
oD
oD
26
o8
00
EE
19
[1}]
08
58
96
3
01
00
Ab
BD
14
8D
A2
36
3a
00
BD
BD
OF
8D
7F
17
96
00
DF
2F
78
1€
BD
86
97
07
9t
00

n?
26

97
33
Ci
03
97
96
(1]
2E
BD
26
M
96
0l
79
86
B3
[1]:3
77
oC
oB
37
a
t6
Dé
[BY
DF
OF
OF
dd
c
6
26
27
09
00

[114]
m
00
(113
CE
28
2B
58
81
02
DF
A
B}
95
oC
[11]
9E
04
2F
69
08
26
18
AF
CE
1E
00
08
DE
08
00
DF
08
26
o7
07
4E
oB
00
96
oD
ic
B}
i9
BD
BD
07
08
1A
9t
8D
Bl
ks
1A
k2

8
20
42
217
[R]
19
3C
81
oB
06
i9
oD
A2
39
47
19
D$
39
97
DS
BD
(113
8D
oD
96
OE
96
98
oD
a0
0A
6
(113
27
Cé
F?
10
00
0d
DE
00
06
02

49 5

27
DF
A
k)
19
1’
BD
08
07
DF
06
7F
(12
02
81

02
02

39

Eé
B2

27

79
DE
2F
(11
0s
90
96
5D
D5

1D
17

97

BD
20
07
OE
Al
97
A6
Ab
07
20
08
D?
20

D&

0
2F
DE
(11
Eé
08
A6

9F
20
81
ic
FO
[:}
Ll
Al
15
BD
ic
oo
00
9t
12
SA
1
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Notes on Memory to Memory Operation
(Personal use notes by Carl Helmers)

As used in my homebrew 6800 system at
BYTE, fack Emmerichs’ assembler is set for
memory to memory operation without any
source input or object tile output peripheral
operations at all. During the assembly pro-
cess, the only normal |0 operation is output
of the listing to my Asciscope terminal at
2400 bps. This form of operation is ex-
tremely tust, and would be even faster if it
were not limited much of the time by the
data rate of the listing to the terminal. The
speed is attained by use of large regions of
memory instead of peripherals. At this
writing, my 06800 is equipped with a little
more than 24 K bytes of working main
memory which is ullocated to the software
development process in the first 28 K of
memory address spuce us follows:

0000-00FF  Scratchpad direct address-
ing region used by all pro-
grams (like registers on u
big machine).
10 Device
Allocations.
Write protected program-
mable memory for the In-
teractive Manipulator Pro-
gram (monitor, 10 rou-
tines, text editor).
Assembler object file out-
put built from 2000 up-
ward, assembly time stack
built from 2FFF down-
ward.

Source string text area pre-
pared by IMP’s editor.
Master initialization copy
of directly addressed
scratchpad memory
contents.

Tiny Assembler 6800 re-
located by hand.

In memory to memory operation, the
patches include programmed simulations of
the nonexistent parts of 10, as well as
a memory loader program which is patched
into an appropriate part of the assembler to
get data prior to conversion into external
form.

0100-0FFF Address

1000-1 FFF

2000-2FFF

3000-5FFF

6000-60F1

6OF2-6FFF

An Input Simulator

The normal CHRIN input routine of the
MIKBUG monitor, or other simitar systems
software, simply returns the next character
from the terminal device, which might be a
Teletype, video terminal, etc. For memory
to memory operation this is accomplished
by use of a pointer variable and a routine

which fetches the next hyte und increments
the pointer. If the pointer exceeds a maxi-
mum value, the assembly is terminated with
an error message, sO my program assumes
that the end of the assembly will be sig-
nalled by an END statement prior to run-
ning out of data in the text string. End of line

“to the assembler is indicated by the same

ASCI! carriage return (hexadecimal value D)
which marks the end of line for the text
editor. The input simulator | use is illu-
strated in listing 5, this routine also assumes
that initialization of the assembly sets the
pointer named IPTR equal to the beginning
address of the text buffer. It also is used to
echo the original source listing of the as-
sembly to the logical output devices. This
always includes the 2400 bps video ter-
minal, but might also include my Teletype
when | need a hard copy listing and set an
appropriate monitor flag.

The Output Simulator

Output for the character images of the
object code of a line of assembled text are
handled exactly as in MIKBUG using rou-
tines that accomplish the same purpose. The
data goes to a terminal or Teletype hard
copy device in human readable form but is
not stored in machine readable form as
assumed by fack. However, | wanted to be
able to load the memory region from 2000
to 2FFF with data generated by the as-
sembler, rather than record the character
format data on tape and later load it with a
program such as that supplied by Jack in
listing 4.

Thus using the source listing of the
assembler, | identified the location in the
program (the beginning of WRITE) at which
all data for a given byte of memory is ready
in binary form, then patched in the loader of
listing 6. This loader is patched into the
assembler’s WRITE routine, using code
shown by comments at the end of listing 6.
This loader has been designed to calculate a
pointer into the output buffer area with the
value 2000+X where X is the present output
program counter value minus the starting
program counter value for the assembly.
This technique works well provided that the
starting program counter can be properly
set. This s uccomplished by setting the
starting program counter to an initial value
of FFFF during initialization, then making u
requirement that the first statement of the
assembly reference the starting address of
the object code. This requirement is met by
making the first statement of each assembly
be an ORG statement defining the starting
location of the program being assembled.
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—
Figure | : Bar code representation of Tiny Assembler 6800. This figure, spread over several pages, contains the complete bar code
representation of Tiny Assembler 6800, version 3. The copy was sent to BYTE using Kansas City (BYTE) Standard tape format,
and wus processed by Walter Banks and his associates at the University of Waterloo to prepare the code in the form seen here.
Table 2 wus prepared from the same data using a different program for the Photon phototypesetter. The bar code text here uses
variable length records in the frame format described earlier in BYTE. This format is repeated here, along with the object code
format, for reference by those individuals experimenting with bar code input techniques:

] Sync character, binary 10010110
Standard [ ® Frame checksum (arithmetic sum of all bytes in frame ignoring carry) '
I Relative record identification, 8 bit ascending integer
Format i e
® Length of frame, *n
r L Data of frame, total of “'n” bytes, as follows:
Specific ® High order address for first byte of data
Data ' ] Low order address for first byte of data
Format (] “n-2"" bytes of data loaded beginning at address of first byte of data

These records are absolute binary data, an image of the Tiny Assembler 6800 beginning at location 0000 and extending to
location OFFF in memory address space. An extended segment of null (hexadecimal 00) data in the table area of the assembler is
skipped, so not every byte in the assembler is found in this bar code representation (the same applies to table 2).

Listing 2: The main procedure loop of Tiny Assembler 6800. The assembly begins
by calling an optional subroutine, assumed to exist at the start of the symbol table
region of memory, to perform user initialization. As assembled and presented in this article, the
subroutine is a dummy procedure represented by an RTS (hexadecimal 39) at location 02DE.
The |SR STBL-1 (hexadecimal BD 02 DE at location 7A4)-is the main entry point of the
assembler. It can also be patched to a permanent initialization routine outside the assembler if
the user’s machine has more memory than the 4 K assumed by this program.

After user initialization, the symbol table is cleared. If the symbol table was present with a
transient user initialization routine-starting at location 02DE, this routine is replaced by a
dummy return instruction for the second and subsequent invocations of the assembler
following a load of the code.

Location ENTRY is the normal ‘‘continue assembly’’ entry point for the program. If
assembling line by line, it is possible to invoke the assembler for one or more lines, issue an
END pseudooperation to terminate the assembly. Then it is possible to continue operation by
returning to ENTRY from your monitor (this listing assumes Motorola’s MIKBUG). Note that
it is not safe to do such an END operation if there are any unresolved references, unless symbol
table sorting is suppressed.

Overhead of interfacing Tiny Assembler to the Motorola MIKBUG monitor is part of the
initialization that precedes the call to CMD, the main assembly procedure. After an END
pseudooperation, control returns from CMD, EOJ is called to perform housekeeping operations,
and MIKBUG s reentered at $EOE3 (hexadecimal).

This listing and listing 1 were produced using the PL/[I cross assembler version of Tiny
Assembler 6800.

00QUSINY

). 0000419V

[ 0000420y

e B OBNEEE0NUSEE00RE000800080R,R000RVIRRERERcRRRRRRRsRRRaRRRERRRR0R(00042]Y

[ MalN PRUCEVDURE (OOP 0000422v

s 00004230

Note: In order to interface tula4) HD V2 OE | MAIN JSH  STdL=1 EXECUTE USFR ROUTINES 0000420v

s €0001) 07 A« |

this program to a nonMIK- (07A7) CE v2 61 | LUA  WFTBL CLEAX THE SyMBUL !adLE AND THE 0080425V

BUG monitor, the details of 07a8) oF w0 1 CLw] CLK & FURWARD JuMP TAdLE 000042600

L «7aC) e 0 INK 0080422V

the stack initialization at loca- «07au)  BC 07 HF CPA  #STHL+1200 0000428V

R 40THY) 26 FA | oNE  CLKI 00804290

tions 07C2 to 07C8 may need 082y 86 39 \ LUAA w339 BLOCK FURTWHEN 0000430¢

to be changed. In the earlier W7He) 87 u2 LE | STaA STdL-1 EXECUTION UF USLR PRUCS 0000430

version i [N 0000433V

2 of Tiny Assembler ) o TWIS IS THE CONTINUE ENTRy PUINL 0080433v

used at BYTE, for example, | o 0080434y

B—RrR=A1R wrsn CE 00 B8 | ENIRY LUA wHUF|) INITIALIZE 00804380

the stack was initialized to fall (78A)  DF  ea h STx  NXCHAR INCOMING CHARAGCTER POINTER 0000434y

at the end of the 4 K byte «078C}H 00 IC 4 CLH  EOJFL CLEAR FLAGS 00004320

i i f 40 THF) 00 31 ) CLR  P_POS 0000438y

region in which the assembler wrce) CE 07 H7 ) LUX  WENTRY LUAD SEGONPAHY ENIHY POINT FOR MIKBUG MUNITOR 00004239V

was located. In the newer ver- 407C5)  FF A0 48 ) STA  $A0A 0080449V

sion 3 adapted to use at u7Cy) 8E A0 T7F LUS #SAO07F LUAD STACK PUINTam FOR MIKBUG MONITOR 00Q044)v

! AR 407CB) CE w0 59 LUX #HEAQR wrITE OUT 0000444y

BYTE, we initialize the stack WTCE)  BD 07 Al | JSH  STHOUT NEADING 00004420

pointer to the end of the 0701} B0 00 00 4 JSH  CMU MAEN PROCERUKE LUUP - CaLL PRUC-COMMANDS 0000449V

10704 80 V0 00 | JSH  EUJ CaLL END OF JUB 00004sRY

output buffer area of memory. WO 7€ ko0 E3 JMP SEUE3 JUMP TO MONTTUR MAINLINE 0080440V
88
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Figure 1, part 1:
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Figure 1, part 2:
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Figure 1, part 3:
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Text continued from page 85

be similar from one microprocessor machine
language to another even though specific
instructions will differ. Like pseudocode,
they can be combined into extremely com-
plex procedures. One special structure is not

shown in table 1: the code to handle
external program linkages.

External linkage can be handled in two
ways. One is to equate the name of an
external symbol to an address and usc it
throughout the program. This will generate
the absolute address of the cxternal symbo!

Table 3: Error messages from Tiny Assembler 6800. The format of labels, operation codes and
operands of Tiny Assembler 6800 is a subset of the full Motorola Assembler specification.
These error messages indicate conditions which Tiny Assembler could not handle; those con-
ditions which are noted as “terminal’’ tend to propagate through the rest of the assembly
generating additional errors. Error codes are single letters, listed here with some explanation.

ERROR A

Verb does not start with an alphabetic charac-
ter. A verb is an operation code or pseudoopera-
tion of the assembly language. This error can resuit
from a prior error, or from mistyping source data.

ERRORB

Verb not in table. This is the primary indication
of an invalid mnemonic operation code.

ERROR C

Verb does not allow immediate addressing. An
attempt was made to use immediate addressing
(signified by a '# character immediately preceding
the operand) with an operation that has no
immediate mode. For example,

ASR #00PS

would generate this message.

ERROR D

Invalid verb modifier.

ERRORE

Symbol table overflow. This is a terminal error,
in the sense that code following a symbol table
overflow can have spurious errors. To recover, the
program being assembled should be partitioned so
that a smaller number of symbols is required in
assembling each part. Note that the capacity of
Tiny Assembler 6800 is 200 symbols in this
version.

ERROR F

Label already in use. The following are several
sets of duplicate labels (as interpreted by Tiny
Assembler 6800):

In Label Field

THINKS
THIS
THIMBLES

In Symbol Table

THIS

AQUTI1X
AQUT2X
AQUT3X

AOUX

While symbols can be arbitrarily long, the first

92
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three characters and last character must be unique.

ERROR G

Relative branch greater than 128 locations
away. This error occurs if the target of a branch
instruction is too far away for a signed 8 bit
displacement from the present location counter
value. This can usually be fixed by using a jump
instruction. For example, if

BMI TARG

gives error G, then it might replaced by the
complementary condition and a jump as follows

8PL DuMi
JMP TARG
DUM1 *** continue code ***

ERROR H

Forward reference table full. This is a warning
message that indicates imminent collapse of an
assembly if another reference to an undefined
symbol is found prior to the resolution of any
previously unresolved reference. Tiny Assembler
6800 has a table of 25 unresolved forward
references maximum.

ERROR {

Forward reference table overflow. This is the
terminal message that indicates an attempt to
exceed 25 unresolved forward references. After
this error is noted, there will typically be numerous
spurious error messages. Eliminate forward refer-
ences to undefined labels to cure this problem. One
way to eliminate an unresolved forward reference
is to define the data or code involved prior to its
first reference.

ERROR J

Invalid character in hexadecimal or decimal
number. Only two types of numeric constant are
allowed by Tiny Assembler 6800: up to four
decimal digits, or a dollar sign ($) character
followed by up to four hexadecimal digits.

ERROR K

Invalid symbol. A symbol in the label field of
an operation begins with a number, or an invalid
character is detected in a symbol.
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Listing 3: Symbol table allocations. The 301 code at 02DE is a NOP
instruction which gets replaced by a $39 to block further attempts at
initialization after the assembler has cleared the symbol table. A dummy
transient initiglization routine of three NOPs and an RTS illustrates how such
code would be entered into the assembler’s source; in a real situation, one
would assemble the initialization routine separately and then move the code
in on top of the existing assembly code of this dummy.

for each instruction which references it. A
better way is to create a table of linkages to
external symbols and have all references go
through the table. In this way, only one
statement must be changed if the location of
an external symbol should change. If all
references are in the form of subroutine
calls, a simple jump statement can be used to
transfer control from the table to the ex-
ternal location. In this assembler, all calls to

eccaveccncassss SYMHBUL TABLF

i
. Q '
the monitor’s 1O routines go through the waukr o1 I FCo  $0l
) . e « 4020F) { STeL HME ¥
table shown in listing 1. L.
] O EL M CHAR
The CASE statement is somewhat more 1c ST e G (o
. 1
complex. The pseudocode for CASE is CETD o ' ow .
H i 2 - 4U2ED) vl | NO¥ Usetn UEF INED
shown in table 1 in two forms. The pseudo weear ol l now usen ver
code can be broken down into two func- 402E2) 39 I RTS ) '
. .. 4078F) } URL  STeLel200 SET FOR 200 Slx ovTk ENTRIES
tions: calculate the CASE conditions, and +078F) VO i FCH 30 TAWLE SToP WYTE

Listing 4: An example of a loader program. This loader is based on the functional structure shown in the first part of this article,
and is one of several listings accompanying this article which show how Tiny Assembler 6800 works.

LOCN Bl B2 B3 OFC4 BD OF B2 >FVDADR JSK  INCHAK READ VEXi CHARACTFl

OFC7 81 00 > CvPA 0 IF ENL OF 1APE THEN
0000 T TP T L T T L L OFC9 27 00 & REQ  EOW GO 10 FEND PHOC
0000 > Q OFCB 81 2K > CMPA #'( Ik NUT *C* THEV
0000 >0 TINY ASSEMBLER DIHECTEl LUALFK . OFCL 26 FS > BNE  FNDALK THY VEXT CHAk
0000 >+ * OFCF BD OF 7C > . JSK INALDR ELSE HEAI' 5TAKT alIR INTO IX
0000 PEAEEEEEALEERALEEEEEAEEAEO P RRAEBERISEINREESE OFD2 UL OF 82 >NXTBYT JSK INCHAR BEAD VEXT CHeR
0000 > EXTERNAL KEFERENCES . OFDS 81 29 > CMPA ¢") LF ENDL OF BLOCK THEN
0000 PREEREEEEEELLLLTAEEAEERRAIRESERIRERRERERE RS OFD7 27 EB & BE@ FNUALE GO0 FIND VEXT PLOCK
0000 > OrG O OFLU9 81 20 > C¥Pa r320 IF NOT A& RLAVK THEN
0000 7E 00 00 > JYP  CLEFAh OFDB 26 0O > RNE  FRROK GO TO EhhOF PROC
OF719 > ORG  $OF79 OFDD BD OF 7F > JSK IVHEX HEAD NFXT CHAR INTO ‘A*
oF79 >BEGIN EQU LABEL BEGINING OF COLF OFEQ E6 00 > LbAB X LOAD CURRFNT VALUE INTO °R*
OF79 7E E£O EJ >BUG JMP  SEOEJ MOVETOR MAINLINE OFE2 1B > ARA ADL: *a' aND 'R
OF7C 7E EO 47 >INALLR JwP S$E047 ALDRESS IN OFE3 a7 00 > STAa X STOLF. ANSWER IV MEMORY
OF7F 7E EO 55 >INHEX JMP SEO>5 HEX BYTE IN OFES 24 00 2 HCC  COUNT 1P CARRY THEN
OFB2 7E El AC > INCHAh JMP SElAC CHARACTER 1IN QFE? 09 > LEX TNCRFMFNT HIGH OKIER RYTE
OF85 7E EO 7E >PUTSTK JMP SEOTE PUT STRING OUT OFE8 6C 00 > INC X
OF88 PREEREE P EEEEELERERIREHREERABAEERERB SRR RS QOFEA 08 > INK
OF 88 > GENERAL UVECLARES * OFEB vd >CouNt INY SET 1X FOR NEX1 PYTF
OF8s PRREAEEEIEEEEER PP REERRESREIRAIEREESEEREIRES OFE6 04
0000 >CR EQU $D DEF INE CONTROL OFEC 20 E4 > BhA  NX1HY1 LOOA FOh NEXT CHAR IN RLOCK
000A >LF EQU $A CHARACTERS OFEE >
0004 >E01 EQU 4 OFEE >
OF88 0D OA 00 >PHOMPT FCB CRsLF.» DEFINE OUTPUT STRINGS OFFF PIERIIELE L PEREIECEREOE PO OIEIIONEOOIOIETIRS
OF8B 00 Or kb > R RIUTINE .
OFBC 20 42 45 > FCC 6, BEGIN OFFF. >s000000c00080 Cessestesesscorbseastnse
OF8F 47 49 4E OFEE CE VUF 9L >EhitUit LbX 2V RRYSH P NUT ERPNF /456G
0F92 04 > FCB EOT OFDC 11}
OF93 OD 0A 00 >DONE FCB  CR.,LF,, OFF1 BL JF Ko > Jsh PUTSTh
OF96 00 Drka TE UF 19 > JYP UG RETURN 10 MONTI10R
OF97 20 a4 4F > FCC 5. DONE OFF 1 I T T T T Ry
0F9%a 4E 45 kP 7 > =NL OF JOR HOUTINE .
OF9C 0a > FCB EOT OkFt P REEEIEE IS IO PARPIOONEEEROIEIIOOAIERIOOOOSES
OF9L OD OA 00 >ERKMSG FCB CH,LF¥,. ORF7 CE OF 93 2FOJ LbX  #lonE PUT OUT FINISH MSH
OFAOQ 00 QFCA 2C
OFAl 20 42 41 > FCC 15, RAL CHAR EREROR OkrA BL QOF KS > Jsk. PUTSTR
OFA4 44 20 43 Okrly 7E OF 19 > JYP HUG EETULN 10 MONIINE
OFA7 48 41 52 1009 ©o
OFAA 20 4% 52 1100 Lo
OFAD 52 aF 52 1004) > END
OFBO 04 > FCe  EOT
OFB! >
OFHI >
OFBI PEREREEREREERELECR EEREERB LR EE I EEE RN OIRRRES see U‘JNF.S')LVEII 1TEMS:
OFBI > START LOALFR .
OFB! PEEECELIEEINERANEIRARNR AP REUINRELIRRIRANARS
OFBl CE 90 00 >CLEAKH LDX #0 BL.AYK OUT FIRST aK
000t OF B) eos SYMBOLS, 50i1?
OFB4 6F 00 >LO0P CLh X OF MEMORY
OFB6 BC OF 719 > CPX #BFGIN EXCEFT LOALER Y
OrBY 27 00 > HEQ GO HEGN UF79 BUG 0F79 CLER OFKlL  COUl OFEP Ch ooV
OFuB 08 L X LONE 0OF93 FuJg  OFF7? EQ1 0004  Fhi:G OF 31 Fi:kil OFEFR
OFBC 20 F6 B Bha  LOAP FNLDR OpCa GO OFBE  INAK OF7C  INCE OkHz  IN-X OF7E
OFBE CE OF HH >GU LLX  fPLOMPT “RITE JUT [ 0004 LOOP OFR4  NKTT 0kRT2z PHOT NFea PUTE OFKbH
OFBA 03
OFC1 BU OF R4 > JSH  PUTSTR PROMPT STRING .
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Listing 5: The input simulator routine. This routine, called exactly like the
equivalent routine of MIKBUG, simulates an input operation by fetching the
next byte of text from the text area. This byte is written to the terminal
device to echo the progress of the assembly. The character string output
sequence referenced on input overrun error is designed to use a string which
terminates with hexadecimal FF. For users of the equivalent STROUT
routine of MIKBUG, replace the last character of the message string with

hexadecimal 04.

LOCN Bl B2 B2

2000 >
2000 >s ORI
2000 >
2000 >s MEM
2000 >+ FOR
2000 >*
2000 L
2000 »»
2000 >»
2000 >»
2000 >e
2000 >
2000
2000
OOFa >TEMX
noF2 >IPTR
2000 >
2000 >e
2000 >e
FFFF >0UTC
2000 >e
2000 >e
2000 >s 1
2000 >»
1041 >PSTR
0020 >TXTX
00FC >CLEA
0OFF >STOP
0007 >BELL
oooD >CR
2000 >e
2000 >e
2000 »*
2000 DF Fa *NXCH
2002 DE F2 >
2004 A6 00 >
2006 08 >
2007 8C SF FF >
200A 27 00 >
200C DF F2 >
200E 36 >
200F 37 >
2010 BD FF FF >
2013 33 >
2014 32 >
2015 39 >
2016 >
2016
2016 CE 00 00 »>00PS
2008 0A
2019 DF 20 >
2018 BD 10 a1 >
201E 20 FE >GAGA
>00PM
2020 FC 07 OD
2023 07 0D
2017 20 20

2025 49 4E S50 >
2028 55 54 20

2028 a2 55
202E
2031 20
2034 45 52 52
2037
203Aa
2038
203E 0D
2041 >

sss END - UNRESOLVED

sss SYMBOLS?

BELL 0007 CLEA OOFC
NXCH 2000 OUOPM 2020
STOP OOFF TEMX OOF4

CE
ORG %2000
GIN CHOSEN TO EASE RELUCATIUN BY USERS OF LISTING

ORY TO MEMORY ASSEMBLY INPUT RUUTINE
USE WITH JACK EMMERICHS®
*“*TINY ASSEMBLER 6800' PROGRAM

WRITTEN BY CARL HELMERS CIRCA NOVEMBER 15 1976
ORIGINAL VERSIUN HAND ASSEMBLED
THIS VERSION EDITED AND ASSEMBLED FEBRUARY 14 1977
AS ILLUSTRATION POR JACK EMMERICHS® ARTICLE
IN MAY 1977 BYTE.so

>
>¢ EQUATES OF VARIABLES

TEMPORARY INDEX SAVE AREA
POINTER TO INPUT TEXT AREA

EQU sFa
EQU sF2

ASSEMBLER PATCH FOR OUTPUT TO TERMINAL

EQU SFFFF {REPLACE WITH ACTUAL VALUE)

MP6800 MONITOR EQUATES
FOR STRING OUTPUT PACKAGE DATA

EQU stoal PUT STRING ROUTINE

EQU 320 PUT STRING POINTER INPUT ARGUMENT
EQU sSFC PSTR CLEAR SCREEN COMMAND

EQU SFF PSTR END UF STRING COMMAND

EQU 7 ASCI! BELL

EQU SD ASC1! CARRIAGE RETURN

EXECUTABLE CODE OF NXCH “MNEXT CHARACTER"™ ROUTINE

STX TEMX

LDX IPTR

LDAA 0.,X A te 0IPTR (GET NEXT INPUT CHARACTER)
INX IPTR 3= [PTR + 13}

CPX #3$5FFF IF IPTR = $5FFF THEN
BEQ OOPS {0OOPS WE HAVE AN ERROR)
5TX IPTR

PSHA

PSHB

JSR LUTC PRINT THE CHARACTER
PULB

PULA

RTS NOURMAL RETURN

> ERROR DISASTER

LDX #UOPM X s« {ADDRESS OF MESSAGE)

5TX TXTX TXTX 1= ADDRESS UF MESSAGE

JSR PSTR PRINT MESSAGE {IMP MONITOR RUUTINE])

BRA GAGA RUN AMUCK IN CUNTROLLED LOOP TILL RESET
FCB CLEA,BELL.CR,BELL.CR

FCC 22.,INPUT BUFFER UVERRUN 1

FCB BELL,CR,BELL,CR,BELL.STOP

END

ITEMS

CR 000D
OOPS 2016
TXTX 0020

GAGA 201E
OUTC FFFF

1PTR 00F2
PSTH 1041

then execute the proper case procedure. In
table 1, the second form of the CASE
construct and the detailed code shows this
restructuring. The implementation of this
structure resembles a computed GO TO, and
is shown in detail in table 1. Unlike a
computed GO TO, however, there is only
one logical exit from the routine. This is a
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return from subroutine (RTS) instruction at
the end of the select procedure. In the
assembler, the CASE structure is used to
select which procedure is to be executed for
assembler directives. In our model CASE of
table 1, a branch around the structure is
shown for completeness; this is not neces-
sarily required in all cases.

During the process of translating each
function into assembler code, it was not
difficult to follow the coding techniques
developed above. Control logic is not com-
plex because control instructions generally
fall into two simple categories. First, within
a given function there are almost always
branch instructions which are limited in
range from —128 to +127 bytes relative to
the location of the next instruction. Each
function is usually compact enough to fit
within this range. Second, between functions
control instructions are always subroutine
calls. The only way for one function to
affect another is through a jump to sub-
routine, or by changing values in program
variables or machine registers. This makes
the program very easy to understand and
modify. [Proven in practice here at BYTE
where [ack’s assembler has been undergoing
a bit of customization. |

Trying It On a Real Machine

The problem of machine access was fi-
nally solved by my friendly local Milwaukee
Computer Store which donated the use of a
demonstrator Southwest Technical Products
M6800 for debugging the final version of the
assembler. The final phase of the project
could now begin.

The main line and 10 modules were de-
bugged first so that the program could
communicate with the user. Functions were
tested in the same top down order used in
design. Once a function worked properly it
was almost never necessary to make further
corrections based on the testing of lower
level modules. Listing 2 shows the main line
procedure of the assembler, with some com-
ments on its operation. Listing 3 shows the
symbol table allocations with comments on
transient user initialization performed by
code in the symbol table area.

Examples of how the assembler works are
shown in listings 4, 5 and 6. Listing 4 is a
loader program based in part on the func-
tional description in pseudocode developed
carlier and shown in listing 5 of part 1 of
this article. The style of this loader reflects
its use as an example of assembler source
code more than its possible use as an
efficient, compact loader. Listings 5 and 6
supplied by Carl Helmers are examples of
what can be done to adapt the assembly
program.
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Listing 6: An object file output simulator. This routine, which is patched into the assembler's WRITE routine of hexadecimal
location 8B2 (68B2 in BYTE's relocated version), is used to directly load the output of the assembler into the output buffer
starting at location 2000. A starting address pointer is initialized in BASE by the first address generated in the assembly, and all
other addresses are calculated by subtracting the starting address pointer from the current address then adding the origin of the
output buffer. The load routine results in a memory image of the final program out of the assembler, complete with all patches
and fixups required by the one pass nature of the assembler. After an assembly, the MOVE routines of the monitor used at
BYTE relocate the program at its intended position in memory. No loader or linkage editor is used in this system, and absolute
text is all it produces, relocation of programs is done by reassembly with a different ORG value at the start of the text.
[Note . .. This memory loader routine assumes that the output area of the assembly is cleared by initialization prior to entry
into the assembler. If this is not done, change locations 203A and 203B to NOP instructions {hexadecimal 01). In either form,
this routine will not calculate undefined forward reference expressions properly. For an example of the correct code for the
undefined forward reference expression special case, see locations FEQ to FEB of Jack’s loader program in listing 4. . . . CH])

LOCN Bl B2 B2

2000 > ORG $2000
2000 >» MEMORY TO MEMORY ASSEMBLY LOADER
2000 >& MODIFICATION FOR JACK EMMERICHS' '"TINY ASSEMBLER"
2000 >e PATCHED INTO WRITE ROUTINE DUMP DATA TO
2000 > LOCATION 2000-2FFF FOR LATER MUVEMENT TO FINAL LUC
2000 >e BASE MUST BE INITIALIZED TO *“FFFF" PRIUR TU ENTRY
Sun]mary and ReﬂeCIion zggg :: WRITTEN BY CARL HELMERS., DECEMBER 9 1976 AS UPDATE
b d | 2000 >s TO ORIGINAL MUD CIRCA NUVEMBER 15 1976
" i a a 2000 .
Whal ‘haS Q (?Cn p' eser-]te 1.el.c. s 2000 :. VERSION OF FEBRUARY la 1977 ASSEMBLED FOR JACK EMMERICHS
chronological listing of project activities was 2000 >+ MAY 1977 BYTE ARTICLE TO ILLUSTRATE ADAPTATION:
H R 8 " 2000 >® EQUATES TO ASSEMBLER VARIABLES ADJUSTED FUR VERSION
in fact accomplished with a fair amount of 500 ve 3 ASSEMBLY OF “TINY ASSEMBLER 6800
Ovel'|ap. For exan1plc’ d complete descrip- :ggg :: ORG TO LOCATION $2000 TO EASE RELOCATION ¢
H X g 200 - ACTUAL LUCATION IS INSIDE IMP6B0O0 MUNITUR BUT
tion Of lhc MO[O' Ola M6800 ldnguage WES 2003 :‘ 1T°'S EASIER Tu HAND RELOCATE 1F LOW ORDER ZEROS
nol available to me until after the cross Eoon i ARE FORCED INTO ADURESSES
assembler was partially completed. Final 2000 >+  TAPE #200A LOC 188 FILE=LOADER
o . « . . 2000 >e
table optimization was not achieved until . goa »PPOS EQU $31 ASSEMBLER PRINT POSITION
8 9 o 00FC >BASE EQU $FC CURRENT BASE ADDRESS., FFFF INITIALLY
after a version of the program was opcra- 2000 > NOTEt ASSEMBLIES MUST START WITH “ORG* TU SET BASE
H N O0F6 >PTR EQU $F6 QUTPUT POINTER., 2000-2FFF RANGE
tlonal on [he M6800 maCh'nc' ldCaS came Up 00BS >BYT1 EQU $BS ASSEMBLER'S OUTPUT STRING ADDRESS
late in development which could increase 0083 SOy DY G0 COREREl P GOEE (RS0 (LErss
0O0F4 >TEMX EQU SFa SAVE AREA
aci 'Cd " OOFE ISX3 EQU SFE REALLUCATION OF ASSEMBLER VARIABLE TO AVOID
capacity or decrease overhead. In all such oore ] 3 07 (BT
cases, the structured format of the program 2000 >e
. pe . . . 2000 DF FE >LDER S5TX [I5X3 SAVE INDEX AS IN ORIGINAL CODE
allowed modifications to be casily incor- 2002 DE FC > LDX BASE
" e 618 2004 8C FF FF > CPX #PSFFPF 1S BASE EQUAL TO NULL !NITIALIZATIUN?
porated into cxisting code. 2007 26 00 > BNE NORL {F NOT THEN GO TO NURMAL EXECUTION
There arc several possible modifications 00 e LDAA OUTA®L  ELSE COMPUTE A BASE SDDHESS
- ior i - i BASE = OUTA - $2000
that arc too major to be incorporated into 2000 97 FD > STAA BASE+l
OF 96 B3 > LDAA 0OUTA
the initial version of this assembler and o e o :i'ﬁ: ;:32
) » pre >
which fall outside of the original specifica- 2015 96 B4 >NORL LDAA OUTA+l CALCULATE OUTPUT BUFFER ADDRESS
- . . 2008 0C
tions. These can be considered for future 2017 90 FD > SUBA BASE+1L PTR = OUTA - BASE
a H graa 2019 97 F7 STAA + = QUTA(N)Y - OUTA(O)> + $2000
projccts or may suggest still other modifica- o ey o hap PR
liOﬂS lO some l-eadcrs 201D 92 FC > SBCA BASE
: 201F 97 Fé6 > STAA PTR
i sirai on 2021 96 F7 > LDAA PTR¢l IS PTR LESS THAN S2FFF1
For example, the biggest c_onslialnl upe 202l 96 P71 > [ A0
the use of a small assembler is the small size 2025 96 F6 > LbAA PTR
027 82 > SBCA #S2F
of the symbol table. One way to overcome 2029 24 00 > BCC NOLO [F NOT THEN DO NOT WRITE DATA AT ALL
g . . 202B CE 00 BS > LDX #BYTI POINT TO ASSEMBLER UUTPUT STRING
this problem is to be able to delcte a symbol e e oy B e Of SrRD TR ToRNGEICR T hia U TEuT]
when it is no longer neceded and reuse the 2030 DI 31 JLURL Chee ROS
table space. A good way to do this is to 203a a6 00 > Loaa 0,X
implement a BEGIN statement. This would 2038 DE F& > LDX PTR
. . 203A AB 00 > ADDA 0.X COMBINE NEw DATA wITH OLD
push the location of the most recent symbol 203c A7 00 > STAA 0,X LMD T0 NEXT oUTPUT BYTE
203E 08 > INX POINT TO NEXT UOUTP
added to the table onto a table stack. All e b e TxIRETh —
f H 1 . PREPARE FOH ERASIuUN
symbols defined below this point would 204l D FA oo hx TP =
betong to this BEGIN biock. An END e N Incs
stalcment would pull the top location off P o @B o
the table stack and delete all symbols below 2049 CE 00 73 >NOLO LDX #$73 SET INDEX AS IN URIGINAL CODE
. 9 o o 202Aa 1E
but not including this location. If there were 20aC 7E 68 B7 > UMP  $68B7  JUMP BACK Tu ASSEMBLER AFTER PATCH
R q R 3 f g g 204F > THE FULLOWING ABSULUTE CUDE IS5 PATCHED INFO THE
no items in the table stack, end of program 204F >o ASSEMBLER AT IT5 LUCATION STARFING AT ADDHESS 6000 ..
H 1 204F . 6882 7E XX XX WRITE JMP LDEH
would be signaled. The nesting level of 20ar ze THOTE XX XX 1S ACTUAL ADDRESS OF LOEH.
BEGIN blocks is 0n|y limited by the table :g:r; :: NOT DUMMY 2000 USEDL FUR THIS ASSEMBLY UNLY)
stack size. This is similar to the way BEGIN 20aF > END
and PROCEDURE structures work in PL/| *ss END - UNRESOLVED [TEMS:
and should be quite easy to implement in a
sequentially scarched symbol table. +ee SYMAOLS:
- - e available, this BASE O0FC BYTI 00BS [SX3 OOFE LDER 2000 LDR1 2030
”: more |T|em0|y W?IC q C’ Q . LDR2 2043 NOLO 2049 NORL 2015 OUTA 00B3 PPUS 0031
assembler could be combined with an cditor PTR O00F6 TEMX OOF4
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Listing 7: A multifuceted sumple of various features with comments. The
comments in this ussembly refer to features of the assembler; the actual code
is arbitrary and is not intended as a coherent program. Errors listed in table 3

are illustrated at the end of the ussembly.

LOCN Bl B2 B2

0000

0000

0000

0100

onnl

oloo
0103
0106
olon
010A
ol0C
01nE
010F
0110
o1t2
0l1a
niis
010D
011R
0118
011R
0118
allE
0116
N11F
o122
0123
olav
otlol

0I12E
0120
012F
012F
ol12¥F
0132
013a
0134
0134
0134
0134

01237

0139

0104

0138

0138

a9
ab
o1
01

oo
00

0A

02
00

Fé

wo

00

o1
(1}

1€
00

2D

2E

no
32

54
53
34
39

013B R6 20
eee FERRUR -

013D

se¢+ ERRUR
013L

®s»s ERHUR
oliv

sss ERRUK
0130

®ee EHRUR
013D

see ERRUR
0130 20
o= ERRUR
013D

ses ERHUR
onor

0OFF

013D 96 0D
013F

*s+ ERRUR
013F

*se ERRUR
013F
013F
0142
0145
01a%
014a%
0145
0145
0lan

0o
oo

oo

00
15

o0

04

as

R

K

B6 FF ¥1
86 00 00

7E 00 0O

>enns
>e
>ennn

RERR AR ANRS AN NN R RO RE RO S AR R R R RN RRRN SRR RN SRS
SAMPLE ILLUSTRATES WITH COMMENTS -
SN AR RRRR R IR AN NSRS RN PR A NN N AR AN TRRRE SR RRRS SO

> DRG 256 DEFAULT 1S A DECIMAL NUMBER
>CUNT EQU &3 "&" INDICATES LECIMAL, TuU
>STRT LDS #STAK A FURWARD REFERENCE

> LLX ADDH ANUTHER PURWARD REFERENCE

> LDAB #CUNT IMMEDIATE ADURESSIN LF e
»BACK LDAA 10 DIRECT ADURESSING IF <= 255 ($FF)
> CMPA 2.X INDEXED ADDRESSING

> BEQ FUND RELATIVE (BRANCH) ADDHESSING

> bLEX 1MPLIED ADDRESSING

> DECB ACCUMULATUR ADDHESSINUL

> BNE BACK

> CMPA X DEFAULT O UFFSET INDEXEUL ADUR.
> wal WALl FUk INTERRUPT

>FUND JSR SRTN JUMP TO SUBRUUTINE (CALL)

> (NOTE FUKWARL HEFERENCE 1S HESULVED RERE AND

>. PATCHED INTU EARLIER BHANCH.)

> LDAA STRT EXTENDED ADDRESSING

> JMP  rUND JUMP UNCONDITIUNAL

>SRTN TAB === THESE AHE CUMMENIS --

> ORAA BYTE FURWARD HEF, EXTENUED AUDH.

> RIS

> RME 10 RESEKRVE 10 BYTES MEMURY

>STAK RMB | STAK NUw RESULVED

>BYTE ¥CH 380 FURM CUNSTANT HBYTE."S$" FUR HEX
>n (NOTE RESULUTIUN UF EXTENDED ADLHESS,

> AND BACKWARD PAICH...)

> FCB $10,,4,32,832 FURM SEVEHAL CONSTANI BYTES,
>e WITH NULL INUDICATED BY '.."3 NOIE USE UF "$" FUR REXA
> DECIMAL, ANL UNLY ONE SPAUL AT START UF LINE - FIRST
> CHARACTER IS5 *e’ Fun CUMMENT, * ' pPUR UNLABELLED LINE
>e AND ALPHANUMERIC FUK SYMBUL UEFINITIUN.

>DATA FCC S, ITEMS FURM 5 CRAKACTER STHING

>ADUR FUB DATA FURM 2 BYIE AUDRESS

>e NUW SUME ERRURS

> LDAA ¢10!1520 Usk UF "I AS DELEFE CHAR-
>LUAA S LEALING BLANR 13510

> LDA A,S “A" SEPARATE FRUM "LULA

> STAA #LATA TMMEVIALE AVDRESS IMPUSSIBLE

> S5fAA So W "¥" SHUULD Be X"

>DATA FCB 10 DUPLICATE LABEL (SYMduL)

> BRA  SFrFF BHANCH UUT UF KANGE

> LDAA 12FF INVALIU DECIMAL CUNSTANT

>ITEM EQU $00rX INVALIL HEXAUEUIMAL CunS1ANi

> £QU S ¥ CURRECTIUN TV EHRUR

> LDAA

>e NULL UPERAND FIELU ABUVE EQUATEL TU ZERv

>

LLAA 2jULD MUTURULA’S BINARY NUP SUPPURfED

LDAA #3 MUTUHULA 'S UUTAL GUl SUPPURTED
LUDAA STHT+2-DATA+323 VALID EXPRESS lun

LDAA STHT/2-DATA$23 INVALIL EXPRESSIUN
(NUTE: INVALIL EXPRESSIUN HESULTS 1IN BAL DATA, Nu
MESSAGE AND SEVEHAL SPURIUUS ENTHIES 1N >YMBUL
TABLE )

JMP  UNDEFINED FURWARL REFERENUE LEFP UNRESULVEL AT
END

*es END - UNRESOLVEL ITEMS:

STR2
DAT3
UNDD

**e SYMBULS:

ADDR 0139
DATA 013a

BACK 0108
FUNL 0115
STAK 012D STR2 0000

BYTE 012E CUNT 0003
ITEM OOFF LUAA 013D
STRT 0100 UNULD 0UOO

UAT3 00DO
SHIN Ol1k
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to produce an asscmbling editor. The
editor’s insert, find, delete and modify func-
tions in addition to an assembling function
and a reasonably sized source file buffer
would provide quite a nice program develop-
ment package using about the same amount
of memory required by most other
assemblers.

In a large system, the assembler could be
reassembled- for a higher memory location
and then used to load the developed object
code directly into available lower memory
locations. This would eliminate many of the
10 timing considerations mentioned last
month and the need for a loader program.

While the current package can handle
farge and complex programs (such as itsclf)
and could be developed into even greater
things, it is initially intended to meet more
modest requirements. As a Tiny Assembler it
is well suited for small programs that can be
entered by hand or from fairly short input
tapes on a Teletype. It is an excellent tool
for the interactive development of func-
tional blocks for a large structured program.
Different methods of coding a given process
can be tried to allow the user to examine the
generated code. Changes can be made as
crrors are flagged or ncew ideas come up by
simply backing up the program counter and
recoding. (Here the loader must replace what
is in memory rather than add to it, or
changes will be added to errors.) Finally, if
your 6800 based machine only has 4 K of
memory, this is probably the only assembler
that you can use at all.m

Adapting Tiny Assembler 6800

The size of the source listing (over 40
pages) for Tiny Assembler 6800 prevents us
from presenting the listing in the pages of
BYTE. Since a source listing and more
detailed wser notes are items which should
be available to anyone serjously interested in
madifying or extending this software, we are
making available a PAPERBYTES book by
|ack Emwmerichs, entitled Timy Assembier
0800, This book contains a reprint of the
two articles by Jack which have appeared in
BYTE, plus additional user manual materjals
and the cemplete source listing of Tiny
Assembler 6800 (along with object code in
cross assembly format},

This assembler is a valuable programming
ald for systems with limited memory
capacity which can free you from the
drudgery of machine language. The book
will be available soon. For ordering informa-
tion and price, watch for ads in upcoming
issues of BY TE.

aanana, o aricapradiabioto i oo
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top values,
professionalirm

Computer Shack stores are
exciting, enjoyable places

to visit. From the striking
interior decor to the fun and
challenge of the GAME
ROOM, you'll find Computer
Shack stores a completely
new computer shopping
experience.

You can count on Computer
Shack stores for total profes-
sional support whether your
needs are those of a com-
puter hobbyist, education,
science or business user. The
skilled, management-trained
staff offers knowledgeable
service, expert maintenance,
and software guidance.

quality products

At Computer Shack stores
the emphasis is on quality
products. Featured are the
finest in microcomputers,
interfaces and peripherals,
including the full IMSAI line.
Every store is completely
stocked with tools, books
and a complete line of
accessories.

NOW OPEN

2 DeHart St., Morristown, NJ 07960
(201) 539-4077

22680 Foothill Blvd., Hayward, CA 94542
{415) 538-8080

6840 La Cienega Blvd.,

Inglewood, CA 90302 (213) 776-8080

COMING SOON
MISSION VIEGO, CA
TUSTIN, CA

SAN DIEGO, CA

wwWw americanradiohistorvy com

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 Computer
Shack.

Watch your local newspaper
for Computer Shack open-
ings. Each store features a
monthly Sales Special.

1922 Republic Avenue
San Leandro, CA. 94577
{415) 895-9363

Franchise Opportunities
Available
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Michael S McNatt
4658 E 57 St
Tulsa OK 74135

Last month author Mike McNatt described o number of Boudotr tvpe
tefeprinters that are available on the surplus market today. Let’s assume that
vou have since rushed aut in the intervening period dnd acquired your own
Baudot teleprinter, To use it with yaur system, some method must be devised
1o enagble communication between the processor and the serfal Boudot device,
Mike's topic in s second part of a 3 part serfes,

To use a Baudot page printer or keyboard
with your computer system, some method
must be devised to enable communications
between the processor and the serial Baudot
device. Traditionally, these interface
methods have been classified as either soft-
ware or hardware. Both methods seem to
have supporters who are radically convinced
that the method they've chosen is the best.
Strictly speaking, none of the Baudot ma-
chine interface methods can be calied purely
software or purely hardware; they all lie
somewhere in between. However, the hard-
ware code converter obviously requires the
least amount of new software generation.

Hardware Interfaces, Code Converters

The chief advantage of these converters is
that they allow the use of Baudot machines
with computer software which is written to
input and output exclusively in ASCI code.
This is a major factor when you consider
that much of the microcomputer software
available is written with ASCII 10. Figure 1
illustrates the use of these converters, which
consist of circuitry to (a) convert the parallel
ASCII code from the processor data bus into
serial Baudot code for use with page printers
or paper tape perforators or (b) convert the
serial Baudot output from a keyboard or
tape reader into parallel ASCIl code for
presentation to the processor data bus.

28
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A Guide

When using hardware conversion from
ASCIl to Baudot, a handshaking arrange-
ment is used whereby the Baudot machine
tells the processor when it is ready to accept
a character. Parallel ASCII data generated by
the program’s output routine is then strobed
into the converter via a load pulse from the
processor.

The converter’s ready line changes logic
levels, indicating that it is in a busy state.
During this state, the processor stands by
while the converter

1. generates a figures or letters shift
character if required,

2. converts the shift character into serial
pulses which are sent to the Baudot
machine,

3. converts the parallel ASCll character
just loaded into an equivalent parallel
Baudot character via a programmable
read only memory lookup table, and

4. converts this new Baudot character
into serial pulses which are sent to the
Baudot machine.

The converter's ready line then changes
back to its original state, indicating that it is
ready to accept another character.

A variation of this approach which may
not require busy and ready handshaking is
to use a long, serial shift register buffer. This
would in effect compensate for speed dif-
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MICROPROCESSOR
10 PORTS 8 8IT
PARALLEL ASCII

ASCil
KEYBOARD

SERIAL BAUDOT TO

VIDEO
TERMINAL

e PARALLEL ASCII

PARALLEL ASClI '\\ " TO SERIAL BAUDOT
Y 7'y S~ -
~<  cooe convertors |- '
8AUDOT - ,| BAuDOT
KEYBOARD »|  PAGE PRINTER
PAPER TAPE  |q o  PapeEr TaPE |
READER " PUNCH P

HIGH VOLTAGE
LOOP SUPPLY

Figure 1: The block dia-
gram describing the use of
hardware code converters
interfaced with a
microprocessor.

to Baudot Machines:

Part 2, Interfacing Techniques

ferences in an ASCIl 110 bps serial output
and the slower 45 to 75 bps rates of the
Baudot machines. Since most interface mes-
sages arc less than one line of 88 characters
in length, one line of shift register buffering
may suffice; see reference 22, volume 2, #1,
January 1976, page 9.

When using hardware conversion from
Baudot to ASCII, serial pulses from the
Baudot machine are loaded into a shift
register and presented as five parallel lines
representing one character to another read
only memory lookup table. Circuitry in the
converter keeps track of whether the char-
acter has been preceded by a letters or
figures code, and presents this information
to the read only memory as a sixth input
line. When the parallel ASCIIl output from
this memory is ready, the converter gen-
erates a data ready pulse, during which the
processor loads in the ASCI! character. This
conversion operates in a manner similar to
that of a standard ASCII keyboard which
generates a strobe or ready pulse after each
keystroke, indicating that the character may
be loaded into the processor.

Circuits for accomplishing these conver-
sions have been published, (references 11,

11a, 15, 16, and 21) and are available as
printed circuit board assemblies from several
of the companies listed in a separate box
labelled “‘Sources of Baudot Hardware.”’ Ref-
erences 9 and 10 present parallel to parallel
code conversion circuits which require an
additional UART or similar circuitry to
obtain serial data for, or from, the Baudot
machine.

Software Interfaces

In the purists’ software approach, one
routine is used to construct the serial Baudot
code for output, and another routine is used
to decipher the incoming Baudot code for
input to the operating program. Routines
used to accomplish these functions are some-
times referred to as timed software, since the
bit timing of each character, 60 wpm, 100
wpm, etc, is derived from software timing
loops. For example, to derive the precise
22.0 ms pulse periods required for 60 words
per minute operation, a set of instructions
which requires 12.7 us to execute would be
repeated 1,732 times for each bit of serial
data.

The hardware requirement is held to an
absolute minimum in both the input and
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output interfaces. The processor serial out-
put interface can be a simple two transistor
circuit, optoisolator or relay which opens
and closes the teleprinter’s current loop.

Several comments observed in the RTTY
Journal (September 1973, page 13, for exam-
ple) indicate that a Motorola MOC 1000
optical coupler has been used successfully up

GLOSSARY OF TELETYPE TERMS

AFSK: Audio Frequency Shift Keying; see Fre-
quency Shift Keyer.

ASR: Automatic Send and Receive. Refers to a
teleprinter system which includes a page printer, a
keyboard, a paper tape punch and a paper tape
reader.

Chad, Chadless: A classification of paper tape
punch machines, referring to whether the chad or
small paper circles remain as a part of {chadless) or
are completely removed from the punched tape. A
quote: ““The chadless tape does not wind well,
takes up more space when wound and occasionally
will not read correctly if the little tabs of paper get
stuck back in the holes.”” {Dan Nolan, RTTY
Journal, February 1976, page 17.) However, these
potential problems may be insignificant if a parti-
cular chadless machine is priced right.

Clutch: A term used to denote that current is
continuously flowing in the Teletype loop supply,
uninterrupted by any data input. The clutch or
marking state is used to prevent the machine from
running open and producing nothing but mechan-
ical clatter.

Converter, Terminal Unit {TU), or Demodulator: A
radioteletype {RTTY) term which indicates a
device that accepts the two audio tones, represen-
ting mark and space, from the output of a receiver
and converts them into current loop pulses for
displaying characters on a page printer.

CR and LF: Carriage Return and Line Feed.
Demodulator: See Converter.

Frequency Shift Keyer, FSK: A radio Teletype
term which indicates a device that converts the
current loop pulses from a keyboard or paper tape
reader into audio tones. An amateur radio trans-
mitter then converts these tones to radio waves
suitable for communications use.

Governor Motor: A nonsynchronous teleprinter
motor, the speed of which is normally adjusted
mechanically by viewing white strobe dots on the
rotating assembly through a slit shutter tuning
fork. Some hams have built speed controls for
these machines, enabling electrical adjustment
from 60 to over 100 words per minute.

KSR: Keyboard Send and Receive. Refers to a
teleprinter system which includes a page printer
and a keyboard only.

Ham: A radio amateur.

Loop Supply: A DC power supply used to drive
teleprinter selector magnets; capable of supplying
20 or more commonly 60 mA at 130 to 260 VDC.
Below 130V, loop time constants can cause
difficulty. Western Union telegraph loops usually
work with 260 V.

Mark or ““Closed Loop'': A condition of steady
current flow in the teleprinter loop; see clutch.

MARS: The Military Affiliate Radio System,
whereby civilian amateur radio operators, hams,
assist the armed forces with message communica-
tions, at the same time acquiring valuable training
in military communications procedures. MARS is
operated jointly by the Navy, Air Force and Army.

Paper Tapes: The narrow 0.375 in (0.953 cm) tape
is usually gum backed and is used with a strip
printer which just types messages on narrow tape.
Western Union attaches strips of this tape to paper
in their telegram operations. The wide 0.6875 inch
{1.746 cm) tape is used with typing reperforators,
chadless, and nontyping reperforators, chad type,
which punch holes in the tape.

Perforator: A unit which can punch tape from an
attached Baudot keyboard input only because the
perforator operates from mechanical linkages to
this keyboard. Cannot punch tapes from an exter-
nal current interrupting source.

Reperforator: Derived from receiving perforator.
This unit can receive serial Baudot paperpunching
messages from both the keyboard and an external
current loop interrupter.

RO: Read Only. Refers to a teleprinter system
which includes a page printer only.

RTTY: Radioteletype: A form of amateur radio
communications which uses teleprinter machines
for transmitting and receiving messages via radio
waves.

Space or Open Loop: A condition of no current
flow in the teleprinter loop.

Stunt Box: A mechanical teleprinter attachment
which performs certain nonprinting functions or
stunts. These may include turning on a light,
switching from nonprint to print, automatic car-
riage return and line feed, vertical and horizontal
tabulation, backspace, two color ribbon, etc. These
are rather complicated, Rube Goldberg contrap-
tions, and are difficult to service.

Synchronous Motor: A motor which rotates
synchronously at a constant speed which is directly
proportional to the AC line frequency.

Terminal Unit, TU: See Converter.

Transmitter Oistributor, TO, or Tape Reader: A
machine which senses the characters punched into
a paper tape and sends them automatically at a
constant speed over a teleprinter loop circuit.

Typing Reperforator or Tape Punch: A machine
which punches Baudot coded chadless holes into a
paper tape and prints the associated characters
right on the tape.

WPM: Words Per Minute.
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to 130 VDC in this application. The serial
input interface is an equally simple mini-
mum component count circuit (see refer-
ences 13 and 14).

There are two ways to input and output
the scrial Baudot data with this software
approach:

1. Usc operating software which inputs
and outputs Baudot directly, as in the
Baudot Monitor and Editor programs
listed in reference 20.

2. Use operating software which nor-
mally uses ASCIl input and output.
However, provide additional code con-
version lookup table software (see

“Sources of Baudot Software” below)
and modify the original ASCII pro-
grams to call these code conversion
routines. Therefore, serial Baudot is
input and output at the processor 10
port. Obviously, if the programs are in
read only memory and not program-
mable read only memory, they cannot
be modified to take vectors to the
software conversion routines.

Both approaches require the use of the

timed software described earlier.

An In Between Interface

Another processor to Baudot machine in-

terface method might be called a hybrid ap-

SOURCES OF BAUDOT SOFTWARE

1. MITS, 2540 Alamo SE, Albuquerque NM
87106. Selected programs from the Aitair
Software Library:

{a) 2728752 by J R Scott, $2, 36 byte program
translates some Baudot character codes to
ASCII equivalent.

(b) =5-24-762 by Walter King, $2, 50 byte
program loads object code from 5 level
paper tape.

{c) #5-24-765 by Waiter King, $2, 71 byte
program punches 5 level object tapes which
can be read by #5-24-762.

{d) #6-18-761 by James B Hansen, 215 byte
program, title: ASCIl to Baudot Translate
Routine.

{e) #6-22-761 by Jim Wiggins, (1) 106 byte
program, title: Tape Load — Octal TLQ, (2)
186 byte program, titie: Tape Dump —
Octal TDQ, for Baudot Teletypes.

The prices shown assume membership, $10 per
year, in the Altair User’'s Club. An interesting
note is that MITS is accepting no more Baudot
code converter or Baudot paper tape punch and
load programs into their library because it is
overstocked with these types of programs.

2. M6800 User's Group Library, Motorola Inc,
Microsystems, 3102 N 56th St, Phoenix AZ
85018. Reentrant ASCIi to Baudot Converter
Subroutine, Astrobaud. Other Baudot related
programs may become available. A two year
membership into this user’s group is availabie
for $100 or to anyone who submits an entry to
the Program Library.

3. intel Corp, User's Library, Microcomputer
Systems, 3065 Bowers Av, Santa Clara CA
95051. Paper Tape Conversion program in 4040
language, converts 5 level paper tape informa-
tion to ASCIil 8 level paper tape. Other 4040
and 8080 Baudot code related programs may
become available. A one year membership in
the user’s group is $100 or is available if a
program is submitted to the library.

4. The Digital Group Inc, POB 6528, Denver CO
80206. Software Package HAM-1, Amateur
Radio Ham Cassette for 8080, inciudes pro-
grams to send and receive RTTY Baudot, at
60, 66 and 100 wpm; $5 for cassette plus
documentation.

5. See references 22a, 22b, and 23 of the
bibliography.

SOURCES OF BAUDOT HARDWARE

. Processor Technology, 2465 Fourth St,

Berkeley CA 94710. 3P + S |0 Moduie, $125
kit, $165 assembled, Altair/IMSAl plug com-
patible. includes seria! |0 ports under software
control, from 35 to 9600 bps for use with oider
Baudot machines.

. HAL Communications Corp, 807 E Green St,

POB 365, Urbana IL 61801. MCEM-8080
Microcomputer System, $375 assembled. Soft-
ware monitor supports ASCI| or Baudot code;
optoisolator ioop current driver and receiver.

. Mini Micro Mart, 1618 James St, Syracuse NY

13203. Code Converter Boards: (1) Paraliet
ASCIl to Serial Baudot kit #GPA-B, $34.95,
(2) Serial Baudot to Paraltel ASCIl kit #TVT
2540 — BSI, $34.95.

. MITS, 2450 Alamo SE, Albuquerque NM

87106. The Altair 680 microcomputer, $466
kit, is listed as having a five level Baudot
interface option, an additionat $42.

IMSAI, 14860 Wicks Blvd, San Leandro CA

94577. Two of the 10 boards available from

this company offer Baudot machine compatible

serial output bps rates.

(1) SIO 2-1, $125 kit, 75 bps minimum,
compatible with 100 wmp machine such as
Model 28s and property geared Klein-
schmidts.

{2) MtO, $1965 kit, continuously selectable from
40 to 9600 asynchronous, compatible with
60 wpm, 45 bps, Model 15s as well as af!
other speeds.

. Southwest Technical Products Co, 219 W

Rhapsody, San Antonio TX 78216.

(1) ASCil to Baudot Converter kit, $24.50, PC
board, $4.35. Circuit presented in reference
15.

(2) Baudot to ASCIt Converter kit, $19.50, PC
board, $4.35. Circuit presented in reference
16.

. Polymorphic Systems, 737 S Kellogg, Goleta

CA 93017. A Serial 10 Option, $75 kit, can be
added to the Poly-88 microcomputer kit which
provides a 50 bps minimum 10 rate.

. Ohio Scientific Instruments, OSI, POB 374,

Hudson OH 44236. Model 412B Supercard is
designated for Baudot Terminals, $129 kit,
based on MOS Technology 6502 microproces-
sor.

. See reference 17.
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proach, whereby parallel Baudot characters
are generated by the software. These charac-
ters are presented to the data bus where
busy and ready handshaking logic described
in the above hardware interface description
is used. In effect, the software performs the
code conversion or parallel 10 function and
the hardware performs the parallel to serial
conversion and character bit timing
functions.

A UART or similar circuit (see reference
17) can be used to implement these
functions. The whole procedure operates in
reverse when the serial Baudot characters are
input to the hardware portion of the
interface and presented in parallel form to
the data bus.

The Interrupt Driven Interface

These old surplus Baudot machines may

of course be interfaced to the processor
using an interrupt scheme, with priorities
assigned to each Baudot device along with
other system peripherals. Interrupt schemes
are beyond the scope of this discussion since
there are so many variations of software and
hardware interrupt techniques, and they
vary according to the processor being used.
Many, and possibly most, computer hobby-
ist systems do not use interrupts at all.
Usually in this class of system, either there
are few peripherals being used or the oper-
ator has lots of time on his hands to WAIT
on the peripherals, or both. One example
would be a system with a keyboard and page
printer combination operating with monitor
and debug programs.

For a system with several 10 devices and
very busy software, setting up an interrupt
scheme may become a matter of necessity. If

REFERENCES ON BAUDOT TELETYPES

Many of these references, especially the ama-
teur radio magazines and books, may be available
for loan from a friendly ham in your area. Some
ham operators have been known to hoard all of the
issues of some of their type journals, such as Ham
Radio, CQ, 73, or QST magazines. It should be
known that a similar affliction has been found with
many BYTE readers . ..

1. RTTY Journal, POB 837, Royal Oak MI
48068, 10 issues per year, $.35 per issue.

2. RTTY from A to Z by Durward J Tucker,
Corvan Publishing Corp, 1970, 214 pages, $5.
Detailed information on operation, mechani-
cal characteristics and maintenance of practi-
cally all of the older Teletype machines.

3. The Teleprinter Handbook, first edition by
D J Goacher and J G Denny, Radio Society of
Great Britain, 1973, $14.95. Distributed in
US by Ham Radio Books, Greenville NH
03048. An engineering textbook covering the
theory and practice of radio teleprinter equip-
ment; 30 pages of pictures and wiring dia-
grams of Models 15, 19, and a few pages on
the Model 28. Also covered are the design of
power supplies, demodulators and Teletype
test equipment.

4. Specialized Communications Techniques for
the Radio Amateur, by the American Radio
Relay League, 1975, 208 pages, $3. Chapter
5: Radioteletype, 70 pages. A condensed
overview of many of the Baudot machines, a
table of Teletype Gear numbers for Modeis
14, 15 and 28, and many other basics.

5. The New RTTY Handbook by Byron H
Kretzman, Cowan Publishing Corp, 1962, 191
pages, $3.95. Includes a brief history of
Baudot teleprinters and some equipment
descriptions.

6. RTTY Handbook by Wayne Green, Tab
Books, 1972, 320 pages, $6.95. Many basic
amateur radio operating circuits such as con-
verters, exciters and FSK circuits.

7. Shinsel, Vic: "RTTY Signal Generator,” Ham
Radio Magazine, March 1971, pages 23 to 29.
RTL version of RY generator circuit.

8. Dean, J A and Rupley, J P: RCA Application
Note ICAN-6267, ''Astable and Monostable
Oscillators Using RCA COS/MOS Digital Inte-
grated Circuits,” 8 pages.

9. The TTL Cookbook by Donald M Lancaster,
Howard Sams Inc, pages 152 to 153. A
parallel Baudot to parallel ASCI} conversion
circuit is presented which uses 5 ICs including
2 PROM:s.

10. Elisworth, Cole: ""ASCIl to '‘Baudot Con-
verter,”” 73 Magazine, February 1976, pages
62 to 57. A 15 IC parallel ASCil to parallel
Baudot code converter. Additional UART
circuit required to obtain serial Baudot for
teleprinters.

11. Hutton, Louis I: “Build This Exciting New
TVT,"” 73 Magazine, March 1976, pages 76 to
83. Included is a Teletype current loop
Baudot code to parallel ASCII converter for
driving a video terminal display, page 80.

11a. Hutton, Louis |: ““Code Converter Using
PROMs,"” 73 Magazine, May 1976, pages 84 to
86. Improved circuit using readily available
PROMs; refers to reference 11.

12. Andreasen, C Warren: A Versatile TTY
Generator,”” 73 Magazine, April 1976, pages
90 to 91. Circuit is given that counts from
00000 to 11111 and converts to serial
Baudot, thus generating a pattern of all
Baudot letters and figures.

13. Whipple, Dick, and Arnold, John: "A Very
Cheap 10 — the Model 15," 73 Magazine, May
1976, pages 77 to 80. Presents both software
and hardware interfaces.

14. King, Walter S: ‘Interfacing the 60 mA
Current Loop,”” BYTE magazine, August
19786, pages 96 to 97.
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this is the case, information on interrupt
interfacing techniques and hardware may be
obtained from a variety of references,
including microprocessor manufacturers’
application literature or any of the excellent
programming books or publications avail-
able (references 23b and 26) which deal with
this subject.

Useful Miscellaneous |tems

Cleaning an Old Teletype: In the course of
researching for this article, | ran across an
employee of a national teleprinter refur-
bishing house for Model 28s, 33s, and 35s,
who offered some interesting suggestions for
cleaning a Model 15. He said that this
procedure could be followed if one obtained
an extremely dirty teleprinter "'fresh” out of
a damp basement. The steps are as follows:

1. Thoroughly clean the machine with
hot water. An ideal place for this is at
a self-service car wash facility.

2. Force air dry the machine with an air
gun from, for instance, one available at
the auto service station with the car
wash.

3. Spray all parts with a light lubricant
such as WD-40.

4. Lubricate as required with oil and
grease. Details of these procedures are
contained in references 1 through 6.
Pay particular attention to lubricating
the felt separating pads, which should
be saturated.

One thing | might add is to clean all
electrical contacts, especially the keyboard,
after the above sequence. A standard pencil
eraser rubbed over the contacts until clean is
an excellent way to accomplish this.

15. Smith, Roger L: ASCIi to Baudot,’”” Radio
Electronics, March 1976, pages 51 to 658.
Corrections, April 1976, page 58, and August
1976, pages 16 and 22. Hardware code
converter.

16. Smith, Roger L: “"Baudot to ASCII,”" Radio
Electronics, April 1976 pages 57 to 59.
Hardware code converter.

17. Pasco, Richard C: ''Converter Lets Processor
Drive Teletypewriter,”” ELECTRONICS,
October 30 1975, pages 97 to 98. Simple 6 IC
TTL circuit which accepts 5 or 8 bit parallel
data and converts it to serial current loop
pulses at any desired bps rate.

18. Reference Data for Radio Engineers, fifth
edition, pages 35 to 40, table 24: “‘Moore
ARQ Code (Compared with 5 Unit Tele-
printer Code)’’ and pages 35 to 38, table 22:
“Timing of Five Unit Start Stop Teleprinter
Codes.”

19. Whipple, Dick, and Arnold, John: ‘Inex-
pensive Paper Tape Subsystem: Using 5 Level
Tape with Computers,”” 73 Magazine, July
1976, pages 145 to 148. Includes listings of
paper tape read and punch software for
Teletype Models 14 and 19.

20. Whipple, Dick, and Armnold, John: ""A Baudot
Monitor/Editor System . . . program listing for
the 8080, 73 Magazine, August 1976, pages
102 to 105. Uses the software 10 described in
reference 19. Aiso uses split octal ad-
dresses and octal data notations.

21. Guthrie, R David: “ASCII/Baudot with a
PROM,"” 73 Magazine, June 1976, pages 114
to 119. Article titie is a misnomer — actually a
serial Baudot to parallel, or serial, ASCII
hardware code converter circuit is presented
for any desired data rate.

22. The Computer Hobbyist Group (North Texas)
Newsletter, 2377 Dalworth 157, Grand Prairie
TX 75050.
{a) Volume 2, ¥4, April 1976, pages 7 to 13.

Contains listings of ASCII to Baudot and
Baudot to ASCII conversion software for
both the 8080 and the 6800 by Tom
Gentry, James Brown, and others on the
newsletter’s ‘‘conversion committee.”’

Volume 2, #5, May 1976, pages 7 to 11.
Contains a listing of ASCIl to Baudot
conversion software for the F8 micropro-
cessor by Harold A Mauch.

(c) Volume 2, #2, February 1976, "TTY
Interfaces’’ by Harold A Mauch, pages 13
to 15.

(b

23. The Computer Hobbyist, POB 295, Cary NC

27511. Back issues are $.65 each.

{a) Volume 1, #3, January 1975, pages 19 to
21, “Interfacing a 5 Level Teleprinter’’ by
Steve Stallings, software courtesy of
Richard Smith. Contains listings of an
ASCIl to Baudot Translate routine, a
Teletype Demo Program which generates
lines of ripple pattern on the page printer,
and a Baudot Teletype Output Routine
which accepts Baudot characters and
enables outputting in Baudot directly, if
called as a subroutine, rather than con-
verting from ASCII to Baudot.

Volume 1, #9, February 1976, pages 11 to
13, “Interfacing the Altair 8800, Part 2"
by Hal Chamberlin. Includes an excellent
discussion of simple single device hardware
and software interrupts, vectored and
polled interrupts, and an example of a
keyboard interface using the interrupt
technigue.

b

24. Teletype Corp, 5555 Touhy Av, Skokie IL
60076.

25. Netties, Walter: “Instructions for Hand
Operated Typewriter Ribbon Reinking
Device,’’ reference 1, Volume 12, #6, page 16.

26. How to Use the Nova Minicomputers, by Data
General Corp, 1971, Section 2.4 ‘'Program
Interrupt.” Contains a discussion of interrupt
servicing and priority and programming sugges-
tions such as when to use interrupt.
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Ribbon Renewing: When the black print
ribbon begins to fade or dry up, additional
ink may be applied on the top and bottom
of the ribbon to provide many more miles of
heavy duty use from a single rol! of ribbon.
Also, the printing is much darker and easier
to read on both page printers and typing
tape reperforators. Inks suitable for this
purpose include stencil ink, stamp pad ink
thinned with wood alcohol (methanol), and
mimeograph or duplicator ink thinned with
either naptha or turpentine; see reference
25. One ham | spoke with bragged of using
3-in-1 household oil as a thinning agent.
Regardless of which type of ink is used,
apply new ink sparingly until you get the
knack of reinking. Allow at least 24 hours
for the ink to soak into the ribbon and
partially dry out before using on a printing
machine.

Increasing the Operating Speed of Baudot
Machines: There have been many comments
in the hobbyist literature regarding the
effects of increasing the speed of the older
Baudot machines. Of the more popular units
such as Models 14, 15, 19 and 28, only the
Model 28 and some Mode! 14s were actually

designed to operate at 100 words per min-
ute. The other models were designed for
slow speed operation and simply do not hold
up well when run faster. Gordon White, the
“Surplus Sidelights” columnist for CQ maga-
zine, had these comments in CQ, August
1971, page 87:

“It is possible to gear the old equip-
ment up to turn 100 wpm, but partic-
ularly the Model 15 and 19 page
printers do not last long at 100 speed.
The Mode! 14 typing reperforator will
do a little better, but still hops around
when forced to run at 100 speed. The
Model 14 transmitter distributor ap-
pears to serve adequately at 100 wpm,
as does the Mode! 14 nontyping reper-
forator, if kept well oiled.

“The older machines will run at 67 or
75 wpm with a gear change . .."”

The gear changes referred to are relatively
simple to achieve. Faster gear sets may be
obtained from most of the suppliers of
Baudot teleprinters. Also, a full page table of
gear set numbers required for various speeds
on Model 14s, 15s, and 28s is shown on page
111 of reference 4.

gt AR
The Automatic Boot Loader

POWER-START

* Never Toggle in a Bootstrap
Again

* Never Flip Sense Switches
Again

* Run Without a Front Panel

* Plug Into Backplane

* Use With Your Own ROM

¢ Completely Configurable

RMQ Systems’ new Altair 8800-compatible POWER-START™ board is supplied with complete documen-
tation and configuration information. Components are of the highest commercial quality, including double-
sided printed circuit board with solder mask on both sides and silk screened legend, low-profile gold-inlay
1C sockets, and gold-plated bus contacts.
POWER-START™ Kit (PS-2K) 165.00  Kit (PS-1K) with ROM 195.00
Assembled (PS-2A) 265.00 Assembled (PS-1A) with ROM 295.00
To Order or for More Information
RMQ@ Systems
Research & Development Division of

computer kits, inc.
the systems store

1044 University Ave., Berkeley, CA 94710 (415) 845-5300
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Continued from page 14

latter pending successful completion of
our present negotiations).

We carry an extensive library of
periodicals (including those hard to get
BYTE back issues) and texts related to
micro and minicomputers, hardware and
software. We have also acquired the
assets and inventories of B & B Book
Service, plus their distribution rights.

Our associate store, Focus Scientific
in Ottawa, 160 Elgin St, (613) 236-7767,
began selling microcomputers in Decem-
ber. It is currently following the growth
pattern of our Toronto outlet.

We have been guests on a financial
and business show on CITY-TV, and we
are going to be doing a radio talk show
(The In Toronto Show) on CHUM FM,
with host Larry Wilson. We will also
being doing a series of television shows
on the Ontario Educational Television
Network with host Larry Wilson.

We are currently negotiating with
groups in London, Ontario, and
Montreal, Quebec, for “The Computer
Place’ franchises.

Stephen Pumple
The Computer Place
186 Queen St W
Toronto, Ontario
CANADA M5V 121

BROADCAST AUTOMATION:
DOING IT

| read with interest Mr Alvin's let-
ter in the February issue about using
an Altair 8800a for program automa-
tion. This is entirely feasible. In fact
Harris Broadcast Products in Quincy
IL makes an automation system based
on a4 microprocessor. It's  called
System 90.

At KEZK | am implementing a
commercial traffic and inventory sys-
tem with an Altair 8800a. If things
work out it will eventually tie in with
bookkeeping, but that part is still in
the future. Our system has 32 K bytes of
programmable memory, two Phi-Decks
with the Digital Group controller, one
North Star mini disk with the Shugart
drive and a PT VDM. Our printer is a
DECwriter 11, Most commercial business
systems for broadcast are very expen-
sive by comparison. If any other broad-
cast people are working on similar sys-
tems | would like to communicate with
them.

Noel M Moss

Chief Engineer, KEZK Radio
1780 S Brentwood Bivd

St Louis MO 63144

BROADCAST AUTOMATION:
A VOICE OF EXPERIENCE

| read with interest Mr Alvin's letter
in February 1977 BYTE concerning the
possible application of an Altair or
similar unit for use in a broadcast auto-
mation system. As a beginning computer

hobbyist and as the salesman responsible
for the western area for Systems Market-
ing Company/Sono-Mag Corporation of
Bloomington IL. | have the following
comments.

SMC, the company | work for, is one
of the leading builders of broadcast auto-
mation equipment. Seven years ago we
brought out our first computer operand
system, a hard wired ferrite core mem-
ory unit with 2048 user addresses with
24 bit words. We called it the DP-1 and
are still making and selling it. [t has an
integral, tully programmable real time
clock, LED displays, and its functions are
programmed at a low level using num-
bers. It may also be addressed from an
external Teletype (110 bps) or computer
interface. Originally it sold for $16000
and now in a much improved version is
$12000. This may seem like '“an arm and
aleg’’ to Mr Alvin, but the cost covers all
the following:

1. The computer itself, core mem-
ory, all electronic interface, and
a mammoth power supply.

2. The clock boards, their program-
ming interface.

3. The digital switching hardware
which provides a very sophisti-
cated unit 1o control the broad-
cast magnetic tape audio units, to
provide the correct responses to
external human interrupts, and to
provide time code generation
and logging ports for the FCC
required alphanumeric logging.

A second unit, the DP-2, has been
introduced in the past two years. This
is a 16 bit microprocessor with soft-
ware and 2000, 4000, 6000 or 8000
user instructions. Included with this unit
is another microprocessor controlled
real time clock. Both of these units (DP-1
and DP-2) are available with video dis-
plays, digital cassette, the possibility
of floppy disks, etc. The DP-2 starts at
about $15000 with all the externals
listed above for the DP-1.

Since we have brought these units
out we have found out several things
about the problem of station control:

1. The systems are very expensive
to develop, requiring a lot of
expensive human time. There-
fore they must be able to be
marketed in their original forms
for several years.

2. The level of operation must be
very simple and require little if
any training for the operators
since radio stations usually cannot
pay much. Computer languages
and sophisticated concepts are
out.

3. Maintenance must be simple and
support available since few, if
any, broadcast engineers are
trained in digital operations and
support. Systems must be as re-
dundant as possible and main-
tenance is mostly by substitution.

We find more often than not that
radio stations do not supply an engineer
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MERLIN is the best ASCIi/Graphics
board now available for the S-100 bus
. .. and at an unbellevable pricei

Compare these features to any other

video Interface:

% 160H x 100V resolution bit mapping
graphics

% On-board ROM (Monltor/Editor)
option

¢ 40 characters by 20 lines, character
ROM generated (hardware)

v Keyboard interface (with power)

Programmable modes and display

format

Serial 170 port

Low power . . . only 600ma at +8V

Extremely fast (uses DMA)

Comprehensive User Manual

. .. 200ps

% American 60HZ or European 50 HZ
operation.

-3

Lo -

Designed-in expandability means max|-
mum versitility at minimum cost.
Add-on optlons now avaliable (In kit
form) Inciude:

% Super Dense Graphics

(M320-K). . .... N AT $39
% Lower case characters

(LC). iy mtv s s ks i e $25
% Serial-to-parailel expansion Kit

(MSEK-K) iuiiissaniiess ol $45
Y 1500 Baud (software) cassette

Interface kit (MCAS-K),........$29

% 2K x 8 Mask ROM; graphics,
cassette, & extended editing
software (MEl) ..., ....,......835

% 2K x 8 Mask ROM/256 RAM;
Monitor Editor Software (MBI) . .$39

The MBI ROM software is designed to
aliow 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 reaily
evaluating a product. We know you'll
be soid.

MERLIN Kit with Manual ........ $269
MERLIN, assm'd & tested . . ... ... $349
MERLIN UserManual ._.........$ 10

For tast information, write us direct!
MC and BAC accepted.

A MiniTerm Associates, Inc.
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18 lg'ﬂ F Vol I i

MIGROGOMPUTING FOR HOME AND THE SMALL BUSINESSMAN

The professional publication bringing microcomputing technology to the hobbyist, small businessman, educator,
engineer and student. Every issue edited to bring technology and people together in the simplest manner.

INTERFACE AGE is packed with « HARDWARE ARTICLES — Product profiles, comparisons,
: applications, modifications and construction pro-
jects.

« SOFTWARE ARTICLES — Microcomputer development
software, short software routines, application
software, off-line software storage formats, software
communication standards and access to the
microcomputer software depository for ali INTER-
FACE AGE readers.

¢ TUTORIALS — Fundamentals of micro processors, basics for
microcomputing, professional to technical transition
information, understanding software, elementary
math for computing.

¢« NEW PRODUCTS — Manufacturer profiles and latest
product releases.

: r-% ¢+ USER COMMUNICATION — UPDATE — devoted to

—— club and organization announcements

and activities. — LETTERS TO THE

EDITOR — Reader forum for expression

of opinions and feedback on articles and
features.

+ MICRO-MARKET/FIFO FLEA MARKET — Low cost/no
cost advertising for the new
marketeer/garage sale enthusiast.

If you need to know how to get started in microcomputing or need the valuable software once
your system is completed then INTERFAGE AGE is a must for you.

Don’t Delay — Subscribe Today!

et il

INTERFACE AGE MAGAZINE

P.0O. Box 1234 12 Monthly Issues: I
Cerritos, CA. 90701 $10 U.S., $12 Can./Mex.,
$18 International
O CHECK O MONEY ORDER |
Name
Address |
City State Zip.
Country |
MAKE CHECK PAYABLE TO: INTERFACE AGE MAGAZINE —l
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with the simplest scope, logic probe or
meter. Therefore to a trained computer
technician our equipment quite often
looks childishly simple. | hope so, since
that means we have accomplished our
purpose.

| see no real reason {given an enor-
mous amount of free time which you do
not value) that a microcomputer adver-
tised in BYTE could not be programmed,
the digital to analog controls built and the
interface to the other specialized broad-
cast playback gear designed and devel-
oped. It only took three and half years
for us to get everything done on the
DP-2 unit to get it on the market.

| don’t want in any way to denigrate
any ambitions to produce a new and
useful controller for broadcast automa-
tion. | think that creativity of any kind
is laudable and should be encouraged.
But please understand the realities of
what you are getting into. The old con-
trol unit you are operating with now
probably cost at least $5000 twenty
years ago. It is not capable of a fiftieth
of what the least expensive new com-
mercial units can do. To replace that
unit with a new one amortized over
five years with financing would cost
about $300 to $350 per month and
would be good for another 20 vyears.

If you decide to go ahead on your
own, please let me know. Maybe | can
keep you from some of the time-con-
suming blind alleys that we suffered
through. If you don’t, let me hear from
you anyway.

Pete Chariton
491 Elbow Ct
Weatherford TX 76086

AH PUN, MY WORD

I would just like to say that |
completely support your position on the
forms of humor that Mr Kramer was
objecting to, though Deborah Luhrs’
pun-ch line almost reversed my opinion!
| feel that to remove this humor would
be to send BYTE a {very) small incre-
ment toward the level of the computer
magazines over which it presides; after
all, everybody needs a little pun in life.

Seriously, | congratulate you on your
tremendous accomplishments in creating
and improving BYTE; | wish | could
think of something that needs help, but
each issue seems perfect, yet they keep
getting better. Keep up the good work
{and the presses punning).

Richard Zulch

Assistant to the Director
Computer Science Dept
Redwood High School
Larkspur CA 94939

| always was skeptical when the
authoritarian and pontifical humanities
teacher | had in my high school stated
the profound truth that ‘“‘the pun was
the lowest form of humour.’’ How could
he simultaneously say that and expound
on the glories of William Shakespeare
and a whole host of later, but not

necessarily greater, punsters in English
literature? ... CH

MORE ON PUNS AND PUNDITS

| agree with Mr Kramer’s letter in
the January issue. Oh pun my word | do.
Are we not safe in our 'ohms from such
pundits as he criticizes. | am currently
working on a plan to punish punsters
before they make a hash of our memo-
ries. IC many possibilities. We should
make them use odd addresses such as
submarines, where the subroutine will
chip away at their systems; make them
queue for train buffers to ride on as
Gilbert suggested; RAM them into old
fashioned PROMS; load them into
floppy diskos to pick up a baud para-
doxies. Some even call me a punster,
GO TO!

All seriousness aside, | haven’t even
noticed the puns Mr Kramer complains
of.

| compliment you on a fine maga-
zine. | learn something from every
issue, and haven't found a really unin-
teresting article yet. Keep up the good
work. One of these years, time and
money permitting, I’ll have my own
microcomputer and will appreciate
you even more.

Robert A Taylor
POB 638
Gate City VA 24251

KUDOS

| have been programming for many
years—for the government, for private
industry, on big IBM 370s and now
microprocessors; but, | have never pro-
grammed for myself. | never really knew
what personal computing was until |
read your magazine and now | am
extremely excited about the prospects.

| am very pleased with the effort
your magazine is making to bring the
world of software to the readers. You
are building a source of reference for the
established hobbyist, while your articles
are providing a fine base for beginners.
Hopefully, with this knowledge, people
will realize the computer is not the
complex social obstacle or menace to
the human race, as was once thought.

Without further adieu, | welcome all
you hobbyists to the wonder world of
software and may it bring you all many
happy days in return.

Kevin Stumpf

Proprietor

Computing Elements Development
277 Hazel St

Waterloo, Ontario N21 3P1
CANADA

WHERE?

| really enjoyed November’s BYTE.
The article by Tom Buschbach called
“Add This Graphics Display to Your
System” is the second article in your
magazine to mention Don Lancaster’s
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320 Horizontal by 200 Vertical
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IF YOUR COMPUTER - o
CAN'T BHILE {OR -
PLOT) IT PROBABLY .

Vel
HAS WERLIN DEFICIENCY )
ANENTA, N

)

CEQURTION PLOTTED MITH BRSIC)

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'li 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 bit in
memory. (Requires BK of system
memory.)

ROM character-graphics looked good
for a whiie; then came MERLIN'’S 160 by
100 bit mapping graphics; and now . . .
320 by 200 bit-mapping graphicsi | |
If 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 couid
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-sheif delivery.
M320-K, Super DenseKit .. .,.$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.

MiniTerm Associates, Inc.

e e e AT iy
lT\ao- 268. Bediord. Mass 01730 (617) 648-13x]
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TV Typewriter Cookbook. Do you hap-
pen to know where | can purchase this

book?
Glenn R Johnson
6445 SW 196th Av
Aloha OR 97005
Yes ... Order it for $9.95 from

BITS. For the address see the advertise-
ment in this issue.

Lormsue, 70!
Office: 717 A Avenue N, E. Pres
Phoss 3644186 Doy or Night B 1o YA —
Foteemeeeeone ceremmmmaeereene o eee AdIMe s et ceee o eeeene
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Cedoax 3\ Lidet
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Reg. No. AMDITI6Y Date ... ‘..)..(,’.
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A THANK YOU FOR TUTORIALS

Because | am a college student, |
never find the time to finish a copy of
BYTE before the next copy arrives in
the mail. That causes some frustration
but cannot be helped. The real frustra-
tion is not understanding many of the
articles that | do have time to read.

My knowledge of computers is limited to
the programming | have done over the
years coding BASIC and FORTRAN,
although | do pick up some tasly bits
of information from BYTE. When | find
an article such as “The Types and Uses
of Direct Access Storage” by Curt Hill,
/page 60, [fanuary 1977, BYTE] |
positively salivate! Excellent subject;
well presented. Thank you, Mr Hill!

| am sure that there are many others
like me who want lo understand com-
puters before diving headfirst into highly
detailed, sophisticated jargon. Please
continue to keep us in mind from time
1o time by presenting other articles like
the above mentioned one. Continue to
reward potential writers out in BYTE
country for their contributions. Most
of all, publish! One day, when | have
learned more about compulers and

peripherals, | will pull out my back

issues of BYTE and really appreciate
them.

Michael Craig

POB 895

West Acton MA 01720

On behalf of our readers, we're
always looking for good tutorial articles
on subjects in computer science, art and
practice. Your note of appreciation for
Curt Hill's article is one of the very
personal profits to be derived from
writing such an article.

A GOOD EXPERIENCE

In a new industry, such as the hobby
computer industry, new companies al-
ways seem to pop up overnight. You
keep hearing stories of problems, delays,
corrections, poor documentation, etc. |
even recently purchased a ’‘burned in
and tested”’ memory board with two of
the 2102s in their sockets backwards!
There are, of course, many suppliers
trying hard to establish a good reputa-
tion. | would like to share my experience
with one such company.

Recently | purchased an assembled
CL2400 Real Time Clock Board from
Comptek in La Canada CA. | called in
the COD order and received it the same
week. | found the board to be of high
quality and professionally assembled. It
was obviously tested as they even en-
closed the TTY printout of the test run
on my unit. The documentation was
thorough including software in both
basic and machine language, explana-
tions, instructions, full troubleshooting
routines, parts layout and schematics.

Now time to hook it up to my
machine. The unit requires one wire to
be installed from the +15 V supply to
the mother board to provide the timing
to the clock. It was an easy task that
took less than five minutes. | then fired
up my Altair and tried the program but
with no luck. Then | tried the trouble-
shooting routines but was still stumped.

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 controlier 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 D!SC SPACE
* NO WAITING FOR THE DISC TO RE-PACK
* LONGER D!ISC 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.

Qur 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 wil! increase its
output by one voit. Price $24.95.

Qur M-16 is a 16K single power supply STATIC RAM memory
system. The M-16 is fully buffered and requires only haif the
power of a similar size system using low power 2102's. With the
M-16, you can expand your system to 48K and stiil have room
ieft 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
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A call to California brought a return
call from Ken Finster of Comptek. What
evoived was two more calls with Ken
doing a long distance check up of my
system using me at the scope 3,000 miles
away. it resulted in finding a bad 7400
that  handles the ready line on my
processor board. Since this was the first
board that required a wait cycle it
showed up the bad chip that may have
been faulty from when | built my main
frame.

The real time clock works pertectly
now and does everything promised with
case. | offered to repay Ken for the
phone bills as it wasn’t even their fault,
but they refused. Obviously they lost
money on my sale but they still bent
over backwards to make sure 1| was
happy.

It's reassuring and a pleasure to deal
with a small company such as Compiek
which cares about the customer as much
as the ““buck.” | hope that you can print
this letter so that the people reading
your magazine can share my good
encounter, It seems the least | can do to
repay Comptek for their efforts.

Gary Cooper

Vice President

S Lachman and Sons inc
College Park MD 20740

ON TECHNOLOGICAL TRENDS
AND SURPRISES

Your editorial, *Caught by Surprise,”
in the December 1976 issue, page 6,
makes many pertinent points thal some
economists and certainly Ayn Rand
fibertarians have been pointing out for
years. Modern day large technical indus-
tries as | know them | would place
somcwhere between zoos and three ring
circuses with technical creativity and
innovation the least of their concerns.
Having been associated with such places
for long cnough that | consider my
comments charitable, | always found
that you end up with a corrupt, incom-
petenl burcaucracy whose only goal is
their survival — at whatever the cost.
Such environments tend to filter oul the
belter people, hound them out, or des-
troy them creatively and psychologi-
cally. Now, Lo expect the entrepreneural
act 10 arise from such shambles is beg-
ging the ridiculous.

There have been singular studies done
in the very recent past about exactly this
subject. | cite: M F Wolff, “The R and D
‘Bootleggers’: Inventing Against Odds,"”
IEEE Spectrum, Juty 1975, pages 38-45;
A Shapero, “The Displaced, Uncom-
fortabte  Entreprencur,”  Psychology
Today:, November 1975, page 83. Two
recenl books exist covering the same
lopics: R Cornuclie,  Demanuging
Americe, Vintage Books, New York
1975; and S L Brown, et al, [ie Incredi-
ble Bread Muachine, Ward Ritchie Press,
474 S Arroyo Pkwy, Pasadena CA, Octo-
ber 1974.

In the broad sense, personal com-
puting, and he activists and entre-

preneurs associaled with it, have recon-
firmed the possibilities in a pluralistic
sociely with at leasl some remnant of
capitalism. To be in Ihe midst of such
evenls says everything is not hopeless —
IBM cannolt tie Digital down nor Digital
the smaller guys — even though without a
doubt each would like to. What we see
going on now should provide hope for
the individual.

Richard L Coleman
554 Springs Rd
Bedford MA 01730

REGARDING THE
ANTI.-TECHNOLOGIST MENTALITY

I am writing this, my first letter to an
editor, in response 1o your December
1976 editorial, page 6. In that editorial
you spoke about the growing belief that
America is losing its technological edge
over the rest of the world. | would like
to add my own observations to yours.

At present | am a mathematics major
and work full time at Stanford's Linear
Accelerator Center. | have spent the
last 8 years in the electronics industry.
But it was not until | reenetcred the
university environment that | first heard
people speak out against technology.
One has only to sit in on any college
course in the humanities to hear the
growing choir of voices that rave at
length against technical advance. The
most commonly heard complaints are:
inhuman, impersonal, unaesthetic, de-
structive, etc.

Unfortunately, technologists, physi-
cal scientists and mathematicians do not
answer these charges, much of the time
being completely unaware of them.
Compounding this is the fact that their
literature is not widely disseminated or
inviting to the untrained. Rather, it is
the very people who claim technology
to be evil who are more and more
getling their views widely published.

How long can American hold its
lead when its young technologists are
made to feel as social criminals? When
everywhere they look they sec them-
selves portrayed as dupes of a tyran-
nical system?

It is not against the government that
we should fight, but against the growing
philosophy of our age: a philosophy that
calls for a return to the middie ages. It
is the nature of a culwure’s philosophy
that determines the strength of that
culture. If we, the technologists, give up
by default, who will be 1o blame?

K P Slattery
460 Auburn Way #18
San Jose CA 95129

Appropos your comment is the
following quotation from Robert Hein-
lein’s science fiction novel, The Door
Into Summer.

.. .despite the crapehangers, romanti-
cists and anti-intellectuals, the world
steadily grows better because the human
mind, applying itself to environment,
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Made possible by the designed-in
expansion capabilities of the impres-
sive MERLIN Video Interface.

Aslide from generai purpose uses, the
designers at MiniTerm anticipated
Graphics and Graphics games and the
problem of control Interfacing. The
MSEK (MERLIN Serlal Expansion Kit)
provides:

Three parallel input ports

Three parallel output ports

These can be used for interfacing
joysticks or game controliers or paraile!
1/0 devices. And the price can't be
beat! The MSEK mounts inside your
keyboard and connects to MERLIN
through the keyboard cable.

Also avallable 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 aiso
available which allows selection of ship
dynamics to simulate cars, tanks,
boats, etc. and allows the user to draw
his own ‘ship’.

SpaceWar (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,

A  MiniTerm Associates, Inc.

L
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END FRONT
PANEL
FIDDLING. ..
Usea

JUMP
START.

4K RAM

With a JUMP START 4K RAM
board in your Altair/IMSAI,
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
automatically transfers con-
trol to the selected address.
The JUMP START 4K RAM
board has these standard
features:

® 4K 450 ns low power RAM

¢ fully buffered

® DIP switch address selection
* memory protect with POC

e battery backup connector

¢ fully socketed

e disabled during INTA

e optional wait state

Prices:
Kit $145
Assembled 190

Call toll-free anytime to
place credit card orders:
800/648 5311
Prepaid mail orders shipped postpaid

in USA. California residents add 6%
sales tax.

OMATIO

MICROMATION INCORPORATED

524 UNION STREET
SAN FRANCISCO, CA. 94133
415/398-0289

Dealer inquiries invited

CIRCLE NO. 242

makes it better. With hands... with
tools . .. with horse sense and science
and engineering.

Most of these long haired belittlers
can't drive a nail nor use aslide rule. I'd
like to invite them into Dr Twitchell’s
cage and ship them back to the twelfth
century — and let them enjoy it.

But | am not mad at anybody and |
like now ...

The anti-technologist mentality is an
anti-people (therefore, inhuman) mental-
ity; for the whole reason for technology
in the first place is to seek new ways to
improve and expand the options open to
people. Hyprocrisy is rife when people
use the fruits of technology while
condemning the means of achieving
them.

GETTING BAUD-Y

The term “baud rate’ is indeed an
abomination. But like ‘“ain't,’" it is an
assimilated abomination. And I'm not so
sure it's all wrong.

Here is a line verbatim from Proc-
essor Technology’s manual for the 3P+S
I0 module: “The baud rate can be set
from 35 to 9600 baud.” | suppose the
writer could have said, “The baud can be
set from 35 to 9600.” The original
version has some hope of being under-
stood by a reader who really didn't
know what ‘“‘baud’ meant, but the
second version has little such chance.

It's too bad the term baud has
become mysterious. All it meansis how
many times per second can you change
the state of the signal line. If the line has
two possible states, eg: current or no
current, then the signaling rate in baud is
the same as the information rate in bits
per second. If your line has four possible
states, say four different voltages, then
each state change transmits two bits of
information; and so in this case the
signaling rate in baud is only half the
information rate in bits per second.
Simple, ain'tit?

Jack Dennon
1157 SE 2nd
Warrenton OR 97146

No, the improved version should have
been: The data rute can be set from 35
to 9600 bps; since as you point out, the
two are identical for binary states.

APPALLED

| have been reading your excellent
publication for a few months now, and |
am appalled by the amount of obsolete
TTL being used. The most flagrant
example is the 7475 quad D iatch (and
the 74100 octal D latch). Thése circuits
are a poor choice for almost all appli-
cations, due to their excessive input
currents on both data (2 TTL loads per
input) and clock (2 TTL loads per latch
bit, or 4 TTL loads per 7475 clock
input, or 8 TTL loads per 74100 clock
input), and due to the lack of a direct
clear input. The high input currents
force the use of buffer gates to drive the
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clock inputs, which are the wrong
polarity for TTL decoders anyway. The
lack of a direct clear input means that
peripherals such as tape drives come on
flying, and must be idled by software (a
direct clear input would permit a simple
power on reset circuit to force the tape
drives to come on idle). This is ridicu-
lous; there are many better devices
around:

1. If you don't need the Q outputs,
any presettable counter can be
used as a 4 bit latch to get low
input currents, a direct clear
input, and a load input of the
proper polarity for TTL address
decoders. Examples are:
74LS197, 74LS193, 74197,
74193, 74192, 74196, etc. Load-
able shift registers can also be
used, such as 74 95 or 741.5295.
The Intel 8212 can be used, as it
is an 8 bit latch intended for use
as an output port. The 74L5174
or 74174 can be used to get 6 bits
in a 16 pin package; the 174
behaves like the 175 discussed
below, without Q outputs.

2. If you do need the Q outputs, use
the 74LS175 or 74175 quad D
edge triggered flip flop. This has
low input currents (especially the
LS version), and has a direct clear.
However, the 175 lacks the trans-
parent pass through feature of the
75. The 75, if the clock is held
high, connects its inputs to its
outputs, and the outputs follow
the inputs as long as the clock is
held high. The 175 is an edge
triggered flip flop, not a latch, so
the 175 outputs can change state
only on the rising edge of the
clock. For output port latches,
the flip flop works just as well.

To repeat, use the 7475 or 74100
only if you need both the D latch (as
opposed to D flip flop) function and the
Q outputs, and you don't need a direct
clear function.

Any TTL circuit which does not have
power and ground on the corner pins
should be suspected of being obsolete, as
it may have been designed before the
DIP package was developed, and you
should look for newer circuits which
may do the same job much better. Note
that many circuits do jobs not hinted at
by their names. For example, many
presettable counters and shift registers
can be used as latches. Also, multiplexers
(especially the 74LS257 and 74L5258)
and decoders can be used to replace logic
gate arrays.

The TI book Designing with TTL
Integrated Circuits is a good introduction
to TTL, but it is five years old. Some
sections are now obsolete. For example,
the section on variable modulus counters
was written before the advent of the
74163 fully synchronous counter. The
74163 has synchronous load and clear
inputs, and can be used to make
counters without the glitches and tran-
sient states inherent in counters built
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around ripple counters like the 7493.

The only real cure for software theft
is 1o make the software legally available
at a price comparable to the cost of
making an illicit copy, especially since
hobbyists are chronically short of
money.

Peter Traneus Anderson
103 N Union St
Burlington VT 05401

PS: Would you like to know some ways
of expanding an 8080's instruction set?
In a recent issue of Electronics, it is
claimed that some 6800 processors will
repeatedly increment their address lines,
in response to a 9D op code. Are there
other hidden instructions in various
processors?

The new edition of The TTL Data
Book for Design Engineers is now out,
and among other things it documents an
impressive improvemen! in the range of
available standard TTL parts from that
source. |I's now available from our
book service, BITS Inc|.

Regarding use of older parts, there is
one marn point worth making: | can read
the new TTL data book and drool about
all the new parls, but as an experimenter
| have a lab inventory [full of parts
acquired over the years, many of which
are quite serviceable if not optimal state
of the art. | don't wire up ALUs with
NAND gates, mind you, but if | need a
latch and have a 74100 on hand but no
state of the art version of this part, I'll
use the 74100. An experimenter's lab is
not a production shop. Eventually, the
early 7400 series parts will go the way of
DTL and RTL before them, but a
practical attitude dictates that if the part
works, it is TTL and if wiring for things
like extra clock buffers is nol excessive
compared to a newer part, why not use
it?

Regarding expansion of instruction
sets, it is a neat hack to try out all the
various unimplemented operation codes
and see what happens. However, using
such codes should be done with knowl-
edge that they may show up in newer
versions of the processor implemented in
different ways. The manufacturers are
not about to be bound to software and
hardware compatibility with instructions
they don't acknowledge to officially
exist.

SEVERAL VOTES FOR “THEMES”

| don't often write letlers to the
editor, but | just linished reading with
some interest and amusement Mr Eden’s
letter in the December issue. | say
amusement because besides having an
MSEE | have been an amateur radio
operator lor about 25 years and | just
gotl through reading a similar letter from
a ham in a ham magazine. The ham was
complaining about the inclusion of com-
puter articles in an amateur radio maga-
zine and using most of the same argu-
ments that Mr Eden used.

It should be obvious that not all
computer hobbyists are hams and not all
hams have any interest in hobby com-
puters. There are, however, enough with
interests in both fields to warrant inclu-
sion of ham oriented articles in com-
puter magazines and compuier oriented
articles in the ham literature.

I, for one, am not particularly display
oriented at this time and so did not
spend a lot of time with the November
display issue. | have, however, more than
made up for that issue with articles in
other issues and certainly would not
want to deprive those who are interested
in displays of the excellent material in
that issue.

To conclude, there are a lot of
different interest groups in this new
hobby of ours and | think you are doing
an excellent job of presenting material of
interest to all . .. keep it up.

Bill Hosking W7)SW
8626 E Clarendon
Scottsdale AZ 85251

AN ORIGINAL HOMEBREWER

| must be one of the original home-
brewers. One day in about 1956, having
read a litile Norbert Weiner, and having
just discovered what number base 2 was
all about, | started toying with the idea
of designing a digital computer just for
fun. Since | knew nothing of electronics,
| settled on the idea of using 4PDT
relays for all logical machine elements. |
felt that if | got the logical design down,
it could always be implemented in more
sophisticated hardware later on, on a
kind of one for one substitution basis.
About 6 weeks later, | found myself
surrounded with literally hundreds of
circuit diagrams, black box diagrams,
tables of nomenclature, and a string of
Fs for my term in college.

I actually built (from aboutr 80 pin-
ball machine relays) a crude 6 bit adder
which would occasionally add two num-
bers correctly. My machine had a front
panel that had an astonishing resem-
blance to an Altair 680 front panel (in
1956!). But behind the front panel,
things were in pretty sad shape: total
memory, two 6 bit words. Total instruc-
tion set: A+B, with some tentative pro-
visions for A*B. System reliability:
about 50% (meaning one right answer in

two).
Nevertheless, it was for me an im-
mense victory. | had, on my own,

examined some of the notions essential
to machine operation, such das parallel
versus serial data, synchronous versus
asynchronous, carry bit propagation, and
so on. | had also assimilated some notion
of the thousands of man years of hard
work, levels of miniaturization, technical
breakthroughs, and so on that lay be-
tween my machine and a practical scien-
tific engineering desktop system. (I
would guess that the average lour func-
tion calculator could have been imple-
mented in my relay hardware in a
volume no larger than, say, your average
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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 avallable
for onty $39.

The MERLIN Monitor provides com-
mands for tumkey 8080 or 280
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 rellability.

Just Look at these features:

% Power-on jump to any 1K btock
% Holds eight 2708 EROMs

% Bank select feature

% S-100 bus compatible

« Wait 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 |t wlil
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.

A  MiniTerm Associates, Inc.

T T T e P e i
li\mn jbd Bedlord Mass 01730 (617) Ldb-1im1
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Microprocessor
Quay 8OMPS.
For serious

hobbyists.

Giliay BOMPS is nof designed for the
castal hobibyist, Only If you're sefaus
about your perscnal compuring,
should you find our abour Giugy
BOMPS's feanures, copabilities and |
oprions, Only if you want 1o break free

from hobby-class microprocessos and:

enfter a great new world of sophis:
ficated compuiing Bxpenences,
should you get infa the Gluay S0MPS.

Feorums 1
0 Single PC Board, 16 pin dip connactors
"Tno costly: badiplaneor-edge conm -
rectons.) T, !

O 2-80CPU. 158 insiserions, 2.5 MHE el

0 4K dynamic RAM. Expandsrc 16K o
boaid (280 refreshes w/o joss 6f thew: -
pur), it

1 1K UYEPROM moriitar. Tnspect ‘aifer
‘gdurnp, and ool memony set Sreaks
ﬂ‘:""‘ rooe andsinglestep debugging:

ridles serial 110, T

I 7 addifional UVEPROM sockes.

O 4-8-blf parallel /O ports, Vectored in-
remupt (2 2-80 PIO's, expands:fo 47,

O 1 socket for 2-80 4 chonnel covnfer
fimer.

E1: 4 UART, R52.32 & 20 v intestfioce,
O UVEPROM programmer (2708),

1 Fully buffered addrass, data and
canirol,

Grioy BOMPS 55-5695, assembled and
tested, Send for complete detalls, O
for fast acticn, Call 201-681-8700;
S uput ML esten ok B i Py doe
niet Include shippiteg and bandling.

Dealer inquires invited.

COAFTRATHON

PO, Box 3856, Freehotd, M. 07728,
;-Ehme: 2044818700

supermarket.) | resolved to stay out of
the computer business until some other
fellows worked out the details, and |
returned to my studies for an ME.

Well, | guess those other fellows did
it. We have at the office a BASIC
firmware calculator/fcomputer system
(HP 9830) that excecds my wildest 1956
dreams, and I'm spoiled rotten... no
machine tanguage for this kid. No card
decks for overnight batch on the Cor-
porate Monsier... and the incvitable
core dump in the morning. No more full
mornings wasted trying to get the line up
on the time share terminal. Sure, calcula-
tor based BASIC systems are slow in
processing, but they more than make up
for it in programming/debugging time
and ease, plus the fact that every night
of the weck has 16 hours of processor
time ... free!l

Here's my problem: Our BASIC sys-
tems (we have 2) are getting so popular
it’s getting very difficuit 1o get keyboard
time or even overnight time. Is it pos-
sible to use the HP 9830 as a terminal
for an 8080 system (or whatever)? It
seems 10 me that there would be a good
market for a 9830/8080 interface. The
HP 10 goodies — cassetie, keyboard,
display and printer — could be used to
load and unload an 8080 job, and while
the 8080 is running, the HP could go
about its normal duties. We could double
our throughput for perhaps an additional
20% cost.

One could even envision scveral sub-
sidiary 8080 processors! Further, with
the output data fed back to the HP, our
HP peripherals could be used (plotter,
paper tape, mass memory ... | told you
I was spoiled). Any suggestions?

Ted Tharp
POB 133
Norfolk CT 06058

The only way which could probably
have any semblunce of being pructical
would be communication vver o serial
conmmunications line hardwired hetween
the two processors. 1he combination of
these particulur machines is probubly not
too common, und | would hardly expect
HP to engineer un Altair bus interfuce
(or vice versu). It’s probubly cheaper to
buy another 9830.

ON HUNTING THE FORTRAN
PTERODACTYL

Reading Mr Lashley's letter in
February 1977 BYTE was, for me, a
matter of secing the same old wives’
tale one time too many and, therefore,
{ feel compelled to voice my opinion on
the matter. To paraphrase, | can only
conclude that Mr Lashley has been
theorizing too long (and practicing too
little).

To call FORTRAN a pterodactyi
is perhaps correct but very misteading if
it is not accompanicd with an explana-
tion that FORTRAN is archaic in the
sense that the English language is archaic.
English is so messed up that it is imprac-
tical to program a computer to under-

112

www americanradiohictorvy com

stand it directly, yet we hear very few
voices advocating a wholesale switch
to Esperanto. Like English, FORTRAN
has become a de facto standard and
unless we wish to make like the denizens
of Brave New World, severing all ties
with the past, we will have to live with it.

In his letter, Mr Lashley also states
that the language one lcarns first influ-
ences later programming elforis. As
before, | must insist on setting this state-
ment in the proper context. There is a
tendency on the part of poorly trained
programmers to mistake the language
for the machine. This is a deficiency on
the part of the person and has nothing
to do with languages, pterodactyl or
otherwise. A properly educated pro-
grammer has a good understanding of
what transpires in a mainframe. To
achieve this understanding it is not
necessary 1o delve into electronics or
Boolean algebra, but it is essential to
comprechend the concept of a copy
ol the contents of box A is placed in
box B’ 1o such a degree that one can
see how these simple functions can per-
form complex tasks.

One should begin programming in
FLOWCHART, the universal symbolic
language, and allow this language to
become the one that influences later
thoughts and actions. When, alter suf-
ficient instruction and practice, it be-
comes natural to describe a clearly
understood sequence of machine actions
with a symbolic representation of
squares, diamonds and arrows, the high
tevel language used to cffect the transla-
tion becomes dependent on factors
other than the programmer’s personal
hangups. For example, if the program
at hand involves extensive matrix opera-
tions, BASIC or APL can save <on-
siderable coding time; if financial opera-
tions are involved, COBOL might be a
natural choice; if universality is impor-
tant, FORTRAN might be the only way
to go. In any case, the programmer
should never lose sight of the fact that a
high level language is little more than a
vehicle to get from concept to final
product.

At present, supporting a fuil blown
high level language compiler is quite an
achievement for a personal computer;
supporting several is out of the question.
For this reason it is important to make
the best possible selection and to select
some obscure educational vernacular
such as PASCAL because it is esthetically
more pleasing, and would leave personal
computing where it is right now: a lot
of hardware with very littie sofltware.

Jack Crone, Systems Analyst
USC School of Medicine
Hoffman Research Ctr, Rm 805
2025 Zonal Av

Los Angeles CA 90033

BIT SLICE 360/370 MACHINES?

Is there anyone out in personal com-
puting manufacturing land thinking of
hooking up some bit slices and read only
memory to make a machine which can
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run [BM 360/370 instructions? For a
low cost ($1000) it may nol be possible
1o implement all the features of the
architecture (virtual sysiems, cache mem-
ory, error checking and correction, elc),
but then the hobbyist probably would
not neced to pay for multiple virtual sys-
tems, anyway. It should be possible 1o
build a cheap 360 emulator to mimic a
Model 30 or 40. Have you heard ol any
plans todo so?

Tom Koon, industrial engineering
Texasgulf Canada Ltd

POB 2002

Timmins, Ontario CANADA

No; but one acqudintance men-
tioned the idead of g generulized 36 bit
processor bourd with an  expunduble
lurqe  systenr’s instruction set, sturting
«!l uhout $2000 or so,

SOME THOUGHTS ON CLUBS

On page 126 of the August BYTE you
raised some very thought provoking issues
regarding the tunctions of regional and local
computer clubs. You also have asked «
question which | think all computer bulfs
should give some consideration 1o: What are
the pros and cons of a national home
computing association and how could it
relate 1o those of smaller groups? | discussed
your editorial at a meeting of local computer
bulfs, Advanced fechnology Rescarch Asso-
ciates (ATRA), and here are some ol the
iddeas we brainstormed:

A. Central lssues, Problems, Trends that all
computer clubs will have to handle.

Lo 1 small system users are 1o realize the
full benelits of the powerful yet inex-
pensive hardware that manufacturers
arc promising us, then the number of
sysiems end wusers must increase by
hundreds ol thousands annually. The
same applies 1o software when the
costs of commercially produced pro-
grams can be distributed over, say, a
million systems a year,

2. This growth will take place at a time
when rapid technological change will
be aftecting not only computers, but
dlso other devices that compulters can
be tinked 10; audivvideo systems, Elec-
tronic  Funds Transler systems and
manv olbers,

3. The uninlormed people whao will often
not understand the freedom potentials
ol home systems will ollen regard
computers and many computer appli-
cations with o high degree of paranoid
(witness the controversies in automa-
tion and EFT). And even data process-
ing prolessionals  with  their  own
systems must be able to cope with
invasions ol their privacy, soltware
theft, and other new issues raised by
advancing  technologies.  Thus, both
users and nonusers can beneflit il we
can create environments where they
can dialogue on the problems and
opportunitics compulers present 1o
them personally .,

4, {tems No. | through No. 3 seem to
argue tor fasl growing organizations
where people can exchange both facts

and opinions rapidly and in great
detail. Since the volume of newcomers
could greatly outnumber experienced
computer bulls, new methods of com-
municalion, organization, and decision
making would neced 10 evolve. The key
word for rapid learning and socializa-
tion is diulogue.

B. Functions of Local and Regional Com-
puter Groups

I. Obviously, muny smaller computer
clubs will have the ¢ffect ol dispersing
rapid growth more evenly, This in turn
will allow traditionally  organized
groups 1o survive longer. 1t will also
give the innovalors time Lo try out
new lechniques for opening communi-
cations, such as the Homcbrcw Com-
puter Club's *mapping session” which
was reporled in the August BYTE
editorial. Eventually cach group will
probably develop its own unigue
approaches to coping with growth.

2. Club activities will give local groups
valuable experience not only in com-
puters but also in working logether.
Larger clubs should probably strive for
a greater number and variely of proj-
ccls sa as 1o keep the work groups
small. More projects also give more
opportunities lor people with different
interests to find something that
appeals to them.

3. Finally, the larger local groups will
probably start experimenting with
innovative methods of decision making
and group organization. These may
include:

a. Revised computer assisted Roberts
(Robots?) rules of order for run-
ning commitice meetings with very
large committees.

b. Delphic probe issuc definition tech-
niques, handled via a conference
network.

c. Matrix analysis or decision tree
charts regularly updated by com-
puterized text editing programs,
These can be used to help under-
stand  complex and  constantly
changing interrelated problems.

d. Sunset rules for the Lable of organi-
zation and bylaws, After a given
number of years the group's charter
(or related portions of it) would
have 10 be examined and approved
by the group's vote. Otherwise the
sunset  clause would dissolve its
corporate standing.

I believe that the systems analysts

among local computer buffs will find

many other methods ol helping their
organizations.

C. Functions of a National Home Computer
and Small System Users Association

1. Clcaringhouse for exchanging informa-
tion on innovalive communications,
organization and decision making tech-
niques  developed in local  groups.
Super 8mm films, role playing, and
transplanted hardware for demonstra-
tions could be used to disperse these
techniques among other groups.

2. Promole new technologics which show
great potential for integrating into
home computer systems. The laser
video disk Martin Buchanan discussed
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Microcomputer
Quay 80AI
does much more
with the Z-80.

This: dynamilte new midocomputer -

systern in o kit movesdata lilke nething

else on the market. Run It alone or

plugirinfoan 3100 bus Alralr/IMSAL

For selo performance. all y

“an unregulated power supp

[0 device. Plugged In, Quay 5

CPLL ROW: 510, and RAM board— —nun

ary 5100 compatible desice, BUT

MORE THAN THAT Quay 80Als 2-80

CPU opens challenging new areas of

persenal comparning.

Features

[ 5400 bus comparlble. Plugs in ohe siet af
yoar Aftoir or Al

O Z-80 w/'2.5 MHz dock.

O 1 K stotic BAM,

' 542 byre (ROM) monitor. €
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By saf breakpoltn jump 1o user
progiam. Hondles senal I/C o heyboard
inpur, Including setting baud rofe

O 4 UVEPROM (2708) sockets.

[ Seral /O, A5-232 and 20ma inrerfoce,

O Porafiel keyboord Inpur, Accepts gan-
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O UVEPROM programimer. Progrom 270
hvpe LIVEFVOMs,

0O 2 phase clock and syric. Run 5100 com-
parible periphenals,

[ 158 instroctfons, All 78 3080 Insfrucrions
plus A0 naw powerul insmudcions:

[ On'boord voltoge regulators.

Quory B0Al In a kir s 5450 factory os-

sembled, $600. Send for complete

details: O for fast adion call 201«

&81-8700.
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THE CGNMPUTER RUGH

SMALL COMPUTER SYSTEMS ¢ SOFTWARE ¢ AMATEUR RADIO EQUIPMENT

1455-A So. 1100 E.  Salt Lake City, Utah 84105  Phone: 801-466-7911

“WE TAKE THE
WSWW ouT oF THE MHCAQ ”

One Of The Nations Largest Over 1600 Square Feet Of Sales
Fun-Service Computer Stores. And Service Facilities.

WHEN YOU WRITE FOR OUR CATALOG AND ENCLOSE $1TO
HELP DEFRAY THE COST OF HANDLING AND MAILING
HERE’S WHAT YOU GET:

1. A CERTIFICATE GOOD FOR $2 ON YOUR NEXT
PUGYSRYYH2 60000000000000000000000000a0000a00000060000a00a0

2. tHe COMPUTER RGOM Easy TO UNDERSTAND
CATALOG COVERING - ...« evevnemen e eeaneeaaeeeeeenn,

IMSAI

THE DIGITAL GROUP

POLYMORPHIC SYSTEMS

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
TECHNICAL DESIGN LABS

ETC.

3. THe COMPUTER ROOM “eEasy GUIDE” TO HELP YOU
PICK THE RIGHT SYSTEM, PERIPHERALS, COMPONENTS,
AND SOFTWARE FOR - ..\ttt e e e

THE BEGINNER

THE ADVANCED

THE EXPERT

THE SMALL BUSINESS

4. ACURRENTLISTING OF PRESENTLY AVAILABLE .......

SOFTWARE
PUBLICATIONS
PERIPHERALS

5. INFORMATION ON REPAIR SERVICE, LOW COST
CUSTOM PROGRAMMING AND OTHER SPECIAL SERVICES.

At THE COMPUTER RGOM YOUR WRITTEN QUESTIONS
ARE HAPPILY RECEIVED AND PROMPTLY ANSWERED ......

WE ALSO STOCK A COMPLETE
LINE OF AMATEUR RADIO EQUIPMENT

BANKAMERICARD ...ttt MASTERCHARGE
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in the August BYTE is an excellent
example of a technology that might be
a boon for hobbyists and non-
computer users alike /f manufacturers
become aware of its long range polen-
tial. Unfortunately, some observers
think RCA’s capacitance disk may be
casier to produce. They also think the
video playback unit would be less
expensive due 1o its use of more “ofl
the shell” technology. And, of course,
the Japancse are always getiing better
with video tape. Now, il a potent
national group were to get into this
picture by {a) giving technical advice
10 its lavorite publication? and (b)
publicizing the vast benefits the gen-
eral public could reap, we could prob-
ably tip the balance. Right now people
arc thinking mainly ol recorded
movies — and most potential video
disk manufacturers are busily trying to
nail down distribution rights. But with
some good publicity for laser disks
linked to quadraphonic modular com-
puler sysitems, people may not settle
for less. Let’s go for the moon!

3. Establish standards for new com-
mon hardware-software interfaces and
ratify them by voling. Also, is ASCI!
always going to be the standard com-
munication code? ASCII has 7 bits but
alrcady UARTS and USARTS can
transmit 8 bit code. Eventually tech-
nological changes will have an impact
on the interfaces of millions of com-
puter users. While I'm sure BYTE will
dlways be there to help, a national
organization with clected representa-
tives will be nceded to assure fairness
1o all.

4. Apply political pressure, il necessary,
1o unrecasonable restrictive practices by
the phone company. Home computer
technology is largely an outgrowth
from telecommunications. Eventually
timesharing and network techniques
will combine 1o place tremendous
computing power in the hands ol the
average person. But already some
cducational computing users are com-
plaining about the higher costs of Ma
Bell's new SMRTS charge system in
California. This may be just the
beginning.

5. Speaking ol tclecommunications, a
National Home Computer  Users
WATTS line for relaying digital mes-
sages [rom one computer club to
another would be a lantastic service. It
would also make coordinaling activi-
ties much easicr. When you exceed the
line's 4800 baud capacily you could
start  negotiating with commercial
carriers.

D. Pulling 1t All Together: National Con-

ferences and So On

A national conference organized from the
grass roots seems a good move. But if such a
conlerence takes place the group sponsoring
it will have 1o be one with a great deal of
organizing experience. This raises a lot of
questions: Will it be a continuing elected
body financed by a membership fee? Will it
rotate from one computer club to another
depending on who wins the bid?

| think that a volunteer group can prob-
ably do some fantastically imaginative things
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COMPLETE
FLOPPY DISK SYSTEM
FOR YOUR ALTAIR/IMSAI
$699

That's right, complete.

The North Star MICRO-DISK SYSTEMTM uses the Shugart
minifloppy™ disk drive. The controller is an $-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 g’:CR'Mz‘O“eV#O@zr or
ADDITIONAL DRIVES. .. $425 ea, B4 0r MC card #with exp.
date and signature. Uncer-

DISKETTES. ........... $4.50 ea. tified checks require 6
FPB-A ................ $359 weeks processing. Calif.

{ASSEMBLED) $499 residents add sales tax.

NMORTH STAR COMPUTERS, INC.
2465 Fourth Street

Berkeley, CA 94710
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with this kind of conference. It would be a
great way of showing off an intraconference
communications nctwork or gaming system,
for example. And, if the group organizing
the event took a few hours to learn dictation
technigues, they would contract with a word
processing service organization to lype all
their correspondence. All they would have
to do is pick up a telephone, dial a certain
number and diclate a memo, letter or
teletype to an automatic recorder. Trained
stenographers would then lype the message
in the desired medium.

At this stage the possibilities are quite
numerous; but 1 hope that our group has
been able to help give a little perspective to
the topic. Speaking for ATRA, | wish to
thank you very much for launching this
discussion within the pages of BYTE. You're
doing a great service there. Keep up the
work.

Frank Stodolka

POB 456

Minneapolis MN 55440

Attending members: Terry Belcher,
David Cargo, John Stanley, Richard Tatge

BYTE’S BARQUE, IDENTIFIED

I would like 1o comment on the picture
on page 107 of the October issue of BYTE. |
am 99.44% certain the ship is the bark
{barque) USCGC EAGLE. I say this since |
am a 1967 graduate of the USCG Academy,
and had four summer cruises aboard EAGLE
as a cadelt. If you get any more responscs lo
this picture, it might be interesting to know
how many other USCG Academy graduates
are BYTE readers.

Clifford | Appel

6047 Woodminster Cir
Apt #12

Orangevale CA 95662 =

YTES Bits

Quick and Simple Pot Input Method:

Robert Patton, W80I, of Jester
Center, Austin TX 78784, notes the
publication of a very simple idea for
getting input from a potentiometer with
a microprocessor. The idea appeared in
the March 4 1976 issue of Electronics
magazine, page 123, and can be sum-
marized very simply: Make the timing
resistance of an NES5S55 type timer cir-
cuit be a potentiometer, and hook up
the circuit as a triggered oneshot. Then
trigger the pulse with a strobe from the
computer and measure the length of the
pulse with a programmed timing loop.
The program watches the output of the
timer through a single bit input port and
terminates the loop when the end of the
pulse is reached. The count obtained in
the timing loop will be a function of
length of the pulse as set by the variable
resistance.w
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New ASCII Standards

Twenty five additional controls are being
standardized for use with the American
Standard Code for Information Interchange
(ASCH) in 7 bit and 8 bit environments. The
draft proposed American National Standard
entitled Additional Controls for Use with
ASCI! is out for public comment as BSR
X3.64.

The primary thrust of the standard is to
encode the control functions needed by the
current technology of two-dimensional char-
acter imaging input output devices, such as
cathode ray tube terminals. The ANSI X3
Technical Subcommittee X3L2, Coding and
Character Sets, has been working on the
standard since 1969.

It is a comprehensive standard which
should standardize information interchange
for this decade in a manner similar to that
provided by ASCII in the last decade. The
standard uses a multiple character structure
similar to an Escape Sequence to obtain 78
distinct functions. Furthermore, it uses a
uniform method for representing both
numeric and selective parameters to indicate
dimensional quantities and to obtain 88
more subfunctions. Finally, 23 modes alter
the interpretation of some of the functions.

The following diverse information inter-
change applications are addressed:

1. Interactive terminals of the cathode
ray tube type

2. Interactive terminals of the printer
type

3. Line printers

4. Microfilm printers

5. Software usage

6. Form filling
7. Composition imaging eg: typeset-
ting

8. Word processing
9. Input output devices with auxiliary
devices

10. Buffered and nonbuffered devices.

The types of controls include editing
functions, formatting, and the specification
and control of input areas, as well as certain
status setting and interrogation functions,
mode selection and typesetting composition
functions. The standard does not contain
any network or data transmission controls.

The standard is open-ended so that more
controls can be included in future revisions.
Furthermore, a conforming implementor is
provided with a means of implementing
some so-called private, nonstandard func-
tions as well. As with ASCII, it is not
expected that implementors will implement
all of the functions in the standard.

A compatible subset of this dpANS was
approved in June 1976 by the European
Computer Manufacturers Association
(ECMA). It is entitled ECMA-48 Additional
Controls for Character-imaging /O Devices.

Copies of the 100 page dpANS BSR
X3.64 are available from R M Brown,
Director of Standards, CBEMA, 1828 L
St NW, Washington DC 20036. Please
enclose $3 for each copy. Comments are
encouraged and should be returned to
CBEMA at the above address before May 28
1977.m

Your computer can control
lights, burglar alarms,
Hi-Fi’s, PHASORS;
practically anything if
properly interfaced.

XPRES is a complete interface system. ONE EIGHT BIT PORT
OR ONE SERIAL PORT CONTROLS 128 SEPARATE DEVICES.
Connect to IMSAL, Altair, or SWTPC; any processor with an
eight bit or serial port. Use ISB-01 for serial connection to

IMB-01

IFB-01

IFB-02

IFB-03

IFB-04

IFB-05

IRB-01

1SB-01

LET YOUR COMPUTER XPRES ITSELF!

system mother board, holds five interface boards,
complete with connectors. KIT $28.00
interface board, controls two 115 VAC 300 watt cir-
cuits. Optically isolated. KIT $38.00
interface board, controls four 3 amp 115 AC/DC
circuits with on-board relays. KIT $58.00
prototype board, build your own interface. Board
includes XPRES bus decoders. KIT $15.00
interface board, controls 4 small signal AC/DC cir-
cuits with reed relays. KIT $36.00
drives 4 IRB-01 remotes (below) with low voltage
lines. KIT $29.00
remote 115 VAC 300 watt interface. Build into your
own equip. 2" X 22", KIT $17.00
drive XPRES system with a single TTY line, 20 ma.,
RS232, or TTL. Plugs into IMB-01. KIT $48.00

Wash. residents add 5.4% tax.

GRG Engieering

P.O. Box 6263
Bellevue, Wa. 98007
(206) 885-7038
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i NOW !¢
Z-80 Power for the $-100
bus without getting

N

rid of

1

5
]

your CPUcard.

$159.95

assembled B
DUTRON[CS ®a leader in low cost, low power ram bo

piggy back card. This plug — in board enables you to use your existing IMSAI, ALTAIR CPU card
and upgrade your system to a Z — 80.

10008

3 e
e R
armssmrmmi =

ards has just

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

\_['he price is §159.95 (assembled) only. OFF THE SHELF. J
4 ™
for more information call or write to:
BYTE OF PHILADELPHIA BYTE OF WESTMINSTER RoHoS' MA RKE TING
1345 W. Lancaster Ave. 14300 Beach Blvd. :
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 ’
Palo Alto, Ca. 94306 Shehies Gl (G 95051 DEALER INQUIRES INVITED
(415) 327-8080 (408) 2494221

BOBOKEN GOVPULER NOMS Bof A & MASTERCHARGE ACCEPTED
20 Hudson Place

lloboken. N.J. 07030

(201 420-1644

wwWwW americanradiohistorv com
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s

16384 BYTES for $485.00

assembled (with sockets) : tested - burned-in - guaranteed

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 37
logic, yield a memory system with: Y 1o 4 b

"R e v o e -

® [ow power consumption, total board 5 watts.

® Transparent refresh, which means the

-
e

-

memory looks static to the outside world.

YL

v

i

® No waiting. In fact, xrdy is not even con—

nected to the memory.

—d,

® ['ull DMA capability

® Reliable, low level clock and control

signals.

Dynabyte I ﬂf'ﬂ;lﬁ?rr|li':'wani

Dynabyte ® brings to the S=100 Bus a state of the art, industrial quality memory system.
16K on a single board for 8185.00, Guaranteed for 1 year.

J
4 )

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. {200 W, Hillsdale Blvd.

Pusadena. Ca. 91109 San Mateo, Ca. 9103 2233 El Camino Real

(213) 681=3311 (+15) 3111200 Palo Alto, California 94306
T p——— BYTE OF PALO ALTO (415) 321-6639

. L 2227 K1 Camino ,
3406 L] Camino R 1'-(1/ Palo Alto, Ca. 91300 DEALER INQUIRES INVITED
Santa Clara, Ca. 95051 (415) 327 —8080

(108) 2191221
Bof A & MASTERCHARGE ACCEPTED
BYTE OF WALNUT CREER
2989 N. Vain St.
Waluut Creek, Ca. 91590
(L15)933-6252

www americanradiohistorv com



www.americanradiohistory.com

Classified Ads

FOR SALE: Two Digitai Group 8 K memory
boards, $180 each. Each board has 7 K 21L02-1
and 1K 2102.1. Presently running on a Z-80
system. Send SASE and vour check will be
returned if boards are already sold. Tom Rin-
gate, 2811 W 112th St, Bloomington MN 55431,
{612) 881-8743.

FOR SALE: Complete wiring diagrams packet for
Teletype Model 33ASR TWX with 101C Dataset,
$5.50 each postpaid. Model 15 gear sets, 60,67, 75
wpm. Gear sets for Model 28, 35 equipment.
Model 28 printers, ASR, KSR, RO, sprocket feed,
friction feed. Model 35 8 level ASCII TDs, reper-
ferators, page printers. Model 35 type boxes, $40
each. Model 32/33 parts and accessories. Model
32/33 copyholders, S16 each. Write for full listing.
Send SASE to Lawrence R Pfleger, 532 W Wilson
St, #1, Madison WI 53703,

FOR SALE: HP-55, with recharger, battery pack,
safety travel case, soft carrying case, owner's
handbook, quick reference guide, programming
worksheets and name labels, plus security cradle,
reserve power pack (less battery) and extra re-
charger. Please quote offer; if no reply, outfit has
been sold. Write: Frank Scavo, 1811 Court St,
Syracuse NY 13208,

MICROAPPLICATIONS: | would like to cor-
respond with anyone interested in microap-
plications in civil and structural engineering. David
Lavers, Suite 224, 805 5th St SW, Calgary, Alberta
CANADA T2P 1W3.

WANTED: Wish to buy first ten issues of BYTE.
Evan H Foreman, POB F, Mobile AL 36601.

FOR SALE: Brand new Honeywell DSU-160 {IBM
2311 equivalent) 7.5 MB with full documentation,
including SPC-16/40 controller diagrams, $1600.
Ampex TM-7, 9 track tape transport, $450 with
documentation. Roytron 75 cps paper tape punch,
$350. TRW 300 cps paper tape reader, $200,
Buster Killion, 2773 Winrock Av, Altadena CA
91001. (213) 798-2977.

FOR SALE: Assembled IMS UCRI cassette inter-
face board, can also be used as 4 bit D to A and
1 bit A to D, $35. Assembled SWTPC TVT CT-L
board, S12. Tarbell cassette tapes of MINOL 2.2 (a
2 K Tiny BASIC for the 8080, IO patches pro-
vided), $4. Erik Mueller, 36 Homestead Ln, Roose-
velt NJ 08555, (609) 448-2605.

FOR SALE: Rockwell PPS.-8 system, including
CPU, 10, 4 K dynamic programmable memory
with refresh and control, 256 by te scratch pad, bus
interfaces, clock, and sockets. Over $400 list. Will
sell for S200. Ten Signetics 3002 slices, $35.
K Tyree, 2182 Coastland Av, San Jose CA 95125,
{408) 265-2575 or 744-1290.

WANTED: Microdata Model Micro-400 or Micro-
400/10 processor, any condition. Saul Meyer, 1734
Green Valley Rd, Havertown PA 19083.

Readers who have equipment, software or other
items to buy, sell or swap should send in a clearly
typed 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
address information. These notices 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. Noti can be pted from
individuals or bona fide computer users clubs only.
We can engage in no correspondi on these and

your confirmation of placement is appearance in
an issue of BYTE.

Please note that it may take three or four
months for an ad to appear in the magazine B

FOR SALE: Innovex Model 210-M (serial #1823)
floppy disk drive and one floppy disk with
complete manual and schematics; Never been used.
Same type of drive used in February 1977 BYTE
article on interfacing a disk to an 8080 system. Will
ship. $500 or best offer. Mark Becker, 32 Oxford
Rd, Newton MA 02159. (617) 332-8686 after
4 PM.

FOR SALE: Processor Tech 4 K static program-
mable memory assembled, works perfectly, meets
all specs, with all documentation, $150. Free
unused paper tape of 5 K BASIC, documentation
included with 4 K board. Barry Gerber, 720 Morse
Av, Placentia CA 92670.

FOR SALE: 1103 1 K x 1 RAM by Intel with in
house numbers. Each one individually tested with
several patierns and guaranteed to meet 1103
specs. | must sacrifice 280 of these and must sell in
one lot. Metal tubes are included to protect the
chips during shipping. Think of what you can do
with 35 K of memory! The order could also be
split with a friend. You cannot beat the low price
of $.80 each. | will pay shipping costs. Act quickly
and send a cashiers check or money order only to
Stephen Marcus, 1284 W Camino Desierto, Tucson
AZ 85704.

FOR SALE: Wire wrap boards. These brand new 6
by 5% inch boards can hold 60 14 pin ICs and can
be easily modified to hold 16 to 40 pin ICs. These
high density boards also have two uncommited
rows to hold discrete parts. Manufactured by
Augat and Cannon, they have gold plated pins and
are still in their original cartons. Have several of
these at $15 each. Call Bob Runge at (305)
723-6303 or write RR 2 POB 540, Melbourne FL
32901.

FOR SALE: Altair 8800 with 1 K memory. As-
sembled by experienced builder and in good
condition. Will pay postage and handling. First
money order for $425 takes it. Dave Norris, POB
2672, USAFA CO 80841.

WANTED: | need BYTE issues 3, 8 and 9 to
complete my collection. Send condition of sale to
Carl Shirey, 5038 Central Av, Portage IN 46368.

FOR SALE: Seals 4 K RAM board. New, as-
sembled and run in for 3 72 hour check. Features
21L028-1 and 8T978 buffers, complete with
schematic. I'll pay US postage. Send certified
check or money order for $155 to J M Church,
4307 Mar-Moor Dr, Lansing M1 48917.

FOR SALE OR TRADE: IBM 2311 disk drive, just
off 1BM maintenance, 7.5 MB of storage. Best offer
gets it. Bill Barrow, 30 Albemarte Av, Richmond
VA 23226. (804) 270-2382.

TRADE: Will trade computer programs in BASIC.
1 have many programs available in HP 2000 C/F
and other versions. Write Bill Seurer, 4249 Brown-
dale Av, St Louis Park MN 55416.

FOR SALE: Compucorp Beta 326 microcomputer,
complete with software and TTY interface, $995.
Assembled SWTPC 1024 terminal with serial inter-
face, power supply, computer cursor control, RF
modulator and case, $275. TI Sr-52, $125. Write
for information to Tony Copplin, POB 3440, N
Las Vegas NV 89030.

FOR SALE: MITS parallel 10 board (88-PI1O} for
the Altair 8800, $80 assembled. Two MITS 4 K
dynamic memory boards (88-4MCD) with edge
connectors, $200 each, assembled. David Richards,
6655 Hill St, EI Cerrito CA 94530. (415)
§29-0759, evenings.

FOR SALE: Teletypes; CDC 2816 typewriter,
paper tape punch and reader; COC 9300 line
printer; Mohawk Data Sciences 6021 optical card
reader (Soroban ERC-1); Honeywell 404.3 Serial
#BPS14 9 track, 3/4 inch tape drive; Milgo tape
buffer 1807-1A Smart interface for 24 bit SDS
910; TRW graphics display system. Call Bill Palya,
120 N Weston, Renssefaer IN. {219) 866-7111.

FOR SALE: Altair 680b, assembled and running
great. Best offer over $300. Alan Dahibom,
16 Forest St, Cambridge MA. (617) 492-0676,
evenings.
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FOR SALE: DECwriter LA36, one year old,
$1200. Brand new PDP-11/03, $1995; with addi-
tional 4 K memory, $625; total 8 K RS 232C
interface, $235. List $2855, less 25% net, $2140.
Also Modem Omnitek 7018, minimum six for
$1000, 160 additional units. Walter D'Ull, 2239
Grand Concourse, New York NY 10453, ({212)
933-0300.

FOR SALE: Floppy disks, $4 each. Computer tape
800 bpi, Ampex, Memorex, 1BM, $4 a reel.
Guaranteed. Trimble, 5835 Herma, San Jose CA
95123. {408) 224-0606.

FOR SALE: Altair 8800a CPU board, factory
assembled and tested, never used, $250. Jonathan
Rotenberg, 17 Chestnut St, Boston MA 02108.
(617) 227-1399.

FOR SALE: One Altair 8800 computer, new,
assembled from kit, but not tested, $439. Also,
two Altair 88-4 MCD 4 K dynamic programmable
memory boards, $199 each. Contact Bob Stodola,
1910 Beachwood Av, St Paul MN' 55116,
{612) 698-2731.

WANTED: | need six or eight 2708 PROMs
{500 ns) at a reasonable price. Other pin compatible
types are fine if they can be programmed in an
intel machine. Write: Theron Wierenga, 80 W
Southern, Muskegon M| 49441,

FOR SALE: Issues 1 to 3 and 1 to 5 of BYTE,
excellent condition, no clipped coupons. Will sell
to highest bidder. Specify issues 1 to 3 or 1 to 5.
K Matthews, #117 20041-55A Av, Langley BC,
CANADA V3A 5v4.

WANTED: Issue =9 (May 1975) of BYTE maga-
zine. G W Hippisley, 112 Kennedy Ln, N Syracuse
NY 13212. (315) 458-0940.

TRADE: | have extra copies of BYTE issues 1
through 16 and wish to trade for INTERFACE
December 1975 through June 1976. | will also
buy these outright. Contact: Robert S Martin,
143 Pyne Hall, Princeton University, Princeton
NJ 08540.

FOR SALE: SWTPC 6800 system, 16 K program-
mable memory, additional serial O board, all ICs
in new Tl and Ancrona sockets. All current SWTPC
software included, $725. AC-30 and Panasonic
AC/DC cassette tape unit. All 1ICs in new Ancrona
sockets, $120. All equipment was assembled with
care and is in excellent condition. Louis Schubert,
3807 Greenhill Dr, Chamblee GA 30341. (404)
457-6842 or (404) 881-8800 ext 383.

FOR SALE: Viatron microprocessor system with
73 key keyboard, two cassette drives and inter-
faces, 9 inch video monitor and interface, power
supply, cabinet and manuals, S600. Contact
B Pelkey, 74 Applegate, Bennington VT 05201.
(802) 447-0259.

FOR SALE: Friden Model TM20K714 keyboard-
printer with TM20K 15 controller and schematics.
$300, you pay shipping. Also copies of schematics
for above controller available for $6 to cover
copying and first class shipping. Tim Ahrens, 2200
Sorret Tree Ct, Austin TX 78744.

FOR SALE: IMSAI 8080, 8 K IMSAI memory, 22
slot mother board, IMSAI audio cassette board,
Processor Tech 3P+S interface, Oliver Audio En-
gineering OP-80A paper tape reader, plus much
miscellaneous software, plugs, sockets, etc. All in
like new condition, $899. Ken Schweim, 1709
Mary Ln, N Mankato MN 56001. (507) 388-5734.

WANTED: Contact with persons who have a
serious personal interest in using a microcomputer
for stock and commodity market investment pur-
poses. |f covariance is more than just another word
to you, send a brief note of your desires, qualifica.
tions and market experiencel/involvement to
J Williams, 2415 Ansdel Ct, Reston VA 22091,
An association is being formed.

FOR SALE: Six used Augat 8170-RG1 13 slot
wire wrap rack assemblies, $311 list, setl for $75
each; 16 used 8136 R series panels with 60 14 pin
sockets, $15 each. Gary Manigian, POB 181, Park
Ridge NJ 07656.
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Monitoring What Goes On in Your Computer

One of the most common desires of
the personal computer user is the
achievement of high quality output at
minimum cost. Going through the RF
conversion route from a video display
generator to a TV set works, but is not
necessarily the best way to achieve a
high resolution display.

One solution to the problem is a kit
of parts and information from a firm
called Pickles and Trout (after its own-
ers) which has just introduced this TV
modification kit. The Pickles and Trout
TVM-04 kit is available for $20 and will
allow the builder to modify any inexpen-
sive commercial television set which uses
the Hitachi SX chassis, turning it into a
monitor which accepts standard EIA
format video signals with peak to peak
amplitude levels adjustable by selection
of one resistor. The Hitachi SX chassis is

T @

available in several different models of
televisions including P-03, P-04, P-05,
P-08, P-53 and P-63. The example shown
in the photograph is a Hitachi P-05
portable which sells in typical retail and
discount houses for $79.95.

As seen in the photograph, the result
is a high resolution product, which will
accept video generator outputs with up
to 90 characters per line, more than
adequate for any of the currently mar-
keted character display modules.

How To Use It . ..

Since this product must be installed
inside the commercial TV, questions of
warranty and finger pointing apply. The
firm has answers to such questions in the

o
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following recommendation! Purchase the
TV set first, use it intensively for about a
month or two of concentrated viewing
(if you can stand watching TV for that
long) to make sure the electronics has
passed your incoming inspection. Then
there is little likelihood of a manufac-
turing problem with the TV set, so you
can safely go ahead with the changes,
confident that if it doesn’t work you
probably made your own installation
error.

Pickles and Trout are located at POB
2276, Goleta CA 93018.»

An 8080 with FORTRAN Options

Realistic Controls Corporation has
announced this new “Z//100 Series’’ of

WIRE WRAPPING TOOL

For AWG 30, .025" (0,63mm) sq. post,

“MODIFIED" wrap, positive indexing,
anti-overwrapping device

HOBBY-WRAP
Model BW-630

Battery

wire
wrapping

tool

534
ONLY )

COMPLETE WITH BIT

L

AND SLEEVE

OK MACHINE & TOOL CORPORATION

3455 Conner St., Bronx, N.Y 10475 / (212) 994-6600 / Telex 125091

www americanradiohistorv com


www.americanradiohistory.com

tabletop personai FORTRAN machines.
According to the company, the three
modeis in the Z//100 series are portable
8080 based microcomputer systems
which are available with a file manage-
ment'system and an optional FORTRAN
IV compiler.

All three models are built around an
8080 processor. The systems software
includes 3 K of PROM and a minimum
of 33 K bytes of programmable memory,
cexpandable to 64 K. The systems include
an IBM compatible dual diskette drive,
offering 512 K bytes of on line storage,
A second dual drive can be mounted in
the tabletop cabinet for a total of | MB
of on line storage. The diskette drives
feature voice coil positioning and motor-
ized toading and unloading of diskettes.

All the Z//100 systems are available
with a monitor, a complete file manage-
ment system and (at extra cost}
FORT//80, the company’s previously
announced 8080 resident FORTRAN {V
compiler. FORT//80 is a subset of ANS}
FORTRAN 1V, producing dircctly ex-
ecutable optimized 8080 machine code.
FORT//80 (including IBM format [loat-
ing point) requires 11 K bytes of mem-
ory. It includes a number of language
extensions which allow the user to take
maximum advantage of the 8080 hard-
ware. These include program control
over interrupts and 8080 flags, direct
FORTRAN addressing of 8080 ports,
and the ability to link in line machine
code into a FORTRAN program.

The Z//100-1 is a timesharing rc-
placement system. Priced at $7995, it
includes 36 K bytes of programmable
memory, dual diskette drive and two
EIA RS-232-C serial communications
channels. One channe! can be ordered
with a 20 mA current loop interface for
a Teletype. According to the company,
this system is designed to allow users to

merely unplug their terminal from their
acoustic coupler, plug it into the
Z//100-]1 and begin developing applica-
tion programs using FORTR AN as a high
level language.

The Z//100-2, priced at $8995, in-
cludes 34 K bytes of programmable
memory, dual diskette drive, and a 60
character per second bidirectional line
printer (80 column friction feed stand-
ard; 132 column tractor feed optional)
and keyboard.

The top of the line Z//100-3, priced
at $9795, includes 33 K bytes of pro-
grammable memory, dual disketie drive,
a 1920 character CRT display and key-
board, and an RS-232-C serial commu-
nications channel. An optional 300 lines
per minute line printer, either 80 column
friction feed or 132 column tractor feed,
is supported by this configuration.

The FORTRAN compiler,
FORT//80, is available with any of the
above Z/[/100 configurations, priced at
$750.

Detivery is quoted as 30 days after
receipt of order. Realistic Controls Cor-
poration is located at 3530 Warrensville
Center Rd, Cleveland OH 44122,

An Advanced Inteltigent
Terminal System

Bitech Inc, 1440 S State College
Blvd, Building 6, Anaheim CA 92806,
has sent along this photo of their new
brainchild: the Micro-2000 Series Dis-
tributed Data Processing System. This is
a self-contained operator oriented proc-
essor which contains a video display with
24 lines of 85 characters, a standard
typewriter keyboard with auxiliary
numeric key pad and function keys, and
dual floppy disk drives seen at either side
of the display screen in this photo of the
product.
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THE PERFECT MICROCOMPUTER

VeCtoR 1

DEALERS

NORTHEAST

Computer Mart of N.Y,, Inc.
314 Fifth Avenue

New York, N.Y. 10001
212.279-1048

Computer Mart of Long
Istand

2072 Front Street

East Meadow, N.Y. 11554
516-794-0510

Computer Mart of N.J.
501 Route 27

iselin, New Jersey
201-283-0600

The Computer Mart

1097 Lexington
Waltham, Mass. 02154
617.899-4540

Byte Shop

1025 W. Lancaster Ave.
Bryn Mawr, Pa. 19010
215-525-7712

Personal Computer Corp.
Frazer Mall

Frazer, Pa. 19355
215-647-8460

Computer Workshop

5709 Frederick Avenue
Rockville, Maryland 20852
301-468-0455

Hoboken Computer Wks.
20 Hudson Place
Hoboken, N.J. 07030
201-420-1644

Audio Design Electronics
487 Broadway, Suite 512
New York, N.Y. 10013
212-226-2038

SOUTHEAST

Byte Shop

2018 Greene Street
Columbia, South Carolina
803-771-7824

MIDWEST

Data Domain- The
Personal Computer Stores
406 S. College Avenue
Bloomington, In. 47401
812-334-3607

7027 Michigan Road
Indianapolis, In. 46268
317-251-3138

219 Columbia

W. LafAyette, In. 47905
(itty bitty machine co., inc))
1316 Chicago Avenue
Evanston, Itlinois 60201
312-328-6800

42 W. Roosevelt
Lombard, Illinois 60148
506 Y2 Euclid Avenue
Lexington, Kentucky
606-233-3346

3028 Hunsinger Lane
Louisville, Kentucky 40220
502-456-5242

2221 E. Capitol
Shorewood, Wi. 53211
414-961-2430

Digital Design

7694 Camargo Rd. Madiera
Cincinnati, Ohio 45243
513-561.6733

The Micro Store

634 S. Central Expressway
Richardson, Texas 756080
214-231-1096

".

&

£

NORTHWEST

Byte Shop

2626 Union Avenue

San Jose, Catifornia
408-377-4685

K ky Fried Comp
2465 Fourth Street
Berkeley, Ca. 94710
415-549-0858

Ximedia

1251 25th Avenue

San Francisco, Ca. 94122
415-566-7472

Affordable Computer Store
3400 El Camino Real
Santa Clara, Ca. 95051
408-249-5834

Computer Shack

1922 Republic Avenue
San Leandro, Ca. 94577

SOUTHWEST

Byte Shop of Westminster
14300 Beach Boulevard
Westminster, Ca. 92683
714-894-3131

Byte Shop

18424 Ventura Boulevard
Tarzana, Ca. 91356
213-343-3919

Byte Shop

Palm Plaza

Thousand Oaks, Ca. 31360
805-497.9595

Computer Playground
6783 Westminster Ave.
Westminster, Ca. 92683
714-898-8330

Byte Shop

496 S. Lake Avenue
Pasadena, Ca. 91101
213-684-3311

Upland Computer Labs
75 E. 9th Street

Upland, Ca. 91786
714-981-1503

Sunshine Computer Co.
20710 S. Leapwood Ave.
Carson, Ca. 90746
213.327-2118

Byte Shop of Tempe

813 N. Scottsdale Road
Tempe, Arizona 85281
602-894-1128

Byte Shop Tuscon

2612 E. Broadway
Tuscon, Arizona 85716
Byte Shop Phoenix

12654 N. 28th Drive
Phoenix, Arizona 85029
602-942-7300

Bits & Bytes Computer
Shop

6813 C N. 21st Avenue
Phoenix, Arizona 85015
602-993-3622

v Y . .
eCCO3 CRAPHC iNC.
717 LAKEFIELD RD, ® SUITE F
WESTLAKE VILLAGE, CA 91361

Not Affitiated With Vector Generat
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The disk controller of the Micro-
2000 has an interesting feature in its use
of a 16 K byte memory buffer which
allows a full track of a standard size
floppy disk to be transferred with a
single track reference.

This processor can be ordered with
main memory of from 16 K to 64 K
bytes, and the press release mentions
that ““the Micro-2000 will support a full
range of peripherals such as fixed head

cartridges and 7 or 9 track tapes, as well
as asynchronous communications at 75
to 9600 bps.”

The Micro-2000 is said to have a
complete BASIC language interpreter as
well as a disk operating system which
supports sequential or random access
files with fixed or variable length rec-
ords. An applications package oriented
to business people is part of the product
offerings, and delivery is quoted as 60

A Hardware Simulator That’s
the Real Thing

How do you get the function of a hot
new processor chip without completely
replacing the existing processor card of
your machine? RHS Marketing, 2233 El
Camino Real, Palo Alto CA 94306, has
sent along this picture of a new Z-80
conversion kit for Altair, IMSAl and
similar .processor cards. How does it
work? This card functionally duplicates
the external world signals of an 8080
and its associated 8212 chip, interfacing
through the sockets in which your pre-
vious 8080 and 8212 circuits had been
mounted. The card is mounted “piggy
back’’ on the original processor card,
with a direct connection of the Z-80
card to the original 8080 socket, and a
cable connection to the original 8212

disks, character and line printers, 3M days.s socket. Thé price of this card is quoted

WHY OUR MEMORY SHOULD BE YOUR MEMORY

1. Quality 2. Delivery 3. Price

ALTAIR & IMSAI COMPATIBLE 8K STATIC
RAM SPECIFICATIONS:

Access Time: 450 ns - no wait states
CurrentRequirement: +5 to + 10V at 1.6A worst
case, 1.35A typical
Memory Chlps: Prime components plus two
extras
Address Lines: Fully buffered
Memory Protect: Hardware BK
Power Regulators: 4 ea. 7805
Address Select: Dip switch accessable from
top of board. No need to
remove board to relocate
Output Disable: Permits use with transparent
loader
Board: Quality G-10 material with
solder mask both sides.
Pre-tested for etch bridges.

Order your 8K RAM kit for only $265.00 +6% Cal.
sales tax + 3% hndlg. $350 assmbld., both incl. sockets.

P.O. BOX 4784
THOUSAND OAKS, CA 91359
TEL (213) 889-9809"

£T03 GRAPHC iNC.
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as $159.95 in the press rclease we
received, and dclivery is quoted as ‘“‘off
the sheif.”s

Intercept This General Purpose System

Intersil Inc, has announced a new
floppy disk program development sys-

$sessesbonae

SR T YRR 33,0 dddAa -

27 NIl cEoens

tem, 6970-IFDOS, for use with its
“Intercept” IM6100 CMOS microproces-
sor prototyping system. This is an in-
dustrial system which looks like a DEC
PDP-8 with disk.

The purpose of the 6970-1FDOS is to
provide rapid software development for
systems using the IM6100 CMOS. The
disk version uses the 4096 words of
memory provided with the Intercept
system and an ASCII terminal, such as
Teletype ASR33 or equivalent.

The 6970-IFDOS consists of two
interfaced floppy disk drive mechanisms
with all electronics, power supplies and
cabtes necessary to add more than 4 mil-
lion bits of on line mass storage to the
Intercept prototyping system.

All components are packaged in one
covered enclosure which can be rack or
tabletop mounted, and plugs into Inter-
cept. It provides IBM 3740 compatible
media with multiple sources, and is fully
software compatible with the DEC RX8
flexible disk system for the PDP-8/E
minicomputer.

The software components of the
product include a file system, a key-
board monitor, a text editor, an assem-
bler, binary loader, octal debugger, high
level language interpreter, and numerous
utility programs. The entire program
development system is available from
Intersil distributors. Price for the 6970-
IFDOS floppy disk operating system is
$5100. Intersil is located at 10900 N
Tantau Av, Cupertino CA 95014.®

What's the Inverse of a Clockwise Wrap?
A Counter Clockwise Unwrap at the
Other End of the Shaft

The Vector Electronic Co, 12460
Gladstone Av, Sylmar CA 91342, has
just come up with this latest variation on
their battery operated cordless wirewrap
tool: the P160-9 wrapping and un-
wrapping tool, which when mounted in
the P160-4R cordless motor unit gives
the user both a power wrapping head
{photo at right) and a power unwrapping
head. This little bit of creativity costs
$18.40. It can be used by itself for
manual operation, or in conjunction
with the P160-4R power tool which
costs $45.68. It is designed 1o take up to
three wrap levels of wire from 26 AWG

to #30 AWG in size. The unwrapping
end features a spring loaded sieeve that
retains and ejects the wire after removal,
controlling the loose ends so you don’t
drop said loose ends among your wire
wrapped circuits causing some random
logic connections or worse.m

Want UV Light Sources
for Erasing EROMSs?

This handheld UV wand, available
from Ultra-Violet Products Inc, 5100
Wainut Grove Av, San Gabriel CA
91778, is but one of the black light
products available from this firm. Send
for their brochure and price list on
products which include various forms of
lamps and stands, protective goggles, etc.
This particular lamp was originally
designed for use in the ultraviolet curing
of certain industrial adhesives. Stores
and clubs with EROM programming
services will find this wand and similar
products of the firm attractive for use in
the erasure of previously programmed
1702A, 2704, 2708 and other EROM
parts.m

Microprogramming — The Gory Details
(Serious Homebrewers Take Note)

The Microprogramming Handbook by
John R Mick and Jim Brick of Advance
Micro Devices has just been made
available. Its price is $5 and it is available
from AMD direct (address 901 Thomp-
son Piace, Sunnyvale CA 94086) or from
your friendly local distributor, Here is
what it contains:

e A tutorial introduction to the
Bipolar Microprocessor concept (a
true microprogrammed machine
as opposed to a tiny general
purpose machine implemented
with LSI). This introduction
covers the idea of a micropro-
gram, the concept of a control
memory, organization of a con-
trol memory, branching within
microsequences, overlapping in-
struction fetch with execution, a
typical system design for a micro-
programmed CPU, etc.

e A typical computer architecture
implemented with the set of con-
trol chips available from AMD.
Examples of the microprogram
assembler available from AMD.

e Specifications of the AMD 2900
series parts.

e The high point: The complete
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wiring diagram of a high perform-
ance microprogrammed 16 bit
machine implemented with the
AMD parts, contained in two
D size prints. Software hackers
can wire starting from this model,
substitute programmable memory
for the n bit by 4096 word mem-
ory shown and use your old
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microprocessor system to define
control memory through a *‘back
door” and examine the results
while developing your fun new
computer architecture.

All in all, The Microprogramming
Handbook will make a valuable starting
point for anyone seriously interested in
using the high speed contemporary
bipolar chips to make a custom machine
design — or an emulator of existing
machines for that matter.®

Programmable Calculators at Work

Texas Instruments supplied this pic-
ture dramatizing the use of the SR-52
programmable calculator’s library of
39 navigation programs for skippers and
sailors who wuse celestial and coastal
navigation techniques, as well as ocean
sailing and sailboat racing tactical strate-
gies. The price of the programs as a
package is $44.95, and the DC to DC
converter needed to run the calculator in
the field from mobile supplies of 12V
DC costs $12.95. Information requests
should be forwarded to Texas Instru-
ments Inc, Inquiry Answering Service,
POB 5012, M/S 308, attention: SR-52
NAC PAK, Daltas TX 75222.»

Forget About Multiple Output Power
Supplies for Your Homebrew 8080 . ..

The new DC to DC converter which
has been designed specifically for use
with microprocessors and microproces-
sor related integrated circuits has been
announced by Reliability Inc of Houston
TX.

Model 3W 5 R12-5 is a high perfor-
mance power source, providing highly
regulated +12 V at 200 mA and -5 V at
100 mA from a 5 VDC input. These
voltages just happen to be the power
supply voltages required by an 8080
processor in addition to the 5 V used by
TTL circuitry. The outputs are said to be
fully short circuit protected and free of
damaging turn on and turn off over-
shoots.

The unit has low ripple and noise

(1 mV RMS} and 0.02% line and load
regulation. Input to output isolation is
300 V and operating temperature range
is —25°C to +70°C. Package size is 2.0 by
2.0 by 0.40 inches. All units are
encapsulated in black finished copper
cases.

Availability is from stock for evalua-
tion quantities and four weeks ARO for
production quantities. For a bulletin
giving full specifications and for pricing,
write or call Bob Miller, Reliability inc,
5325 Glenmont, Houston TX 77036,
(713) 666-3261.®

Here’s an Interesting Use of an 8080

Teknekron Inc of Berkeley CA has
just introduced a new programmable
interface board intended {or a traditional
minicomputer, the Data General NOVA

or Eclipse products. The neatness of this
little concept lies in the fact that you’ve
suddenly got a multiprocessor system
when you plug one of these CPI-660A
boards into the Data General product.
The Teknekron interface board contains
an 8080a microprocessor as its control
and arithmetic element to permit cus-
tomization of the behavior of the inter-
face using a command interface disci-
pline. Much of the detailed operation of
an interface can be performed by the IO
microprocessor instead of the host com-
puter, thus freeing computing time in

Make the HAL Connection

® 8080A MPU

® 1K Monitor/Debug
Software in
2708 EPROM or
2-3624 PROMs A

® On board space
for: 4K ROM i
(2708),2K RAM %
(2102A-4) N

® TTY Current Loopor
RS-232C serial 1/0 (8251)

= ® 24lines of
Paraliel 1/0 (8255)
e Hardware “front
panel” on board
e Optional
Accessories:

_ CRT Terminal
i ' Board, BASICin
. 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 1/0
and ASCII or Baudot Serial 1/0.

2. Connect to processor bus to add mem-
ory expansion board/EPROM program-
mer, |/O 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®Pcompatible 1/0 routines)
which greatly simplifies program develop-
ment; Parallel and Serial /0O on the board;
and very reasonable prices.

Callor 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 host computer for better uses like
number crunching. This is hardly a per-
sonal computer product, but those
readers who are involved in system de-
sign and integration may find this prod-
uct of interest. Contact Teknekron at
2118 Milvia St, Berkeley CA 94704.=

Want an LSI-11 in a Desk?

Digital Equipment Corp gives you the
option to get an LSI-11 with 32 K bytes
of programmable memory, 512 K bytes
of floppy disk mass storage on two

drives, a VT52 video terminal and an
LA180 dot matrix printer. The whole
system is aimed at the business person
and comes with high level language
software of DEC's “DIBOL" language.
It's at a business person's price, loo,
starting at $20,900 for the configuration
just described. But if you're looking for
an LSI-11 development system or a
complete and cheap PDP-11 system —
and you have the money but notl the
time to configure it yourself, then this
might be an attractive option. For this
product, write Digital Equipment Corp’s
Commercial Products Group (Maynard
MA 01754) and ask for information on
the 320 Series of DEC Datasystems.s

RT IN pRivE iF DETECT

Here's a Neat Concept — For
Hard Surface Disk Users
With Butterfingers

The ““Shockwatch’ is an impact
recorder for use on front load disk
cartridges. It will change in appearance
from clear to britliant red if subjected to
a mechanical shock or force great
enough to cause a malfunction of the
cartridge. Instructions are clearly shown
on the label directing the operator to
refrain from using a questionable car-

tridge. According to the press release,
the Burroughs Corporation has adopted
the Shockwatch for use on all B9385-3
disk cartridges.

tt is intended to eliminate down time
and prevent head crashes, job reruns,
data loss, and the general reduction in
operating efficiency which accompanies
these occurrences. information is avail-
able from Media Recovery Inc, Box 867,
Graham TX 76046.s

Here's an Interesting Front
Panel Concept

For those interested in the details of
single step operation of software, Elec-
tronic Products Associates Inc has just
announced a new featurc, called the
“Data Catcher,” 1o their Micro-68 line of
prototype development systems. This
feature will enable the user to capture
the address and operand after the com-
pletion of each machine instruction and
display the data on its integral 6 digit
hexadecimal disptay. The option is
priced at $140 and works with the
company's “Expanded —68" micro-
computer system. This kind of operation
is extremely valuable in educational and

Here’s an Umbilical Cord for
Your Microprocessor . . .

AP Products, Box 110, 72 Corwin
Dr, Painesville OH 44077, has just intro-
duced a new Test Clip Jumper Assembly
which is used in conjunction with their
40 pin dual in line package test clip as

shown in this photograph. The jumper
connects the test clip to a test system via
a 40 wire flat cable. AP gives several ter-
mination options to the test equipment
manufacturer who would use this item:
no termination, double row 0.1 inch
{0.254 cm) matrix socket connector,
card edge connector, printed circuit con-
nector, dual in line plug connector, etc.
This product’s intended use is as the
umbilical cord connecting an automatic
testing device to a 40 pin package in the
system under test. The test clip is con-
nected directly to the package in the
system under test, and the coniacts on
the test clip are routed to the cor-
responding wires on the cable. The test
clip jumper and 12 inches (30.5 cm) of
ribbon cable ending in a 40 pin double
row 0.1 inch matrix socket connector as
shown here cost $13.88 in quantities of
10; to this must be added the TC-40 test
clip itself which costs $21 in quantities
of 10. AP will cut the ribbon cable
optionally to any length desired,
rounded to the nearest half inch incre-
ment, presumably with a variation in
_price which is a function of length.s
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learning situations, as well as when de-
bugging or checking out small segments
of production program code which must
be highly optimized. For further infor-

mation, contact Electronic Product
Associates Inc at 1157 Vega St, San
Diego CA 92110.=

The OPUS/ONE Language . .. Continued

Administrative Systems Inc, 222 Mil-
waukee, Suite 102, Denver CO 80206,
has just forwarded us a copy of the
User’s Manual for the OPUS/ONE
language. This manual accompanied a
press release which updates the terms of
the product offering (see page 96 of
December 1976 BYTE) and announces
three Altair compatible versions of the
language. This interpretive compiler
product gives the wuser a high level
language facility which is comparable in
many respects to ALGOL or FOR-
TRAN, vyet retains the simplicity of
interactive BASIC. The new Altair
compatible versions are expected to be
released in the first quarter of 1977
{about the time you're reading this), and
the price of the language has been
dropped to $99 — with refunds going to
all previous purchasers who paid $250 or
$300 which was the previously an-
nounced price. It is available in the
following three MITS Altair compatible
forms:
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® Paper tape form, loaded using a
MITS 2810 board at ports 0 and
1.

® Audio cassette form, loaded
using a MITS ACR board at ports
6and 7.

® Floppy disk form, loaded using
the MITS controller at ports 10,
11 and 12.

All three versions use a MITS 2SIO
board or 4PIO board interfaced to an
ASCII terminal to accomplish initializa-
tion using an interactive sequence.
Memory requirements are 8 K for the
paper tape and audio cassette forms, and
12 K for the floppy disk version.
Whichever form you use, you get a
language which features multiple preci-
sion arithmetic up to 126 decimal digits,
strings both as procedure names and as a
data type, variable names of unrestricted
length, up to 255 dimensions to arrays
[but who has got enough memory
address space to use them all?],
numerical or string data types, formatted
10 statements and a block structure
similar to the ALGOL BEGIN ... END

block. To give you an enticing sample of ; 3
wh:t Opug_cjoﬁE is like, wi’ve r[::pro- expary, in the future and c_:rnplr tF']'J debuagged right n

duced the sample program from page 85 PARASITIC ENGINEERING ,the leading supplier of
of the OPUS/ONE User’s Manual to Altair 8800, Before you invest in any micro-processor k
Equinox 100. At $599. it's clearly the Frontrunner. ertr

PARASITIC ENGINEERING PO. Box 6314, Albany California 94706

| o]
" : e
| =Altair is a trademark aof M [ Ll

r - .

Equinox 100 is the 8
Altair® ancl |M

illustrate its features.®

BYTE: Bits

Don’t Miss the MACC Computerfest 77

The following notice was received
from MACC as this issue was going to
press. ..

A large flea market will be among the
attractions at Computerfest 77, the
second annual Midwest Regional Com-
puter Conference for hobbyist comput-
ing. Sponsored by the Midwest Affilia-
tion of Computer Clubs, an organization
of amateur computing clubs in ten
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neighboring states and Canada, the
convention will open on June 10 at the
Bond Court Hotel in Cleveland OH.
Computerfest 77 will be a complete
convention with workshops, manufactur-
ers’ exhibits, a flea market, seminars and
technical sessions open to all attendees.

MACC is a volunteer, nonprofit
organization. “Our intention is simply to
bring together the buyers and the sellers,
the hobbyists and the manufacturers,
and have some fun doing it,” says Gary
Coleman, president of MACC. The ticket

The Case of the Missing Trigonometry . . .

Due to an oversight of coordination,
the equations accompanying figure 2 of
Robert Grappel’s article on page 34 of
March 1977 BYTE were omitted. The
trigonometry of the model aircraft
servo plotter is as follows:

Equations (R = arm length)

(X,Y) = ((Xe + X¢), (Yo + Y¢))
Xg = R COS (8 ~90°) = —R SiN ()

price is $2 for all activities, including Xo
seminars. MACC is also working on Yg
chartering a plane flight to Dallas for the y¢

NCC show’s activities the week following
the Computerfest. Additional details on
Computerfest 77 and the NCC charter
flight are available from Gary Coleman
at the Midwest Affiliation of Computer
Clubs, POB 83, Cleveland OH 44141.®

R COS (¢ +0 —90°) = —R SIN {¢p + 8)
R SIN (9 —90°) = —R COS (9)
R SIN{p+6 —90°) =R COS {¢p+4)

Applying the above gives

X
Y

BYTE's Bugs

Errors in the MIKBUG Roadmap

Thanks to Douglas B Brumm PhD,
224 Hecla St, Lake Linden MI 49945,
for pointing out some glitches in the
MIKBUG roadmap article, page 96, in
the February 1977 issue. The following
are his findings:

®Table 1, page 98, OUT2H entry:
The text should read ‘‘Hex byte
output: The data at the location
pointed to by the X register is sent
to the terminal as two hexadecimal
digits.”

® The entry point of the print data
routine is PDATA1. The PDATA2

entry should be changed to
PDATA1 with address EO7E in
table 1.®

—R (SIN(8) + SIN (6 + o))
R (- COS(g) + COS (6 + ¢)

There is no unique solution for (8, ¢) coordinates
except at extremes. B

SOME NOTES ON
ANALYSIS OF PLOT ANGLES

The following letter is self-explana-
tory and concerns inverting the calcula-
tion shown above,

| am a recent subscriber, and have
now read three issues of your magazine.
| have found your articles both informa-
tive and practical. | have been involved
with computers for 16 years and have
observed a wide range of abilities and
attitudes among people in the field. The
somewhat naive approach frequently
taken by computer hobbyists often
enables them to succeed where computer
scientists with more classical approaches
have failed.

With reference to figure 2 on page 34,
March 1977, you indicate the need for a
reiterative calculation to solve for theta
and phi for your servo plotter. Here, you
are guilty of assuming that there is no

direct solution when there really is one,
The solution may take many forms, but
assuming an arcsine function is available,
which produces resuits in degrees from
-90 to +90, the following FORTRAN-
like statements will be well-behaved
except at the origin:

RHO=SQRT (X*X+Y*Y)
PSI=ASIN (Y/RHO)
XI=ASIN (RHO/ (2.0*R) )
PHI=180.0-2.0*X|
THETA=PSI+XI

Note that 2.0*R may be entered as a
constant or precomputed once in the
program. Also note that standard
FORTRAN would require converting the
arcsines from radians to degrees by
multiplying by the constant 180.0/pi.
You might also want to leave all the
angles in radians, in which case the 180.0
would be changed to pi, since the angles
will be rescaled before being output to
the servos anyway.

Theta and phi should be range
checked to avoid overdriving the servos.
There may also be some mechanical
interference to avoid, depending on the
design. These interference problems may
be eliminated if the servos are mounted
with their shafts downward. Servo 1
would be suspended from a support
anchored to the left or lower left of the
origin. Servo 2 would be suspended from
servo 1's arm. Miniature casters or some
other form of support should be
provided at servo 2 and near the pen.

If for some reason it appears desirable
to use two arms of different lengths, the
angles can still be found in closed form,
although the calculation is slightly more
complicated.

Keep up the good work.

Ronald M Martin, President
Martin Associates

POB M1124

Ann Arbor M1 48106 =

INTERNATIONAL DATA SYSTEMS, INC.

S100 Bus Cards (ALTAIR/IMSAI Compatible)

88-SPM Clock Module

88-UFC Frequency Counter Module

88-MODEM  Originate/ Answer MODEM

GENERAL PURPOSE PERIPHERALS

MCTK Morse Code Trainer/Keyer
TSM Temperature Sensing Module
DACS8 Eight Bit Digital to Analog Converter

400 North Washington Street, Suite 200
Falis Church, Virginia 22046 USA

Telephone (703) 536-7373

USES

Your computer keeps time of day regardiess of what program it 1s

KIT PRICE

$96.00

execuling. Applications include event logging, data entry, ham

radio. etc

Measure frequencies up to 600 MHz. Computer can monilor

$149.00

multiple frequencies such as Iransmit and receive frequency

Use your computer 1o call other computer systems such as large

$199.00

timesharing systems. Also allows other computer terminals to

‘dial-up™ your computer

Hardware/ Soltware package which allows your computer to teach

$29.00

Morse Code. key your transmitter, and send prestored messages.

Use it to measure inside and/or outside temperature for comput-

erized climate control systems, etc

Requires one eight bit output port. Use it to produce computer

music.

$24.00

$19.00

Terms: Payment with order. Shipment prepald. Delivery is stock to 30 days. Write or call for detalled product brochures.
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—— Game Plaving 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.

—.—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. !t 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.
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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 I, 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 technalogy. 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.

Selhnsy T
Mimpmeoran

l !

_—._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. It 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.

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

Q ___Bill my MC No.

Exp. date
] Bill my BAC No. Exp. date
Name
Address
City State Zip
Signature
Please allow six weeks for delivery.
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——-__ 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
hardbound.

Adam Osborne’s books An Introduction
to Microcomputers, Volumes 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
MicroNOVA 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 excelient piace
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.

F r e -
|t Bl A

NCEIRTERS @
MICAOCTARITERS

COMPUTER
POWER

AND
I' I L|. ,"-,"! J'-'"- N
REASON

Fed JLIKIMENT
0 CALELALATION

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. It'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. |f 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-
tive algorithms. $5.95 softbound.

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
@& Billmy MCNo.

- Exp. date
s __ Bill my BAC No. Exp.date
Name
Address
City State Zip
Signature
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"A BIT More

When you build a project, you need information, All
you find in the advertisements for parts are mysterious
numbers identifying the little beasties . . . hardly the sort
of information which can be used to design a custom
logic circuit. You can find out about many of the
numbers by using the information found in these books.
No laboratory bench is complete without an accompany-
ing library shelf filled with references.

Order these absolutely essential references from Texas Instruments today:

___The TTL Data Book for Design Engineers, $4.95, new second edition.
____The Linear and Interface Circuits Data Book for Design Engineers, $3.95.
___The Semiconductor Memory Data Book for Design Engineers, $2.95.
___The Transistor and Diode Data Book for Design Engineers, $4.95.
___The Power Semiconductor Handbook for Design Engineers, $3.95.
___Understanding Solid State Electronics, $2.95.
____The Optoelectronics Data Book for Design Engineers, $2.95.
___Designing with TTL Integrated Circuits, edited by Robert L Morris

and John R Miller, published by McGraw-Hiil, $26.

—Tha TTL Cookbook by Don Lancaester, published by Howard W
Sams, Indisnapelis. Start your guest for data hers with Don's
tutorial axplanations of what makes 8 TTL logic design tick. 335
peoes, $8.06,

— Mierocomputer Design by Donald P Martin, Edited and publishad
by Kerry 5 Berland, Martin Fesesarch. Purchase your copy of the
definitive source for circuitry and hardware design information on
the BOOE and BOS0 computers todey. Even Intel, the originator of
the microprocessor revolution, is hard put to compets with the
waalth of information found in Martin Research’s new second
edition of Microcomputer Design, This is the book which was
originafly published as an expensive [but quite practical}l engineering
raport in locse leaf form, at sbout the time the microprocessor
technology was first catching on In the farm of the BOOB. This 388
page second edition of the menual is losded with detailed
infarmation on how to bulld and use computers based on the BOO2
and 8080, $25,

Send to: Check payment method:
___ My check is enclosed
___ Billmy MC No. Exp. date
___Bill my BAC No. Exp.date

BITS, Inc
70 Main St
Peterborough NH 03458

Name

AdJdress

Total for all books checked $
City State Zip

Postage, 25 cents per book
for books $
Grand Total $ Signature

You may photocopy this page if you wish to leave your BYTE intact. Please allow six weeks for delivery.
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All This Just to Print a Quotation Mark?

David Chapman
Western Reserve Academy
Hudson OH 44236

It is remarkable how much trouble a
minor fault in the design of a computer
system can cause. An example that | have
run up against is the virtual impossibility of
printing a quotation mark in several versions
of BASIC with any degree of efficiency. The
version of BASIC | presently use is Digital
Equipment Corp’s EDUSYSTEM 25 BASIC,
but I've found the same nit in several other
BASIC interpreters.

Suppose it is necessary that the following
string be output:

IN BASIC, THE QUOTATION MARK
(") 1S A DELIMITER.

On a cursory examination, it may appear
that all that is necessary is:

10 PRINT “IN BASIC, THE QUOTA-
TION MARK (") IS A DELIMITER.”

There is a problem here, however. The
second quote, the one in parentheses, will be
interpreted as indicating the end of the

* |ldiot proof:

* Good guy

GLOSSARY
Argument: The argument or arguments of a
statement or function is the value
or values which it acts upon. For
example, in the expression SIN
{2*X), the argument of the SIN
function is 2*X.

A delimiter is something, usually
a special character, which tells the
language program where some-
thing begins or ends.

Delimiter:

An idiot proof system is one
which not even a genius can mess
up.

A system that is both idiot proof
system: and easy to use and learn about.

Literal string: A chunk of text which is to be
used just as it appears in the
program.

*Very important terms . . .
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string. The interpreter is then left with the
unexecutable:
) IS A DELIMITER.”

and types out an error message.

There are a number of ways to get around
this problem. One is to substitute single
quotes for double quotes in output strings
and hope that the user will understand that
they are really double quotes. This is fine for
some things, but not for others, like good
guy systems in which it is assumed that the
user knows absolutely nothing and that
substitution would result in confusion.

In this case the programmer finds him/
herself confronted with the problem some-
times known as delimiting the delimiter. In
BASIC, as you may have gathered, the
quotation mark is a delimiter: the delimiter
for a literal string; which is to say that it
indicates where the string begins and ends.
Another example of a BASIC delimiter is the
comma, which is used to separate the argu-
ments of functions and of INPUT, READ,
DATA and so forth.

The problem is separating delimiters from
things delimited which look like delimiters
but aren’t. One possible solution, unfor-
tunately not available in any BASIC imple-
mentation that | have seen, is to use two
delimiters for the same function. For exam-
ple, in SNOBOL, the two literal string
delimiters are the single quote and the
quotation mark. Hence, using 3 similar ploy,
our example could be coded as:

‘IN  BASIC, THE QUOTATION
MARK (") IS A DELIMITER.’

The other possible solution is to use a
roundabout method, printing the quote out-
side the string. One way of doing this is to
use the BASIC CHR$ function. The CHR$
function reduces its argument to a binary
number and then dumps it on the output
device. Since the 7 bit ASCII for a quote is
0100010, or decimal 34, we can say:

10 PRINT “IN BASIC, THE QUOTA-
TION MARK (”’; CHR$(34); ”) IS A
DELIMITER.”
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10
20

40
50

10

30
40

REMARK THIS IS THE PROGRAM WHICH INITIALIZES THE

REMARK FILE. IT ONLY NEEDS TO BE RUN ONCE.

OPEN “FILE"” FOR OUTPUT ‘'THIS DESIGNATES THE QUTPUT FILE.

PRINT#, CHR${34) ‘PUT A QUOTE ON THE FILE.
CLOSE ‘CLOSE THE FILE.

Listing Ia.

REMARK THIS IS THE MAIN PROGRAM, WHICH PRINTS THE QUOTE.

OPEN *“FILE"” FOR INPUT
LINPUT#,AS 'THIS SETS A$(1) EQUAL TO A QUOTE.
AS=A$(1) ' “AS$" IS SHORTER THAN “A$(1)".

Listing 1: This is the final method needed to
output a quotation mark using the DEC
EDUSYSTEM 25 BASIC. The program of
1a sets up a file and puts the quotation mark
in the file. The listing of 1b uses the file to
actually output the quotation mark. In this
variant of BASIC, a single apostrophe begins
a comment field on a line, avoiding the need
of the word “REMARK’’ in many cases!

50 PRINT “IN BASIC, THE QUOTATION MARK ("A$'’) IS A DELIMITER."”
60 REMARK THAT IN LINE 50 THE SPACES AND SEMICOLONS ARE

70 REMARK OMITTED, ALLOW ABLE IN THIS BASIC BECAUSE THEY
80 REMARK ARE REDUNDANT DELIMITERS!

Listing 1b.

This works, but burns time, lineprinter
paper, core space and finger tips if used
often. The obvious thing to do would seem
to be to assign a string variable the value of a

length six, and in which the last element is a
string which contains whatever is left over.

Listing 1 is a final solution in EDU-
SYSTEM 25 BASIC. m

quotation mark, so that such a line as this
might be used:

20 PRINT “IN BASIC, THE QUOTA-
TION MARK (”; A$) IS A
DELIMITER.”

but this causes the same old problem if one

The Moral

All this, just to print a quotation marR!
Similar, nitty details are often found in any
large piece of software — it’s in the nature of

uses: the beasts. Use of a program often requires

]0 A$=” 1y

adaptability and ingenuity!

and furthermore, most BASICs will not
allow CHRS$ except in PRINT statements.
One way to get around this BASIC
limitation is to ask the user to type a
quotation mark and input it as a string
variable at the beginning of the program:

10 PRINT “PLEASE TYPE A
QUOTATION MARK ('
CHR$(34); ")";

20 INPUT A%

30 PRINT “IN BASIC, THE QUOTA-
TION MARK (7; A$;”) IS A
DELIMITER.”

This, however, is not idiot proof. To
remove, or at least isolate, the idiot from the
system, we can use a separate program, run
only once, which puts a CHR$(34) onto a
mass storage file. The main program can
then open the file later and get the quote
back.

This is very devious, but worse is yet to
come. In the BASIC that | use, EDUSYS-
TEM 25, it is apparently impossible to input
a quote, from either a file or a keyboard!
For some reason known only to the savants
at DEC it is possible to use another
statement, called LINPUT, to define the
quote. In EDUSYSTEM BASIC, strings are
limited to six characters in length. LINPUT,
short for line input, sets up an array in
which each element but the last is a string of

— oUFTWARE —

TEXT EDITING SYSTEM

TSC'S 6800 TEXT EDITING SYSTEM SURPASSES ALL
MICRO EDITORS. THE COMPLETE ASSEMBLED SOURCE
LISTING NOT ONLY INCLUDES THE USUAL EDIT FEA-
TURES. BUT ALSO BLOCK MOVES. BLOCK COPIES.
OVERLAYS. AN EXTENSIVE CHANGE COMMAND. AND
TABS. JUST TO NAME A FEW. THIS IS THE EDITOR
FOR THOSE WITH SERIOUS NEEDS. SL68-24 $23.50

6800 8080 6502

8080 GAME PACKAGE 1. PD80-1 $19.95
6502 GAME PACKAGE 1. PD6S-1 $19.95
6800 GAME PACKAGE 1. PD68-1 $16.50

6800 COMPLETE SOFTWARE PACK. PDE8-3  $35.S0
6800 SOURCE LISTINGS

SPACE VOYAGE . SL68-S $12.00
FLOATING POINT PACKAGE . SL68-4 $6.50
MICRO BASIC PLUS. SL68-19  $15.95

PROGRAM OF THE MONTH CLUB

RECEIVE 1 YEAR MEMBERSHIP INCLUDING A MONTHLY
NEWSLETTER DESCRIBING TSC'S LATEST SOFTWARE
RELEASES. UP TO A 157 DISCOUNT OFFERED ON
FEATURED SELECTIONS. POM $2.00

ORDERING INFORMATION

PLEASE INCLUDE 37. POSTAGE. INDIANA RESIDENTS
ADD 47 TAX (US FUNDS ONLY). CHECK YOUR LOCAL
DEALER FOR OUR PRODUCTS. (DEALER INQUIRIES
WELCOMED). SEND $.25 FOR A COMPLETE CATALOG.

TECHNICAL SYSTEMS CONSULTANTS
TS BOX 2674 W, LAFAYETTE INOIANA 47906 TSE

133

wwWwW americanradiohistorvy com



www.americanradiohistory.com

Personal Computing

It’s happening at the Dallas Convention Center

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 peo-
ple 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, systems and services—plus
the first National Programming Contest and a series of outstanding Professional Seminars.

7&’ Largest Computer Exhibits Ever

More than 250 major hardware and software companies will pack more than 1,100 booths
into the Dallas Convention Center’s modern 200,000- -square-foot main hall. And addition-
al space for the Personal Computing Fair & Exposmon is on the next level for a totally
separate exhibit by commercial producers of Personal Computing hardware and software.
For information on exhibiting in either area, please contact Ms. Carol Sturgeon, manager,
conference operations, National Computer Conference 210 Summit Ave., Montvale, N. .
07645, 201/391-9810.

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. Fill in
the coupon for information about NCC's Deluxe Travel Service, which can take care of all
of your travel and housing reservations for you in one neat package Or, contact 77NCC,
c/o American Federation of Information Processing Societies, Inc., 210 Summit Ave.,

Montvale, N. ]J. 07645, 201/391-9810.

{5 |

City, state, ZIP code:

| : |
 For More Information! I
| To: 7INCC |
c/o AFIPS
I 210 Summit Ave. I
Montvale, N.). 07645
I Yes, | am very interested in the 7TNCC and the Personal Computing Fair & I
Exposition. Please keep me informed about the conference program, exhibits
I and all related activities and events, and please send me information about: I
I D Exhibiting my personal computer system I
l O exhibiting my company's ial products/services I
D Personal Computing Fair & Exposition events
I D The first National Programming Contest I
I D Professional Seminars I
I D NCC's Deluxe Travel Service
D Low-cost housing at SMU I
I D And, 1'd like to receive your bi-monthly newsletter, NCC ROUNDUP! I
I Name: Title: I
| I—— l
I Street I

r
|
|
|
|
|
|
|
|
l
|
|
|
|
|
|
|
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Goes National

during the 1977 NCC, June 13-16

7& Personal Computing Fair & Expositioh

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 indi-
vidual 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.

ﬁ% 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 an-
swer your questions.

ﬁ/% 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/O interfaces, cassettes and disks, software standards and so on, into the night. If the spe-
cial interest group you want is not organized when you get there, we’'ll do our best to help
you get one started!

ﬁ/% 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 pro-
grams. 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

waany americanradiohicstory com
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Paul Krystosek
57 N Lincoln
Lombard IL 60148

John McCarty

5412 N Arrow Dr
Peoria IL 61614

line
number

1
2
3
4

8080 Programming Notes

label

DONE

With a couple of exceptions the 8080
microprocessor instruction set primarily
operates on eight bits at a time. But with
some imagination several 16 bit operations
can be performed by using these exceptions.
The basic technique is to use the HL register
pair as an accumulator rather than as an
address and index register. The simplest 16
bit extension is just a different name for the
DAD H instruction. The effect of this
operation can be stated in three ways:

A Add the HL register pair to itself.
B Multiply the HL register pair by
two. (We might rename it M2HL.)

mnemonic commentary

DADH HL:=HL+HL;

JNC DONE go to DONE if carry is zero;
INX H HL:=HL+1;

EQU * first line of routine DONE;

Listing 1: Performing a 16 bit rotate left using the HL register pair. The
DAD H instruction will shift the 16 bit number | bit to the left and deter-
mine the value for the overflow flag. If the overflow flag is sel, then the HL
register pair is incremented by 1.

line
number

1
2

n
n+1
n+2
n+3

label

LOOP

mnemonic commentary
LXI B,0 BC:=0;
EQU *
[main body of loop]
INX B BC:=BC+1;
LX! H,=1000 loop to stop at 1000;
DADB HL:=HL+BC;
JNC LOOP go to LOOP if carry is zero;

Listing 2: An example of setting up a 16 bit counter using the BC register
pair. In this example, a loop will go through 1000 iterations.

136

www americanradiohistorv com

C Shift the HL register pair left one
bit position. {We might rename it
ASLHL for “arithmetic shift left
HL.”)

These three statements are logically equiva-
lent. To multiply by greater powers of two
just repeat the operation the required num-
ber of times.

So far the DAD H instruction has been
referred to as an arithmetic shift rather than
a rotate. The carry bit is set as in a rotate,
but it does not affect the low order bit. To
set up a 16 bit rotate, increment the HL
register pair after the shift if the carry bit is
set, as shown in listing 1.

16 bit addition is of course done by
using the DAD B or DAD D instructions
which exist in the 8080. In such cases, one
number to be added is first loaded into the
HL register pair, and then the other number
is loaded into the BC or DE register pair and
added to the HL register pair. A common
use for this instruction is in index address
calculation. A special use for this instruction
is in looping and comparing. When setting up
a loop using a counter which will have a
value greater than decimal 256, a multiple
precision increment operation using two
single independent registers can be used.
Note that since the INX instruction does not
affect any status bits, it cannot be used by
itself as a 16 bit loop control function.

Another approach is shown in listing 2.
The —1000 on line n+1 will be stored as a
two’s complement number hexadecimal
FC18. When adding anything less than dec-
imal 1000 in statement n+2 a carry will not
result. Statements n+1, n+2, and n+3 could
be thought of as “compare the HL register
pair to the BC register pair and jump if the
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BC register pair is less than the HL register
pair.”’

If a compare high, low or equal is needed,
the procedure could be extended as in
listing 3. A disadvantage of this technique is
that it requires the HL register pair 1o be
loaded with the two's complement of the
target number. It is probably ecasier and
certainly takes less execution time if we load
the two’s complement of a constant during
assembly instead of a variable calculated
during execution.

Another modification of the loop rou-
tine, shown in listing 4, can be used when
processing or scanning consecutive memory

locations where the end of the loop is
determined by an address rather than a
counter. An example of this is in outputting
to a port from one address to another, as
would be done when writing a block of data
to tape, disk, another machine, or whatever.

The (—ADR2) on line 7 may look con-
fusing; it is just the two's complement of the
address in question. While it would be slow
to hand assemble such a statement, a good
assembler will do the calculation for you. To
have variable start and end addresses the
two’s complement would have lo be cal-
culated by subtracting ADR2 from zero, or
by a binary complement operation on the 16

line
number label mnemonic commentary
1 LX| H,—1000 HL:=(—-1000);
2 DAaDB HL:=HL+BC;
3 JNC LOW go to LOW if BC register pair less than 1000;
4 MOV A H
5 ORA L } test if HL register pair equals zero;
6 JZ EQUAL
7 HIGH EQU * beginning of routine if BC register pair greater
than 1000;
m EQUAL EQU * beginning of routine if BC register pair equals 1000;
n LOwW EQU * beginning of routine if BC register pair less
than 1000;
line
number label mnemonic commentary
1 LXI1 B,ADR1 BC:=ADR1;
2 LOOP INCTL
3 ANI STATUS} loop waiting for data ready for output;
4 JNZ LOOP
5 LDAX B A:=BC;
6 OUT DATA output data;
7 LXI1 H,—ADR2 HL:=(—ADR2);
8 DADB HL:=HL+BC;
9 INX B BC:=BC+1;
10 JNC LOOP go to LOOP if address in BC register pair less
than ADR2;

n ADR1 EQU *

n+1 DS

n+2 ADR2 EQU *

n+3 CTL EQU 2

n+4 DATA EQU CTL+1

n+5 STATUS EQU 80H

starting address;

define storage area;

ending address;

equate CTL to 2;

equate DATA to CTL+1;

equate STATUS to bit pattern to be compared
from input port;

line
number label mnemonic commentary
1 LXt B,-1 BC:=(—1});
2 LXI H,1000 HL:=1000;
3 LOOP DAD B HL:=HL+BC;
4 JNC DONE go to DONE if carry equals zero;
m JMP'LOOP  go to LOOP;
n DONE EQU. * start of routine where the loop exits to when done;
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Listing 3: This routine is
an extension of the testing
used by the routine of
listing 2. Here, the goal is
to pick one of three
branch possibilities: less
than, equal to, or greater
than. This routine is used
to test register pair BC’s
relationship to the integer
constant 1000 using
DAD H with HL as a 16
bit accumulator.

Listing 4: This routine is
basically the same as list-
ing 2 in determining when
to exit the loop. The main
difference is that an uad-
dress is being used instead
of an incremental or decre-
mental counter. This par-
ticular routine outputs
data from address ADRI
to address ADR2.

Listing 5: Here is a loop
with a 16 bit counter
which, instead of adding
and comparing two num-
bers to find when to exit,
decrements the loop
counter and checks to see
when it goes past zero to
negative one.
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A Note About “EQU”"

Throughout the listings of this article the mnemonic EQU has been used
extensively. The EQU, equate, statement is an assembler instruction or
"pseudooperation’ rather than a machine instruction. Pseudooperations are
common assembler features which tell the assembler something about your
program or the assembly process but do not necessarily generate machine code.
The asterisk (*) or dollar sign {$} (depending on the assembler that is used)
indicates “’this address.”” For example:

1) LOOP EQU *

n) JMP LOOP

The effect of statement 1 is to equate the address of the next instruction with
the label LOOP. The value of the address is then stored in the assembler’s sy mbol
table. This may seem like a trivial thing to do; but if you wanted to use your text
editor program to add an instruction at the beginning of the loop as a program
patch it can just be put there. Whereas if the label was on the first instruction that
line would have to be changed as well as the new line being inserted. [Of course if
your text editor is capable of arbitrary insertions this is not a major point.]

Another use of the equate pseudooperation is the following:

1) CTLEQU?2
2) DATA EQU CTLH

The effect of this would be that whenever CTL is encountered it is replaced by
the value 2. Statement 2 would equate DATA to 3 wherever it is used. The real
usefulness of equates is in their ease of change at the assembly language level. If
the 10 port address is changed, only the equate for CTL would have to be
changed to make the change throughout the program for both CTL and DATA
the next time it is assembled. Table lengths can be handled with a similar ease as
shown in the listing below. In this way, if the length of the table is changed, the
change will be made throughout the program the next time it is assembled,
providing of course that TLEN is used consistently.

Another handy fact is that if you have used two different spellings for the
same label or variable, one can be equated to the other rather than changing them
all to one.

line

number label mnemonic commentary

1 TBL DW ‘BA’

2 DW ‘CD’ define character strings; [misc data for
3 DW ‘FE’ demonstration]

4 DW 'HG’

5 TLEN EQU *-TBL equates TLEN to the current address —

beginning address;

followed by a 16 bit increment

the loop goes from zero to —1 rather than

operation.

Yet another application of the double
add instruction with two’s complement
arithmetic is in decrementing a register pair
with an indication of passing zero. The two's
complement of the number —1 is all 1 bits
regardiess of how many bits are in the
number. The only number which can be
added to —1 without causing a carry is zero.
Adding —1 to a number will decrement that
number by one and set the carry flag unless
the number was zero. Using these facts a
loop can be set up as in listing 5.

When using this technique, the decrement
and check if zero are done at the beginning
of the loop as in languages like PL/l rather
than at the end of the loop as in FORTRAN.
The reason for this is that we find out when
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when it is zero. A disadvantage to this
technique is that it ties up a register pair to
hold the —1 value.

The techniques illustrated here are just a
few examples of what one can come up with
by using a little imagination and looking
very closely at exactly what each instruction
does. They are not the most general tech-
niques as far as usefulness in many situa-
tions, but used in the right place they can
save a few bytes or microseconds. If nothing
else, these notes have shown ways to use
instructions that may not be immediately
obvious.®

REFERENCE

Intel Corporation: /ntel 8080 Microcomputer
Systems Users Manual, September 1975,
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Here are 10 reasons why
you should subscribe to

REATIVE COMPUTING
today.

Creative Computing will help you
decide which computer is best for
you.

Credlive s no-nonsense equipment prohles arm you
«th Ihe facts belore you tatk 10 the vendor or dealer
Whether you're interesied 1n a microcomputer kit a
e lernunal, or programmable ca culalor youll
find the evaluative information you need in Cred!ive
Indeec one wise hardware 0ecision could save you
me cost of a hfelime subscriphion!

Creative Computing discusses
computer applications in non-
technical, understandable
language.

Business people whe want 10 knOw whal & going on
n the EDP depariment students who wanl 10 learn
aboul MICIOPrOCessors. hobbyists 10cking to make
acod use of honie computers or anyone conesned
about the eflect of the computer on society will hind
these and many. many mare mind-expanding lopics
rovered on the pages of Creative

Creative Computing covers com-
puter education in depth.

Alter all that's where we gol ous start and SO we

conlinue to present four Or five major leaining,

actvinies every issue Il youre a leacher Credlwve
will save you hours of preparaiton time H you re a
student. you'll be way ahead of your Class with
Creative And i you've already graduated you tan
hone up on what you missed

Creative Computing carries out-
standing fiction every issue.

One of the best ways of exploning future scenanos of
computer usage 1s through ichion so Creative seeks
out matenal from the best authors  1saac ASimov
Fredenk Pohl_Arthur C Clarketoname ustalew as
well as many othess who are destined 1o be the best
ol Ihe next generaton

Creative Computing's book
reviews are honest and timely.

We re not owned by a big book publisher to whom
we owe I0yalty. nor do we depend upon advertising
for aur revenue Hence. nol Only do our reviews pull
no punches, but we also rank order stmilar books
{hke all 34 nooks on the BASIC language which we
reviewed last year) Creafive reviews virtually every
computer book of interest 10 educators hobbyists
and general laypeople. even including vendor
manuals and government pamphlets

An extensive resource section will
save you time and money.

Every 1ssue of Creative carnes 40 or more shorl
respurce reviews evaluating penodicals booklets
hardware lerminais. couplers, peripherals software
packages orgamizalions. dealers and much more
Every entry has a bnef description. evaluation and
the name. address. and phone number of the
vendor You'll save valuable time seeking oul this
mniormaton. much of which you'd possibly never
Lome across

Creative Computing will provide
hours of mind-expanding enter-
tainment, even if you don't have a
computer.

Creative Computing carnies 10 or 12 pages of games
ang puzzles every 15Ssue Most of the puzzles dont
need a compuler Or caiculalor 10 solve some do
Naturally the 4 or 5 new computer games (1n Basic
fortran anc APL) in every issue requafe access 10 a
computer

et |

Creative Computing gives you
things to actually do with a com-
puter.

Home ‘computer kit. mini. imeshanng terminal -
whatever your access to computer power. Creative
provides thoroughly documented programs with
complete hstings and sample runs that you can use
with mimmum effort Games. simulations, CAl
computer art — whether education or recreation is
your bag. you'll ind programs whiCh you can use in
Creatwe

A no-compromise policy of
editorial excellence means every
issue is of value to you.

We firmly intend to be around a long time and we
believe the way 10 do that s to publish Only matenial
of the very highest quaiity We believe our readers
are among the most astute. inteligent. and active
people in the world You can't afford to waste time
teading 1imprecise. opinionated. or wordy articles
and you wont find any in Creative.

The price is right — only $21 for 3
years.

That same $21 will buy you a pair of Star Trek walkre
talkies. six dwect dialed 10 minute calls between
New York and Boston. 3 tankfulls of gas. or 10
cocktatls at a Hilton hotel Wouldn't you rather have
18 1ssues of Creatve Computing each containing
over B5 pages of sohd editonial matenal (including
advertising. over 100 pages per 1ssuel Count the
edilonal pages i1n any other hobbyist or specrat
interest magazine and compare it to Creative Any
other 1 year subscrniption $8 Lifetime $300

NO RISK GUARANTEE

You may cancel your subscnption at any time for
any reason and we will refund the balance without

question David H Ahl.Publisher

<

FOR FASTER RESPONSE

Yo can phone your subscription orders to us at
(201 366-5617. Our lines are open from 9am 10 4:30

pm EST.

SUBSCRIPTION ORDER FORM

Type
ndividual

Inshitutional

Term USA
1-Year

ns 8

3-Year oo c 27
Lifetime a 300 u
1-Year u 15 a 15
3-Year a 40 o]

13 Cash. check. or M O enciosed

..BankAmericard

: Master Charge

Card No.

Expiration date

: Please bill me ($1 00 billing fee witl be added)

Name

Addiess

City

State 2ip

Send to Creative Computing. Cepartment B
P O Box 789-M. Mornistown. NJ 07960
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Deal
ourself in...

~ Atlantic City, N.J.
August 27th-28th

What its all about!

Software Development
Micro Computers
Hardware Development
Disc Memories
Computer Comparisons
Interfacing

\ ‘ Program Implementation
\ 3 AMSAT
Special group rates forclubs and *I Computerized Music

organizations traveling from the West\ i H
Coast and Mid-America contac ‘\ . I Vl.deO Termm_als
7 Seas Travel \ Kit Construction
17220 S. Norwalk Blvd. \\ . Printers
Cerritos CA 90701 e ——
Dawn Corrigan / Computer Games
213-924-8383 / Digital Tapes

e Seminars and Technical talks by leading electronic equipment manufacturers
® Major Exhibits from all over the country

® Demonstrations in many areas including Home and Personal Computing

® Door Prizes, Free Literature and Free Mementos

e All this plus Sun and Surf - Fun and Excitement - Relaxation and Leisure

‘Personal

H Write for FREE TRIP-KITto PERSONAL COMPUTING 77,
‘ Compu“ng Rt 1, Box 242, Mays Landing, New Jersey 08330

77 Consumer Trade Fair

EXHIBITION BOOTHS STILL AVAILABLE - CALL (609) 653-1188

wwWwW americanradiohistorv com
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@ PERSONAL
ew l COMPUTING EXPO
COMES TO NEW YORK FOR BIG BUSINESS
It'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
B t h t the worl]d’s communications focal point, the one place that will put
personal computing in a significant spotlight. New York is sur-
Ut waic Ou rounded irll depth by people who work in the computer field, by
e(lns computer learning centers, universities, personal computing
gu';lin clubs, and thousands of others whose lives are affected by
€SS computers.
From this vast potential, Personal Computing Expo will draw
the hard-core hobbyist, 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 Expa 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
o~ (212) 753-4920

~ r—+————" Endorsed by BYTE Magazine
OCTOBER 28, 29, 30, 1977
PCE PERSONAL COMPUTING EXPO * NEW YORK COLISEUM

WWW americancaciabictiaon ., cnm
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John F Herbster
Herbster Scientific
3233 Mangum Rd, 100
Houston TX 77092

Techaicsl

Forum

Improving Quadratic Rehash

“Making Hash With Tables” by Terry
Dollhoff [BYTE, January 1977, page 18/ is a
good introduction to hash tables. However,
quadratic methods for collision avoidance do
not have to be complicated or suffer from
“half table search.” If the table length is a
power of 2 and the quadratic increment is 3
as in the following simple and fast algorithm,
then none of the table will be excluded from
the search.

| have been using this scheme-since about
1970 but have never seen it reported in the
literature. Your readers may write to me
for a copy of the proof that it works.®

A Quadratic Hash Table

The following algorithm assumes that
the table length is a power of 2, the table
words were initialized to VIRGIN, and
MASK has a value equal to the table length
minus 1.

1. Set DELto 0.

2. Set | to hash code of KEY.

3. LET I=I.AND.MASK (eg: AND |

with MASK).

4. \F TABLE (1)=VIRGIN then go to
NOTFOUND. (Note that TABLE(I)
refers to the contents of location
TABLE+1).

5. If TABLE(I)=KEY then go to

FOUND.

Let DEL=(DEL+3).AND.MASK.

If DEL=0 then go to FULL. {Note
that DEL gets back to O only after
the whole table has been searched.)

8. Let (I=I+DEL).AND.MASK.

9. Go to step 4.

On return to the user's program via the
NOTFOUND, or FOUND exits, the index, I,
will point to the spot for a new table entry
or the found entry respectively. The FULL
return means the KEY was not found and
that the table is full. Note that the value
VIRGIN may not equal any possible value
of KEY.

=

(G

N

17

of vital interest to all microcomputer enthusiasts:

"Build Your Own Computer’’

Saturday, May 14, 1977, at the Institution of Electrical Engineers,
Savoy Place, London WC2, England. (10:00 a.m. - 5:00 p.m.)

The following specialists will speak on a wide range of
microcomputer related subjects:

Conference Chalrman: Dr. Chris Evans, Psycholo-
gist and computer scientist, author and radio/TV
broadcaster. A specialist in the application of microe-
lectronic theory to the human environment, Dr. Evans’
topic will be in the area of forecasting the social and
human impact of microcomputers in the home.

Keynote Speaker: Manfred Peschke, Publisher of
BYTE Magazine. His subject, “Personal Computers in
the United States”, will cover computer programming,

machine language, and the hardware aspect as it

relates to personal computer enthusiasts.

Cleveland Road, Uxbridge, UB8 2DD
England
Phone: (895) 39262

For full details, including hotel reservations, contact:
Roger Barnes, Online Conferences Ltd.

Dr. Martin Healey of University College, Cardiff,
Wales, will give an introductory tutorial outlining
terminology and digital electronics followed by a talk
on how to build your own computer.

Guy Kewney, computer correspondent for
Electronics Weekly, is a keen hobbyist who will
discuss various kits.

Other speakers: Richard Monkhouse
Jan Pringle - John McNulty

Conference attendance fee:
£ 8- inadvance

£ 9-atdoor
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Keep Track of Real Time Now

{What Other Kind of Time is There?)

TED, POB 4122, Madison WI 53711,
has announced this little real time clock
accessory for your personal compulter, a
small board with a National Semicon-
ductor MMS318N clock chip, interface
drivers and a trimmable crystal oscilla-
tor. The board requires 4 parallel input
lines and 3 parallel output lines (TTL
compatible) and power supplies of +5 V
and +12 V. Using pushbuttons, you can
sel the time and forgel about it, es-
pecially il you use a battery backup to
keep the oscillator and clock chip run-
ning through power failures.

Cambion Patch Cords . . . and Things

Cambion, 445 Concord Av, Cam-
bridge MA 02138, has sent us a flier on
what will probably be a most useful test
and prototyping gadget for those who
use wirewrap sockets. The product is a
set of different length patch cords which
have female connectors at each end, for
sliding over wirewrap posts which are
0.025 inch (0.064 cm) square. These are
ideal for experimental last minute
patches in complicated wirewrap panels,
and will also prove useful for permanent
jumpered options which can be quickly
changed. They can only be used for
single link jumpers, since no provision
has been made for multiple terminal
buses. They are part of the Cambion XQ
line of packaged parts for retail sale, a
line which computer stores should find a
good drawing card. The list price for a
typical package of five jumpers with 2, 4
or 6 inch (5, 10 or 15cm) lengths is
$8.15. Other lengths and assortment
packages are also available. For more
information on this and other products
in the XQ line, write to Cambion and ask
for XQ products pamphlet and the latest
price list. The XQ line ranges from
precut and stripped wirewrap wire
($5.58 per 100 3 inch [ 7.5 cm] lengths)
to manual wirewrap tool ($3.50) to
electronic terminals, to an experi-

menter’s  thermoelectric module
($19.95) which acts as a solid state heat
pump which can be used to cool every-
thing from beverages or transistors
depending on how you apply it.=

This clock is sold assembled and
tested, and comes with a manual and
interface connector. The cost is $39.95
plus $.75 postage. When you hook it up
to a single 8 bit PIA parallel port (or
equivalent) you’ll be able to keep track
of the time of day for household auto-
mation, use it as a timer in game
applications, or even implement such
exotic software as a personal events
calendar with automatic reminders.w

A New Desk Top Video Computer

Bl Ee—— e

Robert Boyer, who is starting a firm
called Computer Data Systems of
Newark DE, sends this picture of a new
product they plan to market in the near
future. The specifications according to
the press release accompanying this pic-
ture include:

e 9inch high resolution monitor

e 63 key ASCIl encoded keyboard

e video display board providing
16 lines of 32 characters

e 10 A power supply

e 8080 processor -with ROM op-
erating system, real time clock,
cassette interface

e Altair compatible bus with 10
sockets

e Commercial CRT cabinet with
smoke grey screen and cooling
fan.

The press release describes this prod-

SWIP 6800 OWNERS-WE HAVE A CASSETTE i/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.

PerCom has a Cassette 1/O for your computer!
Call or Write for complete specifications

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

* plus 5% f/shipping

|PERCOM

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

PerCom — ‘peripherals for personal computing’

Fil T
II.IHIiIII:I.I.II

TEXAS RESIDENTS ADD 5% SALES TAX
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uct as "“The Versatile CRT,” which will
be available in kit form at $995.95 plus
shipping. Awvailability is projected for
early 1977. For more information, con-
tact Robert Boyer at Computer Data
Systems, English Village Apts, Atram
Hall #3, Newark DE 1971 |.m=

Why Is This Fellow Smiling?

Because he's Pete Roberts, owner of
Computer Kits Inc, the MITS distribu-
torship in Berkeley CA, and he’s cele-
brating the start of his second year in
business according to the press releasc
accompanying this picture. He’s doing
well enough to be contemplating the
opening of three additional stores in the
San Francisco Bay Area to complement
his present storc in Berkeley at 1044
University Av.s

A Southwest Technical Products
Coverup, Revealed . ..

Parsec Electronics is now marketing
an enclosure kit for the SWTPC CT-1024
Terminal Sysiem. A two enclosure de-
sign is used to give the terminal suitable
protection while retaining the flexibility
of a movable keyboard for the user. The
two cases are formed from strong, re-
silient ABS plastic and are “color coordi-
nated” to blend in with the SWTPC
6800 computer system. The keyboard

enclosure has the cutout and mounting
pads for the KBD-5 keyboard and a fully
enclosed bottomn. The main case features
mounting pads for the CT-1024 main
board, the GT-61 graphics board, the
AC-30 cassette interface board and room
for their power supplies. The kit includes
mounting hardware for all circuit boards,
a heatsink for the power supplies and
rubber feet for both enclosures. For
more information contact Parsec at POB
A82327, San Diego CA 92138.s

BYTE’S FOREIGN SUBSCRIPTIONS

BYTE has more foreign readers than ever before. The magazine has aimost doubied in weight, and is expected to
increase further. Also, postal rates have gone up. In view of these increases we need to raise our foreign subscription
rates effective May 1, 1977:

CANADA and MEXICO: For one, two, or three year subscriptions, add $5.50 per year to the US subscription
rates.

WESTERN EUROPE: For a one year subscription only, add $13 to the US subscription rate (total $25). The
magazines wili be shipped by air. Present subscribers in western Europe who wish to convert their subscription
to air delivery, please contact the publisher.

OTHER FOREIGN COUNTRIES: For a one year subscription only, add $13 to the US subscription rate {total
$25). The magazines will be shipped by surface mail from selected distribution centers in the US or abroad.

For additional air rates, please inquire.

We hope that our new distribution routes wili expedite the delivery of BYTE. Please let us know of any excessive delays
in the delivery of your issue. Thank you.

BYTE Subscriptions
PO Box 361

Arlington MA 02174
US A (617) 646-4329

Please remit subscriptions
in U.S. funds. Thank you.
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Solution and Comments to ““An 8080 Bug in the Stack,” April 1977 BYTE, page 161:

A programmer’s reaction is to first check
out SVREG and GTREG to see if the stack
is being used improperly or to see if the
PUSHs and POPs somehow disturb the order
of saving and restoring registers. This is a
good exercise in the use of the 8080 stack
instructions, but reveals nothing.

Almost instinctively, the next trial fix is
to change the code to

SUBRX: CALL SVREG SAVE ALL

Now, the two subroutines perform cor-
rectly, but it is not clear why until the pro-
grammer really digs into the stack manipula-
tions. When enough digging is done, it finally
turns out that GTREG expects a return
address at the top of the stack, but there is
none if JMP GTREG is used. Instead, the
top of the stack contains the saved contents
of double register D,E and the desired return
address is actually buried down in the stack
and will not be available until the stack
pointer is incremented 8 times (by 4 POPs).

One could also fix GTREG so that it is
always entered with a JMP (and never a

CALL GTREG ;RESTORE ALL AND RETURN CALL), but the way it was originally coded,

RET

’

GTREG must always be entered with a
CALL.»

Blabberwacky: Answer to Bar Code Puzzle

Here is the answer to the bar code puzzle
posed on page 130 of the March 1977 issue
of BYTE. We’ll have a report on the contest
winner prepared in time for the July issue,
after the deadline of March 31 has passed.
As this note is written, we have received
word of two promising designs for readers,
one prepared by an associate of Chuck
Adams at Texas A&M University, and
another prepared by Fred Merkowitz, who
wrote an article on the subject of signal
processing circuits in the December 1976
BYTE [page 77].

‘Twas brilliant and the slimy toads
Did go and gander in the wave:
All misty were the bluish groves.
And the mole runs outraged.

“Beware the Blabberwack, my son!

The words that bite, the barbs that catch!

Beware the mynah bird, and shun
The frivolous Bendersnitch!”

He took his vicious words in hand:

Long time the slanderous foe he sought

So remained he by the tilting tree,
And stood awhile in thought.

And, as in malign thought he stood,
The Blabberwack, with eyes of flame,

Came whistling through the stately wood,

And bluffed as it came!

One, two!, One, two! And through and through

The vicious blade went crushing-crash!
He left it dead, and with its head
He went galloping back.

"And hast thou slain the Blabberwack?
Come to my arms, my bouncing boy!
O fabulous day! Hoorah! Hooray!”
He chortled in his joy.

"Twas brilliant and the slimy toads
Did go and gander in the wave:
All misty were the bluish groves.
And the mole runs outraged.m

“We may have the surplus
electronics
you need!”

Terminal/Keyboard
With Schematics
$250.00

oCRT Terminals  ®Peripherals
e Assemblies ¢ Components

Tape Drives  $800.00 Keyboards $40.00 to $60.00
(ASCII Encoded)

Equipment Cabinets $45.00 to $60.00
(19" With Fan)

Send for a free catalog or call

Bill Blaney, toll free 800 258-1036
in NH 603-885-3705

(4;) Come to our showroom
WORLOWIOE ELECTRONICS, INC.

10 Flagstone Drive, Hudson, New Hampshire 03051
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K Reviews

Content Addressable Parallel Processors by
Caxton C Foster, Van Nostrand Reinhold,
New York, 1976, 233 pages, $11.95.

Do you know anybody named Frank?

— Oh, sure, Frank Smith, you know, . ..

— Stop. How did you know? Let’s try a
few models:

1. Consider everybody you know, stop-
ping when you hit Frank.

2. Perform a binary search on your
acquaintances, whom you keep in mind,
sorted by first name: perhaps you hit Nancy,
then George, then David, Fred, Frank.

3. Mentally compute a hash address on
“Frank,” plucking him from a linked colli-
sion overflow list in an average of 1.37
probes.

If you're a computer, that’s how you
know, or by some similar method, whether
you're looking for names, syntactic tokens,
transaction numbers, or whatever; that is,
you do unless you are a CAPP (see title).

I had heard of and talked about parallel
processing but had always thought before in
terms of multiple processors locked into
some sophisticated intercommunication
scheme requiring finicky timed programming
with all the trimmings. The main revelation
in Foster is the simplicity with which true
content addressability and parallel operation
may be obtained. My main trouble, if | can
call it that, is that although the concepts and
techniques have been around for 20 years
(see the preface), CAPPs remain obscure and
not in general use.

Take an ordinary word of memory; add a
bit to the end; add a couple of gates to each
bit of the word to turn on and off the new
bit by comparing the present values of the
bits to the information on some data bus.
Furthermore, connect the new bit back into
the write enable circuitry, so it can control
the writing into that word. Now throw away
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Editor’s Note: 4 home-
brew content addressable
parallel  processor design
would make an excelfent
expetimental toplc for an
article or two (or n), and
tutorfels on the subject
would provide excellent
materials for BYTE,

the address circuitry; you don’t need it any
more. Your word can now be addressed by
its contents.

To find Frank in your table, put him on
the data bus in the proper field of the word
and activate the compare lines. Bingo! One
instruction table search. (CAPPs tend to
have long words for obvious reasons.)

Select your favorite algorithm. Replace
the branches with instructions that select the
proper words in memory, and in the time it
takes to perform each step in sequence, you
can execute the algorithm on every word of
memory simultaneously. That's what the
parallel processing part of the name means.

If you are busy laughing at all the holes in
this architecture and explanation, read the
book; | gave only the most cursory of
explanations. The CAPP as hardware has, it
seems to me, the same advantages that APL
has as a language: the ability to perform in
single operations what would otherwise be
machine time consuming loops, or program-
mer time consuming complex algorithms or
klugey hacks.

Just to get in some actual criticism, |
finished chapter 8, on STARAN (the only
commercially available CAPP), still waiting
for the other shoe to drop. It scemed to
contain all details and no gestalt descriptions
of the machine instructions but no sample
programs (exception: the add fields instruc-
tion’s inner loop), nothing about who has
the things, what they do with them, etc.
This is just carping, however; the book is in
general well written and contains material of
interest on every level from hardware
through analysis of algorithms to expositions
on applications. | recommend you buy, beg,
borrow or steal the volume and devour it at
your carliest opportunity.

J Storrs Hall
16 Easton Av
New Brunswick NJ 089018
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PERSONAL
MINICOMPUTER
SYSTEMS.

32 K CPU,
Two CRT’s,
And Two
Floppy Disk
Drives With
262 K Bytes
Each.

For Details:
ABBOTT COMPUTER CO.
57 Gregory Street
Marblehead, MA 01945
617-631-8903

Spring into Season
with a BYTE T-shirt

8080 Interactive DEBUG

NOW AVAILABLE: A real-time pro-
gam debugger for all 8080 processors.
Debug your code in one-tenth the time
it takes by hand. This is not a simulator
but a real-time programming aid that
until now was only available on mini &

macro computers. And it FITS IN 5K!

FEATURES :

*Six I/O modes—Mnemonic, single &

double byte numeric, ascii, or dis —
laced mnemonic & numeric.

*Four user—defined breakpoints.

*Relocatable to anywhere in memory.

*User-controlled number base—binary,
octal, hex; any radix from 2 to 36.

*Commands for displaying & modify-
_ing all registers—including PSW & SP.

il *Search command with masking.

*Block memory move & fill.

*QOn-line calcu{ator/expression eval’.

*Displacement register for examing
relocatable code.

DEBUG 8080 To Order:

(1) Specify: CUTS cassette
Paper Tape
Manual Aloneft
Descriptive brochure § 1
(2) Your hardware: Altair, Imsai, Sol,...

(3) Send to: Ba}}' ea Timeshare
.0.Box 2298
Berkeley, CA 94702

trefundable on purchase of program

NOW HEAR THIS!

ALPHA DIGITAL SYSTEMS
SELLS 1MSAI KITS AND TOTAL IN
TEGRATED SYSTEMS ASSEMBLED
CHIECKED-OUT, AND WARRANTED AT KIT"
PRICES

TYPICALSYSTEM
* IMSAI 8080 Computer
* 22Slot Mother Board
* All Cannectors
* 4K RAM
* MIO
* 3Cabie A
* 1 Cable M 12
* Assembled System Total _s‘l#

145
54

ALPHA |
SPECIAL DOS SYSTEM DEAL tincludes)

* IMSAI 8080 Computer
* 22 Siot Mother Bd. with Conn
* 16 K HAM (4 4K Boards)
* 90 K Disk (with Controiler)
* DECwriter typewriter 30 cps
* DOS-BASIC Soitware

Assembled System Total s3g9s5

(Less DECwriter) $2495.

Select any kit or system of kits from the IMSAI
price list, order from us and receive the
assembled unit for the same price. If you don't
have a price list, drop us a line and we will send
you one, Terms: Cash with Order - Prices in-
clude freight. { NC. Residents Add 4% Sales Tax )

How can ALPHA DIGITAL SYSTEMS do all
this? Its simple. ALPHA DIGITAL WANTS TO
BE YOUR COMPUTER COMPANY.

ALPHA DIGITAL SYSTEMS
ADS RT.4 BOX 171A
BOONE, N.C. 28607
(704) 264-7946

At last! No more wardrobe crises! BY TE T-shirts are here! Now you
have the perfect garb for computer club meetings, Altair Conven-
tions, playing Shooting Stars and computer chess. (A pair of
trousers from your own closet is suggested as an addition to the

BYTE Tshirt. BITS can’t do everything for you.)

BYTE Tshirts 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.

In unusual cases, processing may exceed 30 days.

70 Main St.

Peterborough NH 03458

Please send me ___extralarge ___ blue heather
—large —white with blue trim and
medium red letters
_small T-shirts @ $5.50 each {includes

Total enclosed $ postage and handling}

Bill MasterCharge No.___ Exp. Date
Bill BankAmericard No Exp. Date
Name.
Address.
S 3 - B City
: . E '/ g - Signature
u,‘..,"‘;";.:n.ﬂ / : All orders must be prepaid
Prices shown are subject to change without notice.
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Ask BY L

CAN | CONVERT PROGRAMS?

t am 13 years old and my dad recently
purchased a KIM-1 microprocessor. | have
seen a tot of BASIC programs and | wish 1o
know if there is any way to convert these
programs 1o assembly language or, say, MOS
Technology machine code.

Kevin Schnitzius
308 Stockley St
Rehoboth Beach DE 19971

Yes, there is. It involves sitting down
with the program, figuring out what it does,
then doing the same things using the ma-
chine or ussembly lunguuge. [n muany cases,
the BASIC version of u progrum will tuke up
much more memory than its machine fun-
guage equivalerrt, but even so for numerous
gumes you 'l want to have u fuir umount ol
memory in the system. The conversion could
be compiled uutomutically on u large mu-
chine with un uppropriate trunslutor program
if it were wuilable, but you il probably have
to do it the hard way by hund.»

SYSTEMS INFORMATION NEEDED

We need help, more specifically, an
education! We presently own a PDP-8-E, with
20 K, dual DEC tapes and four Teletypes.
We nced to find a source of clearly written
directions or information that will allow us
to do the following without hiring a
specialist:

1. Choose the right modems which will
allow us to move a Teletype around
the school and use the school’s 2 digit
phones (or any phone system).

. Hook up the modems correctly.

. Decide whether we can interface an
inexpensive floppy disk to the system,
how to do it, and what paramecters and
ramifications we must face.

4. Decide whether we can interface other
inexpensive  peripherals  shown in
BYTE to our system.

5. Writg handlers for peripherals.

w N

There seems to be too much expense in-
volved if we go. through DEC. We have the

The Great - A
International l
Math On Keys

Book **’

Do you need a numerical algorithm for calculating exchange

rates in a hotel on a foreign trip? Or figuring those
mysterious ‘‘points’”’ when facing the sanctimonious charisma
of a banker at mortgage arrangement time? This book is a
compendium of simple explanations and step by step

procedures for

cents postage.

Send now to:

BITS, Inc.

70 Main Street
Peterborough N H 03458

Please allow six weeks for delivery.

accomplishing
numerous commonly encountered situations in daily life.
Each entry is characterized by a statement of the problem,
including the elements of theory required, and the keystrokes
needed to solve the problem on an algebraic entry calculator.
This is an invaluable sourcebook of information for the
person who is inclined to manipulate numbers. $4.95, plus 35

fam

MATH UN KEYS

From Texas Instruments

numerical solutions to

Master Charge and
BankAmericard Welcome.

- waannr americanradiohistory com

programming ability and the mechanical
ability, but it ends there.

We would appreciate any help you could
give us. Thanks for your cooperation.

Richard A Brown

Instructional Computing Director
Minnechaug Regional High School
621 Main St

Wilbraham MA 01095

Would any reader be able to help out
Richard in his quest for information? Some-
one with familiarity with DEC equipment
and intercom style telephone systems would
be best qualified.®

LINEAR EQUATIONS

In my business | use a commercial time-
sharing system to solve a system of 1000
nonlinear simultaneous order 36 difference
equations (but with an average of only ten
terms in each equation). This requires about
30 seconds in a core memory of only 600 K
bytes. Since reading your magazine | have
wondered whether this problem could be
solved with any of the larger home-sized
computers, say 64 K bytes core, some
floppy disks and cassettes, allowing as
much as 24 hours continuous running for
the job. Would you have any idea whether
this is possible, assuming all the software
were available? (I believe this would require
a kind of software not yet marketed for
microcomputers, something similar to the
virtual memory timesharing system monitors
which keep most of a job's data on high-
speed disks while feeding portions of it
into core and back to disk many times in
the course of the run.)

George Lyons
280 Henderson St
Jersey City NJ) 07302

Yes, it sounds possible, provided you
always treat subsets of the big array at any
given time. However, you must note that
several large computer operating systems
feutures may have to be explicitly coded in
your BASIC application program on the
typical small computer. The problem will be
quite solvable given a computer with an
extended BASIC interpreter and a floppy
disk for intermediate storage. Where you
used a 600K region of memory for large
arrray storage in the large system case, in
the small system case you incorporate
explicit calls to the disk operating system
to roll data in and out of memory buffers as
needed when referencing subsets of the array.
The question of how long it will take de-
pends upon your programming strategy,
the characteristics of the floating point
package in the BASIC interpreter, and the
design of the floppy disk interface. (Does
it use interrupts and DMA, or does it require
dedication of the processor to 10 manage-
ment during 10?)

Authors Take Note: Techniques of handling
such large arrays in BASIC with disk facilities
would make an excellent topic for several
articles.®

To Dean Blondefield:

| read in the January issuc of BYTE in
the **Ask BYTE" column that you are inter-
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ested in books about robots. | just finished
reading & book entitled Build Your Own
Working Robor by David L Heiserman, pub-
lished by Tab books {Blue Ridge Summit
PA 17214). Although | was able to get the
copy | tead from the local library, it appears
that the book can be ordered directly from
the publisher. The price on the book was
$5.95. [1t's also available from BITS.]

This is a "how 10" book complete with
detailed schematics and parts lists. Each
chapler is a single project which adds an-
other feature to an ever growing robot. The
final  project, which the author dubs
BUSTER 1Il, ¢an follow a predetermined
path laid out with masking tape or “wander"
dboul “exploring” the environment. It also
has an override “hunger” control which
causes it to seck out its "nest™ where it will
stay until its batteries are recharged. Onee it
has "“lilled itselt”" it will resume exploring.

Please note that | have not said anything
about sight, hearing, arms, legs or humanoid
characteristics. That is not what is meant by
“robot” in this book. What is mecant is a
device which consists of complex digital
logic {ull the circuits are TTL) controlling a
simple machine. However, all the basic fea-
tures of any robot are embodied. “'Self”
control, "self” protection, an ability to sense
the environment, and even a primitive “‘cry”’
of “panic’ or "hunger” are “programmed”
into BUSTER's circuits The underlying
principles of conuol and feedback are
thoughtlully apptied. The book appears to
be a first. And as such it is an excellent
book.

We need experienced people with mini or micro pro-
gramming experience. You must have experience in
either assembly, fortran or basic plus. Experience with
RSX-11, RSTS or an other realtime operating system
a definite plus (Decnet or Arpanet).

Up to S19 K

APPLICATIONS PROGRAMMERS

COBOL in an IBM OS or DOS environment will open
the door to this prestigious firm in greater Boston.
Four day work week and tremendous benefits are part
of this outstanding opportunity.

Up to S18 K

SYSTEMS PROGRAMMERS (Large Scale)

Experience in communications, sysgens, OS internals
on IBM 370 or PDP 10's are best. Challenging oppor-
tunities exist from Massachusetts to Catifornia.

Call or send resume to: Up to S19 K

digital arts group

Engineering & Software Personnel Consultants
Nine Bedford Street

Burlington, Massachusetts 01803

(617) 273-2780

Our staff will also be available for consultation Monday
and Wednesday evenings until 8 p.m.

COMPUTERFEST

The Second Annual Midwestern Regional Computer Conference

* Major Attractions *

Flea Market

Seminars
Manufacturers’ exhibits
Technical Sessions

Court Hotel, Cleveland Ohio June 10,11, 12

For Additional Information:

Gary Coleman

Midwestern Affiliation of Computer Clubs
PO Box 83

Cleveland OH 44141

P.S. To make life easier we are chartering

a jet to Dallas the next weekend.

149
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SALES. EXECUTIVE OFFICES & WAREHOUSE
a-sl—> RESCO ELECTRONICS Airport industrial Park / Airport and Central Hwys.
ics Co.of Pu. Pennsauken, New Jersey 08110
) 24 Ol {215) 925-6900 + (609) 662-4000

MAIL ORDER SOURCE FOR MOTOROLA MPU PARTS

PLASTIC MPU FAMILY PARTS

MC6800P 8 Bit MPU 21.95
MC6820P PIA 10.00
MC6850P ACIA 12.00
MC6852P SSDA 17.00
MC6860P Modem 15.00
MC6810AP 128 x 8 RAM 5.00
MC6880P Data Bus Extender 3.60
MC6828P Priority Interrupt Controller 9.60
MC6885P Address Bus Extender 1.95
MEK6800D2 Microcomputer Design Kit 235.00

Machine language programs can be entered thru the
system Keyboard or via a built in Audio Cassette
“Kansas City" interface system. Hexidecmil LED
displays are provided for monitoring data and address

information
MEC68MIN2 Minibug 2 ROM 75.00
MEC68MIN21 Minibug 2 Listing 25.00
Check our January Ad for additional MPU System Parts
DATA BOOKS
Linear 3.30
McMos 2.75
Semicondutor Selector 2.20
Bipolar Digital Logic Guide 2.20
MPU LITERATURE
Programming Manual 10.00
Applications Manual 25.00
System Design Data 2.20
Exorciser User Guide 5.50
Data Sheets .50 ea.

$10.00 minimum order, $2.00 postage & handling 5%
Tax NJ residents. Delivery: stock to 4 wks. Money
Order or Cashiers Check only.

TIRED OF THE PARTS ORDERING PROBLEM .. ..
COME TO RE S C O FOR YOUR M8800 MPU SYSTEM.

21 START-AT -HOME
COMPUTER BUSINESSES

in the shoestring, start-at-home
computer business handbook

CONSULTING ®PROGRAMMING @ SOFTWARE PACKAGES ®COM
FREELANCE WRITING @ SEMINARS @ TAPE/DISC CLEANING
FIELD SERVICE ®SYSTEMS HOUSES ®LEASINGOSUPPLIES
PUBLISHING ® TIME BROKERS @ HARDWARE DISTRIBUTORS
SALES AGENCIES ®HEADHUNTING ®TEMPORARY SERVICES
USED COMPUTERS ®FINDER'S FEES ® SCRAP SUPPLIES &
COMPONENTS ®EDP PRODUCTS AND SERVICES FOR HOME

THE SHOESTRING.
START-AT-HOME,

Plus - hundreds of ideas on
moonlighting, going full-time,

computer image building, revenue building,
business .
h bidding, contracts, marketing,
andbook
professionalism and much more.
No career planning tool like it
ever published. Order yours right
now and if you're not compietely
- satisfied, return it within thirty
= — days for a full immediate refund.

®8) X 1! ringbound ®113 pp. ®512.00

n n T H s E n R c H 730 WAUKEGAN ROAD * SUITE 108

incorporated DEERFIELD, ILLINOIS 80015
Rush__ copies of "The Shoestring Start-At-Home
Computer Businesses Handbook' right away.
Name/Company
Address

City/State/Zip

DCheck Enclosed DBankamericardDMastgrcharge
#
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One word of reservation: | did find
frequent minor errors in the diagrams (un-
labeled or mislabeled parts and a few blank
entries in some tables), but these errors were
all correctable by the reader.

Terry E Weymouth
4702 Beau Bien Ln E
Liste IL 60532m

ALLEGED MORAL VOID? HARDLY

After settling down and reading the
January 1977 “Ask BYTE" column
[page 140/, | found myself a bit dis-
mayed. As a graduate electrical engineer-
ing student, ! found your remarks to be
accurate and succinct. Basically, I'm
concerned about the glaring lack of
ethical considerations on Blondefield’s
and your part.

It has been an unfortunate engineer-
ing tradition to say, “If it can be done,
let’s do it.” No questions asked. The big
question in engineering (and robotism
and artificial intelligence in particular) is
usually ignored: “Should we build this?"’
or “Should computers be given these
tasks?"” In the case of robots, one should
ask what fields of human endeavor
would the artificial intelligence of the
robot be applied to. Would the robot
which is mopping the floor also listen to
your problems? (Many people hope so.)
The idea here is not to come up with an
engineering answer, but to ask which of
the possible applications would be detri-
mental to man. In my opinion, many of
the future applications of computers, as
envisioned by engineers, are unethical.
For instance, Blondefield’s naive robot
impossible dream seems to be the tip of
an ethical void.

Computers are being plugged into
applications left and right without an
ounce of thought about their adverse
impact on society. Examples are ‘‘a
computer in every home,"” community
information centers, and computer
psychiatric counseling. The application
of computers affects our view of the
world and our fellow man. Their ulti-
mate usage may turn out to be quite an
insult. A person who says “l want
robots” should look a little deeper and
face the humanistic and ethical
arguments.

Robert Garner
1795 Stanford Av
Mento Park CA 94025

Unethical? Detrimental? By what
standard do you make your evaluations?
By any truly human standard of value,
computers and robots are highly de-
sirable technology: the former for their
automation of mental drudgery, the lat-
ter for their automation of physical
drudgery. Human beings are the measure
of morality, not the current state of
social interaction and technology -
which can always be improved. A view
of morality which precludes improve-
ment in the quality of life of human
beings is a monster which should have
been left in the dark ages.w
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THE
COMPUTER CORNER

Lower Hudson Valley
Southern Connecticut

®|MSAI 8080
®pPOLY-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

YOU'VE SEEN THISPRINTER
AT TWICE THE PRICE . . .

45@}’ %

NOW ONLY $296.00*
NEW! NOT USED! COMPLETE!

EXPANDOR PRINTER
« Operates at 10 CPS
« Prints 80 positions wide—10 CPI
« Pin feed platen included
« 8 Bit parallel interface included
« 64 Character ASCII| code set
P.S. It's compatible with the
PortaCom.)
Cover optional at $29.50
* Pa. residents add 6% sales tax
CHECK..MONEY ORDER...BANK
AMERICARD..MASTERCHARGE

EXPANDOR INCORPORATED
Dept. 111, 612 Beatty Road,
Monroeville, Pa. 15146
Telephone: (412) 373-0300

PHOENIX
Bits & Bytes

COMPUTER SHOP

6819-C N. 21st Ave.
Phoenix, Az. 86015
(602) 242-2507

®\VVECTOR-1 Z-80 Computers
® EPA 6800 Computers

® ACT-1 Terminals

® Full line of magazines & books.
® 7-80 for Vector/Altair/IMSAI
® Tarbell cassette board
®Sanyo 9'' monitors

® EPROM burner boards

®3K RAM

®16K RAM

® \ideo boards 16 X 64

PACKAGES — SPECIAL LOW PRICES

% 2-80 with EPROM & 17K RAM is

only $999 (kits)

* 6800 with 8K RAM all 1/O

completely assembled $1199

MC Affordable MC

CH ETAPA N CE

7338 Batimore Ave.. Suite 200
College Park, Maryland 20740

JOINT VENTURE

GROUP OEM BUYS

IMS Al made kits & assembled unis 15% OFF LIST
TEC.9900-SS-UF, 16 ba T1990C mcioP, 32 bi 1/0.
hardware muit & dw. bulfered bus. 20 ma or RS 232. 8
nterrupts B sockels __§279.00
TEC-9900-32KB 32K byles memory _______ $649.00
TEC-9900-PP powist SubRIlv S V.- X 1)
SPHERE kis & assembled urils 10% OFF LIST

CROMEMCOD kits &8 2} P 109 OFF LIST
SANYOTVMontars___ 10% OFF LIST
TOL ZPU & Z16K _.10% OFF LIST
SEALS 8k bar backup Mem 10% OFF LIST
PERSCI Dual tioppy & ntelhgem centrolies 1:2/0 &

10701 - - _ $1395.00
SHUGART MiN opPY_______ _ _$350.00

AMO FACTORY PRIME TESTED for MIL-STD-883C
91L02 500ns $1.90 9102500ms _____ $1.85
91L02 400ns. $1.99  9102400ns $1.95
Z-80mcioP $54.00 ZBOPIO $15.00
2-80-CiC. $15.00 1702A EPROM
BOBOA 25MH_____$17.00 B8080A 30MH ____

8080 PPI _$10.00  B8080SCI
8112170 port ___$2.50 8224 Clock Gen
8228 Ciock Divver —95.50

9555 PPI $9.50 9551 PCi

2708 Eprom. $59.00 2102550 ns

ADM.3K « CR1 & addressable cursor $925 00 kst $825.00
col. 160 char/suc ornter. parallet inloriace

€ $740 00 hst —__10% OFF LIST
Nai. Multiplex Dianal Tape recorders & ks 10% OFF LIST
MSH Hosovs B jats 10% OFF LIST
Pennywhistle modern 5% OFF LIST
Tt “silent 7007 model 743, onnter $1395 st 5% OFF LIST
ASTRAL 2000 k» — _10% OFF LIST
Send $2 00 tor newstetier B Ists
her chins 2900 senas, 4K mems eic
16 pn socket & cap tor memory chip 25
1ul pavment tor dhscounts, add 4% mn 4 00
tor shepping & handiing. orclers bulked jor
lowest discount on GEM Group buys
prices subect 10 change wilthoul notce
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(COMPUTALKER
P4

ey
SPEECH

SYNTHISIZER

$-100 BUS

-
__
[ csm1 il
SYNTHESIS-BY-RULE |
SOFTWARE

*
SPEAK “KAAMPYUTAOLKER"

MODEL CT-1 SYNTHESIZER 395.00
CSR1 SOFTWARE SYSTEM 35.00
DEMONSTRATION CASSETTE 2.95

CALIF RESIDENTS ADD 6% SALES TAX

WRITE FORINFORMATIVE LITERATURE

COMPUTALKER CONSULTANTS
P.O. BOX 1951, DEPT. B,
SANTA MONICA, CA 90406

circle reader number 140

LONG ISLAND:s

3 : AFFORD
first: e e

.. BYIE
Tues. - Fri. w
11t09

Sat. Q &
10to b 'b'bUTEp g‘o

We have
IMSAI 8080 SOL
Byt-8 Processor Tech
SWTP MP68 Interfaces
CROMEMCO Memory Expansion
TDOL Lear Siegler
Poly-88 Fioppies

Cassetts 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.
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®
COVMIPUTER MIART

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!

IMSAI, PROCESSOR TECHNOLOGY, SOUTH
WEST TECHNICAL PRODUCTS, DIGITAL GROUP,
OSI, VECTOR GRAPHICS, ALPHA MICRO TECH-
NOLOGY, MSI, CROMEMCO, COMPUCOLOR,
POLYMORPHIC SYSTEMS, SOROC TERMINALS,
SEALS, TARBELL, MORROW, TDL, NORTH
STAR, QUAY, APPLE, OLIVER, SMOKE SIGNAL,
MULLEN, GBC MONITORS, 0.K. MACH. CONT.
SPEC. VECTOR, E&L INST. and- COMPUTER
MART PRODUCTS. More Coming! !

Stan Veit -Storekeeper.

COMPUTER MART OF NEW YORK INC.

118 MADISON AVE. (ENTER ON 30th ST)
212-686-7923

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 EPROMs)

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.

Send me __ PRAMMER kits @ $189 ea. (Calif. residents
please add sales tax.) BankAmericard & Master Charge O.K.

Name

Address

Call (408) 296-8188 or write to:
XYBEK ® P.O.Box 4925 ® Stanford, CA 94305
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Photo 1: The NECS meeting began
with Dave Day, president, attending
to formdlities (minimal) then intro-
ducing the various speakers.

Unbelievable, but It Worked. . .

Demonstration of the Klugehorn
at an NECS meeting. . .

Notes by C Helmers

I promised Dave Day (newly elected
president of NECS) that I’d provide a
neat electronic music demonstration at
an NECS meeting January 12 1977, 10

Photo 2: Gary Sawyer of Motorola gave an inform-
ative talk about the new Motorola eviauation
board style computer, which comes in kit form
with a new version of their monitor programs,
a Kansas City standard tape interface, and the re-
mote control interactive paddle shown. It features
compatibility with larger Motorola development
systems, and the ability to expand memory
through buffers (not supplied, but wired in via
the PC runs). A prototyping area is also present
on the card.

www americanradiohistory com
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be illustrated using my new multichannel
orchestral synthesizer which has only
now begun to arrive at my lab. But when
time for the meeting began approach-
ing, it became apparent that the new
synthesizer was not quite going to be
ready. What could | do?

Well, two weeks before the event,
after having finished the 1200 bps audio
interface described in April BYTE, |
decided to go all out and prepare a
kluge. The result was the “Klugehorn,”
a single channel music synthesizer
peripheral output device which was
successfully demonstrated at the meeting
on January 12 1977 when a hastily
constructed but quite functional music
interpreter program played the stored
score of most of Scott Joplin's excellent
and well known rag, the “Entertainer."”
(I stopped hand encoding the music
in the middle of the last part of the piece
at 4:30 AM on the morning of the
meeting, so completion was put off
until after the demo.}

At about 3:30 in the afternoon on
the day of the meeting, | went home
from the office with my assistants
Dan Pagan and Scott Morrow to take
the computer apart, put it in boxes,
pack the documentation, and head for
Burlington MA and the MITRE Cor-
poration cafeteria where meetings are
held. Taking one’s processor and system
apart for such purposes is a traumatic
experience. Any one of an unknowable
number of bugs could incubate and
come to life, interfering with the success-
ful reconstruction of a working system.
Unbelievably, in complete violation of
Murphy's law, the system went back
together at the MITRE cafeteria, plugged
into the wall, and worked without
major hitches. (A false read on the tape
interface was attributed later to tem-
perature sensitivities, since during the
trip to the club meeting it was 0°
Fahrenheit and there was ample oppor-
tunity for the tape drive and media

Photo 3: Will the stupid program load?

to be cooled into its nonoperable range.)

Music is an excellent application
of the microprocessor, and even given
the limitations of my quick and ad hoc
design for a synthesizer, the full range
of intelligent real time control was
demonstrated. The Klugehorn synthe-
sizer peripheral uses a read only memory
controlled divide chain from high fre-
quencies, with 9 bit precision in its
approximation to the well tempered
scale. (A 4 bit code addresses the read
only memory and yields the appropriate
one of 12 equally tempered notes
of an octave.} This divider output then
enters a series of octave dividers selected
by a 3 bit code. The resulting pitch is
then fed to the shift clock of a 40 bit
by 6 bit static shift register, via control
logic which also allows the shift register
to be loaded by a parallel PIA output
port of my computer. The six bits out
of the shift register are fed to a 6 bit
MC1406 waveform DAC which uses a
variable reference voltage created by an
8 bit MC1408 envelope DAC directly
connected to another 8 bit PIA port.
The analog processing logic of opera-
tional amplifiers is used to create an AC
signal at the output which has an RMS
amplitude set by the envelope and a
waveform stored in the shift register.
Timing of changes in the envelope ampli-
tude are handled by an interrupt driven
algorithm in the processor, which re-
sponds to the 4800 Hz clock | nor-
mally use for my tape cassette inter-
face. A music interpreter of about
500 bytes in length drives the system.
The only major hitch with this par-
ticular design as demonstrated was a
lack of digitally controlled filters to
eliminate the high frequency harmonics
of the square edges which result from
the step functions used for the wave-
form and envelopes. The result is a very

Photo 5: Explaining how the Klugehorn works,
a short tutorial on last minute breadboarding
and its results.

T e e
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ASSEMBLED
AND TESTED

¥ ¥ X * *

Software-controllable reverse video characters.

Interfaces to any microprocessor: 8080, 6800, 6502, etc.

MVM 1024 MicropPrRoOCESSOR VIDEO
MobDuLE

Sixteen 64-character lines, upper/lower case 128 character font.
Full read and write capability for both cursor position and character code.

Scrolling, line/character insert/delete, etc. easily done with software.

THE SOPHISTICATED VIDEO MODULE

Riversi

ELECTRONIC DESIGN INC.

Write or call for complete literature.

FOR THE ADVANCED EXPERIMENTER

1700 NIAGARA STREET
BUFFALO. N.Y. 14207

716 875-7070
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Why Wait?
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The Tarbell Cassette Interface

Plugs directly into your IMSAI or ALTAIR*

Fastest transfer rate: 187 (standard) to 540
bytes/second

Extremely Reliable — Phase encoded (self-
clocking)

4 Extra Status Lines, 4 Extra Control Lines
37-page manual included
Device Code Selectable by DIP-switch

Capable of Generating Kansas City tapes
also

No modification required on audio cassette
recorder

gomplete 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.

M6800 ADVANCED R T /6 8©
SYSTEMS SOFTWARE
RT/68° is mask-programmed on a 6830 ROM that
replaces the Mikbug* ROM in your SWTPC 6800,
Motorola Evaluation Module, etc. It is a powerful real
time, multiprogramming operating system with many

versatile system functions. RT/68% can support up t0 16
concurrent programs at 8 priority levels.

MICROWARE has improved the Mikbug* functions,
added four more {Dump, Exec, Sys, Bkpt) and made tape
load and punch program-usable. RT/68¢ is designed so
programs that use Mikbug* 1/0 don’t require changes.

POWERFUL REAL TIME EXECUTIVE

100% SOFTWARE AND HARDWARE COMPATIBLE
IMPROVED CONSOLE MONITOR

EXPANDED PROGRAM DEBUGGING FEATURES
SUPPORTS AUDIO CASSETTE 1/O

COMPREHENSIVE MANUAL INCLUDES SOURCE
LISTING

@ IMMEDIATE DELIVERY
ORDERRT68MR ............... $45.00 ppd.

THE MICROWARE CORPORATION
PO. BOX 954 Des Moines,lowa 50304

Write or use reader service card for free brochure.
Phone Orders (515) 279-9856

BankAmericard and Mastercharge give all info on card.
Mikbug* is a trademark of Motorola, Inc.
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flexible synthesis system which can
change timbre in several ways: by
changing waveforms directly, by chang-
ing envelope contours, and by changing
the rate at which envelope contours
are evolved. More on this later if and
when | ever get around to writing an
article in BYTE on the subject. (As
I write this, a real time music inter-
preter for the Klugehorn has already
been completed; it handles two proc-
esses, allows waveform or envelope
definitions, simple arithmetic timbre
modifications, subroutines and other
goodies.)m

A Note on Omega

BYTE readers who are building their
own version of the Mini-O Omega re-
ceiver system [described by Ralph Bur-
hans, February 1977 BYTE, page 62;
March 1977, page 70, and by Richard
Salter, April 1977, page 100] may be
interested in joining the International
Omega Association which publishes
newsletters and sponsors an annual con-
ference for exchange of information
among users and hardware-software
builders. This year’s conference is ex-
pected to include a user workshop and
probably will be held this summer on the
East Coast. Write for information to:
IOA, POB 2324, 1720 EADS St, Arling-
ton VA 22202. Membership in the IOA
is open to anyone interested in Omega
and VLF navigation problems for an
annual fee of $10.

Another organization of interest to
navigator types is: The I[nstitute of
Navigation, Suite 832, 15th St NW,
Washington DC 20005.The ION publishes
a quarterly fournal of the Institute of
Navigation (J/ION) on all types of naviga-
tional subects including Omega,
Loran-C, Satellites, Aircraft, Geodesics,
etc. Membership dues for the ION are
$15 a year which include a subscription
to Navigation. Several annual con-
ferences are held each year.

Ralph Burhans
EE Dept, Ohio University
Athens OH 45701

Learn About and Take Home a Micro

Wintek has announced the Spring
schedule for their workshop, ‘“Hands on
Microprocessor Short Course with Free
Take Home Microcomputer.” Attendees
receive a microcomputer to use at the
workshop and take home when they
leave. The take home computer has a
6800, programmable memory, parallel
10, serial 10, and read only memory
with Fantom-ll (which supports single
step, break points, etc.) and is fully
expandable to 65 K. Course schedule is
May 10-12, Lafayette IN; May 24-26,
Cleveland/Akron OH; June 7-9, Syracuse
NY; and June 21-23, Hackensack N]J.
Tuition is $495. Wintek Corp, 902 N 9th
St, Lafayette IN 47904, (317)
742-6802.m
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Continued from page 9

products to date based on a “typical” $42
per 1024 installed bytes. At the bottom of
the table is an cstimate of the total size of
the personal computing retail sales 1o date
which is between 39.5 million and 58.3
million using a conscrvative estimate of
mainframe and peripherals cost. While we
(ie: computer enthusiasts and manufacturers
who scrve them) are not yet as big as the
auto industry, we’ve certainly made a re-
spectable start for the first 21 months of the
industry’s existence (counting the introduc-
tion of the Altair as the origin in time,
through the survey point of October 1976).
This industry is still expanding as more and
morc pcople ecnter the market both as
customers and as suppliers.

Some miscellancous but interesting re-
sults from the survey include responses to
questions like “Do you have experience with
the asscmbly or machine language of
machine X?", or “What is your experience
with high level languages?”. Table 2 sorts
out the answers to the question of specific
processor familiarity based on the total 1448
respondents, and table 3 sorts out the
answers to the question of familiarity with
various high level languages.

A final result which will be of interest to
readers is the nature of interest in specific
application goals for small machines. Table 4
shows the results, with rankings. Not sur-
prisingly, the predominant interest was in
software development. Why isn't this a
surprise? Two reasons come to mind. First is
that software is intrinsically fun and chal-
lenging for its own sake (read ]oseph
Weizenbaum’s comments on the compulsive
programmer, an extreme situation of addic-
tion, in his book Computer Power. and
Human Reason). The second reason is that
softwarc development is a characteristic of
any activity which uses the computer.

| expect to perform additional surveys for
BYTE in the future, since intellectual and
business curiosity demand it; we'll see how
the field evolves in the future, and document
it through this form of statistical measure.
But this is enough for now. Copies of the
Electro paper are available through the IEEE
for those who want more detailed informa-
tion and and discussion of the survey. This
survey was probably the first published
which has any direct basis in the actual
demographics of personal computers, since
its target group comprises the largest known
set of such enthusiasts.m

Table 4: Interest in hobby or home applications.

Application Using Intend Serious Rank
Software development . . . . .. .. .. 27% 52% 79% 1
Interactive keyboard games . . . . . .. 18.4% 53.3% 71.7% 2
Graphics . . .. .............. 6.8% 64.7% 71.5% 3
Real time controi (as in household

automation.). .. ... ... .. .... 6% 59% 65% 4
Personal databases . . . . . ....... 8% 54% 62% 5
Games with analoginputs . . . .. ... 3% 53% 56% 6
Computerdesign . . ... ........ 12% 42% 54% 7
Educational, excludinggames . . . . . . 9.9% 42.3% 52.2% 8
Textprocessing . . . . . . ... ... .. 9.5% 42.3% 51.8% 9
Non computer hobby. . . ... ... .. 8% 35% 43% 10

Serious: Intend + Using

Table 5: Interest in professional and business applications.
Application Using Intend Serious Rank
Mathematical or dataanalysis . . . . . . 27% 34% 61% 1
Simulation or models. . . .. ... ... 15% 33% 48% 2
Professional database .. .. .. .. .. 13% 34% 47% 3
Textprocessing . . . . . ... ...... 12% 30% 42% 4
As part of 3 communications

network. . . . . ..o e 11% 29% 40% 5
Accounting . . . ... ... ... .... 8% 31% 39% 6
Scheduling, planning . . . . ... .. .. 6% 27% 33% 7
Inventory control . . . . ... ...... 6% 26% 32% 8
Mailinglists . . . . ... ... ...... 6% 23% 29% 9

Serious: Intend + Using

Here is a comprehensive source of programming

-i information for the present or prospective user of the 8080

. microcomputer, an architecture which appears in the MITS

Altair, 8800, Processor Technology SOL, IMSAI 8080,

Polymorphics POLY-88, and other popular microcomputer
system products.

After several preliminary chapters, the authors get down to
practical details with topics such as moving data, binary
arithmetic operations, multiplication and division, use of the
stack pointer, subroutines, arrays and tables, conversions,
decimal arithmetic, various |0 options, real time clocks and
interrupt driven processes, and debugging techniques. Most
examples are given in symbolic assembly form, with
occasional listings of assembled code using a Computer
Automation software development system.

This 306 page hardcover book is well worth its $21.95
price and should be in every 8080 or Z-80 user’s library.

Practical Microcomputer Programming: The Intel 8080

by W J Weller, A V Shatzel, and H Y Nice

Send now to: BITS, Inc.
70 Main St.

Peterborough NH 03458

Master Charge and

|

8

BankAmericard Welcome

[LAHKAMERICARLL.

i

All orders must be prepaid

Price shown is subject to change without notice.

In unusual cases, processing may exceed 30 days.
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(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

FOR EACH 4K

e SPECIAL PAGING OPTION ALLOWS UP TO
1 MEGABYTE ADDRESSABLE MEMORY

e LOWCOST

CONSTRUCTIONMANUAL .......oovvvnininnnn $1.75
PAGINGOPTION ..ottt $9.00
QUANTITYDISCOUNT ................ 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

\

MORE POWERTO
YOUR ALTAIR*

12 AMPS @ 8v. (nominal)
2 AMPS @ =+ 16w.

At any line voltage from:

90 to 140 volts.

Installs easily inside any Altair* 8800 or
8800a.

Over voltage and over current protected.

Conservatively designed and specified.

only $90.00

postpaid in the U.S.A.
California residents add
$5.40 sales tax.

PARASITIC ENGINEERING
PO BOX 6314 ALBANY CA 94706

*Altairis a trademark of MITS Inc

BANKAMERICARD
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Clubs snd

Newsletiers

Conducted by
Peter Travisano

Utah Computer Association Show

The Utah Computer Association will hold
an informational show on Saturday, April
30, 1-5 PM at the Fashion Place Shopping
Mall, Salt Lake City UT. There is no
admission charge and there will be no selling.
The purpose of the show is dissemination of
information on personal computing. Club
members will be bringing their own systems
for. discussion and display. "For more
information call Ernie Dixon, (801)
467-9100, between 6 and 9 PM.

Homebrew Computer Club —
Mountain View CA

Over the past several months we've fea-
tured computer groups which appear to be
outstanding: New England Computer
Society, Denver Amateur Computer Society
and San Diego Computer Society, to name
but a few. If one can judge a club by its
newsletter, he/she would easily conclude
that Homebrew is as its name implies, a
unique and innovative club on the vanguard
of the computer hobbyist field. Most of the
articles are thoughtful, technically accurate
and written with consideration for the
human as well as the technical side when
appropriate.

If you're in the market for a new idea or
two, investigate the Homebrew cassette
library or subscribe to their newsletter and
take advantage of the programs they feature
every month. In any case, the Homebrew
Computer Club is worth finding out about.
Write Homebrew Computer Club, POB 626,
Mountain View CA 94042.

Wisconsin Area Computer Society

In looking through the Homebrew News-
letter, we came across word of the Wisconsin
Area Computer Society. According to
Homebrew they've been holding meetings
for the past 12 months and boast a member-
ship of over 80 people. They’re in the
process of setting up a software library using
paper tapes and cassette tapes. A newsletter
is also available. For more information write
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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

Focus Scientific
416—598-0260

160 Elgin St.
Ottawa K2P 2C4
613—236-7767

COMPUTER MART
of
New Hampshire

Dealers for
IMSAI

Technical Design Labs

The Digital Group

Open Monday Thru Sat.
10:00-5:30
Thurs. ’til 9:00

170 Main St.
Nashua NH 03060
(603) 883-2386

ANNOUNCING
SUFFOLK COUNTY'S

NEW COMPUTER STORE

System Demonstrations, Soft-
ware, Peripherals, Periodicals &
Service For Hobby, Business &
Educational Applications

THE COMPUTER SHOPPE
444 Middle Country Rd.
Middle Island, N.Y. 11953

(516) 732-4446
1.6 miles east of Rt. 112

Z-80
COMPUTER

SYSTEM with Z-80 Processor
Cabinet and S-100 P/C Backplane
Controls & Power Supplies, Manuals
—Memory, 1/0 optiens

kit $299.

ALTAIR/IMSAI/POLY/VECTOR
Systems & S-100 Modules

Z-80 Processor Board $149.
8080/6800 CPU Board 130.
8080A CPU & RAM/PROM 210.

S-100 Memory Modules
4/8/16/64K RAM from :
2/4/8/16K PROM from 90.

1K RAM/2K PROM prov. 95,
I-0/Communications Mad. 85.
Video Display/KBD Module 180.
3M Cartridge & Interface 290.
Floppy Disc & Interface 599.

COMPUTER SYSTEMS

(313) 779-8700
26401 Harper Ave.
St. Clair Shores, Mich. 48081

WWW americanradiohistorv com
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AT LAST

Universal cassette interface with
latched input port for keyboard or
other use, switch-selectable from
600 to over 12,000 baud, digital
comparator—no adjustments, level
and sync lights, user-selectable
sync character, relay controls op-
tional for 2 recorders. Hardware
detection of input level allows
software search for files. Altair,
IMSAI, Kansas-City, Tarbell com-
patible. Manual $4.50, kit $135
Assembled $175 optional relays,
$16, COD $1.50 Mastercharge/
Bankamericard

DAJEN Electronics
7214 Springleaf Ct.
Citrus Heights, Ca. 95610
(916) 723-1050

WHEN YOU NEED

DUNTON'S

SPECIFY: NOKORODE
“PC.” SOLDER

LET OUR REPUTATION GIVE YOU THAT
EXTRA MARGIN OF
SAFETY.

AT FINE ELECTRONICS STORES EVERYWHERE.

MFG, BY:

M. W. OUNTON COMPANY

350 KINSLEY AVE. — BOX 6205
PROVIDENCE, R. ). 02910

401 — 331 3600
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MULLEN COMPUTER BOARDS

BOX 6214, HAYWARD, CA 94545

8 fast reed relays 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. Alsa, 8 opto-isolators accept an 8 bit
word from the outside world and send it to your com-
puter for handshaking 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.

We're proud of the design work and quality put into
this applications-oriented peripheral; and with it, you
can take care of that 1/0 gap in your system.

Available in kit form only. California mail orders:
add state tax.

PATIBLE @ AVAILABLE BY M

200 IVSWI/dIvIY

V/L-0OR ASK AT YOUR COMPUTER STORE

MPI HAS YOUR ANSWER!

TTY REPLACEMENTT .. veeer THESSP-40 ‘5 7 5
Thit SEP-A0 Goniaing #8 own m ¢ lor sasy GonRnecHGn
B4 wour meriah port

LOWCOSTBUSINESS SYSTEM? THE MP-40 '425
The MP-40 coniects 10 your parallel port e ASCT datm tansfen

MINIMUM COSTFORHOBBYIST? . THEKP.sokiT 31 1.9

The KP-41 KIT cortains mechanitm and minimum alecironics far
arimation | el part

Al af o 40 seri RS w1 sarne relabis Sa T imaat Aol iRl mec e i
u 1o &l sdlumng pr line dinary papsr wit mil gpesd of 75 lingsmanule

MASTER CHARGE WELCOME & UTAH AESIDENTS AQDCH 5% SALES TAX

SEND FOR FREE LITERATURE

a
m I MICROFROCESSOR SYSTEMS AND PERIPHERALS
P.0. BOX 22101/8ALT LAKE CITY/UT, B4122
|601) 566-0201
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Don Stevens, chairman, Wisconsin Area
Computer Society, POB 159, Sheboygan
Falls Wi 53085.

Concord NH Computer Society

Good news for hobbyists in central New
Hampshire: A computer group is being
formed: the Concord NH Computer Society.
For details, contact Bob Vogal, 9 Ridge-
wood Dr, Concord NH 03301, or phone
(603) 224-9402 between 6 and 8 PM.

Santa Barbara Computer Association

The Santa Barbara Computer Assn has its
own newsletter. The premier issue was re-
cently printed and it is a good first effort.
Like most computer club publications, its
focus will be around hardware and software
review, interviews with members, meeting
announcements and the like. Future meet-
ings will be held the second Wednesday of
each month at 8 PM in the Goleta Library,
500 N Fairview, Goleta CA.

To find out more, get in touch with
Glenn McComb (805) 968-3112, home, or
(805) 967-4410, office, or write POB 2314,
Goleta CA 93018.

A Computer Heathkit Users’ Group . . .

...is being formed. For more information
drop a line to CHUG, c/o Charles Floto,
2678B Willow St, New Haven CT 06511.

Amateur Computer Group of New Jersey

The Amateur Computer Group of New
Jersey is where the action is in the Garden
State. Attendance has been well over the
100 mark at main meetings and meetings of
special interest groups. This is the group
responsible for the Trenton Computer Fes-
tival, among other activities.

If you're a computer buff in the Garden
State you might look into Amateur Com-
puter Club of New Jersey at UCTI, 1776
Raritan Rd, Scotch Plains NJ 07076.

Triangle Computer Club, Raleigh NC

Hobbyists in the Raleigh area may want
to look into the Triangle Amateur Computer
Club. The club meets on the last Sunday of
the month at Dreyfus Auditorium, located at
the Research Triangle Inst, Research Tri-
angle Park, NC. Write Triangle Amateur
Computer Club, POB 17523, Raleigh NC
276009.

RAMS — Rochester Area Microcomputer
Society

RAMS has been in existence since April
1976, helping members by sponsoring group

www.americanradiohistorv.com
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LILLIPUTE’'S
COMPUTER MART, INC.

NEWEST CHICAGOLAND
AND MIDWEST DEALER OF
IMSAI, SWTPC, APPLE, VEC-
TOR 1, TDL, Z—80, TARBELL,
SANYO CRTS, KEYBOARDS:
WE GOT "EM.

FULL LINE OF IC, Manuals &
Books with HARDWARE &
SOFTWARE BACK UP & SER-
VICE.

ASK US ABOUT THE NEWEST
MICROCOMPUTER THE GUL-
LIVER 1 at OUR STORE, NOW!

LILLIPUTE’S
4446 OAKTON ST
SKOKIE IL 60076

Phone (312) - 674-1383
Ask for ED CURTIS Mgr.

STH AMMIYERSARY
T ER.E R AT

SPECIAL PACKAGE DEAL:

TVTAIL SYSTEM (with 4 page cana-
bility) includes: Main and Memory
Units, Screen Read, Manual Cursor,
UA.R.T. and Power Supply, all in kit
form (minusz keyboard and case): $160.
One to a customer. Offer good until
June 30,1977

Construction packet sold separately
$2.50. (Kits still sold separately).

ANNOUNCEMENT:

We will now offer postage free shipping
{in U.S. only), beginning with orders
from Catalog #9 or this ad. Send SASE
for inquiries and a free catalog.

ELECTRONIC
DISCOUNT SALES
138 N. 81st Street
Mesa, Arizona 85207

SURPLUS

1

P
(0]
w
E
R

<rroo9vCwn

CONTROL DATA

BARGAIN

SV@7A 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

DISCOUNTS!

IMSAI 8080 KIT $599.
assembled 750.

IMSAI 8080 w/22 slot MB 645.
assembled 795.

RAM 4A-4 125.
assembled 225.

MULTIPLE I/O Board (MI0)

(both Tarbell and 8yte modes one serial,

two parallel, one control port) 175.
assembled 275.

EXPM {100 pin w/edge conn 6.50
assembled 11.50

{(POLYMORPHIC SYSTEMS)

16x64 CHAR VIDEO BOARD 189.
assembled 229.

BOOKS

101 BASIC COMPUTER GAMES 6.50
FUN & GAMES WITH COMPUTERS (A
BASIC LANGUAGE PRIMER) 5.25
GAMES & PUZZLES 1.20

*write for discount prices on other
IMSAI products.

*N.C. residents add 3% state sales tax

COMPUTER ELECTRONICS

BOX 339
Cary, N.C. 27511

wWwWwW americanradiohistorv com

19" RACK S-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

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

ET1 CRT

TERMINAL FEATURES

U '2|«|1'x80 display, with anti-glare screen &
8r

e 12" industrial 15 Mhz monltor

e 00 day warranty (parts & labor, F.0.B.
factory)

o 96-hour elavated-temperature operating
Q.C. test

e RS 232 and 20 ma interface

e LF,CR.BS, Local, Rubout, Break, Home &
Clear, Tab*, Remote Cursor Placement®,
and Scrolling*

o Micro-Processor based, with 63-key
keyboard

*These functions vary with the model setected.

CALL OR WRITE FOR MORE INFORMATION.

D ———]
Box 12261
ECONOMY
Minneapalis, Minn. 55412
TERMINALS BT ACZRT
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Your Mail Order Computer Shop...

IMSAI 8080 kit with 22 slots (limited quantity) . ..., .. $599.00
TDL Z-80ZPU (the one with full software available now) 242.00
Edge Connectors and guides forIMSAI each 4.25
Edge Connectors and guides forIMSAI10for ... ... 40.00
Seals 8k RAM kit with 500 ns chips 225.00
Seals 8k RAM kit with250nschips ... svyaseyes- 200:00
North Star complete Micro-Disk System kut e 599.00

WETAKE
- MASTER CHARGE ORBANKAMERICARD
-....-u.-.. For phone and mail orders... BANKAMERICARD
(Add 4% of TOTAL ORDER for service charge)

TERMS: Shipping charges — $10. per CPU or farge units, $1.50 per kit,
$2. minimum per order.
Provided stock is available, we will ship immediatetly for payment by
cashiers check or money order.
Allow 3 weeks for personat checks to clear. New York State residents
add appropriate sates tax.
PRICES SUBJECT TOCHANGE WITHOUT NOTICE.

Forthe best prices availableon:

IMSAlL ¢ TOL + NORTHSTAR ¢ POLYMORPHIC
NATIONALMULTIPLEX + SEALSELECTRONICS

CALL: (315)637-6208
WRITE: P.O.Box 71 ¢ Fayetteville, N.Y. 13066

l::.l:l.l‘np:l.'..EJ(_ Boards DO Something

B

a i = N & CL2400
. >
g "r‘:' "R} Real Time Clock
_l RENRR $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

‘ﬁ\ Power Control System
11 L) L PC3232 $299—Kit $360—Assm

e PC3216 $189—Kit $240—Assm,
¢ PC3202 $39.50—Kit $52—Assm

If your system needs on/off control of lights, motors,
appliances, efc., our PC3200 System components are for
you. Control boards allow one 1/0 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,

camptek P.0. Box 616
La Canada, CA 91011

““Real World Electronics” (213) 790-7957
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purchases, a club library, and coordinating
regional computer fests with other arca
clubs. A newsletter is also available. RAMS is
located at POB D, Rochester NY 14609.

Southeastern Michigan Computer
Organization

This Detroit based group has grown sub-
stantially. Special interest committees cater-
ing to individual members needs have been
established. One such group is SIGKIM, a
small group of avid KIM-1 users and other
6502 based people. In fact, the group has
worked out well enough to warrant a
monthly appendium to the Data Bus. If you
are a KIM enthusiast, it might be worth
subscribing just to get that information.
Anyway, if you're from the Detroit area, it
would be worth your while to check out
SMCO. Write Southeastern Michigan Com-
puter Organization, POB 9578, N End Sta-
tion, Detroit M| 48201.

Microprocessor Club of Sidney,
Australia

Gary Lynch, a computer buff from down
under, was kind enough to send us a clipping
from the newspaper, The Australian, which
carried a story on the initial meeting of the
Microprocessor Club of Sydney.

Apparently, there’s plenty of interest in
computers as evidenced by a fine turnout at
this charter meeting. Prospective members
should contact Kevin Barns, Electronics
Today, Sydney, AUSTRALIA.

Birmingham AL

Birmingham has its own computer group
partly due to the Clubs and Newsletters
column. Jim Anderson wrote that "“as a
result of your relaying my note to contact
other enthusiasts in the Birmingham area, |
received several phone calls and letters and
the result is the formation of the Birming-
ham AL Microprocessor Group.”

Meetings are held on the fourth Sunday
of the month, with less formal workshop
sessions on the second Sunday of the month.
At press time there is not a permanent
meeting place, so you'll have to get in touch
with Jim Anderson at 3905 Shannon Ln,
Birmingham AL 35213. (205) 879-9630.

Want to Spread the Word About
Your Club or Organization?

Well, that's what the Club and News-
letters column is all about. Put BYTE on
your madiling list or send us a letter, and
you'll substantially increase your club’s vis-
ability; simple as that. New groups are
especially welcome. m
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HOUSTON now has a full service
outlet for microcomputers and ac-
cessories. Microtex, Inc., located in
the Southwest section of Houston,
Texas carries product lines from the
following manufacturers.

«IMSAl «LEAR SIEGLER
« SWTPCO « NATIONAL MULTIPLEX
« TDL « ICOM

For your professional application
or your own personal system, we
can help furnish all your computer
needs.

Microtex, Inc.
9305 - D Harwin Dr.
Houston, Texas 77036

713 - 780 - 7477

ALDELCO COMPUTER
CENTER
NOW OPEN

Kits, Books, Boards, Magazines
Special 2102L1 8 for $17.50. We
stock OK Battery Operated Wire
Wrap tool $34.95, OK Hand Wire
Wrap Tool $5.95. 7400 ICs CMOS,
Timers PPL’s. All kinds of tran-
sistors, rectifiers, and diodes.

Plus other electronic parts.

ZENERS
TNI06 10 INTSD 400 Mw ea 75 INII2B1o INATE4 1 w

C10hH SCA $.65 “ CA 30284 Dl Amp.

AMP5ATS 90 [ LM301 Op Amg

213095 99 [ | M309K VoIt Req

o P |
504 o 6

7N546 cr 2N6 108 70 || E2AOL Powre Drver

MJE 340 12N5655: 1o

40673 RCA FET 155 || NES62B PLL

Jal o 709 14 Pus NP 2 || NESG5A PLL
75

555 Direr LM?708 Min DIF Op Amin
556 [hial 555 V75 | LMZ?31CE T0S Op Amp
200 Vah 25 Amp Boage 150 || 14 or 16 Pin IC Sockets
INOt4  1N414R 15t 39 We have Wire Wrap Sockety and
1834 INGD ING4 1040 99 § Wire Wran Wire 50 fee1 $1.98
Send stamp for our catalogue.
Open Mon thru Sat 9 AM-5 PM
Wed till 9PM.
We uoute on any device at any quantity. Min

order $6,00. Out of USA send certified cheek
or money order. Add 5% for shipping.

AILIDIEILICIO

22818 Babylon Tnpk Merrick, N.Y. 11566
{516) 378-4555

LOGIC
(> DESIGN
INC

QUALITY support 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

BOX 3991, UNIV. STATION
LARAMIE, WY 82071
(307) 742-7977

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

wWWW americanradiohistorv com

Advanced 8K EPROM
Memory Module
Doubles As Programmer

Introducing

® liolds 8K BASIC Plus Systein Monitor
® 100 Bus Compatible

® No Special Softwaré Required—Write to
EPROM; Just Like RAM

® 512 Bytes of Oun-board RAM for Stack or
Scrarch Pad

® Shipped With One 256-Byre RAA and One
512-Byte EPROM preprogrammed with a
System Monitor

COMPLETE KIT 3164

MOUNTAIN HARDWARE
Box 11338, Ben Lomond, CA 95005

~
MICRO KITS
FROM
MICROTRONICS
BYTE READER-Paper Tape Reader
Kit $69.95
RS232C Interface Kit for
BAUDOT TTYS 29.95
Regulator Kit for Micros
5V@3A,£12@ 1A 19.95

5V @ %A Power Supply Kit  9.95
Altair/Imsai Compatible

8K Low Power Ram Kit ~ $249.95
4K PROM Kit less proms 64.95

Video Display Kit 179.95
Extender Board 7.95
Edge Connectors 5 for 24.95

Shipping & Handling add $2.00
BAC/MC Accepted
CA res. add 6% sales tax

Also |Cs, Sockets, Resistors
and PROM programming.
Write for our FREE CATALOGUE

P.O. Box 7454B
Menlo Park, CA 94205
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NATION-STATES

GLOBAL-VILLAGE

INDUS-
TRIAL

POST-
INDUSTRIAL

Figure 3: Structures of Governing. In the traditional “nation state” from time immemorial political authority is concentrated in
a strong central government. In Roman times, for example, the mode of communication was paper (papyrus) and mechanical
transportation (chariot, ships, etc). When the costs of transport are high, the center-margin form of communications is the most
cost effective, minimizing the number of paths required. As technology developed, the cost of communications links has
declined. Such items as jet transportation, the automobile and electric communications have stressed the decentralized network
concept through mass production and lower cost. The result for government might be called the ‘“‘global village’ or even the

“network state. "’

Continued from page 24

1) Golden Ager’s Software Co
2) Folsom Prison Software Development Inc
3) Gray Panther Computer Diagnostics
4) Mother Goose Arithmetic Packages Ltd

d. The computer as a system for sale: Putting it all
together (software, hardware, application pro-
grams, peripherals, maintenance, customer training
and documentation), the small business group
could sell turnkey operations to customers with
more intensive data processing requirements.
1) Stock inventory system.
2) Word processing system.
3) Order processing system.

In general, developing the computer as a product could
provide jobs, economic inputs, and self-supporting com-
puter services for the community.

2. Political Power

Marshall McLuhan argues that the speed and capacity of
the media {both communications and transportation) deter-
mines the form and extent of human associations, notably
structures of governing {see figure 3). He contends that the
center margin form, illustrated by a powerful central
government ruling a large territory, was first actualized in
the Roman Empire through the use of papyrus and
chariots, and came to its climax in the modern nation state
with its mechanized transports like tanks and automobiles.
He further contends, however, that the electric media
*‘creates centers everywhere. Margins cease to exist on this
planet.” 10 More accurate would be to say that centers are
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trying to exist everywhere, that the new speeded-up media
are putting enormous stresses on our ‘‘mechanically based”
forms of organization to make them compatible with
centers everywhere.

a. The computer as an extension of central govern-
ment: It is obvious to many people that, with
electric media, authorities (senators, congressmen,
cabinet members, etc) no longer need to be
located in close physical proximity as they are
currently in DC. Conferences, debates, sharing of
documents, even back room confidences could be
performed using audio or visual or facsimile
telecommunications. Such techniques have been
developed and are used by corporations with
widely dispersed executives participating.

It is also obvious that citizens no longer need
“representatives’ sitting in a distant auditorium to
vote on their behalf when, through the electric
media, they could both be informed of the issues
and also vote directly. A ‘‘yes’ and ‘‘no” button in
each of our homes would theoretically allow
instantly tabulated national referendums on issues
that are now voted upon by only a few hundred
individuals.

1) Local administration of federal programs: Line
costs for data transmission now exceed other
hardware costs, thus discouraging transmission
of data from its source and encouraging the
establishment of local data bases near the

rememmeemtia e maricanradiohistory com
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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 1/0 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.

South Florida

Across from the University of Miami
University Shopping Center

1238A South Dixie Highway

Coral Gables, FL 33146

(305) 661-6042

Sunny CompuTer Stores, Inc

South Florida's First Computer Store
We Carry:

® IMSAI, COMPUCOLOR, VECTOR,

SOUTHWEST, C.S.C., CROMEMCO

PROCESSOR TECHNOLOGY,

NATIONAL MULTIPLEX,

® Books, Magazines, Newspapers

® Sockets, IC's, Printers

® Digital Cassette Equipment

® Debugging Equipment

® Full Service Facilities

We offer Classes, Friendly Advice and

Service

Hours: Monday — 12 Noon to 9 P.M.
Tuesday through Saturday —

10 A.M. to 6 P.M.

CANADIANS!

Eliminate the Customs Hassles.
Save Money and get Canadian
Warranties on IMSAl and S-100
compatible products.

IMSAIB080 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.

5 n\\
Rotundra m
Cybernetics

Box 1448, Calgary, Alta. T2P 2H9
Phone (403) 283-8076
TWX 610-821-1883

PROTECT YOUR INVESTMENT

Cover Your Altair/Imsai/SWTPC
Computer
Is your computer chassis open and
collecting dust while you plug
boards in and out trying new hard-
ware configurations?

Our heavy vinyl cover will keep
harmful dust and dirt out of your
chassis and protect it from scratches
and bangs. Specify make with order.

$6.25 + .75 Postage and Handling

JOYSTICK KIT

Control: Games; interactive Graph-
ics; Cursor Positioning; Process
Control. No expensive Analog Inter-
face required. Connects directly to
ane (1) output line and two (2) input
ines.

JOYSTICK KIT (Model QB690)
$49.95 + $1.00 postage

Send check or money order to:
QUBED3
P.0O. Box 7104
West Trenton, N. J. 08628

wwWwW americanradiohistorv com

AS LOW AS $8.95 !

~ NEW -
HICH QUALITY

TITITIT ¥
T v

T

CONVERT ANY TV
TO'A HIGH QUALITY MONITOR

TRVM-1 Hi-Resolution $19.95
Transformer isolated sets only.

HCVM-1 Hi-Resolution $23.95
For EITHER transformer isolated
sets OR “HOT" chassis type sets.

RFVM-1 RF Modulator $8.95
Ch.2 thru 6. Any TV source.

SHIPPING & HANDLING, ADD $1.

VANMP INC.
P.O. Box 29315

Los Angeles, Calif. 90029
DEALER INQUIRY WELCOME

THE PROM SETTER

READ/WRITE
1702A and 2708
ALTAIR/IMSAl COMPATIBLE

NO EXTERNAL POWER SUPPLY

LET YOUR COMPUTER
DO IT ALL

SOFTWARE INCLUDED
Doubles as an 8 Bit Parallel IO
KIT COMPLETE $165
ASSEMBLED $275

DELIVERY LESS THAN 60 DAYS

SZERLIP ENTERPRISES
1414 W. 259th St

HARBOR CITY, CA. 80710
Calif. Res. Add 6% Sales Tax
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people the federal program is designed to serve.
The . uniformity of computer programs from
onc local data base to another ensures the
uniform application of the laws governing the
administration of benefits, but avoids the com-
plexities, aloofness, and possible privacy issues
of a mammoth centralized data base.

b. The computer as a tool for decentralizing govern-
ment: While the clectric media, including com-
puters, can be used to disperse the administrative
and representative functions of central government
as proposed in E2a above, this is merely throwing
20th century gadgetry on top of an 18th century
form of government. Such proposals are worth-
while in themselves, but they do not tap the
serious potential of electric media to decentralize
decision-making authority itself.

1) Local administration of neighborhood pro-
grams: As the authority to make health, educa-
tion, welfare, and safety decisions becomes
transferred back to the individuals who make
up a neighborhood government (through politi-
cal processes outside the scope of this paper11),
computer based systems would be used to aid
the administration of these programs. Since the
kinds of data to be collected from the recipi-
ents, record update and purge policics, and the
uses of the data are all controlled by a
neighborhood government made up of recipi-
ents, privacy abuses would be made as difficult
as possible.

F. SUMMARY

A few examples of microprocessor-based applications for
enjoyment, education, communication, and artistic and
political expression have been given. While these and many
similar applications will become desirable, and com-
mercially consumable products, home grown applications
that result from the merging of technology with human
values, or a “liberating” philosophy, will continue to have
potentially great impact on the organization of modern
life.m

G. NOTES

1. DE Thomsen, ‘“Beating the Game,” Creative Computing,
January-February 1976, pages 22-23.

2. A recent controversial model of world resource and population
dynamics can be found in The Limits To Growth, DL
Meadows, et al, Signet, 1972.

3. E C Berkeley, "Newspeak and Computers: What We Do
Depends Upon What We Think,”” Computers and People, pages
6-8, 12, 19.

4. C Johnson, ‘‘Span-O-Vision'' cartoon, Creative Computing,

January-February 1976, page 12.
M Mc Luhan, Understanding Media, McGraw-Hill, 1965.

6. J Whitney, “Further Reflections of a Culture Savage,” SCCS
Interface, February 1976, pages 22-23.

7. Any introductory psychology book will describe Skinner's
major findings. For his view that culture is a Skinner box see
Beyond Freedom and Dignity, Knopf, 1971.

8. T H Nelson, Computer Lib/Dream Machines, 1975. Also ""No
More Teachers’ Dirty Looks,”” Computer Decisions, September
1970, pages 16-23.

9. M Kotler, Neighborhood Government, Bobbs-Merrill, 1969.

10. McLuhan, op cit, page 91.
11. Kotler, op cit.
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This is the heart of an S-100 buss compatible minicomputer
system. Upgrade your present machine with this board or form
a custom system around it using S-100 buss peripherals.

BOX 6194

Goodbye , microcomputer, it was fun...
ello,

inicomputer!

There are a lot of good microcomputers on the market. But that's all they are:
microcomputers. Difficult to use, frustrating for program development. Full of blink-
Ing lights and CPUs that go to sleep when you halt the program.

The Sigma-100 Minicomputer CPU Board (with integral front panel) allows you
to gain control over your machine. Run your program, or if you wish, step it at any
rage from 1 to 1000 steps per minute {“Slow Step’’). By simply stopping the machine,
you may examine and alter processor registers, memory locations, and 1/0 devices--
there's special firmware to keep the CPU from going to sleep {"Control Halt""). You
can monitor all of the above during execution of the program as well. Everything is
front panel controlled by your fingertips through a 12 pad keyboard:; octal data reads
out on unambiguous 7 segment displays.

At last, a machine where you can examine, alter, and monitor every funtion of the
CPU/front panel and its operation in real time. Edit or modify your program while
you run it. . .think of what this means in terms of extra productivity, reduced frustra-
tion, and greater speed.

The implementation.matches the concepts, with onboard reguiation, sockets that
prevent soldering damage to ICs. low power Schottky ICs that save energy, buffers
for full isolation. . .in other words, quality.

We invite youto send for our flyer, which gives additional details. If you're curious
how we did it, send for the board's documentation package ($5.00).

asanyl  Available by mail and at many computer stores.

Kit form: $250

Assembled/tested: $325
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Advanced Microcomputer Products Presents
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WE CAN SUPPL VI ANV PRODUCT OUT OF THE CSC CATALOGUE
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96'617$ 80LG » WVd JLLVILS MV S6'6V'S 08~

e

WIREWRAP SOCKETS - GOLD

14 Pin WW 1 level 30
14 Pin WW 2 level .33
14 Pin WW 3 level 37
16 Pin WW 1 level 3
16 Pin WW 2 level .34
16 Pin WW 3 level 38
18 Pin WW 3 level .60
24 Pin WW 1 level .70
24 Pin WW 2 level .75

24 Pin WW 3 level .85

40Pin WW 3 level 125
EDGE CARD CONNECTORS
IMSA 15100 WW 250" Row Spacing $5.00
IMSA 15100 ST .250" Row Spacing §.00
Altafr $100 WW Wire Wrap 5.50
Altair $100 ST Soldeetail §.25

D-SUBMIN CONNECTORS

RS.23225 Pin Male Part No. DB25P $3.50
RS.23225 Pin Female Part No. 08255 3.95
RS-232 Plastic Hood for above 75

Microprocessors Tunebases
CRYSTALS 1y Games Precision Crystals

oo ] Case Price  Frequency, Caie  Price

1.000 MHz HC6/HC33 4.95 13.000 MHz HC18 4.95

2.000 MHz HCG/HC33 5.85 14.3181B MHz HC18 4.95

2.097162MH, HC6 6.95 18.000 MH2 HC18 4.95

4.000 MHz HC18 4.95 20.000 MHz HC18 4.95

5.000 MH2 HC18 4.95 32.000 MHz HC18 4,95

6.000 MH2 HC18 4.95 100Kc HC13 12.9%

10.000 MH2 HC18 495 3579.45.Kc HC18 495

2.4576 MH» 5.95
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Build vour own MIONITOR
Now in Stock — NEW

M3000 - 100 12-inch display module
M2000 - 155 9-inch display module
*Add $10.00 Shipping

MOTOROLA exorciser, MEK6800D1

and MEK6800D2 Compatible Modules

$229.00
$208.00

9601 16 Slot mother board - Inc. Conn. $175.00
9602 16 Slot card cage 19" rack mount $ 72.00
9610 Utility Prototyping Board S 36.00
9615 4K Eprom Module (1702A}) $350.00
9620 Parallet 1/0 Module $375.00
9626 8K Static Ram Module $350.00
9650 8 Channel Duplex Ansyn 1/0O $390.00

All assembled and tested. Not Kits
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-~ COMPUTER
.. = WAREHOUSE
= STORE

DEPT B 058‘0 COMMONWEALTH AVENUE e BOSTON, HA0022150617 -261-2701 0 VISIT US: 9-9 WEEKDAYS; 9-6 SATURDAYS

ONE DAY
PERIPHERALS FOR

MICROSYSTEMS
A_LLanASR 33is and MORE!

RS232 INTERFACE, QUIET OPERATION,
10 CPS PRINTER, BUILT-IN PAPER
TAPE READER/PUNCH, ELECTRIC TYPE-
WRITER KEYBOARD WITH ADDITIONAL

10 KEY NUMERIC PAD, YOUR CHOICE OF
= FRICTION OR SPROCKET FEED, LIGHTED
. $87 PLATEN AREA FOR EASY READING
STANDARD PAPER AND TAPE, SUPPORTED
+ SHIPPING 165 1b 5 GLER

TALLY T|32...$450+ SHIPPING 150 1b

7 x 8 DOT MATRIX IMPACT
PRINTER HAS A SINGLE
LINE DYNAMIC MEMORY AND
A UNIVERSAL INTERFACE TO
ACCEPT PARALLEL DATA, FORMS
TO 14-7/8 IN. WIDE, SIMPLE PRINTING MECHANISM
USES 132 SOLENOID HAMMERS AND TWO STEPPER MOTORS
FOR 100 LPM, 132 COLUMNS, 64 CHARACTERS

+ 4oo 1b

DIGITRONICS D507.....$95 .7

PAPER TAPE READER, HEAVY DUTY PS, 3 MUFFIN FANS,
POWER CONTROL PANEL, CIRCUIT BOARDS, RELAYS IN CABINET

KDl ADTROL AR-21...$95...5,

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 5055k

8%''PLATEN,PINFD,EBCDIC,U/L CASE,DUAL CLR RIBBON, 115V

K I Ts * HIGHLIGHTS FROM OUR *

WIDE SELECTION
IMSAI 8080 MICROKITS ~ LEAR SIEGLER ADM-3A

;‘ W/ Cursor Control

e
LK MEMORY KIT.......... S12gaC
PIC-8 PRIORITY INTERAUP ‘ :::2'5: XJ6ONCHAR

.
e I, se7s
UCRI=1 KITeereeernenneenneennens SCAMPKIT............... $99
CABLE A KITuonvoovnnvnunnnsinn,

FROM NATIONAL SEMICONDUCTOR
KEYBOARD KIT...........

% BUILT UNITS *
ICOM MICROFLOPPIES

PLUG COMPATIBLE FOR:

STANDARD |INPUT/OUT INTERFACES,
MANUALS | SOCKET SETS
VIKING 100 PIN, HEAVY DUTY

SWTPC 6800

®512 BYTES of ROM

$3.00

®R$232 or 20 mA S100 BUS...FO24tl..... $1095
SSERIAL INTERFACE SINGLE DRIVE FD2402...... $ 649
®4K of RAM : 1COM FLOPPIES:

UK MEMORY .. ovvvoovencnranconnnes FF36=1 FRUGAL.......... $1195

FF36-2 DUAL FRUGAL... .. 1395
360-58 BLT;INTFC B0B0.. 300
$171 POWER SUPPLY ... 250
FD360-2-5DUAL SYSTEH... 3000
KIM-16s502............... s 245
KIM=2 BKevoernnrnnennnnns 179
KIH=3 BK.'evaenronronnons 289

MPCb, MPShb, HPLb EACH.......... 9 50

CONNECTOR SETS nPu/nEn
CONNECTOR SETS INTERFACE.

TARBELL AUDIO CASSETTE KIT 120

INTERSIL INTERCEPT JR. s281

5 GTé1..
AC30 AUDIO INTERFACE..... .
PPLO PRINTER..uvvverinoeeraansn,

12K RAM. .o vveenninnnne, 145

CT 1024 TERHINAL KIT....vvuensn. ROM/PROM BOARD......... 74.65
BilPoo0000000 15.50 CTS......... 39.9 YOU ADD MEMORY CHIPS

ALL SWTPC UNITS ARE KITS SERIAL 1/0.. . cuivuenennn .50

SHOKE SIGNAL BROADCAST 16K RAM AUDIO VISUAL BOARD

SHIPMENT

SPECIAL DISCOUNTS!
ON KITS & ASSEMBLED UNITS

SAVE UP TO 20% OFF KIT PRICE WHEN A PERIPHERAL IS
PURCHASED AT THE SAME TIME. ($200 MAXIMUM DISCOUNT)

pERIPHERAL over $900 mmmp 20% orr k1T
pERIPHERAL over $250 mmmp 10% orr xi7

PERIPHERAL OVER $95 5% orr k17

GREEN PHOSPHOR $150
VIDEO MONITOR %

SHIPPING
STANDARD 1V P TO P COMPOSITE VIDEO INPUT,
16 MHz BAND WIDTH, RASTER SCAN 12x12x13"
WITH POWER SUPPLY, VIDEO AMPLIFIER, DRIVING CIRCUITRY
VENTILATION MUFFIN FANS, 7x9' HORIZONTAL VIEWING,

CAPABLE OF 24 LINES x 80 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 ENV!IRONMENT.

DATAPOINT 3300-200 $475 cireine
THERMAL PRINTER

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

k-

DOT MATRIX, SOLID STATE WITH LESS THAN 25 MOVING PARTS.

DATAPOINT CONSOLE PRINTER

+285 1b.
SHIPP ING

BOTH UNIVAC AND SINGER BUILT THESE $395
PRINTER MECHANISMS WHICH OPERATE AT

30 CPS FROM A ROTATING WHEEL. 65 CHAR.
USES STANDARD FORM FEED PAPER. PINWHEEL
IS INTERCHANGEABLE.

UNIVAC 0769-06 PRINTER MECHANISM ONLY ... $195
INCLUDES MOTOR/PRINT WHEEL +SHIPPING 751b,
+ 75 1b
KLEINSCHMIDT 3 ..... $250 5 720inc
THIS 30 CH/SEC DRUM PRINTER SITS IN A SOUND-PROOF
ENCLOSURE. 64 CHAR, PARALLEL INPUT, 80 CHAR/LN
+ 35 1b

TECHTRAN 4100........ $595:ui7inc

TAPE CASSETTE DRIVE. CAN RUN DIRECTLY FROM TERMINAL
INDEPENDENT OF CPU. FULL EDIT CAPABILITY.

TO ORDER EQUIPMENT

1.ENCLOSE CHECK FOR FULL PRICE PLUS SHIPPING CHARGES
(KITS - ADD $5 IF UNDER $100; $10 IF OVER)
BANKAMERICARD & MASTERCHARGE ACCEPTED
SEND CARD NUMBER, EXPIRATION DATE, INTERBANK #

2.CLEARLY IDENTIFY SHIPPING ADDRESS

3.DESCRIBE ITEM BY MODEL NUMBER

ALL MERCHANDISE WARRANTEED

SEND $1 FOR OUR CATALOG

INCLUDES DESCRIPTIONS OF OUR COMPLETE LINE OF
KITS & UNITS, REVIEWS OF OVER 150 BOOKS, LIST
OF NEW & SURPLUS PARTS AND ARTICLES -

'""ALL ABOUT PERSONAL COMPUTERS''

WWW americanradiohistosd.conon. o
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BILL GODBOUT ELECTRONICS
BOX 2355, OAKLAND AIRPORT, CA 94614

There are no screws or fasteners Lo mar
TERMS: Add 50¢ to orders under $10; over $10 add 5% for A H
shipping & handling. BankAmericard®/Mastercharge®: call du= ftiezg ey toargit) Cogleoncedr

- Has provisions for card guides, connec-
(415) 562-0636, 24 hours. Cal res add tax. No CODs. oo ate. orMihe ineida. AvRilERR] Gn

black or computler blue with white front
kb 4 panel; shipped unassembled.
#VP5-17-17U 5.51"H, 17.58'"W, 17.1'D

LOOIRING FOR A * . 51925
COODICONNECHIONE X BVPT-17-17U  7.26'"H, 17.58'W, 17.1'D

drilling, machining, or labelling, and is easily assembled: nowi
you can wrap your project up in style. 5

= [/
VECTOR-PAIN enclosures
This is not another painted box, but is equivalent to the fancy
- enclosures used for industrial and computer oriented equipment’
Tasteful matte color scheme and extensive use of brushed alum-
inum add to the beauty. 1It's shipped knocked down for easy

ok ok

$84.00

25 PIN RS-232 #VP9-17-17U 9.01'"H, 17.58'W, 21.6"D or

=t 3 CONNECTORS : sub- exact same size as IMSA! microcomputer.

. mini D type. $96.50
[”“'““]'I'II Male plug with

éo —aiif °. plastic hood,
luwvv%mthj part #0B25P

.......... $3.95
Female jack, %
HOOD | part #0B25S X 3 - Sanad ;
el e vien! .95 % . :
0 3 k¢ e e o o ke o ok e e o e ke e ok e o ke e s ok e e i izl - RO
e el )
& =2
¥ . D Our family of ECONOROM boards
74500 $0.36  74LS139 138 KIT: $100 WIRED: 3139 offers 3 ¥ifferent capacitics
741501 0.36 74L5155 o 4K X 8, $-100 buss compatible of eraseable ROM... suitable
741502 0.36 7418157 e full feature memory. Guaran- for holding any program or
741504 0.42 7415160 s teed faster than 500 ns, cur- routine you want. Similar to
73:_2(1)3 g;: ;;t::g; 1.35 rent draw under 750 mA...both ECONORAM, and also very low
7 2 : r full temp range. A =
741811 0.38 7415165 1.85 specs ove u p :4 power: SV@X%A, -12V@ 150 mA.
Taesiey L3G AISISE A Fully buffered; DIPSWITCH ad- @ 2K X8 BOARD........
741520 0.56 7415169 1. dress selector; sockets inclu- 4K X8 BOARD..........
741521 0.38 7418174 1.38 ded for all ICs; uses lo-power
This beautiful, brand new SPDT 741522 0.38 74LS175  1.35 Schottky support ICs: the best
miniature switch is designed 741827 0.38 7415221 1.38 combination of value and econ-
for PC board mounting (bushing 741830  0.36 74L8240 1.88 ES
not threaded). Includes mount- 741832 0.38 74I.§257 1.25 o~
ing frame for extra support. 741857  0.53 ALS258 Bt BIG, BRIGHT .5” DIGITa
PC MOUNT...... ORDER #5W-3 ;3:~2;§ ‘I’-E; mgg; fgg i ’ VECTOR’S
= 2 ) ZSHOW UAL SIZE p==== ”
ALSO AVAILABLE: Standard min- 741874  0.56 74L5367 1.00 j;SHO I S . I “SLIT-NWRAP
iature SPHT toggle switch, w/ 741875 0.85 7418368 1.00 b | y
all mounting hardware. $1.15 7418109 0.60 7418577 1.88 g - [ % sz 50
cach or 5/$5.00 7415124 2.;0 TaLs3Ts 1..>§; : I I °
p 7415125 0.75 L (05 5 \\/\ i +2 Ibs postage !
STANDARD. ... .. ORDER #SW-2 7118126 0.75 811596 113
7418132 1.50 811LS97 T 13} )
7418158 1.38 81LS9S 1.13J wo‘:’h::

a manual wrap-

ping device, which
supplies insulated wire
directly to wrapping posts
without pre-stripping or pre-:
cutting. More than one level
of wrap is rarely required.
Speed your breadboarding time
tremendously with this tool, and
on't bother stocking all that pre - stripped
nd pre-cut wire you would normally require.

PLAY WITH =2 = o

10 OF ONE KIND......%8.50

WIRE ?

SEND FOR FREE
FLYER!

r

Now yuu have a choice--specify wire
wrap pins (illustrated) or solder-
tail with 250" row spac
ing. For IMSAl and

2 T SonNECTOR
S et $5 EACH=-%22 FOR S

o VECTOR!
\c This is one of the neatest Altair

accessories we've seen. It accepts

virtually any size IC package, has a

power and ground plane on opposite
sides of the board for extra capacitance.
Room for 4 regulators, | heat sink provid-
ed with board. By the way, the sockets
are shown only for illustration, but they
get the point across that you can stuff a
lot of ICs on here --- implement your own
memory boards, 1/0 boards, etc.

Y

T Tty pryieg” gy

=1

OW WIRa | :;‘;' ii" 534
e sOCicets R 1T

Soldertail, tin plated 3 level, gold plated i ,jji:vﬁé,}'ufl -
95 Vdl DT it 10/83.70 § o ] i '3 |
15 16 pin..... .10/$3.85 3 (" whallh <
75 18 pin......... 1/$0.75 [
3 32 el W UNIVERSAL PROTOTYPE
% 15 Sty e BOARD » » » $19.95
15 40 pin......... 1/$1.75J

www americanradiohistorv com
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————— T —

TERMS: Add 50¢ to orders under
310; Cual res add tax. Place Bank-
Americard or Mastercharge orders via

our 24 hour phone line, (415)
562-0636. ALL PRICES ARE INTRO-
DUCTORY SPECIAL PRICES TO
CELEBRATE THE COMPUTER
FAIRE.

BiLL GODBOUT ELECTRONICS
BOX 2355, OAKLAND AIRPORT, CA 94614

8K X 8 Econoram Il tm Price is $163.85 — 1/4¢ per bit!

Uniquely configured as 2 separate 4K X 8 biocks {with fully independent protect and address decoding to increase
fiexibility), our Econoram |1 kit features full buffering, guaranteed 450 ns or faster speed (use 1 wait state with Z-80 . . .
all necessary logic included on board), plated-through, double-sided Epoxy glass board with gold edge fingers, low profile
sockets, on board regulation, and Tri-State outputs that can drive the Altair/IMSAI S-100 Bus or any bidirectional Bus.

We use proven, reliable technology, like static 2102L-1 low power 1K RAMs, and low power Schottky IC’'s which keep
current consumption to an absolute minimum. And there’s more — but seeing is believing. If you can’t see us at the Faire,
send $1.00 to cover costs to "“Econoram |l Logic Print/Documentation’’, c¢/o our address, and you can see the full story
for yourself. When it comes to memories, we've learned how to push the quality up . . . and the prices down.

MOTHERBOARD: $80.00

Use with the IMSAI machine as an add-on room for ten peripherals, or for starting a stand-alone system. Comes with 10
edge connectors — lots of places would charge you the cost of our Motherboard for these alone. Active, regulated
terminations included on-board, minimize the crosstalk, noise, overshoot, and ringing that appear as mysterious gremlins in
your computer’s data handling capabilities. And of course, we use an Epoxy glass board, with bypass caps and heavy
power traces included. Get yourself one of these, a Morrow’s Front Panel, some Econoram /!°s, and a power supply, and
you're on your way to a powerful system at a really good price.

TR-160B Standard UART IC ... ALTAIR OWNERS — finally a gold

$5.50 Brand new, prime part. plated soldertail edge connector
with 0.140” row to row spacing for

use with Altair Motherboards. Same

B quality features as our [IMSAI
@@'@M A readout blockbuster: FND Motherboard — compatible edge
369 0.4” 7-segment readout, connectors. $6 each 5 for $27.50.

B e o BT e common cathode. Pin-for-pin
compatible with FND 70.
FIFTY CENTS EACH 10 for
$4 or 100 for $35. I

www americanradiohistorv com
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PARATRDNICS

. 1 L.
. CRYSTALS &7 MICROPROCESSOR COMPONENTS LT L
Yy MIESEFREDUENCIES ONLY | ¥ aosoa cPu $19.95 8228  System Controller - Bus Driver $10.95 135 w0 Feh_ Popuiat Elecionds)
e . o o 8212 8 Bil Inpul/Output 495 MCG800L 8 Bit MPU 5.00 e EiEFos) any
Cvah 2000 MHz HCIIL $5.95 8214 Prionty Interrupi Control 15.95 MCBB20L  Periph. Interlace Adapter  15.00 type ol digital
Cvia 4000 MHz HC18/L 5195 8216 Bi-Duectional Bus Driver 6.95 MCBB10AP1 128 x B Sialic RAM 6.00 syslem including
CY?A 5000 MHz HC18 $4.95 8224  Clock Generator/Driver 10.95 MC6830L7 1024 x 8 Bit RDM 18.00 Microcompulers
Cvi2a 10 000 MHz HC18U $4.95 CDP1802 - with user manual 39.95 Z80 CPU 49.95 s
Cy-e 14 31818 MHz HC18U §4.95 e
gv 4 oo FoE $294 3080 TR Bl o s 149
%) HZ HC1B U §4.95 5 o 183 ) LA100 KIT  §189.00
Cvion 32 000 Mz HC18U 5195 00 G L3 i B B 1% :
- SA'S s DIGITAL AUTO INSTRUMENT
XR-2206XB it $27.95 g i E 1022 Dyram $ 1.95 ¥ 6.95
XR2206KA KUY SIS v g , ! 64 Stue 23 SEVEN DIFFERENT INSTRUMENTS!
GWAV[FDSMS YlM[RS Hex 5an 300 80t 2560 Stanc 695 MEETS OR EXCEEDS ORIGINAL AUTOMOTIVE SPECS
. ‘osm“" R i :g:g;ggl H Lyramec 249 Bt ‘§6 ol Stare [3 '.33 Picase specily which 0ne of e seven models you win!
i e e seer e ;:Zz'éms’n ] X 5 ':e: ol a4 when ordetng - tnese do not ail come M one unit
R-2207CP 385 MISCELLANEOUS AR-2556CP 320 Duat 512 B11 2 256 » St S ARt loelbagghis Pese(en
R-211CP 670 XR-2240CP 35 6 9342 SPEEDOMETER"
STERED DECODERS :n 136 PHASE LOCKED LDOPS Y i“ s m.l gx”-' l}u‘!n\x 93 1 TACHOMETER 4 0.93 MPH
¥R-1310CP $320  \R-1468 385 W21 520 Fap % PHOMS Y0 G
R 320 vREE 580 aA-215 660 161 18eg w )38 Shsjp || SCleicmaes 5 OlL PRESSURE
<R-1800F 320 R0 150 xR-S61CP 195 8 ;. 1595 | ) WATER TEMP - 3 GE0lasy
AR-2567 299 WR2208 520 xA-567CT 170 UART'S 523 ] Open € 500 | 2100250 F
AVSI01) 30K Brug 595 %3 a i o BOLaTEMP
CONNECTORS Rom'$ 25 B a3 Focenige - BATTERY MONITOR
PRINTED CIRCUIT EDGE-CARD {10 00 e B @ memem,, m) UTUT et
156 Spacing-Tin-Double Read-Out 3536 102480 Programmab 195 §331 2% TheStae @A 295 BRIGHT VELLOW ORANGE
Biturcated Contacts — Fits 054 1o 070 P.C. Cards W E D DL LAY Ly
15/30 PINS {Solder Eyelel) $1.95 SPECIAL REQUESTED ITEMS Nothing ke 1o buy? $2 Vorr NEG GRD -
18/36 PINS (Solder Eyelet) §2.49 MCI061P 3.50  COs508 825115 %00 31 6.95 | DIMENSIONS 4792 $32 KIT: $49.95
22 44 PINS (Soider Eyee  52.95 | icem ' 1% Sin S a5 T8 wemr  de pAKS1000ic e snecd rarsaucer ASSEMBLED: $59.95
S0 W0 Spong NS oo Ereell  S6es | sege g memn g um,, s Giwne gos
-5-91; 1 o
25 PIN-D SUBMINATURE 01070 95 MCMESTS V750 T 1050 95K90 1395 DIGITAL STOPWATCH
DB25P PLUG $3.25 * Teoes 1 58 s 5008 secens
6 ? « Crystal Controiled Tume B -
— SOCKED Se9 eLecTronic ‘PENDULUM’ CLOCK e S
— 1 Tmes Sigle Event — St  Tayir
. m 3 /2 DIGIT DVM KIT 8 Unique Electronic ‘Swing” Pendulum :\s;::ss;e.n:ie‘::u‘.'sw e
® Real Furnfture Quality Kit — $39.95
@ Handicralted Untinished wood Case .
B Large .7 Hours. and Minutes LED Display Assembled —  $49.95
o Ko, Heavy Outy Carry Case $5.95
’ : .lrﬁ“oev Sz:l :ZISA:] l\gsgzns Stop Watch Chip Only (7205) $19.95
This 0-2 VDC 05 per cent dignat voltmeter features th2 Motorala 3z digil W Use Module For Easy Assembly T
OVM chip set Ithas a 4 LED display and operates from a single ~ 5V : @
power supply The unit 1s provided complete with an fnj2ction molded black ® Special praiamen |R0M injgendzm .m_e,bqnd
piasitc case comolete with Bezel An oplionai gower supply is avallable for animated effect! e
which fils inlo the same case as the 0-2v DVM allowing * 17 VAC operation
A 49'95 N DIGITAL ALARM CLOCK $16.95
. with Case $49. 24-Hour Alarm
B. SV Power Supply $14.951 wr— uNFNISHED*  $59.95 e deaa e

VECTOR WIRING PENCIL

vertar Vg Pencd P13 §75 0 . Rt NEIS kealbwtwe:gist et o
ahich s usea 'm e anit wrap Msulated aite fed 0% 4 M Containe
Bt : e

Xﬂ
wdn 250 Fi ol ved wnt

59.50

ASSEMBLED — STAINED" $69.95

“Case Assembled

REPLACEMENT WIRE — BOBBINS FOR WIRING PENCIL

W36-3.2-Pag 3 250 1t 36 AWG GREEN $2.40
W36-3-8-Pag 3 256 36 AWG RED §2.40
W36-3-C-Pkg 3 250 36 AWG CLEAR $2.40
¥36-3.0-Pxg 2 250 11 36 AWG BLUE §2.40
1/16 VECTOR BOARD
01 Hoie Saating P-Pattetn Price
Pait No L w 2up
L S50 65 154
160033 022 0aP 50 v 168 32
067 50 6% 20 166
& AIP33 062 350 8BS0 256 231
18823 62 0 o 50i &5
16975 06D 50 00 923 826
EEy Gy 16903 62T £ 00 680 612
COFFER €LAD

BUGBOOK

Continuing Education Serles
BUGBOOK | & Il - Basic concepts of TTL Logic — over 30

AM/PM indicator !
Seconds Display at louth of button
SPECIFY BLACK OR IVORY

.
.
.
o Large Red Led Display (.8~ high)
.
.
.

X

BUGBOOK Ill - Explores 8080 chip — Introduces

Mark 80 Microcomputer
555 TIMER APPLICATIONS SOURCEBOOK WITH
EXPERIMENTS — over 100 design techniques $6.95/book
CMOS-M-DESIGNERS PRIMER ANO HANOBOOK
a complete CMOS instruction manual

experiments $17.00/5eb 12 or 24 Hr Capaclly
BUGBOOK lla - UART — recor Simale REGE! <ISSrFTsnbLon
for RTTY enthuslast $5.00/book

$15.00/book

QUARTZ DIGITAL AUTO CLOCK
OR ELAPSED TIMER!

Elapsed Timer: Krs, Mins and Secs

Compiete kil «nciudes mounting brackel
case ang an components. aothing eise 10
buy Features MM5314cnip Large 4 LED's

ACCuLIacy belier than = min ger mo. HetnH
Sattery backup 12 woft NON-ROIdr 692 210N
DIMENSIONS 3'; « Kit: §29.95

12 01 25 WOUR MOOE Assembled: $39.95

$6.00

CASE ONLY (includes hardware. mounting bracket and nezeth $6.50

nnoductory Oltes — all 6 hooks 1worth $39.95
SPECIAL - $42.95

205-C8 Broyinm Cpper Heat Sne i Biack $arth 1y §0-8 $.25
291-.36H Teans.stecs & Reguiaters § .25
680--75A  Biaca iv $1.60
HEXADECIMAL ENCODER 19-KEY PAD
. e1:0
» ABCOEF
o Retyrn Key

» Optionzi Key 1Period)
. — Key

$10.95 each

CONTINENTAL SPECIALTIES

PROTO BOARD 6 Other CS Proto Boards

$15.95 PB100 - 4.57 x 6 $ 19.95

(6" long X 47 wide) PB101 - 58" x 4.5 29.95
PB102 - 7" x 4.5 39.95

PB103 - 9" x 6 59.95

PB104 - 9.5" x B" 79.95

PB203 - 9.75 x 6% x 2%  75.00

PB203A - 9.75 x 6Y2 x 2% 120.00
ncluges power supply]

PROTO CLIPS

JE700 cLOCK

Ine J st il clochk. bul
s 3 very ncn quality unt Tne unit tes

tures 2 simulate0 waloul cise wiin o

mensions o § £ 2°2 w1 Itulizes a
MANT2 high broghiness . ang the
MMS3)2 clock chg

$17.95

12 or 24 Hour

115 VAC

14 PIN $4.50
16 PIN 475
24 PIN 8.50

OESIGN MATES *
DM1 - Circuif Designer
54.95
DM2 - Function Genetalor

Logic Menitor $84.95
for DL WIL TTL or CMOS Devices

DM3 - RC Bridge

s keytiora features 63 unen:
contes SPST by atlicned 10

63 KEY KEYBOARD

HOD165 16 LINE TO FOUR 81T PARALLEL KEYBOARD ENCOOER

JOYSTICK

These joyshicks fealurc lour *
potentiometers, that vary re-
sistance proportional to the
angle of the shck. Sturdy metal
construclion with plastics
companens gnly At the mova-
ble joint. Pertect fou etectronic
games and insirumentation

*5K Pots $6.95
*100K Pots $7.95

59.95

QT type  wholes  price

at PROTO STRIPS LR S

Q1-598  bus Stnp 2.5

- Qrars 470 10 00

1-505 SRR~

. . . o 01185 01478 tussip 225

- el T S =

- - -35P Lus SIAp 2.00

LA * orars ;,Dm“ml,u 128 Q-85 180 | .75

R TG TR s arizs 120 375

~ cnmmm arEn e . Q.38 e =0 Q185 80 325

- <dle — or-7! 0 3.00
-hmlﬂllﬁlnnu'- RS B o Fxpermentor 300 5 9.65
-0 a1 40 var e s (1358 s s Expenmentor 630 $10.95

DIGITAL CLOCK KIT — 3%z INCH DIGITS
4 OIGIT KIT $49.95 4 0IGIT ASSEMBLEO $59.95
6 0IGIT KIT $69.95 6 OIGIT ASSEMBLEO 579.95

This clock features big 32" high Gigits for viewing n otfices, audioriums.
elc. Each digil i lormeB by 31 bright 0.2' LED's. The clock operates lrom
117 VAC, has either 12 or 24 hr. operation. The 6 digit version 1s 277 x
3% x 1% and the 4 digit is 18"« 3% x 1% Kils come complete with
all companents. case and transtormer

Specily 12 or 24 Kour when Dedering

-

JE803 PrOBE

indespensitie N 1tOubIE ShEOING oge tamuibes
TIL OTL. ATL CMOS I denves the power #

~
~/

— )

neeas 10 operate cwectly off of the Crecuit unger

$5.00 Minimum Drder — U.S. Funds Only
Calitornla Residents — Add 6% Sales Tax

All Advertised Prices Good Thru May

Spec Sheals - 25¢ — Send 35¢ Slamp for 1977A Catalog
Dealer Discount Avallablie — Reguesi Pricing

-
ames

1021-A HOWAROD AVE.. SAN CARLODS. CA.
PHONE ORDERS WELCOME — (415) 592-8097

test Otawg a scant 10 mA mae 1t yses a MAND
120U1 10 ndicste any of the folowing states by
these symbols (HY - 1 (LOWY - 0 (PULSE: - P The
Probe can detect mgn teguency puises 1o 45 MHz

1 cant be usec 3l MOS icvets or aamage 3995 Per Kit

Wil tesul printed ciscuit boare

94070

TLSV1A Supply

Thes 15 3 standarc TTL power wtl
LM309K teguiator :C 10 prowsds
volts We try 1o mdke things easy 101 y B
everything yAu deed i e package muu(mqme Rardware

Ll $9.95 Per Kit
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WIRE WRAP CENTER Y

7 400N TTLW

sH7:594 : HOBBY-WRAP TOOL-BW-630
Tan B swasw 1o There 1S Onl one

SNP402N 2 SHF470N 85 SNTAISSN 99 y = o Baftery %Demed (glle C)

SN7403N % SNIZZN 39 SNZHS6N 99 o Weighs ONLY 11 Ounces

SNT404H 18 SHT47IN n SNIA157K 99

SN7208N 2 SNT4TAN 32 SN7:1B0N 125

SN7:08N 2 SN775N 50 SNTHIBIN 99
SNTS07R 29 SuT27eN 2 SNT4163N .89

¥ o Wraps 30 AWG Wire onta
; Standard DIP Sockets {.025 inch)
ame Complete with built-in it and sieeve

SN7408N 25 SN7479n 5.00 SNTSIBIN 110
SNTA0IN 25 SN7480N 50 SHTANESN 1.1, ELECTRONICS 33495
SNZ4tON 1B gnmzu 98 SNP4166N  1.25 {pattevies not ecludeo) -
SN741IN 0 47483N 70 SN74167N 550
W3 e B w210 WIRE-WRAP KIT — WK-2-W =
SN 45 SNAITN 895 | h d d i
SNT41IN n SNTABEN 350 SNTUTIN 150 ey can tl‘y an COpy our a 9 WRAP « STRIP ¢ UNWRAP
SNT41EN 35 :zrggu 2,4: SNTAITIR 125 o Tool for 30 AWG Wire
SNTHTN % NT390N 4 SKT4 75N ] Wir
SN7220M 2t SNT:9tN 75 SNTATEN a0 o Roll of 50 F1. While or Blue 30 AWS Wire
SN7321N 3 g:;:ggn 9 SNIUTN 90 ’ 5 ' e 50pcs.each 17. 27, 3" & 4" lengths —
SNT42N 49 9N s SNIASBON 99 Th re-stripped wire
S 3 SN 79 SNPIBIN 249 €y can t COpYy our service. prezsiilpp
SNT425R 23 SNT495N 7 SNTNBN 95 $11.95
STi6N 29 SN7<96N 83 SKP418eN  1.95 s
gu;zzm 37 SNT497N 4.00 SN741BSN 220 /
NIz 32 SNT410OH 1.0 SN7Z4186N  15.00 .
SNP3ON 26 SNTAIOTN 39 SNTAIBTN  6.00 e fr—y - WIRE WRAP TOOL WSU-30
::zag;n 317 :Nmzm 39 SNT4188N  3.95 o R 0 X R o - WRAP ¢ STRIP ¢ UNWRAP -$5.95
4374 NTatZan 38 SNPIOON 119 ..
Saam 2 SN 9 soagw g | OCNT 0 Gen DISCRETE LEDS ot I o4 WIRE WRAP WIRE — 30 AWG
e R Douaw g Swamn 8 B aGe veow st X1 Oasge w5t [ 25f.min.$1.25 50M.S1.95 100f1.52.95 1000t $15.00
SNISGIN 29 SHIIIN 1,09 SHTA19SN 125 2007 dia 185" dia. 200" dia. S SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black
SN7232H 59 SNP4I 55 SNTM0SN 75 xC22  Res st XCs6  Red 1051 X556 Reo 10051 MVS0 - Red - 6§
SNIAN 75 SNP4I 115 SNIgeN 125 O T T G = - B €S-8
SN7a24N 75 SNTAEZE 100 SNTI9TN 75 €22 Yeliow 453 xC525 Yeilow 451 xC555 Yetiow % 2
SNIsSN 75 SNISIIN 450 SKI4I9EN 175 X622 Orange 451 MS;‘J Ounge 381 XC556 9unge 18 CUTTER CR|MPER TOOL ( )
SNT446N 81 SNIAtAN 450 SHZMGIN 175 sst-22 A1 48 Clear st X£ss6 ear Tisy « Piler Nose {seirated-jaw)
SN74a7Ie 69 SN24148H 115 SHPA200N 550 SPECIAL * — XC556 Red 100/$8.00 1000/860.00 — SPECIAL * 0 o Scissors Action Cutting
SH744EN 79 SNIaNATH 235 SN74279N 90 o 6 Boll Cutters (4-40, 5-40, 6-32, 8-32
WS 2 sl 208 Swasm 19 oLrr DISPLAY LEDS m UL 10-32. 10-24) o
: SNP42BN .00 -32. 10-
S B Touem m N, B WPE POLARITY W TveE POLARITY W O %";g i::é'l")"s (7mm Auto — 22-20 lo
WAKS  Common Anode 2 2.95 MAN 3630 Common Camode-orange 00 175 - L
MANY OTHERS AVAILABLE ON REQUEST W2 57 Dot beane 498 MAN 4710 Common Anoce-Red 0 195 E& o “Up-Front” Wire Cutting
20% Dlscounl Jpr100 Comblneo 7400 1AN 3 Comman Canode 5310 L7y Common Ancde-red g oz o Scissors Action Stripping (No. 22-20 to No. 10}
N 1 b a -
02000 s 300N n i Emﬂ 2;‘;‘::" ) P g::ﬂ:: 5,“,‘;;“ 5 (& « Crimp Stations — Insulated (2w-20 to
Co:001 2 TacHon 85 MAN TG Common Anode-green 00 195 MAN 4740 Common Anoue-Red 00 99 12-10 elect.)
€0:002 F Tacaon 65 MAN Y Common anoge-yelow 300 195 oL Common Anode 600 150 Actual Size - 8% " length $8 50
0:C06 250 72030 65 1A 52 Common Anoge-green 00 59 178 2 A 800 225 W
ggjgg; g; Z:g;gx f ;g AN 6 Common Anoge-red 00 9 oL 75 Comman Cathoge 600 239
4 LAN 74 thous 300 1.50
ol 115 Wile CTAcmiEe 5 B S e b : Per | Electrical Tape
St 23 0 MAN B3 Common Camode-yelow 300 99 pNDSO3  Commor Cainode 20 B > ermace ectrical (ap
: = MAN 3620 Common Anode -0range 300 175 kD50 4 500 100 3" (wide) X 66 1. (long) » Allweather » Notimport
€0:013 4 125 o L7
s I fw 790 ATARI GAME BOARDS |[NEW AY-3-8500-1 TV GAME CHIP . $1.25 per roll — $9.95 per 10 roll package
Cp019 5 215 BOARD A — B 116 « Scare display 28 Lead Dual in Line:
€0:020 459 32 Over 60 each reusatle IC°s $6.95 ea, | o Sewrtabie angies The £atcut 1S ntended 10 be battery ZENERS — DIODES — RECTIFIERS
Taw 3 3z Msc Tiangisiors ors ONLY 500 EA tpeed and Oat s7e poweres Minmum number of [ TYPE  VOLTS W PRICE TYPE  VOLTS W PRICE
Eg'gg 2 3122 Diodes., Caps. Crystabs. Swich. etc AVAABLE |+ o o mamal ol sence  esternat components equnes [ WIS 33 0mm 4100 W05 S0P AP 0100
- « Rearsm sounas. 10t complete system 514 §1 100m 300 INC0E  80C PIV ¥ AMP 10100
A0S 28 260 DELUREISOATD,B 211138 it ggwg? £3- | + 6 Games — senms. rociey INTS2 56 S00m 4000 INMOT 1000 PIV1AMP  1011.00
{04027 69 275 e each teusable iC°s NLY 500 socCer squash, pelota WNTS3 6.2 300m 41.00 INJSOO SO 200m 600
D028 165 275 Misc Teanistors, Fesistors AVAILABLE prachce and wo 1y games 4 INSS 68 D0m N 00 1N31SE 75 0m 15100
I 2 Dioges. Caps. Crystals. Switcnes LEDS elc ° WSS9 B2 00m  B100 NS 35 o 12100
2l 3 El 2 - 00
B0 TR 'c SOLOERTAIL — LOW PROFILE (TIN) SOCKETS 31233? ;56 $o0m mgg :?ﬁ?ﬁi fs e 2
' 124 50-1 124 2549 50-100 g prt
LAMIOTH 3 IMISIN 175 : § N2 62 500m 2 N7 62w 28
woIcn 38 o 5 s |g ‘5 G f‘ en 538 4 % 15235 6.8 500m 28 WK% 68w 2
'["‘igza" 75 W a5 L s s 4 2 ] s 3 A sg o 4 ::Egzs ;;5 s%)m = gg ::u;:; ‘uzz g ;g
MIKH 1.00 LM37IN 32§ M1556v 1 b} d 0m T "
J 18 pin 29 28 0 pin 8 £2 4 6
LM30SH 95 LM377N .00 MmN 195 1M458 150 m §1.00 1373 15 1w 28
(O07CH 35 IMIBON 139 LMW 285 2 - 37 l SOLOERTNL STANDARD (T‘N) NGBSA 180 10m 6100 INTB3 Sopw 35AMP 160
LM308H 100 LM3BOCH 1.05 LM3065N 69 14 pin .27 25 8 pin 5§ R 50 81 1N3001 SO PIV 1 AMP 12/1.00 1N118s 100 PIV 35 AMP 170
LMIGBCH 1.00 Lm3gin 1.79 LM3300N 55 16 pin 0 a - JG n 9 26 15 83002 100 PIV 1 5MP 121.00 1H1185 150 PIv 35 AMP 150
LM30SH 110 LM3BN 173 LMIYOSN 60 Wan 35 30 0 pin 9 15 130 1hi003 200PIV 1AMP 121100 1N1186 200 PN 3SAMP 180
LM309K 9 RESO1K 8.00 £M3903 1.25 22 pn 49 4 1H3004 200 PH 1 AMP 121.00 1N11B3 300 Piv 35 AMP N
LM3IOCH 115 NESIA 600 LMSSSEN 185 SOLOERTAIL STANDARD {GOLD
vt S Bpn 530 4 4 )u wo S0 63 57 SCR AND FW BRIDGE HECTIFIEHS
LM3nN 9 KES36T 600 LMP525N %0 b b o - 4 ol s 2 oo 154 @ 400V A
LM3TBCN 1.50 NES540L 600 LI7535N 1.25 ; % -~
5504 9 80388 195 % 3 % 7l 5t % c3a 394 @ 200V sca 195
LAI3ISN 130 Nl LS N
LM320K-5 135 NESSSV 3 M0 w9 u = W MY W n2328 164 @ 200V s’ 50
LMI20K52 135 NES60B 5.00 75451CH 9 WIRE WRAP SOCKETS (GOLO) LEVEL #3 MDA 980-1 124 @ 50V 7w BRIDGE AEC 195
LM320K-12 135 KESG1B 500 7952CN 39 10 pin §45 1 m 24 pin $1.05 95 85 MDA 980-3 124 @ 200v FW BRIDGE REC. 19
LMI20K-15 135 NESE2B 5.00 75453CN 3 " pin 39 38 ?7 - 8 pn 140 1.5 110
L4IT-5 175 NESESH 125 MSsaN 39 v @ - Wm0 W 0N sl e TRANSISTORS e
LM320T-82 175 NESGSN 175 754910m 7 ) " 5 WPS A5 85100 :
LM320T-8 175 NESGECN 125 7S402CN 8 - - anes 3900 e L e
g MmO wes™ | 7, Plastic Push Bution Switch | MINATURE TOGGLE SWITCH § 5. i@ I S T L
LM320T18 175 LAT0ICH 45 CA3OS 215 /N, © 18 AWG Solld Wire - 5" Lang //  — .| . BAes 55900 'f“' 409 68100
LM320T24 175 LM709H 2 (C.:\ulggg ;sg , * .50 (wide) X .60 (high) %-27 Thraad JMT-221 DPDT on/oftion  $1.95f e 1m0 —~ & e e
LM32IKS 995 LM7OgH 2 E 8 AMP @ 14 Voll - 1 AMP (@ 10 Voll ) M6k 3510 an 5100 o
LM32:H 180 LMTION 79 CA3039 135 \ e ,(-9 10 Up JMT-223 OPDT on/nonefon S1.750 wesor.  58i00 AU T
w10 W By [ JABB4 Pusn On-Pusn O 59 49 JMT-121 SPDT onfoffion  S1.50f 2223 35 ! zaiz som
LM3S0K 195 LM723H S5 3-188:2  Kormaly Open 59 49 q L 3903 55100 138 $3100
INHOK6 195 LMT23H 55 CA060 325 11883 toimaly Closea 59 .49 ' JMT-123 SPDT on/noncion $1.25f zoes s & it bt M o
LM340K-8  1.95 u.wggn 1.00 €A3080 ,zg 14 MERS 9% m :::g ;:: )
IM340K-12 195 LMTIN 1.00 CA308) 2, M2 58100 nson Bl
UAMOKAS 135 LMIOCH 35 cmoke 2.0 @ CLIPLITE 8/51.49{ . DIiP SWITCHES mas  SS100 RO 0 f"‘m; ]
(MBI 195 WMIaCH 35 CAJ0Y 160 & SPST Siide Action 2421231083 00
L3024 195 LMI2SN 39 CA086 5 A LED MOUNTING SYSTEM 06-4 « 8 pin 0 wieh und $1.75 ea. —
Waers L ugew Jy GO an — s \v:t:“XC?lss LEDS <206 7 1o wor 7swien ont $195 02§ CAPACITOR. 5o vour cenamc CORNER
ot i et i 5 AT 7% pecily Colons - Green - Amber - Yuliow #206 8 116 pin aip) B Swich van  $2.25 ea. a0 @ 49mss()t|$)‘o"mons J—— &
Ui 1 fwmaw . ows  o» 50 PCS. RESISTOR ASSORTMENTS $1.75 PeR assT. o st a BT o™
MA0T. > 2pt 05 08 03 00dwF 05 04 035
» A i " A 120MM 15 0MI8 18 OHM 47t .05 [ 01l )
LM340T-18 175 LM13038 119 CA3130 125 fry 7 0 3 05 0 P
i Ty 42 c»alsoo ;;z ASST. 1 5 ea 70HK  330HM  I90HM 47 OHM 56 )un 174 WATT 5% 50 PCS. 100 p! ] 04 03 022,.F 06 05 o4
(MISON 100 LAH3O7N 8  ACHI9 & - i 1
LMISICH 85 LWIIION 295 RCA95 35 63.0HM B2 OWAY 100 OMM 170 OHA 150 ONM - oh '32 o B -“"7‘"' ‘3‘; 29
i % I!dll‘l "] ASST. 2 Sea, 18O OHM 220 OMMY 270 OWAY 330 OHRY 390 OMM 174 WATT 5% 50 PCS. v 100 YOLT MYLAR FILM EAPACITORS
74[_500 T T L 470 OHM 560 OMM 680 Onat 820 Ontt " 00Imt 12 10 0; g?lglm 13 n 08
ASST. 3 Sea. 12K 15K 1.8¢ 2K 27K 173 WATT 555 50 o022 12 10 0i mt 21 17 E)
Jﬁ '-‘15-5 Nl“-lﬂ ” ? ! res: D047 1210 07 m 27 23
5 HIST6 nsiez 72 0] Ik DL 56K 68K o1t 210 07 2m B 7 2
e 1581 ” ASST. a4 Sea b 108 Y 15 1% 144 WATT 5% 50 PCS. +20% DIPPED TANTALUMS (SOLID) CAPACITORS
2 4 ™ 3 I 13V 25 .23 A7 153V 0 2% 1
e 4 L5 = 3 3 - sy 28 21 a7 2208 3 21 22
o 07 ASST. S e 56K (1] 82k 1206 173 Wall 5% 50 PCS. 2% 28 3 7 3y M 2 2
» ¢ 108 160 220k 270x 330K BV 2B .23 a7 LTV R B A
3 3 ASST. 6 Sea I90N 70w 560K 680« 113 WATT 5% SOPCS. v B o a7 6%V B N B
A J ™ t2m " 81 ”. 68735V 28 J 17 1025V 0 3 29
9 85 2 - = 103sv 28 17155y 61 5 .40
» C] s, R Ch TR :‘ . 35 e "é_‘i‘ﬁ' 35 ;;'acs WINATURE ALUMOM ELECTROLYTIC CAPACITORS
. ° Azial Lead Radial Lead
o | ASST. BR Inciudes Resistor Assortments 1-7 ( 0 PCS.) LU oy et
2 L 2 7415260 % ) $5.00 Minlmum Order — U.S. Funds Only Spec Sheels - 25¢ — Send 35¢ Stamp for 19774 Catalog oSV 06 % L1 a5V A6 A8 N
n ‘w? 2 9 Catifornia Residenls — Add 6% Saies Tax Deaier Discount Avallable — Request Pricing 335 5 3 0 1006V a5 13 a0
E] S L 0 k) 4725 a6 a3 a2 02%v 1B .13
w2V as a3 a0 DAV 6 4 b
MM5309 6 Ougi. BCD gﬁﬁ%ﬂ'ﬁﬁs 599 o, s 9 5 A R E %
' 3 v 7 45 a2 AIBY a5 a3 w0
MRSITT 6 Ogd. ACO Ouipuls 12 o 24 Howr 395 2250v 3 % a8 4750 16 1. N
MM5312 2 Digt ACO Outpwis. 1 PPS Gutbut 495 28V 19 17 15 10716y 1 2 c
MMS31E 6 Digl 12 or 24 Hour 50 of 60 Mz 195 .
o 47050v 5 21 9 102v 15 13
MUS3E6 4 Digt, Atarm 1 PPS Ouiput 695 100725V 2 0 18 10/5V % "
MmS388  Video Clock Chip For Use Wilh 1MpS5841 59 95¢ 905 1005V 0 2 S50V F n
CT7001 6 Dt Catendar Marm 12 or 24 Howr 595 220257 2 28 25 10016V ) 15
7400 Pin a...Q‘AnT.A ”ANDBDDKS, 1021-A HOWARD AVE.. SAN CARLOS. CA. 94070 Zosw s 41 % wmey a4 ®
CHosiy] PHONE ORDERS WELCOME — (415) 592-8097 oGy 55 50 s 200V 23 7
’ All Advertlsed Prices Good Thry May 20006V 0 62§ 4028 1 2
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computer display terminal

This display terminal has an integral controller, B/W cathode ray tube and keyboard. The system has a serial 1/Q interface
for communication and an |/Q 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”’
technique

® 21 special push-buttons wired for a program call up

® Brightness Control

® Self-contained power supply

KEYBOARD (P/N 4802-1115-501) FEATURES:
® Reed switch technology

® 54 data keys

® 28 special keys detachable with cable

$180.00

LOGIC UNIT (P/N 4802-1157-5602) FEATURES: Externall lopid & bower backs notishonn: % B
® 1024 by 6 bit core memory AS IS
® Printer I/0 interface

. . 4 way cursor control, graphics display.
® Communication /O interface y rap BAI

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
WEIGHT: 210 Ibs. {including logic unit, keyboard, our customers has this tied into his KIM-1, another has
display and cabies.) his running with his IMSAI. We have data on this.
Should be useable on most common computers. A hell
N of a deal and all for a paltry $180.00. Don’t be left out
FOB LYNN MASS (you pay shipping) as many were on our past VIATRON deal. Sold *as is"”
Check with order please. all sales final.

WITH COMPLETE DOCUMENTATION

POWER: 115V, 50/60 Hz, 500 Watts

WIRE WRAP GUNS

Used wire wrap guns, released due

to factory closure. Various mfgrs,

some Ingersol Rand, electric or air.
No collets. State choice.

Here is a real deal in a PC module 6x5 sockets {30). List Cost over $100.00 each
price over $50 each, most by AUGAT. Some pre-wired. Our price only $15.00 each.
New, unused boxed, 14 or 16 pin, 5 x 6 sockets. $15.00
each or 2 for $25, state your choice 14 or 16 pin.

shown actual size
IC Sockets, while they last . . .

8 Pin 10/$1.00

) SOLAR CELLS

P I )
}g p:rr: :gg} gg Designed for the space program, these are the highly
18 Pin 10/$1'75 efficient silicon high output cells. Used for powering
14 Pin IC connector 10/$1'25 equipment, charging batteries. Made by lon Physics

[ Corp. Each with spec sheet.
Size .394 x .788" 65 mA, .43 V $1.25 12/$12.00
Size .788 x .788"" 126 mA, .43 V $1.6012/$15.00

Please add shipping cost on above. Minimum order $10

FREE CATALOG SP-9NOW READY
P.0O. Box 62, E. Lynn, Massachusetts 01904
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ADD CALCULATOR FUNCTIONS without adding more
memory to your micro. The R.G.S. mathmatical function unit
uses a calculator chip to provide floating point add, sub, mult,
divide, log, trig & power functions for your micro.

PC BOARD AND MANUAL........cocoviiiiiiiiiiiiiinannns $27.00

TOP QUALITY $28

5vDC
@ 22A
=18 vDC

40V
(Prom programming)
iNCLUDE APPROX SHIPPING

LIMITED QUANTITY 20188 1 \
---------------------I

HEAVY

DUTY

POWER
TRANSFORMER
FOR
IMSAI/ALTAIR

tromcs

|
the proko I
S:.':,c.kc(:..m;ﬂe:'ﬂ”é% eIeCtron'CS Shoppe I positive & negative strobie outputs. The power (45V @ 20mal
A ierslmostinlg 439 marsh st. I THE PROKO PAPER TAPE READER: A fully TTL hulleied  is devwed from your 1/0 hoarel... Just supply a Gghi sousce
:;’e‘f lﬁ'.'.sci-; mbw'c"‘ % san luis obispo, ca. 93401 oplical 1ape readn lor cemling 8 level paber 1ape. 11°s {study lampl. qrab the fape and pullt
change without notice. 805/544-5441 compistinle with nearly abl paratiel inpul poels and has boih PTR {1 KIT - $54.00 ASSEMBLED S68.
rr K I Ts B Y @‘ & DiviSI0n OF SOLID STATE MUSIC
* JUST IN:
* »* : . l 64 x 16 VIDEO BOARD Altair plug compatibie display
2102AL-4 - FULL SPEED MEMORY (500ns) i 4Kx8 Static Memories :32 x 16 or 64 x 16 swilch selectable. Composite and
. MB-1MK-8 board, 1usec 2102 or eq. PC Board .. ... $22 | parallel video ports, upper and lower case with software.
* N:"‘"V ”:;:e:;;:w” constingption * : {NOT FOR 5-100 BUSS} ()= $179.95
of even a ([ ek T e s : :
o N ible Switch oard... = N — e S 3D
2.00 EACH 32 FOR 1.80 EACH L ©d A0dresS § 6.1 Synthesizer board. Computer controled wave
% 64-170 128 FOR 1.60 EACH ¥ | and wait cycles. PC Board...... ] forms 9 octaves 1 vrms %% distortion includes high
———— ——— - - - =] MB-4 improved MB-2 designed for 8K “piggy-back” | level music language.
82506 2.00 825126 350 74C200 550 { without cutting traces. PC Board . . .. - ee2a0,
B80T 200 82810 350 gs7a 450 Kt 4K 5 usec...$120.95 Kit 8K .5 usec....$199] 0", TTIPRENIE MOIRr board: Room for 18 connecy
- b . w connectors).....
82512 2.00 825131 3.95 8575 4.50 MB-3 1702A’s Eroms, Altair 8800 & Imsai 8080 compal-' With 15 connectors......$110.00
82517  2.00 745206 210 8576 4.50 ible Switched address & wait cycles. 2K may be ex-,
82523 250 745412 400 8577 150 ) panded to 4K. Kit less Proms...$65 2K Kil.....$145l Al.talr extender board (w/o connectors)......$98.50
825123 3.00 8578 4.00 4K KIt.....5225 I With w/w connector......$13.50
0 — — — - 1100 Pin spec WW or Soldertall both fit IMSAI or SSM
7400 16 7473 35 74164 110 ) MB-6 PCBd........... e .35 IMother Bd $5.00 ea 10/544
;zg; ;? ;‘:;g gg ;“::gg 11 qu b MB-6ABKx8 Switched address and wait assignmentsh™ o TEEEEEEm
7403 16 7476 30 74170 210 H Memory protection Is switchable for 25_6. 512. 1K, 2K, 4K: 1702A° EROM ) $10.00
7404 18 7480 50 74173 1.50 and 8K. 91L02A .5 usec rams, Altair 8800 & IMSAIl -programmingsend hex list 5.00
7405 24 7483 70 74174 1.95 compatible. With battery power option I AY5-1013UART $6.95
7406 20 7485 90 74175 95 b xit....... $250 Assembled & tested.....$290 1 2513 prime spec. upper or
7407 29 7486 40 74176 90 110 Boards 1 lower case 11.00
;:gg gg 7439 2.00 ;::;g gg 1/0-2-T/0 for 8800, 2 ports, committed pads for 3 more, | 8080A prime CPU 25.00
: . 24 0 .45 A e other pads for EROMS UART, etc | 8212prime latch bufter 4.00
A3 18 7491 75 7418 ) ) = | 8224 prime clock gen 5.00
7411 30 7492 50 74181 2.50 Kit...........$47.50 PC Board only........$25 B228 primeeysconTrolie 190
7413 45 7493 50 74182 95 :___________________ i Seceeumeeypceniiolior %0
ot o o B T iR T T ——
7416 35 7495 75 74185 2.20 J MM5309 8.00 2501B  §1.25 1101 1.25  74LS00 .40  74L00 .25  74L78 .90
7417 35 7496 90 74190 1.15 J MM5312 400 2503V 200 1103 125 74LS01 .50  74L01 .25  74L85 1.40
7420 20 74100 1.00 74191 125 j MMB313  4.00 2504V 200 2101 450 74LS02 .40 74L02 .25  74L86 75
7423 37 74107 40 74192 90 1 MM5320 4.95 2505K 200 2111-1 450 74503 .40 74L03 .25 74L89 3.50
7425 30 74109 90 74193 90 i MMS554  1.90 2507V 1.25 2112 450 741804 45 74L04 .30 74L90 1.50
;423 gg 74121 40 ;“:gg U gg MMS556  2.50 25094 200 2602 160 74LS05 .45  74L05 .40  74L91  1.50
7:30 o8 ;::gg 5;8 73195 95 I mms0s5  1.90 25108 200 40021 750 74510 .40 74L06 .30  74L93 170
a5 30 74125 "0 a1 & D Dves3s 60  2511A 280 4002-2 750 741811 50 7408 .40  74L95  1.70
7437 27 74126 60 74198 175 I pmeg37 150 2517V 125 MM5262 1.00 7418512 55 7409 .40 74098  2.80
7438 27 74132 100 74199 175 1 8ocos 110 25188 1.50 7489 200 74820 .40 74L10 .30  74L123  1.50
7440 15 74141 115 74200 4.95 ] soco7 1.00 25198 2.80 74200 495 741822 45  74L20 .35 74L154  2.00
7441 .85 74145 115 74251 1.75 J 80L97 1.50 2521V 1.50 74589 3.50 741527 .45 74L26 .40 74L164 2,50
7442 60 74147 2.35 74284 495 81L22 150 2522V 200 74C89 350 74 530 40 74L30 .40  74L165 250
7443 75 74148 2.00 74285 495 81L23 190 2525V 280 7489 350 74842 150 74032 .45  74L192  1.25
7444 75 74150 1.00 74365 90 § 85L51 250 2527V 280 8223 250 741855 .40  74L42 1.50  74L193  1.20
;242 gg ;4121 80 74367 75 I 85L52 250 2528V 280 8T80 250 74L873 65 74L51 .35  MC4044 225
s el 7::53 . gg 338825 20 j E5Les 1.25 2520V 280 8T97 2.00 74LS74 .65 7454 .45  NB263 350
L m s L MHOgZG ggg 86L70 1.50 25328 2.80 INTEL 74LS76 65 74L55 .35  N8s26 250
ST 5 Tavee 05 "9=aT90 595 I 86L75 1.90 2533V 280 8216 495 74LS151 155 74L71 .30 ~ DM8131 250
7451 25 74157 100 I 86L99 3.50 91LO2APC 255 8214 830 74LS174 220 74L73 55  8T16 2.00
7453 25 74160 125 Ig6L12 .80 32 each 240 8251 1450 74LS175 195 74L74 .55 8T20 2.00
7454 20 74161 1.00 18T13 250 64each 225 8255 14.50 74LS192 285 74L75 1.20 8T10 2.00
7460 20 74162 1.50 1488 1.50 rmmccrr e r e . e e
7470 -45 74163 1.00 1489 1.50 1 For large orders please send money order or cash-
7472
A0, ' iers check to avoid delays in waiting lor checks 1o
o e e e e e e | MIKOS clear.
30 Day Guarantee on SSM Products. Kits MB-2. MB-3 1 ) Check or money order only. Calif. resident 6%tax.
{2K OR 4K), MB-4, MB-6. 10-2 video board and mother 1 419 Portofino Dr. All orders postpaid In U.S. All devices tested prior to
board with connectors may be combined for a discount of 1 sale. Money back 30 day guarantee. Sorry we can
10% in quantities of 10 or more. This supercedes the fller 1 $an Carlos, Ca. 94070 acilaceeplirelipediCRithatlbagelocegisoldered oy
f 13 Sept. 1976 . $10 min. order. Prices subject to change without
O ept. . 1 Please send tor xistor, IC & kit list notice.
[ I‘ﬂ

Thinly disguised affiliates of KO Electronics and Surplus, S.L.O.. CA 93401

www americanradiohistorv com
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S.D. SALES CO. rosoxmn g

DALLAS, TEXAS 75228

JUMBO LED CAR CLOCK

Alarm Option — $1.50
AC XFMR — $1.50

Features:

A. Bowmar Jumbo —.5 inch LED array. c\‘oc\(_‘
B. MOSTEK — 50250 — Super Clock Chip. T\SF\EDC ANNO
C. On board precision crystal time base. _ 100 SP‘ON\E\’\S G\

D. 12 or 24 Hr. Real Time Format. ! cUST \NP\ON ’

E. Perfect for cars, boats, vans, etc. BE

F. P.C. Board and all parts (less case) included.

THE HOTTEST SELLING KIT WE EVER PRODUCED!
You requested it! Our first D.C. operated clock kit. Professionally
engineered from scratch. Not a makeshift kluge as sold by others.

THIS MONTH'S SPECIALS

1702A 2K EPROM

UP YOUR COMPUTER!

We tell it like It Is. We could have sald

21L02-1 1K LOW POWER 500 NS

- these were factory new, but here is the n A
lz\l\g(l)JCPSOBOA $lggg straight scootp' We bought a load of STATIC RAM Time is of the essence!
" B new computer gear that contained And so Is power. Not only are our
828129 1K PRDM 2.50 a quantity of 1702 A's in sockets. We RAM's faster:' than a speed¥ng builet
carefully removed the parts, verified but they are now very low power.
g:‘elronguar::atcyﬁ a?d aae Ioff'girintg them We are pleased to offer prime new
of a deal. rst come 21L02—1 low poOwer and super fast
60 HZ CRYSTAL TIME BASE first served. Satisfaction guaranteedf RAM’S, A||owsp you to STpREch-i
S.D. SALES EXCLUSIVE! U.V. Eraseable. $6.95 ea. 4/$25 | your power supply farther and at the
same time keep the wait Ilight off.
$5.95 ea. 2’$10,00 8 for $12.95
KIT FEATURES: . S.D. SALES EXCLUSIVE
A. 60HZ output with accuracy comparable to a digi- $12.95 moss DIGIT UP—DOWN COUNTER $12.95
tal watch. 40 PIN DIP. Everything you ever wanted In a counter chip.
B. Directly interfaces with all MOS clock chips. \F,'g}:u'3;{;P?E'f)ectsb%E(ﬂ::gggeggfdfmhﬂﬁf [Dower suply (12
C. Super low power consumption (1.5 MA  typ.) separate pre-loadable compare register with compare out-
D. Uses latest MOS 17 stage divider IC. {)ut. CBﬁgsand sevzta{\blseglmeé\it outputs,I Int?rnal scan oscilla-
E. Eliminates forever the problem of AC line glitches. or, compatible, [eading zero blanking. 1MHZ. count
B IRt o Gl (i, Gl Ty, (G (T o (e input frequency. Very limited quantity! WITH DATA SHEET
able clocks at ham field days. . 7400-19c  7411—29c 7451—19 7490—65c  74153—75c¢
G Small Size; can b used In existing enclosures | 0 ee C741aa0c 7433 o  745529500¢ 74124100
e = 'y = C — [o4 = C _ c - c
Kit includes Crystal, Driver IC, PC board, plus all necessary 74L502—49¢c 7420—19c 7474—35¢ 7493—69c 74181—95C
parts and specs. At last count — over 20,000 sold! 7404—19c  7430—19c 74LS74-59c 7495—75c 74164-1.10
74L04—29c 7432—34c 7475—69c 7496—89c 74165-1.10
74504—44c 7437—39c 7476—35c¢c 74121-38c 74174—95c
1000 MFD Slide Switch 4 74LS04-49c 7438—39c 7480—49c  74123-65¢c 4181-2.50
Eil c Assortment 7406—29c 440—19¢c 7483—95¢ 74132-1.70 74191-1.25
t ldfel' aps 7408—19c 7447—85c 7485—95c 745138-1.95 74192-1.25
Sgrfgh?S W\s/tsl% Pml' (;)est sel:ell'. ﬁtol—'-\}?éGkagEaCs'cRgs??;wc 74141-75¢  74193-1.00
ncludes  mini- i
val“ht PC Ieaclis. ature and stan- RESISTOR U 73195=69¢
os popular | dard sizes; sin- | ASSORTMENT i
value for hobby- | gle and multi- [ %W 5% & 10% Als)s'gft%ae‘:\t
ists. Compare at position units. PC leads. A good P.C. LEAD PC leads. At
up to $f1.19hea. Al new, first | mix of values. DIODES HEAVY DUTY least 10 different
rom  franchise name brand. Try 200/$2 1N4148/1N914 Full Wave Bridge values. Inciudes
type electronic one package and . 100/$2.00 25 AMP 50 glv .001, .01, .05,
parts stores. S.D. you'll reorder a lus' other stan-
Epecial 4781 1 1N4002-1A. $1.25 plus other stan
. more! pecia med 100 PIV 40/%1. dard values.
12/$1.00 60/$1.00 ~I)

$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 1.C. clock technology. .
displays, Mostek 50250 super clock chip, single |.C. segment driver, SCR
Do not confuse with Non-Alarm digit drivers. Greatly simplified construction. More reliable and easier to
build. Kit includes all necessary parts (except case). P.C.B. or XFMR
NEW! WITH JUMBO LED READOUTS!

optional.

eatures: Litronix Dual

‘yzll

Motorola SCR
2N4443. 8
P.C. Leads

AMP 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 QUT. 59¢

$15.95

COMPUTER POWER SUPPLY
A very fortunate purchase. One of the best industrial quality

ULATED supplies we have seen. High performance, small size.
Input is 120 VAC 60 HZ. Has the foilowing reguiated outputs:
~5VDC@800MA; —15VDC @ 1.25 AMP; —25VDC @ 180 MA.

Sold at a fraction of original cost. Do yourself a favor and
NOW. We expect a quick sellout.

REG-

order

NEXT MONTH:
S.D. will have music for your ears. Watch our ads.

Z—80 CPU Kit — $149.

For your Imsai or Altair 8080 Computer:

4K Low Power Ram Kit — $89.95

OUR CATALOG
is chocked full of rare parts
bargains, deals, RAM or CPU
kits, plus much more. Yours
FREE!

PRICES 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,
Hal, Tom, Alex, John,

Call your Bankamericard or
Master Charge order in on our

Sam,
Ely,

continental United States and Larry
toll free Watts:
1-800-527-3460 S.D. SALES CO

Texas Residents Call Collect:

214/271-0022

P. 0. BOX 23810 ®
Dallas, Texas 75228

ORDERS OVER $15.00 — CHOOSE $1.00 FREE MERCHANDISE

WwWwWWwW americanradiohistorv com
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F8 EVALUATION BOARD KIT WITH EXPANSION CAPABILITIES

A fantastic bargain for only with the following features:

$99°°

20 ma of RS 232 interface
64K addressing range
e Program control timers

e Built in clock generator

e 64 Byte register

¢ Built-in priority interrupts
¢ Documentation

1K off on board static memory

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT
This power supply kit features a high frequency torroid transformer
$79°°

with switching transistors in order to save space and weight.

115V 60 cycle primary. The outputs with local regulators are + 5V

to 10A, in one amp increments,— 5V at 1A, £ 12V at 1A regulators supplied
6 340T-5 supplied.

UNIVERSAL 4K MEMORY BOARD KIT

This memoryboard kit can be used with most microcomputers.
Some of the outstanding features are:

32-2102-1 static RAM’s, 16 address lines, 8 data lines in, 8 data

lines out, all buffered. On board decoding for any 4 of 64 pages,
standard 44 pin, .156" buss.

4K F8 Basic

$74°

$25.00

Terms: FOB Cambridge, Mass.
Send Check or Money Order.
Include Pos Minimum
Order $5.00, CUD'S $20.00

SOLID STATE SALES

P.0. BOX 748

SOMERVILLE, MASS. 02143 TEL. (817) 547-4005

www americanradiohictorvy com

% STA“C R PINTED CIRCUIT BOARD TANTULUM CAPACITORS Full Wave Bridges
2513 CHARACTER GEN 22UF 35v 5/$1.00 6.8BUF 35v 3$1.00
2518.HEX 32 BIT SR 47UF 35V 6/S1.00 22UF 35V S .40
2102-1 1024 BT RAM . . 68UF 35V 5/$1.00 30UF6V S .40 — o5
5280-4K DYNAMIC RAM 1UF 35V 5/51.00  33UF 35V
5202A UV PROM . 2.20UF 20v6/S1.00 47UF 20v
MM5203 UV PROM, 2N 3820 P FET 3.3UF 35V 4/51.00 100UF 35v SANKEN AUDIO POWER AMPS
17024 UV PROM grlvss;aasmgrser 4.7UF 35V 4/S1.00 '150UF 15V _ g. 1010 G 10 WATT
5204-4K PROM . .. .~ .. ; s 3 i1020 G 20 WATTS 15.95
MINIATURE MULTI-TURN TRIM POTS ER 900 TRIGGER DIODES 4/ $1.00 L1001 ALATW ELOGK CIt, #24, EIGHT 310206 SOWATTSS 227-95
100,500,1K,2K 5K 1 0K.100K, 200K, 1 hieg. gNg?\‘?%:’;‘g&é’gs S 65 NATIONAL MOS DEVICES [JOanl] CCO 110 LINEAR 256 X1 BIT SELF
%Tﬁéi%%mnmﬁ‘—# 14 PIN DIP SOCKETS E MM1402 MMS5067 - 2.25 SCANNING CHARGED COUPLED
Lyt ORI et AI""IS’ to Bourns 16 PIN DIP SOGKETS X .2§ MM1403 ] 75 MMS058— 2.75 DEVICE = = . $65.00
R s e ] 18 PIN DiP SOCKETS s 30 MM1404- 1.75  MMS060- 2.75 CCD 201 - 100 x 100 CHARGE
ohins TR 24 511 DIP SOCKETS s 40 e MEOD) S aio0 '::o"w" 20 COUPLED DEVICE 599.00
----- : 3 1 - 4. IRE S
LIGHT ACTIVATED SCRs 40 PIN DIP SOCKETS $ .60 MM5017— 2.70 MM5556- 4.75 RALLGRLT LINEAR CIRCUITS N
TO-18.200V 1A. $1.75 VERIPAX PC BOARD MMB5055-- 2,25 Mm5210— 1.95 RIS LM307 ~0p. A $ .30
TRANSISTOR SPECIALS ke S LT Ty MMS056- 225 MV5260- 1.75 [N LM 309K SV 1A REGULATOR . $ 195
2N3585 NPN Si TO66 s .95 hoird, 4% x6%” DRILLED and ETCHED 100°/51.40 723 —40 + 40VV REGULATOR . . § 50
B which will bold up to 21 singte 14 pin IC's 301/748-Hi Per. Op. Amp. $ .3
2N3772 NPN Si TO-3 $ 1.60 or 8, 16, or LSI DIP IC’s with busses for TIL 'C SERIES 3207 5.12.15, or 24V NEG REG $1.25
ARG TE, S power supply conneetor. $4.00 00 o oy 709€ - Op. Amn oy S
L 2 401 - | & - 4 S
2N6056 NPN Si TO-3 Durlington . S 1.70 1 XELLLSI‘)’VG“EEN S 7402~ 15 74154- 110 78MGS P05 10 30V, 500 ma reg.  $1.35
2N5086 PP $1 1092 -41$ 1.00 FP 100 PHOTO TRANS s 50 13099 48 e CA 3007 il bt Op A% 338
N4838 PNP TO-G6 . s 50 RED. YELLOW. GAEEN OR 7404- .20 alors 340T 5, 6,8, 12, 15, 18, 24V POS
2N404 PNP GE TO'5 5/5 1.00 AMBER LARGE LED's €. S 20 JR08° 520 DN oo REG. 70.220
2N3919 NPN S TO-3 RF S 1.50 MOLEX PINS 100/$1 00 7406 .25 74163~ .BO JA1A o, 7416 OP ANP st.10
MPSA 13 NPN Si T0-92 3/ 1.00 1000/ $7.50 7407 25 74164 .95 o S .
2N3767 NPN Si TOG6 . . . s AT N e 2 7408 .25 74165 1.06 LM 308 Oper. Amp., Low Power . . S 95
2N2222 NPN S TD-18 /S 1.00 T $3.9.4.7, 56, 8.2.10, 7409 21 74173 1.40 747 - DUAL 741 S .65
283056 NPN §) TO.3 < 80 12, 15,18, 22, 100, 150 or 200V ts. $ .60 AL s 74174_ 95 556 — DUAL TIMER $1.00
2N3904 NPN Si TO-92 TS 1.00 1 WATS:ENERS 4.7,58. . 7411 20 74175- 92 1456 — Oper. Am, $ .95
2N3906 PNP Si TO-92 5/ 1.00 18 22v . ea. $ .25 7412— .20 74176— .75 LM 3900 OUAD OP. AMP S .49
2N5296 NPN Si TO.220 s ‘50 MC6860 MODEM CHIP. so. 7413- 45 24177- 79 LM 324 — QUAD 741 5150
2N6109 PNP $i TO-220. S 55 7414 .70 74180 .70 560 — PHASE LOCK LOOP $2.00
2N3638 PNP Si TO. 5 ,,s I.OO 7416 .25 74181-2.10 561 — PHASE LOCK LOOP $2.00
2NB51 7 NPN TO-92 00 oot e LT iy — L= 7417 25 74190-1.20 565 = PHASE LOCK LOOP 5126
Gimos {DiObE cLAWPED] oo g %o oap | EE A mask | mroaces, e
74C02- 22 4015- 95  4029-1.10 400 09 25 z R i
By mored ok fomcud 25 50 1.40 __6.50 7426— .25 74193— .85 oM 13108 FMF STERED DEMOD. 5275
o R (ot <2 600 7427- 30 7419a— .85 8038 (C VOLTAGE CONT. OSC. . $3.90
A ST dusertsg 7430— .20 74195- .75 LM 370 — AGC SOUELCH AMP. . §1.15
:80‘1’_ ~?§ 4018-1.! 3 2 “;e 2432— 25 74196- .88 655 — 2us — 2 HR. TIMER. . s 45
4006 n‘go 48;3_ 1'83 48217‘ 2.00 7437~ .25 74257~ 1.25 553 QUAD TIMER S .45
e R T G 7438 25 74279- 0 IL5 {MCT-2) OPTC-ISOLATOR s 80
4009~ 23 4053" pos di 7440- .16 75324- 1.75 1458 DUAL OP AMP S 60
403 &2 4023 4050 40 fametar 7441— 85 y 75491— 65 LM 380 — 2W AUDIO AMP. . ... S 95
A= i9a 3025- %g ARosian A4V at 500 ma, $4.00/.2V at 200 mlls $2.00 7442 52 74132- B2 75492 g5 LM 377 — 2W Stereo Audio Amp. . $2.50
SR AT ELOm Srirares LM 381 — STEREO PREAMP. $1.50
4013— .40 4027- .40 407G- 1.05 REGULATED MODULAR CTS-206-4 Four SPST switches tm g?$ B SP:ELRAgg;A%:RRE\‘;g; :lgg
4028~ 88 POWER SUPPLIES In one minidip package $1.75 LM 319 — Dual Hi Speed Comy $1.25
+ - 15 VDC AT 300ma CTS-206-8 Eight
TR S TG JelDctatieng nds S wag, pg:ka::sr switches Insn‘ ;55 LM 339 _ QUAD COMPARATOR ~ $150
5VOC AT 1A, t$1SVAC INPUT $24.95 =
T 5L§'<J: READOUTS 12v0C MP. ... . .. 2495 58V SPST Miniature reed, retay., normally PRV 1A 10A 25A | 15A 6A 35A
5 TN 4148 (IN914) 15/$1.00 open, 330 Ohm coil resistance. S.75, 3/52.00 |
HP 77403 C.C. i Bl 100 .40 .70
MA C.A. Send 25¢ for our catalog f. aLCO MINIATURE TOGGLE swrrcnes 1.10
NS 33'3 dig. array Transistors and Recti MTA 106 SPDT 1.60
DL 747 145 Hampshire St Cambn(lge Mass. MTA 206 DPDT S| 70 ~2.30

WE SHIP OVER 95%
OF OUR ORDERS THE
DAY WE RECEIVE THEM
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DIP PLUGS AND COVERS
Use for mounting diodes, resistors, jumpers, etc.
Gold ploted parts for long weor,

PLUGS COVERS
1-24 25-49  50-99 1-24  25-99
Bpin .46 .39 .32 .10 .09
lapin .48 .40 .34 .10 .09
16pin .56 47 .38 .10 .09
24 pin .79 .72 .65 .15 .13
40pin §1.23 $1.08 .93 .25 22
————————

DIP PLUG INTERCONNECTS

Ideal for use from board ta boord, remate switches, in test
equipment, lomp ponels, etc.  Made from gold plated
connectors, calor coded ribbon coble, molded plugs.

Very flexible ond durable.

To arder, moke up part number from characteristic and find
price in chart. For instance: S-14P-18 is single ended 14 pin

interconnect 18 inches in length. Price is $1.72. D-24P-06
is double ended 24 pin, & inches in length. Price is $4.55.
Quontity pricing is available.
PRICE CHARTS  g\GLE END
No OFf Pins Length
6 12 18 24n 3¢ 48¢
14P e++e 1,51 1.62 1.72 1.83 2.05 2.2
16P ¢ ©1.64 1.76 1.87  1.99  2.21  2:44
24P v+ 2,49 2,69 2.88 3.08 3.48 3.87
DOUBLE END
14P <+ + 2,76 2.87 2.97 3.08 3.30 3.5
16P - - 3.01 3.13 3,24 3.36 3.58 3.81
24P +coee- 4.55 4.75 4.94 5.14 5.54 5,93

PRESTRIPPED WIRE WRAP WIRE

Highest quality 30 ga. Kynar insuloted silver ploted wire for
wropping, Stripped 1" on both ends. Indicated lengths ore
lengths of insulated portion.  Packed 100 per sturdy plostic
vial er 1000 per paly bog. Compore aur prices!!1, Available
in Black, Red, Yellow and Green. i

Length Price per tube of 100 Price per bag of 1000
Ie $1.48 (WW30VC-1) $11.84 (fww30BK-1)
28 S1.60 (WW30VC-2) $12.80 (fww308K-2)
- S1.85 (WW30VC-4) $14.80 {(fWW30BK-4)
6" $2.20 (WW30VC-6) $17.60 ("Ww308K-6)

Dealer Inquiry Invited

ROLLS OF WIRE SAME AS ABOVE (30 ga. KYNAR)
100ft Roll in poly bog...53.45 10 Rolls, mixed....$24.00

WIRE WRAP | .C. SOCKETS, 3 LEVEL GOLD
14 pin 38¢ ea, 10 for $3.60 16 pin 42¢ ea, 10 far $3.90
I

< \“\’\
HIGH CURRENT STUD DIODES
D2131 200V, 25A....... »as s mmms R e 5B b
D2135 400V, 25A...
D2138 400V, 25A.

3289 200V, 100A

e
Contract Cancellotion Specials.....All Full Spec, NEW !
tap32¢ 2N3734.....38¢ 2N3773 $1.75
A= 429 2N5861.....75¢ 2N4401..5/81
25¢ 1N3572..... 90¢ 2N4403..5/%1
. 35¢ G.E.D45C5 44c¢ 2N1557..51.39
741 (mini-dip. . 3/$1 50V, 3Amp Epoxy Bridge........79¢

TRI-TEK,

CVMPLENNY

Sy
YQOU CAN STORE A WORLD OF

DATA ON THE KEY TO TAPE
RECORDERS FROM TRI-TEK.

SHARE A BYTEWITH A FRIEND,

A s
U ’o./

\Kj KEY TO MAGNETIC TAPE DATA RECORDERS

Anny is shown operoting one of these versatile units which consists of o 1/2" magnetic tope recorder sitting an top of
keyboord/controller/disploy module. These units were made by PERTEC, one of the most respected nomes in doto re-
cording ond were used to reploce punched cord input. They are of late design ond recent manufacture. From the op-
erators choir, it is just like o key-punch. Instead of doto gaing into cords in Hollerith, it goes onto Mag tope in
EBCDIC. They may be used for that purpose or the tope drive con be seporoted, control ond dota lines brought out
for use directly on your system. Has internal memory/buffer for 80 or 200 character starage. Disploy ponel indicates
charocter, choracter number, record number. Read back circuits allows search on record key, editing, dupliceting...!
These are not obsolete!ll A giant foctory closing brings you these ot abaut 5¢ on the dollor. All units ore complete
ond in good condition. They have not been functionolly tested but hove been inspected for domage. All ore sold on
os is basis. There are nationol service shops for these units ond ports ore ovoilable. Hundreds of these units are
being used right now in business ond industry,

Prices ore os is (complete ond inspected), F.O.B, our worehouse in Rochester, N.Y, ond shipped by truck, freight
callect only. Unit weight is opproximotely 70 lbs. Comes in 7 or 9 trock versions. ' Madel 4311 hos remote doto
communicotion chonnel. Ali units, less tope.
KT-4301-7......... 7 trock doto recorder...

..5249.00

KT-4311-7 . 7 trock with remate .. $299.00
KT-4301-9......... 9 track data recarder....... $329.00
Operotors and Is(sald ly anly)S20

DATA BOOKS BY NATIONAL SEMICONDUCTOR
DIGITAL. Covers TTL, DTL, Tri-State, etc.......$3.95
LINEAR. Cavers omplifiers, pre-amps, op-amps... $4.25
LINEAR APPLICATIONS VOLUME 1. Dozens of
application notes ond technicol briefs covering the

use of op-amps, regulotors, phase locked loops ond
oudio OMPSeaseerssnrronrsrasennnes
LINEAR APPLICATIONS VOLUME It. Tokes up where
Volume | left you--All the lotest linear devices.

Along with Val | yau hove o great saurce of opp-
licotion data on tlie most widely used devices os well
as new types just OPPEOFiNg .. cusvusescanssnse . $3.25
CMQOS Gates, Flip Flaps, registers, etc........53.00
VOLTAGE_REGULATORS, = A must for anyone making

o power supply. Complete theory including tronsform-
ers, filters, heot sinks, regulators etc,.......... $3.00
MEMORY. Info on MOS ond Bipolor memories, RAMS
ROMS, PROMS ond decoder/encoders......... a5 53595
INTERFACE. Covers peripheral drivers, level trons-
lators, line driver/receivers, memory ond clock drivers,
sense amps; display driver ond opto-couplers..... $3.95
SPECIAL FUNCTIONS DATA BOOK. Contains de-
toiled information for specifying ond opplying speciol
omplifiers, buffers, clock drivers, analog switches ond
D/A-A/D converter products. .. $3.25
AUDIO HANDBOOK Contoins detoiled discussions,
including complete design porticulars, covering mony
areos of oudio with real world design exomples,,. $3.25

PROFFESSIONAL LOGIC SYMBOL TEMPLATE

MIL-STD 806-B (Holf Size).eerverrens.....$3.25

Fost Signal Diade
115V VR 100mA If. Reverse recovery time is less than
20 nS at 100mA forward! 6 pf cop. Same size os

IN914, 1N4148. D&600.....

TO-5 Heot Sink. THERMALLOY 22118 2-piece block
anodized for moximum heat dissipotion. HS22118. 5/51
SEMIECH SI-2 200V, 1.5A diode. Gold leads...12/51.
6.8V, 50watt Zaner. Made by Matorola in TO-3

case. Gold plated. . $1.00

NEW BOOK FROM NATIONAL
MOS LSI. Giont doto book filled with spec and opps
on lorge scale MOS circuits from Notional Semiconductor
Corporation.Price Includes shipping in U.S. only...$4.25
Outside U.S., add postoge for 2 Ibs,

MCMb571  Full ASCII Charocter Generotor, ... ... $2.95

We poy surface shipping on all orders over $10 US, $15 foreign in US funds.
Please odd extra for Ffirst class or air mail. Excess will be refunded. Orders
under $10, odd $1 handling. Please odd 50¢ insuronce. Master charge and
Bonk Americo cords welcome, ($20 minimum). Telephone orders may be placed
10AM to 5:30PM doily, Mon thry Fri. Coll 602-931-4528. ‘Check reoder
secvice cord or send stamp for our latest flyers packed with new and surplus
electronic components.

IncC.

6522 NORTH 43RO AVENUE,
Glenodale, arizona 85301
phoneg 602 - 931-6949

www americanradiohistorv com
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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
marketplace provided by BYTE. This helps us bring you a bigger BYTE.

Reader
Service Page
Number Number

232 Abbott Computer Co 147

75 Advanced Microcomputer Products 165
168 Aldelco 161
255 Alpha Digital Systems 147
173  Anderson Jacobson 48
225 Bay Area Time Share 147

4 BITS Inc 129, 130, 131, 147, 148, 155

149 Bits and Bytes 151
217 BPI 67
227 Byte Shop East Inc 151

126 Cheap inc 151
127 Comptek 160

38 Compucolor 14, 15

140 Computalker 151

161 Computer Corner 151

253 Computer Electronics 159
143 Computer Enterprises 160
244 Computer Kits 104

176 Computer Mart of NH 157

83 Computer Mart of NY, LI 162
156 Computer Place 157
141 Computer Room 114
208 Computer Shack 97
246 Computer Shoppe (NY) 157
203 Computer Systems 187
138 Computer Warehouse 166

6 Continental Specialties 73

202 CRC Engineering 117

87 Creative Computing 139

41 Cromemco 1,2

178 Cybercom 7

185 DAJEN Electronics 1567
223 Datasearch 150

BOMEB-

BYTE’s ODagoing Moaitor Box

On BOMB Card,

Reader
Service Page
Number Number

78 Digital Group 19
210 MW Dunton 1587
170 ECD Cill
79 Economy Co 45
211 Economy Terminals 159
247 Electravalue 159

Reader
Service Page
Number Number

87 Mikos 172
112  Miniterm 105, 107, 109, 111
21 MITS CIV
62 Morrow 164
250 Mountain Hardware 161
71  mpi 158
171 Mullen 158
* NCC 134,135
185 North Star Computers 116
40 Ohio Scientific Inst 47
147 OK Tool 9, 121
64 Oliver Audio Eng 163
198 Omni 156
63 Parasitic Eng 127, 156
* PCC77 140
*  PerCom Data 12, 143
194 Peripheral Vision 61
*  Personal Computing Expo 141
*  Polymorphic Systems 11
213  Prime Radix 31

47 Electronic Control Technology 159 24 Processor Technology 5, 16, 21, 27

254 Electronic Discount Sales 159

241 Expandor 151
248 Franklin Electronics 45
9 Godbout 167, 168
* HAL Communications 125
67 |EEE 115
12 IMSAI 13, 49
60 Interface Age 106

204 International Data Systems 128

15  James 169, 170
168 Lillipute 159
209 Logic Design Inc 161
*  London Conference 142
*  MACC 149
124 McGraw-Hill 25
18 Meshna 171
242 Micromation 110
196 Micronics 161
77 Micro-Term 69
188 Microware 154
174 Microtex 161
249 Microtronics 161
119 Midwestern Scientific Inst 83

167 Quay112, 113
251  Qubed® 163
177 Resco 150
219 RHS Marketing 118, 119
201 Riverside Electronic 153
234 Rotundra Cybernetics 163
226 Scelbi 23
*  Scientific Research 36, 37
27 SD Sales 173
236 Seals 29
169 Smoke Signal Broadcasting 108
59 Solid State Sales 174
29 Southwest Tech CllI
164 Sunny Computer Stores 163
96 Synchro-Sound Enterprises 74, 75
205 Szerlip 163
121 Tarbell Electronics 154
82 Technical Design Labs 33
136 Technical Systems Consui 133
186 Technico 55
32 Tri-Tek 175
228 VAMP Inc 163
137 Vector Graphic 8, 122, 123
184 Worldwide Electronics 145
222 Xybek 152
220 Ximedia 71

*Reader service inquiries not solicited.
Correspond directly with company.

Article No. ARTICLE PAGE
1 Lau: A Catalog of Liberating Home Computer.Concepts 17
2 Wimble: Artificial Intelligence, An Evolutionary ldea: Part 1 26
3 Wozniak: The Apple-il 34
4 Ciarcia: Come Upstairs and Be Respectable 50
s Carr: Interfacing with an Analog World—Part 1 56
6 Linker: What's in a Floating Point Package? 62
7 Brehm: Using a Keyboard ROM 76
8 Emmerichs: Implementing the Tiny Assembler 84
9 McNatt: A Guide to Baudot Machines: Part 2 98

10 Chapman: All This Just to Print a Quotation Mark? 132

11 Krystosek-McCarty: 8080 Programming Notes 136

176
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Bombed. ..

The results of the BOMB tabulation for
the month of January have now been
prepared by Greg Spitzfaden. First prize
winner in the contest was Dr Kenneth B
Welles, for his article “Build This Economy
Floppy Disk Interface.” Second place
winner was “The Digital Cassette Subsystem,
Part 1"’ by Ira Rampil and Jack Breimier.
First place winner Welles receives a $100
bonus check, and second place winners
Rampil and Breimier receive a bonus of
$50.m
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32K byte expansion boards and a mapping
option give Micromind expandable access
to 64 Megabytes. Utilizing software-
controlled I/O channels, Micromind's
advanced encoding techniques load data
from ordinary tape recorders at 3200

bits per second.

Micromind comes to you ready-to-use,
factory assembled and fully tested. Among
microcomputers, it has the largest memory
capacity and the fastest storage. You're
looking at the work of the finest display
processor on the market. You won't find a
microcomputer with a more powerful CPU.
powerful assembler, a debugger, a file You won't find a computer with a

system, graphic routines, and peripheral more flexible keyboard. You won't
handlers. We also include dynamic graphic find anything to

games: Animated Spacewar and Life. touch it at
ECD's standard Micromind uM-65 $987.54.
supplies 8K bytes of memory. Additional

Micromind is an incredibly flexible,
complete and expandable, hardware/
software, general purpose computer
system. You won't outgrow it.

Hardware includes an 80 key, software-
definable keyboard, /O interface board,
6500A-series microprocessor (powerful
enough for advanced computing), a high-
detail graphics and character display
processor, power supply, rf modulator,
and connections for up to 4 tape recorders
plus TV or monitor. An interconnect bus

So, quit the kiuge scene and key into
Micromind. You'll be a main frame per-
former, with all the comforts of home.
We're not fooling. ..this is the cat’s u!

permits 15 additional microprocessors,
parallel processing and vastly increased
computing power.

System software—including ECD’s own
notsoBASIC high level language, on
advanced error-correcting tape cassettes
—provides a word processing editor, a

ECD CORP.
196 Broadway, Cambridge, Mass. 02139

(617) 661-4400 c

2 ey |

[0 Send me your brochure.

b Name ]
: Address — :
: City/State Zip :
I [ Fantastic! Check enclosed: $987.54. Shipping paid by ECD ]
! (O BankAmericard [0 Master Charge Mass. Resident add 5% Sales Tax
: # __ o — _ Expiration Date _ :
i Signature B ]
' '

Jd

I

Actual unretouched photographs.

)
E
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It Comes Naturally With
The Altair™ 8800b

The Altair.8800b from MITS: the second gen-
eration design of the microcomputer that
started it all. The mainframe that has the abil-
ities everyone is demanding from microcom-
puters today:
Expand-ability:

The Altair 8800b: power supply and oné-
piece, 18-slot motherboard ailow efficient
and easy expandability for memory and I/O
options. Ali Altair PC boards are designed to
give you maximum capability/lowest pewer
usage possible per board. This means that
for each slot used you get more features and
require less power, than with any of the “off-
brand” Altair-bus-compatible boards.

Whether you buy an entire system up front or
,choose to expand gradually, it's easy to get

the configuration you need+with the com-o =@ =

plete family of Altair periphercl equipment,

choice of four different memory Bocrds and
many others.

Reli-abllity:

The unique design features of the Altair
8800b, which have set the standard for the
microcomputer industry, make it the most
reliable unit of its kind. The Altair 100-pin bus,
the now-standard design used by many imi-
tators, has been "standard” all along at MITS.
The unique Front Panel Interface Board on
the Altair 8800b isolates and filters front panel
noise before it can be transmitted to the bus.
The all-new CPU board utilizes the 8080A
microprocessor, Intel 8224 clock: generator
and 8216 bus drivers,

Flex-ability:
Meeting the diversified demgnds of an ever- .
Ineretsing® Micfoprobdsict Tharkef requlres

flexibility: not just hardware flexibility but

inciuding

floppy disk, line & r
printer, audio™ = '
cassefte-record o)
Interface, A/D
converter,
PROM program-
mer, serial and
pcrcrl 1/O boards,

-"1)-—-.

b ad B SN ANE Ll

l 'r(«”ﬁig'{.ﬁ\

soffw?re fiexibility as well. MITS soﬂwore
lncludlng the innovative Altair BASIC lan-
guage, allows the full potential of the ﬁ:ulr
8800k computer to be realized.

8K ALAIR BASIC has facliiies for variable
length strings with LEFTS, RIGHTS, and MIDS

functions, a concatenation operator, and -

VAL AND STRS functions to convert between
string& and numbers,

Extended ALTAIR BASIC allows integer, single
and double precision variables, automatic
line n}meering and renumbering, user-

. defined string functions, PRINT USING for for-

matted output and a powerfu! EDIT com-
mandfor editing program files during or after

. entry. Extended statements and commands

Include IF. . . THEN . . ,_ELSE, LIST and DELETE

progrgm lines, SWAP variables and Trace On
, and Cif for debugging. :

Disk ALTAIR BASIC has all the features of
Exfended BASIC with the additional capa-
bility to maintain sequentlcl and random

,access disk files. Utilities are provided for

formatfing disks,and printing diregtories.

In all Yersions of ATAIR BASIC you get the
ease dnd efficiency of BASIC for the solution
of realiworld problems.
Package I, an gssembly language develop:
"ment system for the Altair 8800b, includes
system‘monltor text editor, assembler and

1debug. j

Afford-ability:
Prices for the Altair 8800b start at
$840.00 for a kit and $1100.00 for an
assembled unit (ali documentation
included).
For a complete listing of prices on
all Altair products and a free bro
chure, contact:

MITS, Inc.
2450 Alamo S.€.

Albuguerque, N.M. 87106
(505) 243-7821

B ad
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