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TITLE: Microcomputer Dictionary & Guide
AUTHOR: Charles J. Sippl and David Kidd

This new microcomputer dictionary fills the urgent need for all computer people,
engineers, scientists, industrialists, communications people — as professionals,
amateurs, teachers, or students — to become quickly acquainted with the
terminology and nomenclature of a new revolution in computer control capa-
bilities in areas that pervade most of man’s daily activities.

Over 8000 definitions and explanations of terms and concepts (704 pages)
relating to microprocessors, microcomputers and microcontrollers. There are
also separate appendices on: programmable calculators; math and statistics
definitions, flowchart symbols and techniques; binary number systems and
switching theory; symbol charts and tables; summaries of BASIC FORTRAN and
APL. In addition there is a comprehensive electronics/computer abbreviations
and acronyms section. Price: $17.95

(Also available from technical book stores and selected electronic distributors.)
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Please send me the new MICROCOMPUTER DICTIONARY under your
15 day no risk trial guarantee. If payment accompanies order we pay
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Curiosity,
imagination are great aids to the user
of a computer system. Charles A
Crayne describes two instruction set

experimentation  and

variations he found while Pro-
gramming the Implementation of an
8008 processor as a SCELBI 8H
minicomputer.

Can a computer predict your state
of mind? A better question would be:
Is there a theory which can be com-
putationally verified to predict your
state of mind? Biorhythm for Com-
puters is an article by Joy and Richard
Fox on the use of a BASIC calculation
to provide predictions based upon the
pseudo science of a simple biorhythm
hypothesis.

A key element of computing is the
expression of ideas in the form of
programs and algorithms. It takes the
Magic of Languages to make such
expressions in a form the computer
can understand. Turn to Theodor
Nelson’s article for an introduction to
some basic concepts of computer lan-
guages.

Ho hum, another memory article?
Not quite. When Don Lancaster adds a
twist of ingenuity, you find out How
to Build a Memory With One Layer
Printed Circuits, saving the trouble of
using many wire jumpers or figuring
out how to make double layer boards
in the kitchen PC laboratory.

Aargh! (or, How to Automate
PROM Burning Without EML) was

Peter Helmers' reaction to a suggestion

In
This
EUTE

that relays be used to control a circuit.
Study his figures for technical
information and learn about the
exciting new field of EML[sic| logic in
the accompanying text.

It could not take long to find
another contender in the marketplace
for compact computer systems. In this
issue, J Bradley Flippin discusses The
SR-52: Another “World’s Smallest
Computer System.”

Input is often done with a switch
contact when simple on off states of
electromechanical systems are con-
sidered. But suppose you want to
program stage lighting or drive a key-
board machine with solenoids. Then
you’ll need information on Controlling
External Devices with Hobbyist Com-
puters. Robert ] Bosen presents some
ideas on the subject.

Computers require a large dose of
that arcane art, interfacing. jay A
Cotton shows one example of that art
in his discussion of how to Interface
an ASCII Keyboard to a 60 mA TTY
Loop.

Introspection is a prime technique
for analyzing the human conscious-
ness. Many parallels can be drawn
between the design of complicated
computer networks and knowledge of
human mental functions. While not
purporting to be a complete or final
model of human mental functions, Joe
Murray’s article on Frankenstein
Emulation provides some good inputs
on the ultimate hobby: modeling
human behavior.

A Note on the Current BYTE

Last month, the March issue of

" BYTE had a theme of magnetic

recordings for digital data: four
articles in that issue concerned various
aspects of mass storage on the
magnetic medium. This month, the
theme is somewhat nebulous and is
summed up by “April Fool!”. The
cover and several items in this issue are
on a theme of far out applications and
fun. I’ll leave it to readers to figure out
what items other than the cover fall
into this category; however, all articles
in this issue are instructive and
informative, even those which are
consistent with the theme. CH

Minicomputers and micro
computers are really quite similar. The
former are simply faster and more
expensive than the current versions of
the latter. Thus when you Design an
On Line Debugger for a minicomputer,
as Robert Wier and James Brown have
done, the same general interactive
design can be used as the control panel
interface for any microcomputer as
well. Add an on line debugger to your
computer and you'll make it a much
easier device to use,

What's better than an 8 bit proces-
sor in a 40 pin package? Why, a 16 bit
processor in a 64 pin package, of
course. In his Microprocessor Update:
Texas Instruments TMS9900, Robert
Baker provides readers with an over-
view of this exciting new computer
which is sure to find its way into
personal computing systems over the

next year or so.

Ingenuity is an old American tradi-
tion. Roger W Thompson makes his
contribution to that tradition in his
description of how to Save Money
Using Mini Wire Wrap, a socketless
penny pinching way of wiring inte-
grated circuit projects.

On the cover, at the suggestion of
Tully Peschke, Robert Tinney created
a fantasy on a theme of BYTE. First
aid has already been applied and it is
expected that the banner will be fixed
in time for the May issue.
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Customization --

The Expression of Individuality

Editorial by Carl Helmers

Each person who gets involved in this
activity of acquiring and using a personal
computer system will sooner or later
appreciate the results of customization. Each
computer system comes out differently
according to the tastes and creativity of its
owner (to say nothing of his or her
pocketbook). The number ‘“n”’ of choices
available in creating a personal system is
large, and is getting larger every day.

Individuality of Systems

Each personal computing system is an
individual creation, despite the mass produc-
tion genesis of all the parts and pieces. To
understand this at a global level, simply
consider the options available in the choice
of standard microprocessor designs which
make up the starting point for any system.

At the present time, there are kits on the
market for half a dozen or so different
microcomputer designs. The first expression
of individuality you have to make is in your
choice of the microprocessor design for your
system. Choosing one such processor puts
you into a group of people employing the
same instruction set, a group which can
share software experiences directly. These
users are distinguished from the logical
grouping of users associated with the other
microprocessor architectures. (Note that the
“user groups” for personal computing are
logically a result of CPU choice since all
users of the same chip design sharc common
problems independent of the means of
wiring up and packaging the computer.)

Having limited yourself to one particular
microprocessor, the next level of exercising
individuality in creating a system is your
choice of a means to package and implement
a processor using that CPU. Here again, the
options are several. Some individuals ““home
brew' the packaging and system design with
wire wrap or other interconnection tech-
niques. Others elect to purchase a pre-
engineered kit of parts from one of BYTE’s
advertisers. Whatever the choice of a basic
system assembly with the processor, there
are numerous system design options avail-
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able to you. How much memory? What type
of interactive display terminal? Will the
system use audio tape or will it have a
floppy disk as mass store? Does the supplier
have a BASIC package? Does the supplier
make an assembler, monitor and text editor
available? Assuming a particular set of
answers to these questions, you will end up
with a fairly unique system, but one possibly
identical at the start to the systems of
several other individuals who use the same
kit maker. What is the final step in
customization?

Modularity and Software

The customization of a system is ultimate-
ly achicved through the variations in the
optional hardware modules attached to it,
and through the personal library of software
built up by the system’s owner and user.

The customization of hardware starts in
the choice of options available either from
the manufacturer of the kit or from
independent suppliers. There is presently
only one family of compatible peripherals,
those employing the MITS Altair backplane
interconnection conventions. (For the pres-
ent time, in order to have the widest choice
of prepackaged component kits an Altair
compatible bus is virtually a necessity.) If
you purchase an Altair incompatible system,
it will prove helpful to home brew an Altair
compatible bus extension for interfacing
such peripherals; if you engineer a home
brew system, such an extension is also
useful. (That is one project in my queue for
my own home brew 6800 system.)

Once you have a basic system up and
running, the customization of hardware
continues in the choice of specific peripher-
als for applications, and in the choice of add
on memory and hardware to augment the
system as you continue to use it. Custom
peripherals are required wherever a process
control or sensing application is involved. If
the computer is to control a mode! railroad,
for instance, you'll have to custom design

continued on page 94
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STAR TREK AND
SPACE WAR FORUM

A number of readers
have expressed interest in
the use of personal com-
puting equipment for
STAR TREK and other
space war games. Here is a
collection of letters on the
subjects. Continuation of
the discussion and
accounts of personal activ-
ities in this area are
encouraged.

Members of the staff have
been known to arrive at
work two hours early in
order to get their morning
“fix.”

Letters

OREGON STATE FORTRAN
STAR TREK

In reply to the letters by Richard Wexler
and Stewart Shelton regarding Star Trek and
Spacewar, a version of Star Trek written in
FORTRAN 1V is currently being run on the
CDC Cyber, under KRONOS 2.1, at the
Oregon State University Computer Center,
Corvallis OR 97331. The Spacewar to which
Mr Shelton refers is, | believe, that which
was publicized during the “National Space-
war Competition.” My source of info on this
was the DEC EduGram. | don’t have access
to this any more, but | believe it was in a
late 1971 or a 1972 issue that the game was
first described. DEC (Maynard MA) may be
able to tell you more about this particular
version. | am familiar with at least three
other Spacewar games and would like to
hear from other Spacewar freaks about
different versions they might know of.

I've thoroughly enjoyed every issue of
BYTE and can hardly wait for each new one.
The only thing that bothers me is the lack of
articles on programming theory. Will there
be any sort of series covering such things as
searching and sorting, parsing, tree struc-
tures, etc.?

Chip Weems
728 Mildred Ln SE
Salem OR 97302

LARGE SCALE STAR TREK

There has been considerable dis-
cussion of Star Trek (Spacewar) in the
January issue. I'd like to pass on some
information regarding the version of Star
Trek we have currently running on a Data
General Eclipse computer at work.

The genesis of the FORTRAN IV Star
Trek program we have is unknown. We got it
from a friend who got it from a friend who
.... As far as | could tell, the code was
Xerox FORTRAN although [ physically got
it on mag tape from a Varian 620i. The
source code of the version we received was
1800 statements. Some effort was required
for program transition to DG FORTRAN,
We also spent considerable time debugging
and cleaning up the code.

Our full program requires 25 K (16 bit
words) of core for execution. We have 48 K
of memory and operate background and
foreground. Since the operating system
(RDOS) takes about 16 K, any applications
program over 16 K either steals the machine
or severely limits the ability of the machine
to support two users. (Particularly at lunch
time when we make the machine available to
computer games players.) Therefore, we
broke the program into overlays to obtain a
load module of 16 K. This works fine, but
the disk sure rattles when torpedoes start
flying. However, two players may play indi-
vidual games at the same time. A further
refinement was to compile the DG’s
FORTRAN 5 which significantly speeds
execution and results in some saving of core
(14 K).

This version of Star Trek is quite com-
plex, although versions for large machines
are even more complex. The game randomly
determines the number of Romulans and
Klingons in the Unholy Alliance and gen-
erates a reasonable number of Stardates in
which to complete the mission. Automatic
scoring of player proficiency is built in,
along with appropriate insulting messages for
those unfortunates who hit a star or meet
their demise through other more sophis
ticated means. This game is not for the
occasional player as a certain amount of skill
is needed for full enjoyment. The program
operates in simulated real time so the player
with slow reactions is penalized.

Star Trek is an extremely addictive com-
puter game. Members of the staff have been
known to arrive at work two hours early in
order to get their morning “‘fix.” While most
people quickly learn how to beat the general
simple computer game and become bored
with that game, very few can beat Star Trek
with any regularity. No players have been






It’'s like being pioneers—
spirits are high and there is
a wilderness to contend
with.

known to become bored over an extended
period of time.

Since such an extensive game as we have
available is not useful to the average
hobbyist on his micro, it seems reasonable
that many will turn to one of the BASIC
versions of Space War such as you have
referenced as being available in the DEC
book of 101 BASIC Games. Your January
book review failed to mention that the
reproduction quality of programs in that
book varies for each of the programs. Unfor-
tunately, the reproduction of Space War in
that book is very hard, if not impossible to
read, because the master was obtained from
a Teletype that was not properly aligned.
The bottoms of the characters are cut off in
the copy of the book that | bought. How-
ever, most of the programs in that book are
reproduced quite well and | would add my
general endorsement to your book review.

| enjoy BYTE and would add my vote to
others you have received regarding the
happy combination of ham radio and com-
puters as the source of future articles.

Dave Vandaveer
Santa Ana CA

SOME SPACE WAR BACKGROUND

Regarding the enquiry concerning Space
War (page 86, January BYTE) | can agree
that it is a stimulating, dynamic (and there-
fore very time-consuming) game. Its origins
are shrouded in mystery, but it is part of a
standard demonstration packet released by
DEC for their machines with graphics capa-
bility, such as the PDP-12 or the GT40
system. The essence of the game is the
control of two rockets (displayed on a
CRT)which have missile-firing systems; the
object is to blast your dreaded cnemy from
the spaccways. Most versions use four bit-
controlled parameters for cach ship: rotate
up, rotate down, fire thruster and fire
missiles. More eclaborate versions include
metcorite obstacles, a central sun which
modifies trajectories due to its gravitational
pull and ‘“‘space warp,” the ability to dis-
appcar when threatened with incipient
destruction (but not know when or where
you will reappear).

The most primitive version of the game
will run in a PDP-8 with 4 K. There must be
some provision for graphics display, either a
point-plotter or DA converters and a CRT.
Control can be via console switches, and
timing is aided by a real time clock, although
this latter requirement is not necessary. The
main problem with running the game ona
micro is word size. Velocity and position of
the rockets is calculated iteratively, and

small roundoff errors yield large net changes
as the game goes on. For this reason, all
parameters arc calculated double precision
(24 bit) on the PDP-8, which is triple
precision on most micros. The increased
overhead as a result of this requircment may
spoil the timing and slow the game down,
although the PDP-8 executes a complete
update loop in somewhat less than 10 ms,
and this can be slowed to about 30 ms
before the onset of noticable flicker. The
display may pose a problem as well, since 10
bit resolution on a CRT is acceptable, but 8
bit may be pushing things a bit.

A B Bonds, PhD
Berkeley CA

NAVIGATING AN OCEAN
OF INFORMATION

First, let me say that I'm enjoying BYTE
very much and look forward to each new
issue.

The microcomputer system |'ve built uses
an 8008 but will eventually expand to
symbiosis with an 8080 CPU. | want to
express my happiness that you are not
abandoning those of us hobbyists who have
8008 based machines. | know all too well
the limitations of the 8008, but | think it is
still a superb way to start out. The 8008
instruction set almost immediately inspires
affection with its non-threatening three
letter mnemonics and their nice correlation
to octal number representation.

I think most of us know that we’re into a
unique thing with this burgeoning new baby
of a hobby. It's like being pioneers — spirits
are high and there is a wilderness to contend
with. Big time centralized computers were
not a panacea for the world’s ills. The new
wilderness we face is information glut and it
threatens to swamp us more essentially at
the individual level than at the institutional
level. Microcomputers are a new tool that
promise deliverance. They can be a seem-
ingly playful tool, but they possess the
power to navigate that ocean of information
which modern man must sail upon. Well, |
just wanted to philosophize a little and say
that | think this new hobby (and BYTE) will
be an aid to us all.

Adam Trent
Ascension Island
Patrick AFB FL

AN IMPROVED CASSETTE
INTERFACE CIRCUIT

As might be expected, we have made
some changes and improvements to our
cassette interface circuit which will be of






interest to your readers. These improve-
ments were still being worked out when |
submitted the article (‘‘Digital Data on
Cassette Recorders,” page 40, March 1976
BYTE), hence they were not included.

We were quite disappointed in the
performance of the 4047 as a retriggerable
one shot, therefore we went back to the
9601 or 74122 we had used in earlier
designs. We have also eliminated the need for
1 12 volt power supplies by changing the
design of the signal conditioner circuit and
by using the AY5-1014 UART. The entire
circuit now operates from a single 5 volt
supply.

We discovered the circuit described in the
article was sensitive to the polarity of the
received signal from tape. To eliminate this
sensitivity we went back to a double edged
pulse former. This required the one shot
period to be reduced to 278 microseconds
and the elimination of one of the flip flops
in the Phase Locked Loop feedback divider
string. Adjustment is the same as before.

Some hobbyists who have seen the circuit
have wondered why we used the 339 Quad
Comparator for the signal conditioner since
only one section was used. The Pronetics
circuit card uses one of the remaining

sections as a level sensor to inform the user
of proper playback level. Another section is
used to indicate when data is being received
from tape and the remaining section is used
to drive a relay which remotely controls the
cassette tape unit. If these functions are not
necessary a 311 comparator can be substi-
tuted for the 339,

We designed out most of the CMOS
integrated circuits because of handling
problems in low humidity (static discharge
destruction of gates). The 4046 PLL was
retained to permit operation with a single 5
volt power supply.

Enclosed is a drawing of the improved
circuit. If your readers have any questions [
will be happy to answer if they include a self
addressed stamped envelope.

Harold A Mauch
4021 Windsor
Garland TX 75042

RTTY AND MORSE

So far, | have found your magazine
excellent in all respects. You appear to be on
top of all the latest machines and devices on
the market, and the articles are timely and

continued on page 71
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Robert Baker
34 White Pine Dr
Littleton MA 01460

April Fool came a little early with Space Ace. We aced out on Bob Baker’s puzzle in March
BYTE, page 77, by omitting the word list. Here it is again, with the word list. Answers will

appear in May BYTE,

N|F]|S B|R T N S P
R C R| D M N|S N| R
T T|P T| R T R P
W|R T X[ T R| N L|R G
D Cc D C| N N[S|R
L| B R V| S| G Bfw|C
C D|N P N|T|R HIC| M
N|T|N| M| R|T c N H
cC|T P|C CIM| G| R|[D|N|R|T
L T L{S|R Y[N|[T]| P
M| G S N{L|L|T|N R|P|] R
V|P D D|P| C]| L Ll F|Y
L{R|R|L S| L R| R| G
P T|Y]| P T N Bf R
Q| X S| C L R| L T R L
F N|C| T N| G S| S Y| L

Space Ace

By inserting the missing vowels (a, e, i,
o, and u) in the appropriate blanks, all 50
words from the list will fit into the matrix.
As you find each word and insert the correct
vowels, circle the word in the matrix and
cross the word off the list. Words may be
forward, backwards, up, down, or diagonal,

ARRAY EXPRESSION
ASSIGN EXTERNAL
BUG FIELD
CALL FIND
COMPLEX FUNCTION
*DATA *GOTO
*DECODE IMPLICIT
DIMENSION INTEGER
ENCODE *LABEL
*END LIBRARY
ENTRY LITERAL

EQUIVALENCE LOGARITHM
* = words that appear to fit in more than one
location, but only one position is correct.
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but always in a straight line, never skipping
letters. However, some of the letters are used
more than once. After circling all the words
on the list, the seven remaining letters
(including two blanks for vowels) in the
matrix will spell the name of a high level
computer programming language these
words are related to. Be careful, though;
some words may appear to fit in more than
one place in the matrix. There is, however,
only one correct position for each word, so
that all the words from the list will be used.

LOGICAL *REAL
LOOP RECORD
NAMELIST RETURN

*NOT REWIND
OCTAL SCALAR
OPERATOR SPACE
OUTPUT sTOP
PAUSE SUBROUTINE
PRECISION *TAG
PRINT TYPE
PROGRAM *UNIT

" PUNCH VARIABLE

*READ WRITE









A COMPLETE
MICROCOMPUTER

ONLY $245

NOT A KIT!
e FULLY ASSEMBLED

e FULLY TESTED
e FULLY WARRANTED

OPERATES WITH

e KEYBOARD & DISPLAY
e AUDIO CASSETTE

o TTY

KIM-1 INCLUDES
e HARDWARE

KIM-1 MODULE WITH
6502 uP ARRAY
6530 ARRAY (2)

1 KBYTE RAM
15 1/0 PINS

e SOFTWARE
MONITOR PROGRAMS

(STORED IN
2048 ROM BYTES)

e FULL DOCUMENTATION
KIM-1 USER MANUAL
SYSTEM SCHEMATIC
6500 HARDWARE
MANUAL
6500 PROGRAMMING
MANUAL
6500 PROGRAMMER'S
REFERENCE CARD

' - -USE THIS FORM TO ORDER YOUR KIM-1 TODAY!

Send to:

Please ship me KIM-1 Systems at a cost of $245.00 per system plus $4.50 for
- shipping, handling and insurance (U.S. and Canada only) PA residents add 6% sales tax.
{International sales subject to U.S. Commodity Control Regulations.
Add $20.00 per system for shipping and handling of international orders.)
My check or money order is enclosed for $

MOS TECHNOLOGY. INC e
KIM-1, 950 Rittenhouse Rd. Address
Norristown, PA 19401 City State
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Programming the Implementation

Look for logical gaps in
the design of a specific
system, then ask yourself:
“What would happen if |
did something that is tech-
nically undefined for my
computer?”’

Charles A Crayne
734 S Ardmore Av
Los Angeles CA 90005

An exploration of the
Scelbi 8H reveals two
single byte instructions
which are artifacts of the
implementation: Load
minus 1 immediate (L11)
and read option switches
(ROS).

When Scelbi Computer Consulting Inc
designed their 8H minicomputer system
around the Intel 8008 CPU chip, they
implemented two instructions beyond those
available on the Intel chip. It seems that
these two instructions are a byproduct of
the 8H design, and of potential interest to
the hobbyist.

The term “architecture’’ generally means
the design of a system, or of a family of
systems. The instruction set, maximum
address, number of ports, etc., are archi-
tectural considerations affecting the design
of a chip. The term “implementation’ refers
to the technical methods used to bring the
defined capabilities into existence; this may
be accomplished by backplane wiring, or
ROM, number and speed of clocks, choice of
power supplies, etc.

The distinction between architecture and
implementation is clearer for a computer
“family”’ than for a single device. In the IBM
line, for example, all 370s share a single
architecture. The difference between a
mode! 115 and a model 168 is implemen-
tation. Note also that a designer is not
required to implement the full capacity
provided by the architecture. On the Scelbi
8H, the architecture provides for 16 K bytes
of main storage, but the implementation
allows for only 4 K bytes.

At first glance, the matter of the Scelbi
8H input ports is just another example of
implementing less than the full architectural
capacity. Eight input ports are allowed for in
the instruction set, but only six are pro-
vided. A surprise is in store, however, for
anyone who asks himself the question,
“What would the computer do if | called for
input from port 6 or port 72" (The eight
possible ports are numbered from 0 to 7.)

To answer this question, it is necessary to
consider just why Scelbi decided to provide
only six input ports, This can be resolved by
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a glance at the logic diagram for the Scelbi
input board. The function of this board is to
couple the 8008 data bus, at the appropriate
times, to one of the input ports, the external
memory data bus, or (in the case of a front
panel interrupt) to the front panel data
switches. This switching operation is imple-
mented with type 74151 1Cs, which are one
of eight data selectors. That is, they will
accept eight bits of input, and will output
one of the eight, depending upon the three
bit address {000 to 111) supplied at the time
the enable line goes high.

The Scelbi designer needed a one of ten
selector to accommodate the eight input
ports, the memory bus, and the panel
switches. But binary addressing just doesn’t
work that way. He could use a one of 16
selector and leave six inputs unused, or he
could do as he actually did and use the
74151s by reducing the number of input
ports implemented to six. This decision
resulted in a lower cost system. Logic is
provided to force the selector addresses to
110 for memory input operations, and to
111 during interrupt processing. But, again,
probably for cost reasons no logic is pro-
vided to assure that the address. specified
in an input instruction is limited to the 000
to 101 range (INO to IN5).

Therefore, the IN6 instruction (input
from port 6) causes the accumulator to be
set from the memory bus, and the IN7
instruction causes the accumulator to be set
from the front panel switches. Unlike the
LAM instruction, however, IN6 does not
cause the memory address to be developed.
Therefore, the result of the instruction is to
load the accumulator with the value —1 or
377 in octal. This is not exactly a big deal, as
it is exactly the same effect as would result
from requesting an input from any uncon-
nected port. Still, it can be of some use in
saving memory space in exactly the same
way as the experienced programmer uses an












Biorhythm for C

According to the bio
rhythm hypothesis, there
is a reason for those dol-
drum days when even your
computer refuses to com-
municate with you.

[NOTE: The ideas pre-
sented in this article are a
hypothesis about human
mental states and are not
necessarily a valid predic-
tive theory. One danger of
computer programming is
the assumption that a
logically correct program
which executes without
bombing out will neces-
sarily produce meaningful
results. Whatever the final
conclusion with regard to
the biorhythm hypothesis,
the calculation makes an
interesting example of a
BASIC language applica-
tion program. . .. CH]

Joy and Richard Fox
1364 Campbell St
Orlando FL 32806

There is no doubt that all living things
have biological rhythms. The study of three
of these rhythms in humans has led 1o the
development of a pseudo science, bio-
rhythm, that, through the use of computers,
is growing in popularity in the United States.
This article describes a program, written in
BASIC, which you can run in your own
computer to plot biorhythm curves.

The purpose of the program is to use the
biorhythm hypothesis to “predict’ physical,
emotional and intellectual patterns that indi-
cate up, down and critical days for any
period of time. These predictions are based
on what purport to be scientific studies of
human behavior. Biorhythm people claim to
have learncd through their studies that a
physical cycle occurs every 23 days, an
emotional cycle occurs every 28 days and an
intellectual cycle occurs every 33 days. The
plotting of these rhythms is printed out as a
two-dimensional graph on a Teletype or
similar output device, showing the three
cycles as a function of time.

The biorhythm hypothesis is nothing
new. It was first proposed in the late
nineteenth century by a Viennese psycholo-
gist and a German physician, each working
separately. In the 1920s, an Austrian teacher
added the 33 day intellectual cycle after
studying the performance of high school and
college students.

According to the biorhythm hypothesis,
there is a reason for those doldrum days
when even your computer refuses to com-
municate with you. Each of the three cycles
oscillates between ups and downs. When
your cycles are up, you feel physically
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strong, emotionally high or intellectually
brilliant. When your cycles are down, you
feel physically weak, emotionally depressed
or intellectually dull. But the days to really
watch out for are the transition days when
you are crossing from a low to a high or a
high to a low. It is during these transition
days that you are especially susceptible to
accident and illness. A few times each vear,
two or even all three of your cycles will
cross the transition simultaneously. Accord-
ing to biorhythm people, these critical days
are best spent quietly.

The biorhythm ‘hypothesis has gained
acceplance in a growing number of indus
tries. In japan, 2,000 businesses use bio-
rhythm calculations. One Japanese firm
reports a 35% reduction in computer data
errors by assigning workers to other tasks
when they are going through critical days.
Another Japanese firm using biorhythm pre-
dictions claims to have reduced its yearly
vehicle accident loss by 45%. An American
survey of 1,000 industrial accidents showed
that 90% of them occurred on critical days.

Mike Bertalot, a supervisor for United
Airlines, estimates that between 6,000 and
8,000 of United’s 40,000 employees are
using biorhythm predictions as a guide for
safety awareness. United uses the printouts,
which they distribute to interested em-
ployees, as “an excuse to warn employees
about safety.” The result has been that some
departments have shown a 50% decrease in
accidents. It is not clear whether this reduc-
tion is due to the extra warnings or to the
predictive value of the hypothesis. Although
the future of the biorhythm experiment at
United is uncertain, the results are being sent
to the United States Naval Laboratory,
which is studying the hypothesis.

Biorhythms have also been used for
profit. The September 15 1975 issue of
Newsweek quotes Lester Cherubin, president



of Time Pattern Research, Inc, as having sold
100,000 biorhythm printouts for $10 to $20
each in the past three years. Other com-
panies sell plastic biorhythm calculating de-
vices for anywhere between $4 and $20.
Some shopping center vendors sell for a
mere 50 cents a computer printout of your
rhythms for one day.

The calculation of biorhythm curves is
not easy to do with a pencil and paper. First,
the subject’s age in days must be calculated.
This problem, of course, is complicated by
all the peculiarities of the modern calendar.
Then you must calculate how many com-
plete 23 day cycles the subject has lived
through and how many days he is into the
next cycle. (The biorhythm hypothesis
makes a simplifying assumption that all
cycles originate at birth with zero relative
phase.) The same must be done for the 28
and 33 day cycles. The fraction of each
cycle is multiplied by two piradians and the
sine of that number is taken to obtain the
points of the biorhythm curve for that day.
The calculation must be rerun for each
succeeding day, and the results plotted on
graph paper, in order to obtain the bio-
rhythm curves.

The program to calculate biorhythm
curves is shown in the form of a flow chart
in figure 1; figure 2 shows the complete
listing of this program in BASIC. The opera-
tion of the program is as follows:

Line 0001 dimensions the strings N and S
and the array T. N will be filled with the
character set for the days of the month and
S will be filled with the image of each line of
the graph, as it is prepared for- printing. T
will be filled from the data statement at line
0080 with the number of days in each
month of the year. The input statement at
line 0008 and the if statement at line 0009
together allow the user to skip over the
explanatory printout at the beginning of the
program and go directly to the calculation
which starts at line 0027.

Line 0040 defines the numeric values for
the month, day and year that the.subject
was born. Line 0050 defines the month, day
and year for the start of the printout. The
year can be supplied as a two digit number
('76) or as a four digit number (1976), but
the same format must be used for both the
birth date and the printout target date. Line
0065 defines the number of days to be
plotted.

D3 in the program is the variable which
will contain the age of the subject in days.
At line 0130, D3 is initialized to 0. The
program will now calculate the number of
days between the subject’s birth date and
the requested plotting date. The calculation
is performed in several steps, and at the end
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BIORHYTHM

0010

YES PRINT
INSTRUCTIONS

0006

INTRO-
DUCTION

o027

————
REQUEST PARA- | INTERACTIVE R
n?EITTElZSU/ZAgD —— — ] SEQUENCE To DEFINE |

| BIRTH DATE,PLOT |
| DATE,DAYS TO |

| PRINT
0130 e _I

CALCULATE
LIFESPAN AT
START OF THIS
YEAR

0305

ADD LIFESPAN
FOR EACH YEAR

0450

ADD LIFESPAN
SO FAR
THIS YEAR

0475
PRINT HEADER
MESSAGE OF
PLOT

0570

CALCULATE
CURRENT CURVE
VALUES

Q727

PREPARE PRINT
LINE

0746

PRINT LINE
AND ONE BLANK

0750

CALCULATE
NEXT DAY'S
LIFESPAN

of each step, the value calculated at that step
is added to the total in D3.

Next, the program checks if the subject
was born in January or February of a leap
year. The test for a leap year, at line 0150, is
made by dividing the birth year by four and
checking for a remainder. Only leap years
divide by four with a remainder of zero. If
the subject was born in January or February
of a leap year, one day is added to the
running total, at line 0160. Otherwise, the
running total is left at zero.
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Watch out for evil omens
on transition days.

While not intended to ap-
ply to machines, maybe
biorhythms can be used to
predict computer be-
havior. Enter the birth
date of your computer and
predict when your cyber-
netic monster plans its
next bomb out!

Figure 1: Flow Chart of
Biorhythm Calculator.
This chart illustrates the
general outline of the
program found in figure 2,
The numbers noted next
to symbols in the flow
chart refer to line numbers
of the listing in figure 2.



0001
0002

-~ {0004
0006

0007

0010

0670
0680
0690
0700

0727
0728

DIM NS(

NS-0001020304050607080910111213141516171819202122232425262728293031"

72), 88172), T112)

REM BIORHYTHM CREATED BY JOY AND RICHARD FOX

PRINT

PRINT "

DO YOU WISH AN INTRODUCTION TO BIORHYTHM? TYPF | FOR YES™

OR 0 FOR NO

INPUT A
IF A=0 THEN 27
PRINT TAB(25}, "BIORHYTHM"

PRINT
PRINT
PRINT
PRINT

PRINT ~
PRINT "
“SHOW WHICH DAYS WERE GOOD OR BAD FOR YOU BEGINNING WITH"

PRINT

PRINT *
“DAYS WILL BE GOOD OR BAD FOR YOU

“THESE PREDICTIONS ARE BASED ON SCIENTIFIC”

“STUDIES TO DETERMINE WHY ACCIDENTS OCCUR 1T WAS LEARNED"
"THROUGH THESE STUDIES THAT A PHYSICAL CYCLE OCCURS EVERY""
“23DAYS, AN EMOTIONAL CYCLE OCCURS EVERY 28 DAYS. AND AN"
PRINT "

PRINT
PRINT
PRINT
PRINT
PRINT

PRINT
PRINT
PRINT

“THE PURPOSE OF BIORHYTHM IS TO PREDICT A PHYSICAL.”

EMOTIONAL AND INTELLECTUAL PATTERN THAT INDICATES YOUR'™
UP AND DOWN DAYS FOR ANY PERIOD OF TIME BIORHYTHM CAN"

YOUR BIRTH. IT CAN ALSO SHOW YOU WHICH FUTURE™

INTELLECTUAL CYCLE OCCURS EVERY 33 DAYS

“PLEASE TYPE YOUR BIRTH DATE USING THE FOLLOWING FORMAT
“MM,DD.YY EXAMPLE JANUARY 17,1942 011742

INPUT M, D, Y

PRINT .

AT WHAT DATE ARE YOU INTERESTED IN BEGINNING BIORHY THAL™

INPUT Mt D1, Y1

PRINT *

"HOW MANY DAYS DO YOU WISH TO HAVE PLOTTED

INPUT D2

DATA 3

REM M=

1,28.31.30. 31, 30. 31, 31,30, 31,30,
MONTH, D=DAY. Y-YEAR

REM D3=TOTAL NUMBER OF DAYS ELAPSED

D3=0

\F M>2 THEN 200
IF INT{Y.4)-(Y+4). -0 THEN 200

D3=1
FOR I=1
READ T

TO 12
(L

REM T=DAYS IN EACH MONTH

NEXT |

D3=TIM}-D+D3
FOR I=M+1T0 12
D3=T{I}+D3

NEXT I

REM Y3=YEAR COUNTER FROM BIRTH TO DISPLAY

Y3=Y
Y3=Y3+

IF ¥Y3.-=

1
Y1 THEN 400

IF INT{Y3/4)-(Y3,4)-0 THEN 320
D3=D3+365

GOTO 299

D3=D3+366

GOTO 299

\F M1-.=2 THEN 450

IF INT(Y1/4){Y1 4} -0 THEN 450
D3-D3+1

FOR 1=1

TO M1

D3-T{11+D3

NEXT |

D3-D1+03

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

PHYSICAL CYCLE P
EMOTIONAL CYCLE E"
INTELLECTUAL CYCLE 1™

PRINT “"DATE",

PRINT TAB(13), "DOWN"";
PRINT TAB(35), “"CRITICAL"»
PRINT TABI(63}, "UP”

PRINT -

PRINT "

DET Ma=-M1

CET D4-
LET Ya-

REM M4

D1
Y1
D4, Y4 DATE PRINTED QUT IN PLOTTING CHART

GOTO 580

REM F=FRACTION INTO CYCLE
F={D3/23)-INT{D3/23)

REM X-THE ARGUMENT FOR THE SINE FUNCTION
X-F*2°3.1416

REM P=THE PHYSICAL POSITION ON THE GRAPH
P={ISIN{X)¢1)°24)415

REM E-EMOTIONAL POSITION ON THE GRAPH
F=(D3/28}-INT(D3/28)

X F*2°3.1416

E-USIN(

X1+1)124)+15

F=(D3/33)-INT{D3/33)

X F'2°3.1416

REM I-INTELLECTUAL POSITION ON THE GRAFH
1-{ISINIX}¢1) 24} 415

FOR X=1T0 32

SS(2°X-1.2°%)

NEXT X

§$39,39)-"

7

5801,2)=NS(M4°2+1 M4*2+2)

§$14,51=NSID4°2+1,D4°2+2)

IF Y498 THEN 950
S817.7)=NSHINT(Y4/101* 24 2) {INT(Y410)°242))
SS(B.8)=NSUYAINTIYA/101"10)*2+ 2 IYA INTIYA 101" 10)° 2+ 2}
PRINT S$(1,63)

PRINT
IF D21
D2-D2-1

THEN 1000

D3-D3+1
D4=D4+1

IF M4<~

~2 THEN 820
IF D4< -29 THEN 820
IF INT(Y4/4} tY4/4)~ -0 THEN 820

Figure 2: BASIC Program

GOTO 570 .

IF Da<-Tid) THEN 570 of the Biorhythm Calcula-
M4 - +1 . .

D41 tor. This is the complete
1F M4.-12 THEN B70 ‘e

GOTO 570 listing of a BASIC program
Ya-van to perform calculations
GOTO 570

Y- ¥4-UINT(Y4/100)*100) and plot the results on a
END hard copy printer.
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Lines 0200 through 0230 fill the array T
with the values in data statement 0080 so
that the array contains the number of days
in each month of the year. Line 0240
calculates the number of days from the
subject’s birth date to the end of his first
calendar month, and adds that number to
the running total in D3. Lines 0250 through
0270 calculate the number of days in each
month during the remainder of the subject’s
birth year, and add that number to the
running total.

The birth year, Y, is transferred to the
year counter Y3, and the year counter is
incremented at line 0299. If the year count-
er is greater than or equal to the year to be
printed out, Y1, then the program jumps to
line 0400. Otherwise, the program adds 365
or 366 to the running total for each year
between birth and the target year. Each time
that is done, the vyear counter is incre-
mented. When it matches the printout target
year, the program jumps to line 0400,

Next the program calculates the number
of days between the start of the display year
and the display day. If the display month is
March or later, then the program checks if
the display year is a leap year. If it is, one
day is added to the running total at line
0410. Lines 0450 through 0460 add the
number of days in each month between the
start of the display year and the display
month to the running total D3. Line 0470
adds the number of days into the display
month to the running total. D3 now con-
tains the age of the subject in days, as of the
requested display date.

Lines 0475 through 0526 print the head-
er of the graph. Lines 0530 through 0571 set
up three new variables, M4, D4, and Y4,
which will contain each consecutive date as
it is printed out.

Now the program calculates the phase of
each of the three biological cycles for the
subject for the dates requested. The physical
cycle has a period of 23 days. If you divide
the age of the subject in days by 23, the
remainder is a number between 0 and 22.9.
That remainder is proportional to the phase
of the subject's physical cycle at the
requested date. The remainder is stored in
variable F at statement 0580. F is then
multiplied by two pi radians and the answer
is stored in X. X is therefore a number
between zero and two piand is proportional
to the phase of the subject’s physical cycle.
Line 0650 takes the sine of X. The result isa
value between +1 and —1. This number is
then normalized to a value between 15 and
63 and is stored in P. The values 15 and 63
represent the beginning and ending column
numbers of the graph on the Teletype.



Extreme down days will plot in column 15.
Extreme up days will plot in column 63.
Critical days will plot in column 39, and
other days will plotin between these points.

The same calculation is then repeated at
lines 0660 through 0680, with a period of

28 days, for the emotional cycle; and at lines -

0690 through 0720, with a period of 33
days, for the intellectual cycle. Lines 0727
through 0729 loop to fill up the string S
with blank characters, to wipe out old data
still in the string. Line 0731 places a dot
character in element 39 of the string, so that
the zero crossing will be clearly marked by a
string of dots down the 39th column of the
page. Line 0732 stores the character “‘P”
into the column calculated by the equation
for the physical cycle. Lines 0733 and 0734
do the same for the characters “E’ and “I".
Next the program places slashes in elements
three and six of the string S, so that they
will print out as slashes in the date at the left
of the graph.

The month is placed in array elements
one and two and the day is placed in
elements four and five. If the operator typed
the year as a four digit number, the program
truncates the most significant two digits.
Line 0744 places the ten’s digit of the year
into element seven of the string and line
0745 puts the unit's digit of the year into
element eight.

The string S is now ready for printing.
Line 0746 prints elements one through 63
across the output device page as a month,
day, year, a dot at column 39 and the letters
“p“E™ and “I” in appropriate positions.
Linc 0747 causes the typewriter to double
spacce so the graph is easier to read.

If the number of days left to print, D2,
has been reduced to ong, then the program
exits. Otherwise, D2 is decremented by onc,
and the age of the subject in days is
incremented by onc.

The date in the month, D4, is incre-
mented and the program checks if the day to
be plotted is February 29 of leap year. If it
is, the next day’s data is plotted. If it is not
February 29 of a leap year, then the number
of days in the month is checked against the
maximum number of days in that month as
defined in table T. If the day in the month,
D4, is too large, it is resct to one and the
month is incremented. If the month has
been incremented to 13, it is reset to one
and the year is incremented. The program
prints the next day’s data and keeps looping
till all the requested data has been printed.

This program has an unusual application
that you may not yet have considered: enter
the birth date of your computer, and predict
when your cybernctic monster plans its next
bomb out!!Im

DO YOU WISH AN INTROLUCTION T80 HBIORHYTHM? 1YPE 1 FOR YES, OR O FOR NO.

210

KILFRHY THM
THE PURPUSE OF HIORHYTHM IS T0 PREBIGT A PRYSICAL,
FEMOTIONAL AN INTELLFCTUAL PATTERN THAT INDIICATES YOUR
UP ANT DOWN DAYS FOK ANY PERLOD OF TIME. RIORHYTHM (AN
HOW WHIUH DAYS WERE GOoD R RAD FOR YOU BEGINNING WITH
YUUK HIRTH. [1 CAN ALSU SH(M YOU WHI(H FLTURE
LAYS WILL HF GOUDL 0K HAL FOR YOLU.
THESE PHEDICTIONS AWRE BASED (N SCLENTIFIC
STUDIES To PETERMINE JHY AGCLILENTS UCCUR. IT WAS LEAPNED

THROLGH THESE STUDRIES THAT A PHYSI(AL CYCLE OCCURS EVERY
23 PAYR, AN EMOTI(NAL CYCLE GCCURS FUERY 26 DAYS, AN AN
INTELLECTUAL tYLLE OGUCLKS PVYERY A1 hAYS,

HM.FASE TYPE YOLR KIFTH LATE LSING THE FOLLOWING PORMAT:
MM, Dy YY . PXAMPLED JANLARY 17, 1942 = (01,17, 427

200, 17, 42

AT WHAT DATEF ARE YOU INTERFSTEL IN KEGINNING HIURHYTHM?
71128, 75

HOW MANY DAYS DO YOU WISH TO HAVE PLOTTEL?
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PHYSICAL CYCLF = b

FMOTIONAL CYCLLF = F

INTELLECTUAL CYCLE = 1

LATE Down

CHITICAL

M/25/75 1 PE

1726778 ! Pr

Vls2r 71k 1P}

V1 /PK7T S 1

1 /29775 bl

11/30/7% [ L

V201775 3 Pt

12702775 k !

(RIS 3 row

1P s0us1e F 1 w

Va7 H 1 v

190677 3 1 P

12/07 77 % . P “
12/70R 7 % . L

IERZEL AR . rol
19710778 . k1l
les11745

[EYATPARS . P
12/13/7¢ . »
12714778 . 9

EVARVA RS - v

[PIARYAES v - b
127V7 774 u - F 1
[EAEVAR I3 . t !
197189775
Vesenzis » k. 1

12/2177% i L4 <1

12/22/7 8 i F i

12724775 P 3 1

1P/24/7¢ EP 1

1PressTs 13 1P

12726778 b 1 P

\Ps27 71 3 1 P

12728715 b1 . w2

IPREEVARN [ . %
12730775 1 F . »
12/3177¢% 1 3

nl/niste I 13

aL/nesTe ! ¥

Wy /03s7¢ 1 i3

Figure 3: Output of the Biorhythm Calculator. Here is a listing of the output
of the program found in figure 2. In this case, the introductory text was

printed prior to entering the parameler definjtion sequence.
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A computer language is a system for
casting spells. This is not a metaphor but an
exactly true statement. Each language has a
vocabulary of commands, that is, different
orders you can give that are fundamental to
the language, and a symtax, that is, rules
about how to give the commands right, and
how you may fit them together and entwine
them.

Learning to work with one language
doesn’'t mean you've learned another. You
learn them one at a time, but after some
experience it gets easier.

There are computer languages for testing
rocketships and controlling oil refineries and
making pictures. There are computer lan-
guages for sociological statistics and de-
signing automobiles. And there are computer
languages which will do any of these things,
and more, but with more difficulty because
they have no purpose built in. (But each of
these general purpose languages tends to
have its own outlook.)

Most programmers have a favorite lan-
guage or two, and this is not a rational
matter. There are many different computer
languages — in fact thousands — but what
they all have in common is acting on series
of instructions. Beyond that, every language
is different. So for each language, the ques-
tions are

WHAT ARE THE INSTRUCTIONS?
and
HOW DO THEY FIT TOGETHER?

Most computer languages involve some-
how typing in the commands of your spell
to a computer set up for that language. (The
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computer is set up by putting in a bigger
program, called the processor for that
language.) Then, after various steps, you get
to try your program.,

Once you know a language you can cast
spells in it; but that doesn’t mean it’s easy. A
spell cast in a computer language will make
the computer do what you want —

IF it's possible to do it
with that computer;

IF it’s possible to do it
in that language;

IF you used the vocabulary
and rules of the language
correctly;

and |F you laid out in the spell
a plan that would effectively
do what you had in mind.

BUT if you make a mistake in casting your
spell, that is a BUG. (As you see from the
IFs above, many types of bug are possible.)
Program bugs can cause unfortunate results.
(Supposedly a big NASA rocket failed in
takeoff once because of a misplaced dollar
sign in a program. [ The person responsible for
that programming error became a fanatic
about bugs and was a key to the success of
eyeball debugging of Apollo flight pro-
gramming . . . CH]) Getting the bugs out of a
program is called debugging. It’s very hard.

Designing Computer Languages

Every programmer who's designed a lan-
guage, and created a processor for it, had
certain typical uses in mind. If you want to
create your own language, you figure out



AN INTERPRETER X

carries out each instruction
as it's encountered.

SN0
/

what sorts of operations you would like to
have be basic in it, and how you would like
it all to fit together so as to allow the
variations you have in mind. Then you
program your processor (which is usually
very hard.)

HoW be
CompuTeR (ANGURGES
WORK ™2

Basically there are two different methods.

A compiling language, such as FORTRAN
or COBOL, has a compiler program, which
sits in the computer, and receives the input
program, or source program, the way the
assembler does. It analyzes the source pro-
gram and substitutes for it an object pro-
gram, in machine language, which is a
translation of the source program, and can
actually be run on the computer. The
relation of the higher language is not one to
one to machine language: many instructions
in machine language are often needed to
compile a single instruction of the source
program. (A source program of 100 lines can
easily come out a thousand lines long in its
output version.) Moreover, because of the
interdependency of the instructions in the
source program, the compiler usually has to
check various arrangements all over the
program before it can generate the final
code.

Most compilers come in several stages.
You have to put the first stage of the
compiler into the computer, then run in the
source program, and the first stage puts out
a first intermediate version of the program.
Then you put this version into a second
stage, which puts out a second intermediate
version; and so on through various stages.
This is done fairly automatically on big
computers, but on little machines it's a pain.

w4 COMVILERw

chews the instructions
of the language
into another form
to be processed later,

Drawings by Bill Morello, adapted from Nelson’s
drawings in Computer Lib/Dream Machines.

(In fact, compilers tend to be very siow
programs; but that depends on the amount
of “optimizing” they do, that is, how
efficient they try to make the object
program.)

An interpretive [language works differ-
ently. There sits in core a processor for the
language called an interpreter; this goes
through the program one step at a time,
actually carrying out cach operation in the
list and going on to the next. TRAC and
APL are interpretive; it’s a good way to do
quickie languages.

Interpreters are perhaps the easier
method of the two to grasp, since they seem
to correspond a little better to the way
many people think of computers. That
doesn’t mean they're better. For programs
that have to be run over and over, compiling
is usually more economical in the long run;
but for programs that have to be repeatedly
changed, interpreters are often simpler to
work with.

A Black Art

Making language processors, especially
compilers, is widely regarded as a black art.
Some people have tricks that are virtual
trademarks.

Actually, the design of a language, es-
pecially the syntux, how its commands fit
together, strongly influences the design of its
processor. BASIC and APL, for instance,
work left to right on each line, and top to
bottom on a program. Both act on some-
thing stored in a work areca. TRAC, on the
other hand, works left to right on a text
string that changes size like a rubber band.
Other languages exhibit comparable
differences.

Mixed Cases and Variations
(for the whimsical)

There are a lot of mixed cases. A foad and
go compiler (such as WATFOR) is put into
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the computer with the program, compiles it,
and then starts it going immediately. An
interpretive compiler looks up what to do
with a given instruction by interpreting it
into a series of steps, but compiling them
instead of carrying them out. (A firm called
Digitek is well known for making very good
compilers of this type.) An incremental
compiler just runs along compiling a com-
mand at a time; this can be a lot faster but
has drawbacks.

THE GREAT
Computer (ANGUAGES

A certain number of computer fanguages
are very widely accepted and used; | list
them here. If you want to learn any of them,
| believe that Daniel McCracken has written
a manual on every one of them. (Not the
variants listed, though.)

Why their names are always spelled with
capital letters | don’t know. (Generally they
get let down in longer articles, though.)

Old

Good
FORTREN,

FORTRAN was created in the late fifties,
largely by John Backus, as an algebraic
programming system for the old IBM 704.
(However, the usual story is that it stands
for FORmula TRANslator.)

Fortran is “algebraic,” that is, it uscs an
algebraic sort of notation and was mostly
suited, in the beginning, to writing programs
that carried out the sorts of formulas that
you use in high school algebra. It’s strong on
numbers carricd to a lot of decimal places
(scientific numbers) and the handling of
arrays, which is somcthing elsc mathema-
ticians and engineers do a lot.

Fortran has grown and grown, however;
after Fortran | came Fortran 11, Fortran 111
and Fortran 1V; as well as a lot of variants
like Fortran Pi (“irrational, and somewhere
between Il and V"), WATFOR and
WATFIV.

The larger Fortrans, that is, language
processors that run on the bigger computers,
now have many operations not contem-
plated in the original Fortran, including
operations for handling text and so on.

BASIC is in some respects a simplified
version of Fortran.
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MGOL LosT, iy PL/T

ALGOL is considered by many to be one
of the best scientific languages; it has becn
widely accepted in Europe, and is the
standard publication language in which pro-
cedures for doing things are published in this
country. It is different from FORTRAN in
many ways, but a key respect is this: while
in FORTRAN the programmer must lay out
at the beginning of his program cxactly what
spaces of core memory are to have what
names, in ALGOL the spaces in corc mem-
ory are not given names except within
subsections of the program called proced-
ures. When the program gets to a specific
procedure, then the language processor
names the spaces in core memory.

This has several advantages. One is that it
can be used for so-called “‘recursive’ pro-
grams, or programs that call new versions of
themselves into operation. | guess we better
not get into that. But mathematicians like it.

Originally this language was called 1AL,
for International Algebraic Language, but
then as it grew and got polished by various
international committecs it was given its new
name. (I don’t know if anyone consciously
named it after Algol, the star.)

It has gone through several versions. Algol
62, the publication language, is onc thing;
Algol 70, the 1970 version, is much more
complicated and strange.

Several versions of ALGOL have gotten
popular in this country. One, devcloped at
the University of Michigan, is called MAD
(Michigan Algorithm Decoder); its symbol is
of course Alfred E Newman. Another favor-
ite {for its name, anyway) is JOVIAL {Jules’
Own Version of the International Algebraic
Language), developed under Jules Schwarts
(and supposedly named without his consul-
tation) at System Devclopment Corporation.
JOVIAL is big in the US Air Force.

When IBM announced its System 360
back in 1964, therc had been hope that they
would support the international language
committees and make ALGOL the basic lan-
guage of their new computer linc. No such
luck. Instcad they announced PL/I (Pro-
gramming Language 1), a computer language
that was going to be all things to all men.

In programming style it resembled
COBOL, but had facilities for varieties of
“scientific” numbers and somc good data
structure systems. It is available for the 360
and for certain big Honeywell computers;
indeed, the operating system for MULTICS
at  Massachusetts Institute of Technology
was written in PL/l. Whether therc are
people who love the language | don’t know;
there are certainly people who hate it.



Yedee, 11's
CoBOL.

Research and hobby types hate COBOL
or ignore it, but it's the main business
programming language. Your 'income tax,
your checking account, your automobile
license, all are presumably handled by pro-
grams in the COBOL language.

COBOL, or COmmon Business Oriented
Language, was more or less demanded by the
Department of Defense, and brought into
being by a committee called CODASYL,
which is apparently still going. COBOL. uses
mostly decimal numbers, is designed basic-
ally for batch processing and uses verbose
and plonking command formats.

Just because it’s standard for business
programming doesn’t mean it’s the best or
most efficient language for business pro-
gramming; l've talked to people who advo-
cate business programming in FORTRAN,
BASIC, TRAC and cven APL, But then you
get into those endless arguments . . . and it
turns out that a large proportion of business
programmers only know Cobol, which prag-
matically settles the argument.

There are people who say they've dis-
covered hidden beauties in COBOL; for
instance, that it's a splendid language for
complex pointer manipulation. That’s what
makes horse racing.

JCL Sorme caff ] \bt.r,iqul
e call 7 Home

“After you study it for six months, it
makes perfect sense.”’ — An IBM enthusiast.

JCL is a language with which you submit
programs to an IBM 360 or 370 computer.
“Submit” is right. Its complications, which
many call unnecessary, symbolize the carcer
of submission to IBM upon which the 360
programmer embarks.

SNogoLs

SNOBOL is the favorite computing lan-
guage of a lot of my friends. It is a
list-processing language, meaning it’s good
for amorphous data. (It derives from several
previous list-processing languages, especially
[PL-V and COMIT.)

SNOBOL is a big language, and only runs
on big computers. The main concept of it is

the “pattern match,” whereby a string of
symbols is examined to see if it has certain
characteristics, including any particular con-
tents, relations between contents, or other
variations the programmer can specify; and
the string substitution, where some specified
string of symbols is replaced by another that
the programmer contrives. [Who'll be the
first person to simplify it and implement a
microcomputer SNOBOL? . .. CH|
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LISP is probably the favorite language of
the artificial-intelligence freaks. A fondness
for LISP, incidentally, is not considered to
reflect on your masculinity.

LISP is a “cult” language, and its ad-
herents are sometimes called Lispians. They
sec computer activities in somewhat differ-
ent light, as composed of cver changing
chains of things called “cars” and “cudders,”
which will not be explained here.

LISP was developed by John McCarthy at
MIT, based largely on the Lambda notation
of Alonzo Church. It allows the chaining of
operations and data in decply intermingled
forms. While it runs on clegant principles,
most people object to its innumerable paren-
theses (a feature shared to some extent by
TRAC Language).

Joseph Weizenbaum, also of MIT, has
created a language called SLIP, somewhat
rescmbling LISP, which runs in FORTRAN.
That means you can run LISP-like programs
without having access to a LISP processor,
which is helpful.

THEN, THERES ALMAYS
WACHINE LANGUHGT

If you feel like making programs run fust,
and not take up very much core memory,
you go to machine language, the computer’s
very own wired-up deep down system of
commands. It takes longer, usually, but
many people consider it very satisfying.

Then, of course, if you have a particular
style and approach and sct of interests, you
will probably start building up a collection
of individual programs for your own
purposes.

Then you'll work out simplified ways of
calling these into operation and tying their
results and data together.

Which means you’ll have a language of
your own.m
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How to Build a Memory

With One Layer Printed Circuits

Don Lancaster
Synergetics

The 2102 static programmable random
access memory is a fairly obvious integrated
circuit to use for a memory. It is easy to
interface to just about any microprocessor
or minicomputer. It costs lrom 0.1 to 0.3
cents a bit, buying from ads in BYTE or
from lots of other possible sources.

What's not obvious is how you physically
connect a group of eight or more 2102s (or a
1K x 8 or larger memory. We have ten
address lines, a write linc, an enable line, and
two supply runs that have to go in parallel to
cach and cvery package. At the same time,
separate input and output leads have to be
provided in series for cach different IC.

One clegant and very compact layout
method is to usc double sided, plated
through boards and leads routed between [C
pins. The trouble with this method is that
plated through boards are extremely expen-
sive, and there’s no reasonable way to
manufacture them on your kitchen table.
Worse yet, the plating of holes makes
removal of solderced parts very difficult, and
the close tolerances ol routing leads between
pins invites trouble from solder splashes.
Using double sided boards without plate
through holes is even worse, since you have
Lo solder top and bottom, and usc of sockets
or Molex Soldercons gets very ugly, il not
downright impossible.

Single sided layouts, of course, are out of

28

the question since they take far too many
jumpers. Or do they?

Single Sided Layouts

Here's a simple technique that lets you
build virtually any memory you want, using
casy home brew low technology single sided
boards without routing connections between
IC pins, using piggyback ICs, or similar
hassles. You can use direct soldering, Solder-
cons, or sockets per your choice. Whatever
method you pick, the 1Cs are casy to install,
test, and replace. The only penalty this
method has is that you pay around 50%
extra in the way of board arca. And belicve
it or not, all it takes is six jumpers. And two
of these are Tor convenience and can be
climinated.

The trick to all this is to pick very
carefully what we call a jumper. Figure |
shows the secret. Four of our “jumpers” are
small strips of double sided PC board, 0.2
inch (0.508 cm) high and 5 inch (12.7 ¢m)
long. The foil is somehow  sclectively
removed so that cach side touches the cdge
at only eight places. You can do this by
ciching, filing, carving, nibbling, scribing,
chewing, routing, punching, notching, or just
about any way that’s convenient. Or, if you
don’t like using PC material for jumpers, you
can use back to back insulated metal strips
(Rodgers bus strip style), or you can lorget



the whole thing and use a Vector wiring
pencil or an Applicd Solder-Wrapper. What
you cnd up with is onc jumper strip that
does the job of 14 individual jumpers (seven
on cach side).

Figure 2 shows us the schematic ol a
typical 1K x 8 memory that uses 2102s.
We've left it unbuffered for simplicity and
fow cost. Some background information on

Figure |: The secret of low cost single sided
“no hassle” memory printed circuit layou'ts
is jumper strips made from double sided PC
malerial. Only four such jumper strips are
required for the 1 K by 8 memory circuit.
Pads on the printed circuit are arranged so
that one electrical bus is connected to each
side of the jumper strip. Electrical and
mechanical connection of bus strips to the
printed circuit is accomplished using fillets

of solder.

Our 1:1 PC layout is shown in figure 3,
along with the pattern for one side of a
typical bus strip jumper. The board has 25
mil (0.64 mm) lines on 25 mil (0.64 mm)
centers and no routing between IC pins.
With reasonable care, you should be able to
handle this on a kitchen table PC lab setup.
(I use a kitchen stove myself.) The output
pins are conveniently grouped to a separate

the 2102 is found in a separate box supply, address, data, and control runs as
accompanying this article. shown in figure 4. Two jumpers are used to
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Figure 2: Schematic of a
1 K by 8 Memory Module.
This diagram shows one of
the eight 2102 memory
circuits; 1C2 to 1C8 are
connected in parallel.
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STATIC RANDOM ACCESS MEMORY 2102

This is a static random access memory organized 1024 x 1 in a 16
pin package with separate input and output leads. Information may be
rapidly read into and non-destructively read out of memory at system
speeds. No clocking or refresh is needed. Storage is volatile with data
being held only so long as supply power is applied.

To read, pin 13 is given a low level and pin 3 is given a high level. A
binary address applied to the ten input address pins will select an
internal storage cell and output the data in that cell.

To write, pin 13 is given a low level, and pin 3 is given a high level. A
binary address is applied to the ten input address pins to select an
internal storage cell. The write input, pin 3, is then brought low and
returned high (a “write pulse”). Al address lines must be stable
immediately before, during, and immediately after the low state on
pin 3,

All inputs and outputs are TTL and CMOS compatible. The output
will drive one TTL load. Making pin 13 positive will float the outputs
and ignore write commands. Outputs from separate devices may be
connected in parallel so long as only one circuit is enabled at a time.

Access time varies with the manufacturer and the grade of the
device. A 800 nanosecond read time and a 400 nanosecond write pulse
is typical for a non-premium unit.

Supply power is 70 milliamperes or less, again depending on the
grade of the device and the manufacturer.

Note that input addresses may be redefined in any manner

convenient for circuit layout. [Reprinted from Chapter 2 of TVT Cookbook
(Sams).]

this for us already. Data goes in on the eight
input lines and out on the eight output lines.
The output lines are TTL compatible and
drive one standard TTL load. These lines are
tristate, so the chip selects can be used to
control busing of multiple memory cards.

If you have only one memory card, you
can permanently ground the chip select with
a jumper. If you have more than one, you
have to be sure to ground and enable only
one memory card at a time. The ftristate
memory outputs let you connect many cards
in parallel, so long as you enable only one at
a time,

The WRITE input should normally be
held high. To enter data into memory,
briefly bring this input low. The minimum
write time depends on the 2102 you're
using. Typical minimum times range from
300 to 700 nanoseconds. Check the data
sheet for your particular IC.

One very important detail you will want
to watch for: Be sure all your address inputs
are stable immediately before, during, or
after a write pulse. If you try to change
addresses while writing, certain internal loca-
tions will get “flashed” during the internal
decoding, and some unexpected data
changes can result.

The 2102 is set up for a separate input
and output bus. If you are using a common
10 system, you should consider 2101s,
21115, or 2112s instead. Otherwise, you can
add an external bus transceiver such as an
AMD 26510, a Tl 75138 or a Motorola
3443, A typical transceiver setup was shown
in figure 7, page 17, BYTE No. 3. Note that
several cards can share a single bus trans-
ceiver so long as you ground only a single
chip select at a time. Additional address
inputs and a suitable decoder can be used as
acard or a page select.®

A NEW COMPUTER STORE

One of the latest additions to the ranks of
computer retailing and service stores is The
Computer Store, 120 Cambridge St,
Burlington MA 01803, The store opened in
late January, and initially carries the Altair
line in addition to numerous related
products and services.

YTE'S

ITS

A Software Note from Processor Technology:

FOCAL™ Language Release

Effective February 15 1976 Processor
Technology Corporation released a version
of the Digital Equipment Corporation’s
FOCAL language implemented to run on
8080 based microcomputers. FOCAL, a re-
gistered trademark of DEC, is an interactive
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interpretive language similar to BASIC. In-
cluded with the language are high level
mathematical functions such as sine and
tangent functions.

Cost of a paper tape of the language’s
object code is $3 and is part of a nationwide
dealer promotion package. A source listing is
also available as a part of the package, with
the conditions of distribution set by the
individual dealer.

Processor Technology has also released a
resident Assembly Language Operating
System, known as Software Package #1,
which is available in source form for $3.
Contact the factory or your local microcom-
puter dealer for further details.

Processor Technology is located at 2465
Fourth St, Berkeley CA 94710.






Aargh!

(or, How to Automate PROM Burning Without EML)

Peter H Helmers
79 Evangeline St
Rochester NY
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Figure 1. The word address for the PROM to be programmed may be easily
set using a holding register loaded from the microcomputer through an
output port. This register replaces the switches S4 to S11 in figure 1 on page
67 of the November 1975 BYTE. In this figure, ADDRPULSE- is a negative
going signal generated by the output port of the computer when valid data
for the PROM address is present at the lines DATAO+ through DATA 7+,
After the bit to be programmed is set up as described in figure 2 of this
article, the programmer is started by means of a microcomputer generated
STARTPULSE- signal which replaces the PROGRAMJVERIFY switch (Sla)
in the original schematic of figure 3 on page 67 of the November 1975 BYTE,
(S1b is replaced as shown in figure 3 of this article.) When the programmer’s
cycle is done, an interrupt should be set by means of the SETINT- line
generated by the control ROM IC3 in the original design. If desired, the
computer can verify the programmed bit by reading the output BIT- of the
selected PROM line using the circuit shown in figure 3 of this article.
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| just received my copy of BYTE No. 3
and quickly looked to find my article on the
design of a PROM programmer. There it was,
prominently featured on page 66. Oh well, |
figured, hardware is always given lower
priority that software. But then, | noticed an
italic section of extensions and modifica-
tions had been added to my final thoughts.
What could be put after my final
thoughts???

| should not have read it. On the previous
five pages was a design incorporating the
glories of semiconductors, a design which
was conceived to work well and reliably.
And now this stranger, the editor of BYTE,
had taken the liberty of suggesting modify-
ing my design to use antiquated reed relays
so that the programmer could be computer
driven. Aargh! | believe that logic families
work best if they are not mixed. Thus |
submit the accompanying suggestions, in fig-
ures 1 through 3, which will interface a solid
state microcomputer to the solid state pro-
grammer — using a solid state, not electro-
mechanical, interface. The captions explain
the modifications, so there is no need to
elaborate any further on that subject.

However, | have been thinking: EML
(ElectroMechanical Logic, sic) has some
virtues. After all, it’s well accepted and
proven in the past several decades (new-
fangled bipolar logic is only 15 years old).
And EML has tremendous noise immunity —
both because of its high voltage swings (as
much as 48 volts or more) and slow speed (it
is totally immune to high frequency — great-
er than 1 kHz — noise). Finally, it offers
large scale packaging.

Not being one to buck a winning trend, |
offer the following ideas concerning EML,
Once you have built the electromechanical
interface to the PROM programmer, it will
be easier to build your massive computer
using EML, since you do not have to inter-
face between logic families. | recommend a
16 accumulator machine architecture with



electromechanical indexed addressing. There
are some good surplus buys on latching
relays which you could use for memory. The
program counter can be created from a
stepping relay. However, limit possible jump
instructions, since branching with a stepping
relay may give rise to problems, And do not
forget about mass storage. What is a disk
read only memory, but a round picce of
plywood mounted on a 33-1/3 RPM spindle
and drilled out whenever you want a bit set
to “1"”. A microswitch read head can be used
to detect the presence or absence of holes.
Finally, do not forget about the mechanical
marvel that fits perfectly into this system —
the good old Teletypc!m
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Figure 3: This circuit shows how
the 75450 integrated circuit can
be connected as a solid state
replacement for S1b. What was
the V' terminal of S1b6 now
goes to a 7404 buffer and is
available as the signal BIT- which
may be read by a one bit input
port for verification purposes.
The switching is controlled by
the state counter enable flip flop
(7474 1C4, pin 5). When this pin
is low, transistor B conducts so
that the selected output s
available at BIT-. When IC4 pin
5 is high, transistor A conducts
so that the fusing current ! fyse is
applied to the selected output
pin through one of the 75450
sections in figure 2 of this
article.

Figure 2: Data bus bits DATAO+ through DATA7+ are strobed into an output bit selection
register by the microcomputer generated SELECPULSE - signal. Only one output should be
selected (data bit set to logical one by the program) at a given time. The 75450 integrated
circuit acts as a dual SPST switch to connect the if,q, line to the selected PROM output and
thus allowing verification andfor programming via the circuit of figure 3.
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do the ‘“‘internal” portions of the problem
first. The use of parentheses to some extent
eliminates the need for such an analysis,
leaving the breakdown of the problem to the
internal logic. It does this through an inter-
nal precedence of calculations called the
hierarchy of operations. There is no hier-
archy in simple algebraic systems, because
the logic simply processes the data as they
are entered through chain manipulation.

0

Stack

N

200
2 777

Y

5 5 12

%

T
z
Content v
X

77

7

3 4 5 5 6 30 42
Key 3 1 4 X 5 1 6 X +
Step # 1 2 3 4 5 6 7 8 9

Figure 1: An example of the HP-65 operations stack in use. This chart shows
numerical contents of the stack elements X, Y, Z, and T while calculating the
problem (3 x 4) + (5 x 6). The HP-65 uses Reverse Polish Notation to

calculate the result, using the keystrokes shown.

Table 1: Detailed Comparisons.

calculating capability and operating characteristics.

This table shows specific comparisons
between the HP-65 and the SR-52 in areas of programming capability,

Programming Capability SR.-52 HP-65
Program steps 224 100
all stack and
Merged prefixes merged comparison
Merged store and recall instruction
codes no yes
Program read/write yes yes
User-defined function keys 10 5
Possible labels 72 15
Absolute addressing yes no
Subroutine capability yes yes
Subroutine levels 2 1
Program flags 5 2
Unconditiona! branching yes yes
Conditional branching decisions 10 7
Indirect branching yes no
Editing
Single-step yes yes
Back-step yes no
Insert yes ves
Delete yes yes
Single-step program execution yes yes
Optional lock-in printer yes no
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A question one always asks when paren-
theses are encountered is how deeply may
they be nested? (Remember, each paren-
thesized level in the problem requires addi-
tional internal storage for intermediate
results). Some systems go four or five levels
deep. The SR-52 is capable of nesting to
nine levels. The following example illustrates
the maximum capability of the SR-52 in this
area:

6x(0+{(Bx{12:3xBx2x (BB + 2.

Straight chain manipulation, disregarding
parentheses, will yield a result of 3458,
which is incorrect. The correct answer is 4.5.
It should be noted that the parenthesis
count does not include expressions that have
already been terminated. For example: 6 x
((5 +7)+ (6 x9)) is not three deep, but
only two deep because the first expression
(5 + 7) was terminated by the first right
parenthesis, )", prior to encountering the
second expression (6 x 9). Internally, each
level of parentheses is like using one level of
the stack in a Reverse Polish Notation
machine.

Reverse Polish Notation

The second logic system is known as
Reverse Polish Notation (RPN). The Polish
mathematician Jan Lukasiewicz wrote a
book published in 1951 on formal logic
wherein he was the first to demonstrate that
an arbitrary expression could be shown
unambiguously without the use of paren-
theses by placing the operators immediately
in front of or after their operands. For
example, (a + b) x (¢ — d) could also be
expressed as x + ab — cd {keep in mind that
ab is a logical notation and does not mean
multiplication but shows only the sequence
of the data). This is a prefix type of
notation. It could also be reversed to provide
a postfix type of notation as follows: ab +
c¢d — x. (Now you know why the algebraic
system in common usc today is called infix
notation, since the operators are in the
middle between opcrands). As a result of
this discovery, both prefix and postfix nota-
tion have become widely known, respec-
tively, as Polish and Reverse Polish Notation
in Lukasiewicz’s honor.

Reverse Polish Notation, as mentioned
above, does not utilize parentheses. As a
result, the solution to problems using this
type of logic must be approached in exactly
the same manner as with any computer
program because it is the same logic used in
all large (and nowadays, small} computer
systems. The programmer moves his data
around into various registers and then, once



it is where he wants it, he executes the
required arithmetic operation.

Hewlett-Packard has arranged its working
registers into what they call an operational
stack. It consists of four registers designated
X, Y, Zand T. A fifth register is called the
LAST X register and is a recent addition to
the HP line, although it is not directly a part
of the stack itself. The LAST X register
holds the last data entry in the event the
operator wants to either see what it was,
wants to use it again, or wants to extract it
from the solution (i.e., entered the correct
data but pushed the wrong function. The
operator simply presses LAST X, the inverse
of the previous function and then the
correct function).

The four operational stack registers have
special functions and operate as an inte-
grated group. The X register is the data entry
register and is the only one that is displayed
(For those who have used the HP-9100/9810
series, they displayed the X, Y and Z
registers simultaneously). All of the trigono-
metric and some of the transcendental func-
tions are performed directly in the X register
(i.e., Tn x). The Y register can be thought of
as the accumulator. All mathematical opera-
tions are performed in this register. Those
transcendental functions which require two
registers use both the X and Y registers (i.e.,
yX). The Z and T registers are temporary
storage registers and no mathematical opera-
tions can occur in them, Data are moved to
and from them as required during the
solution.

If one uses a concept such as an opera-
tional stack, it sometimes proves necessary
to move the data around within the stack.
To perform this function, Hewlett-Packard
has designated a spccial set of data move-
ment keys which do not appear {nor are
they required) on the SR-52. For example,
ROLL UP and ROLL DN allow the contents
of the stack to be shifted up or down one
position (in much the same manner as a
circular shift or rotate instruction). When
shifted up, the data in the T register goes
into the X register and vice versa. The
ENTER (or UP) key literally pushes the data
up. Thus, the contents of all registers are
moved up one, with two exceptions: The
original data stays in the X register and the
data in the T register is destroyed by the
data from the Z register. As a result, if the
operator desires, the same number can bc
placed in all registers by pressing the
sequence: (data)(UP)(UP)(UP).* Figure 1 is
an example of the use of an operational
stack for the problem (3 x 4) + (5 x 6). The
ENTER (1) key breaks up the solution by
moving the intermediate data up into the
stack where it is saved until needed. In

Table 1 (continued):

Calculating Capability SR-52 HP-65
log, Inx yes yes
10%, eX yes yes
x2 yes yes
\/; yes yes
W yes no
vX yes yes
1/x ves yes
x| {factorial) yes yes
Trigonometric functions yes ves
Degrees-minutes-seconds to decimal
degrees conversion yes yes
Degree, minute, second arithmetic
(+, =) no yes
Degree/radian conversion key yes no
Polar/rectangular conversion yes yes
Octal conversion no yes
Absolute value no ves
Integer, fraction part no ves
Built-in 7w value precision 12 digits 10 digits

Operating Characteristics
Angular modes 2 3
Fixed-decimal option yes yes
Calculating digits 12 10
Digits displayed {mantissa + exponent) 10+2 10+2
Data memories 20 9
Memory arithmetic {+, —, x, <} yes yes
Exchange x with y no yes
Exchange x with data memory yes no
Entry mode algebraic RPN
Max. number of pending
operations handled 10 3
Number of keys 45 35
Indirect memory addressing yes no

addition, the HP-65 has a special feature of
automatically inserting an UP function prior
to any data entry that follows a functional
operation. This can be seen between steps
four and five in figure 1. Notice that the
intermediate result (12) moved up auto-
matically as the five was cntered. The
operator must, however, ensure that he does
not move up more than threc intermediate
results, which is the HP-65’s limit (without
using the data storage registers). In com-
parison, the SR-52 can handle up to tcn
pending operations.

As a further assist in manipulating data in
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instruction code for Enter Exponent (EE) is
52 while the same function on the HP-65
(EEX) is 43 (this can be verified from the
two photographs). The digit keys retain their
~own values (i.e., one is 01, two is 02, etc.).

Comparisons?

There are so many features of both units
that it is difficult to say any one of them is
the big feature; however, the fact that they
can both record and read programs on small
magnetic cards certainly ranks high on the
list. A detailed features comparison is found
in table 1. Because of the SR-52’'s large
memory, it requires two passes to read or
write the card. The card is inserted in the A
direction first and then turned around (not
over, as the oxide must remain face down)
and the B side is entered. Both units contain
a recessed card holder between the display
and the five special function keys which are
labeled A through E. The cards have an area
upon which the operator can write to
designate the functions of the special keys
for customized programs, In the case of
pre-recorded programs, the data elements are
also pre-printed on the cards as can be seen
in the photograph.

Last, but not least, is the one big feature
of the SR-52 which is not yet available with
the HP-65 system. In early 1976 Texas
Instruments intends to market the PC-100
which is an optional desk top lock in printer
for use with the SR-52. It looks like a
regular desk calculator with the typical
adding machine type tape printing unit on
the left and a space on the right for the
SR-52. The unit includes a key lock so the
calculator cannot be “lost.” It will allow the
user to list out entire programs, print the
results of calculations, and advance the
paper. These functions are already on the
SR-52's keyboard as second functions
(LIST, PRT, and PAP, respectively).

This short article has not covered all
points of comparison between the two cal-
culators. As can be seen from table 1, there
are many areas that have not been discussed.
The purpose has been to inform you about
these two interesting computer systems.
However, if you feel teased and want to
investigate these fascinating machines
further, the manufacturers would love to tell
you where you can see them in your
community. Both have toll free (WATS)
numbers you can use: Texas Instruments
(800) 527-4980 [in Texas (800) 492-4298],
Hewlett-Packard (800) 538-7922, ext 1000
lin California (800) 662-9862|. These pro-
grammable calculators must surely be the
ultimate in compactness and ingenuity in
packaging.®

What good is a
Micro-Computer
if you can’t

make it work?

Startup time on micro-computers can be a real problem. We know that. That's
why we've developed The Micro-Designer. The first complete package of hard-
ware, software and educational materials. All with one purpose: to speed micro-
processor system design.

How? By providing the only microprocessor test and development system with
solderless breadboarding capabilities. At its heart: the Intel 8080A processor
chip, providing all signal functions. A front panel that monitors functions of the
microprocessor and allows data 1/O with or without an asynchronous terminal.
Up to 65 K memory. And the Bugbooks, E&L’s innovative approach to self-
teaching micro-electronics.

And, when you're ready for your final system, you use the same modules and
cards that you learned on. So experiment. Design. Test. Because now there's
a system that's caught up with imagination. The Micro-Designer from E&L
Instruments. Squander a minute now to write us about it; we'll send you full
Information. And maybe save you weeks of work.

BELi

E&L INSTRUMENTS, INC.
Circuit Design Alds
61 First Street, Derby, Ct. 06418

(203) 735-8774
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Figure 1: This is all you'll need to build if you already have a parallel output port you can use
to control the interface card. If not, lines DO through D4 should be joined with the
corresponding points in figure 2. Transistors QI through Q16 can be any economical NPN with
reasonable Beta. Due to varying configurations (you may not want to build up all 16 channels
or use different transistors), | suggest the card be wirewrapped.

transistor, retay, or small electrical device to
its open collector outputs. | used 16 surplus
relays and wired them to 16 AC outlets and
16 sets of “five-way’” binding posts. But this
is by no means the only way to utilize the
16 output channels provided. All in all, the
system described allows the programmer a
great deal of flexibility over what he will
control and how he will do it.

This interface may be used with virtually
any 8 bit computer, and could be modified
to work with a 4 bit machine as well. The
circuit consists of four parts: A parallel

output port, a 16 channel demulitiplexer, a
16 bit memory, and 16 single transistor
driver amplifiers. It can be built on a single
small circuit board and total cost for ail the
solid state parts will be under $35 if a little
shopping around is done. If you already have
a sparc parallel output port you can dedicate
to this purpose, you can save about half of
that cost.

Here's how it works: A byte of data is
sent out of the computer to the paraliel
output port where it is latched. The four low
order bits are applied to the four inputs of
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the 74154 demultiplexer which selects onc
of 16 output pins and pulls it low. If, for
example, the four bits are 0000, the de-
multiplexer will select channel zero and pin
1 will go low. There are 16 possible com-
binations of data that may be received, and
for each of these combinations one of the
pins of the 74154 will go low. Each of the
16 outputs of the demultiplexer then goes to
a D flip flop which it toggles. Since we are
trying to exercise control over 16 channels
continuously, but the 74154 can only
process one channel at a time, these D flip
flops are needed to store the status of all
inactive channels. Toggling the flip flops
causes them to reverse their state and
alternately turn on or off the transistors
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they drive each time a particular channel is
selected. The fifth bit of the data byte is
huffered (IC D) and then runs to the reset
inputs of all 16 D flip flops, providing a reset
signal to turn all the channels off simul-
taneously. (The three high order bits are
unused.)

Hardware. The circuit provides 16 transis-
tors in an open collector configuration,
which may be viewed as open switches when
off, and as switches shorted to ground when
on. Each transistor can handle about 30 V
and 30 mA. Thesc may be used to control
bigger transistors, or relay coils may be
energized through them, or small electronic
devices (sirens, light bulbs, etc.) may be
powered directly with them by placing a
voltage source in series with the device and
the transistor. This is shown in several
variations in figure 3. A word of caution is in
order here if inductive loads such as relay
coils are used: The collapsing magnetic field
of the relay coil as it is turned off can
generate large voltage spikes which may
damage the transistors. Relay coils (see
figure 3a) should therefore be protected
with shunt diodes to short out these spikes
when they approach dangerous levels. Relays
may also oscillate at high frequencies if
selected frequently in a program, so small
capacitors may be necessary across the
windings to short these oscillations to
ground. From my own experience 1 found
about half the surplus relays | tried exhib-
ited this problem, but tinkering with various
small capacitors clears it up.

Software. The software must provide data
bytes containing the right information to
select the right device at the right time. This
will require a little forethought from the
programmer because of the nature of the D
flip flops used to store the status of each
channel. Returning to the preceding discus-
sion on circuit operation, it will be recalled
that the D flip flops toggle (reverse states)
each time they are selected. However, simply
selecting the same channel over and over
again will not toggle it on and off as it might

Figure 2: This is a standard paralle! output port, capable of responding to any output address
between zero and 255. The address is specified by the eight jumpers coming off the address
lines. You may want to use low power chips (74L series) for IC A, IC B and IC C, to save on
address bus loading. Incidentally, this addressed output port could be used in any application
requiring a parallel output. All eight data lines are available at the various outputs of the 8212
chip. The IN and OUT and PWR inputs are for Altair 8800 and similar computers. The
OPTIONAL INPUT PORT ENABLE line coming from pin 8 of IC B may be used to enable
another 8212 chip with the CS pin to function as an input port and place data on the input bus
when the IN line is active and the specified address is enabled.,
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Figure 1: Using a UART
and special case logic to
convert and serialize the
output of a keyboard for a
60 mA current loop.

Interface an ASCIl Keyboard
toa 60 mA TTY Loop

| recently purchased a Sanders 720 elec-
tronic keyboard. This keyboard is identical
to the Model 722-1 keyboard which was
described in BYTE, September 1975, page
62, except for the key layout and the line
feed code. My version of the keyboard had
no line feed, but had a vertical tab key
which produced an octat 013 code. In order
to convert this to an octal 012 line feed
code, some form of transformation logic was
required. | also wanted to drive my Tele-
type’s 60 mA current loop directly from the
keyboard. By combining the special case
code conversion, a UART for paralle! to
serial conversion, a clock and a current loop
driver, | achieved the desired function of
sending characters to my Teletype. Figure 1
shows the schematic of this conversion.
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The Circuit

I chose to detect the octal code 013, then
to use this special case to alter the data on
the low order bit of the parallel code pre-
sented to the UART. By changing the low
order bit of the octal 013 code from a
logical one to a logical zero, the number is
converted from 013 to 012. The 013 code is
detected using inverters and the 7430 NAND
gate shown in figure 1. The low order bit is
selectively changed for this one code by
using the exclusive OR function of one sec-
tion of the 7486 integrated circuit. When the
input at pin 2 is low (the normal case with-
out the 013 code input), the exclusive OR
normally passes line O’s value directly to the
UART pin 26 input; when the input at pin 2
of the exclusive OR is high (as is the case
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Watch Your

With Help, Of Course, From
Line of Compatible Plug-in

All our products are compatible with the 8800 — they

just plug in to become an integral part of your system.
Each card can be used in the widest range of
applications, giving maximum versatility to your Altair.
Our “no compromise” philosophy assures you the
highest possible quality. We use a conservative thermal
design to provide for long life and reliable operation.
We've also put hysteresis bus receivers on noise prone
high-speed inputs, giving you maximum noise immunity.
And, finally, we cover it with a full six- month warranty.

Video Display Module

Your Altair already has the intelligence, so
let us provide the display module. This is not a
limited "TV Typewriter”, but an ultra-high speed
computer terminal built into your computer. The
VDM-1 generates sixteen 64-character lines from
data stored in the 1K Byte on-card memory. Alpha-
numeric data is shown in a 7 x 9 dot matrix with
a full 128 upper and lower case ASCII character
set. The VDM-1 features EIA Video output for any
standard video monitor. (Your TV set can be
easily modified at your local television repair
shop.) Multiple programmable cursors, automatic
text scrolling and powertul text editing software
are included free. Kit Price, $160.

A Versatile I/0 Card

Just one 3P+S card will fulfill the Input/
Output needs of most 8800 users. There are two
8-bit parallel input and output ports with full
handshaking logic. There is also a serial [ /O using
a UART with both teletype current loop and ETA
RS-232 standard interfaces provided. The serial
data rate can be set under software control
between 35 and 9600 Baud. You can use your
models 15, 28 or 33 TTY! This module gives you all
the electronics you need to interface most
peripheral devices with the 8800. And, should you
decide to buy a 3P+S, we'll be happy to advise
you on the best way to implement your system
with our module. Kit Price, $125.

FOCAL!

Get a full 8080 implemen-
tation of 8K FOCAL* (including
the game of Lunar Lander). It's
now at your local Processor
Technology dealer. Object tape
is available for the copying
charge only: complementary
source listing available with
minimum purchase.

(*® Digital Equipment Corp.)

An EPROM Module

Read Only Memories do
not lose their stored data when
power is removed. Thus, they
have an advantage when used
in stored program applications.
Some ROM's, called EPROM's,
are both erasable and repro-
grammable. Our 2KRO module
will accept up to eight EPROM's,
providing the user with up to
2048 eight bit words of non-
volatile storage for monitor,
executive, loader, and other
programs. (We recommend the
use of 1702A and MM5203
EPROM types. They are not
included, but are readily avail-
able for reasonable prices on the
industrial and surplus markets.)
Kit Price, $50.
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Altair Grow!
Processor Technology’s Growing
Hardware and Software.

Low Power, Plus!

The 4KRA is a 4096
word read /write static
memory module. It provides
faster, less expensive, lower
power, and more reliable
operation than any compa-
rable memory module sold
today. The static memories
don't need refreshing, so
the result is faster speed in
actual operation. Lower
power does not mean
decreased reliability. All
RAM's used in the 4KRA are
91L02A's by Advanced
Micro Devices. These RAM's
typically require one-third
the power of standard 2102
or 8101 types, and, even
under worst case conditions,
draw only 30% more than
any currently available
dynamic memory. Each
RAM is manufactured to
military specification. Since
our module draws so little
standby current, memory can
be maintained using a
battery back-up, in case of
power failure, allowing long
term retention of data. Kit
Price, $139.

Software

Our Assembly Lan-
guage Listing (Package #1)
is $3, and includes the
source listing with hexideci-
mal object code. Each com-
mand is described and six
pages of sample use are
included. Paper tapes of this
system are available from
many Computer Clubs
throughout the country.

Turn-On-The-Switch Power

With our ALS-8, the full power of your compulter is available at
the instant you turn the switch. It provides 6K of PROM's, pre-
programmed with an expanded version of our Software Package ¥1,
including advanced file management capabilities. Files can be
appended together, re-numbered, moved, or taken apart . . . all the
features you'd expect from a company willing to practically give away
Software 1. We include a manual which explains the use of the
program (with examples), each routine of the system, and how to call
these routines from other programs you've written. You won't be locked
intoa ROM version  you'll be able to customize your ALS-8 to your
individual needs. The ALS-8 Firmware includes a moedule with all
components capahle of holding 8K of "turn-on-the-switch” program, so
it will be upward compatible with future software developments. And,
two of these are up and running now. Kit Price, $250.

An Interpretive Simulator...

Our SIM-1 Expansion Firmware runs 8080 programs, in an
interpretive mode, on the same 8080 that contains the Simulator. This
isn't just a de-bug program, because the program actually “thinks" it's
an 8080! A complete brochure explaining all its capabilities is available
from Processor Technology. Price, $95.

And, A Text Editor!

Every ALS-8 includes the edit command. This command,
combined with our Expansion Firmware #2 (Text Editor) and the VDM,
adds the world of text editing to your system. Single characters, entire
lines, porlions of lines can be inserled, deleted, moved and, ultimately,
printed ocut. The addition of Firmware #2 to your ALS-8 will give you
text editing capability equivalent to systems selling for $30,000 just a
few short years ago. It's been running at Processor Technology since
January, and il's ready for shipment now. Price, $95.

Write us for complete specifications on these and other
compatible plug-in products: Our single-piece Mother Boards will give
you l6-card capacity in one installation. A Wire Wrap Board, to help
you do your own wire wrap prototyping, creating custom interfaces.

An Extender Board, which allows accessibility in servicing any 8800
compatible module.

All items postpaid if full payment accompanies order. COD
orders must include 25% deposit. Master Charge (minimum $25)
accepted, but please send an order with your signature on it. Discounts
on orders over $375.

Technology

6200-B Hollis Street
Emeryville, CA 94608




Frankenstein

Joe Murray

International Harvester, Solar Division
2200 Pacific Hwy

San Diego CA 92138

This is a let’s get the ball rolling article.
We now can analyze and build working
models of at least portions of the human
brain right in the home. Paper and pencil
models of the brain deveclop naturally and
almost without effort when we use real time
digital design methods. The hardware and
software mechanizations fall out naturally;
then we just use the home computer lab to
build what we have designed.

The Model

Let's follow the development of a crude
and simple system engineer’s model of the
human “computing system.” We look in-
wards, down into ourselves, and what is the
first thing we see?

The Top Processor

This is the only unit that is really visible
to the user. The Top CPU functions at the
heart of the human control console. Here,
our personality can sit down and use the
entire human system to the limit of its
capabilities. This visibility of only the input,
output and manual control functions is
typical of all computer systems from the
hand calculator to the human brain; the rest
of the system is invisiblc to the user and can
only be deduced from what we sce in the
way of output response to input stimuli.

The Top Processor’s Executive Program

Our personality uses the Top Processor as
the system executive. The Top Processor is
boss. Messages from the Top Processor set
priorities for all the other elements in the
human system. Exceptions to this rule are:

1. Emergency interrupts — a large set of

emergency situations are ficlded by
faster, more powerful processors in
subsystems.
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2. Standard functions — built in exe-
cutive programs in other processors
manage tasks like circulation, diges-
tion, etc., without bothering the Top
Processor.

Top Processor Memory Allocations

The Top Processor has access to a limited
scratch pad memory. However, this limited
memory is used in an efficient mannner. The
intersystem communication controi pro-
grams can learn to transfer whole programs
or portions of programs from the main
memory banks to the Top Processor scratch
pad memory. In a similar fashion small data
sets can also be transferred. This is the
familiar overlay manipulation (used in man
made machines) that allows solution of
complex problems in limited working
memory by transfer to and from bulk
storage units (as in magnetic disks and
tapes).

The Top Processor’s Use of Overlay

If the entire program and necessary data
can all be stored in the scratch pad of the
Top Processor, it simply executes the pro-
gram on the data set and outputs the answer
(example: 2 + 3 = 5). However, when the
program and data set arc too large to be
loaded into the scratch pad memory, the
program and data sct arc broken into se-
quential, related segments. The program is
worked in segments and intermediate an-
swers are stored. Final answers are output to
our personality upon completion. Training
can increase the power of this method;
however, each of us has our own personal
limit: For instance, | either lose some data
or else lose my location in the program
sequence. During the past few thousand
years we humans have developed a host of



languages for communication. We also use
these communication tools to extend the
overlay method to more complex problems.
We write down intermediate answers and
manually track the execution of the program
sequence. These languages include English,
Polish, Spanish, arithmetic, algebra, Boolean
logic, numbering systems, FORTRAN, PL/M
(to name a few). The only limits on this
extension of using the Top Processor in
overlay fashion are:
1. Can we find the required data set?
2. Can we formulate the problem so as to
allow a solution?
3. Do we have enough time?
This overlay use has become so powerful
(with the help of the various languages) that
we sometimes neglect a more ancient, nat-
ural, rapid and sometimes more powerful
method to arrive at a solution. This method
is to:
1. Develop the framework of the prob-
fem in the Top Processor.
2. Digest the available data within the
framework of the problem.
3. Assign a high priority to the problem.
4, Send the above three items to faster,
more powerful CPUs.
5. Sit back with a cup of coffec and wait
for an answer.
When | follow this latter procedure, the
return message is either:
1. The answer | seek.
2. The identification of missing data.
3. A question mark.
4. Garbage: (Garbage In implies Garbage
Out — often abbreviated GIGO)
For answer 2, | go search for the missing
data. For answer 3, | both search for missing
data and review the framework of the
problem for possible faults. For answer 4, |
may use the garbage; | have carried some
misconceptions for years.

Start the System Diagram

Let us summarize the Top Processor and
place it in the system diagram. We've
deduced by introspection that the Top
Processor:

1.1s boss — The Top Processor is in

direct communication with our per-
sonality and (with some exceptions)
sets the priorities for the whole mul-
tiple processor system.

2. Has access to a small scratch pad

memory. '

3. Can fetch programs and data from the

main memory bank.

4. Reccives some body sensor data.

5. Communicates directly with other

CPUs.
Figure 1 shows a pictorial summary of the
system.

Data Bus Structure

The data bus structure is depicted in
figure 1, using the normal multipath digital
type of bus. However, empirical evidence
implies a more complex communication
system between elements of the human
system. Just as the entire human system

TO AND FROM OUR
PERSONALITY

(INPUT AND OUTPUT)

MEMORY

SCRATCH TOP :
PAD <————> rrocessor

l

TO AND FROM
MAIN PROCESSOR

NOTE -
DATA BUS STRUCTURES ARE
SHOWN BY THIS FORM |

L e

TO AND FROM
SENSOR PROCESSOR

Figure 1: The Top Processor. Introspection starts at the immediately available
evidence: We all have a Top Processor, our personality which controls most of

our actions.
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adapts to the use to which our personality
puts it, this bus structure also adapts to how
it is used. Witness the ease of recall on an
often used phone number versus the dif-
ficulty in recall of a seldom used number.
We might guess that somehow the bus
structure is under adaptive software control.

The Main Processor

We now arrive at the general purpose
powerhouse of the computing system. The
Main Processor handles awe inspiring prob-
lems with unbclicvable speed. We must
postulate:

1. Elegantly simplc programming.

2. Operation at a fast effective clock rate.

3. An outstandingly efficient internal

executive program.

4. Access to the bulk of stored programs

and data.
. A complex priority interrupt system.
6. A multiple bus structure to the rest of
the human system.

(9,

Main Processor Speed of Execution

The Main Processor is a very fast machine
operating on elegant and simple program-
ming. For instance, some of the muscle
control programs must take only 20 to 50
milliscconds for completion of:

1. Input of data.

2. Computation on new data.

3. Output of control commands.

4. Cleanup for next computation period.

Navigation and guidance computation
periods can be longer. However, they can
not be much longer when we watch a small
boy pick up a rock and knock a can off a
fence post, all in the space of two to three
scconds. Another awc inspiring feat is the
performance of a businessman in his value
judgment scarch as he keeps abreast of the
rapid fire conflicts in the executive board-
room. The Main Processor seems to be an
order of magnitude faster than the Top
Processor (witness the increase in touch
typing spced when the Top Processor gets
out ol the act).

The Main Processor’s Executive Program

The cxecutive program provides for

scheduling Main Processor tasks that:

1. Ficld emergency interrupts such as
avoidance of a fast moving object
detected on visual sensors.

2. Take calls from the priority stack such
as recognizing hunger and thirst.

3. Time sharc muscle control and evalua-
tion ol sensor data when both are
active as in soccer game.

4. Regularly service body functions such
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as circulation, digestion, elimination,
etc.

5. Start and stop background tasks such

as meditation.

The quantity and variety of data used by
the Main Processor in combination with the
rapid response in answer to massive and
conceptually difficult problems implies a
very cfficient software organization. The
Main Processor must access tables that
define the location of:

. Stored life history data.

. Muscle control programs.

. Chemical control programs.

. Temperature control programs,
. Guidance programs.

. Navigation programs.

. Value judgment data.

. System priority data.

. System timing data.

. Unused memory.

QWO WS WN -

—_

The Main Processor Decision Process

One of the most interesting functions of
the Main Processor is to aid in the decision
process we use when faced with alternate
courses of action in response to events in the
world around us. The evidence implies that
the Main Processor takes formulation of the
decision problem and the pertinent data
from the Top Processor and Sensor Pro-
cessors. These inputs are then heuristically
compared to an immense value judgment
table to generate a candidate decision. The
candidate decision is sent to the Top Pro-
cessor for further evaluation.

The Value Judgement Table

This table has a strong effect on the
pathway we follow in life, from when we
make the decision to start breathing until we
are forced to stop breathing. How do entries
appear in this table? Some entries must
appear while we are within our mother. A
new born infant makes the decision to start
breathing or has an early death. Some entries
come from trial and error experience. The
young infant soon learns to cry just so
mother will pick him up.

Some entries come from other people.
The young child seeks his parents’ approval,
not their punishment. Another question:
What can we know about entries in this
table? We seem to know only recent, tempo-
rary residents such as priority on getting to
the grocery store. The older, more perma-
nent residents that have a continuing effect
on our lives were either never known or long
ago forgotten; yet there they sit, having a
permanent cffect on our success or failure in
every cndeavor (scares you, doesn’t it?).
Utility programs for determining the content



TO AND FROM QUR
PERSONALITY
(INPUT AND OUTPUT)

of this table and altering it can be implie-
mented. This is sometimes accomplished
through a verbal data link to an external

Diagnostic
gnostic Processor. MEMORY

TOP TO AND FROM

SCRATCH
PAD PROCESSOR SENSOR PROCESSORS

The Interrupt System

Processor, and are used to re-direct cffort,

These interrupts are ficlded in the Main @
from meditation and decision processes to

EXEC.

TO AND FROM
SENSOR PROCESSORS

avoidance of a thrown rock or jumping away TABLES > Q"éé’égssoa
. o L INmP! ‘ FROM PRIORITY
rom a hot stove. The priority interrupt ¢ INTERRUPT SYSTEM
steers to the proper program without hesita- LIFE DATA
tion. Priority of the interrupts is used to PROGRAMS cLOCK
decide which of several should be serviced. TO AND FROM REST
OF HUMAN SYSTEM
UNUSED

The Main Processor Bus Structure

The Main Processor has a multitude of
output and input data. Even in this crude,
simple model, the resulting bus structure is
quitc complex. Let us add the Main Proces-
sor and connecting bus structure to produce
the system diagram of figure 2.

Figure 2: The Main Processor. Digging a bit deeper, we find that there is a
lower level Main Processor which works cooperatively with the Top Processor
to do a lot of the detail work in the system.

TO AND FROM SENSORS WITH
SLAVE SENSOR PROCESSORS
(EYES,EARS,ETC.)

TO AND FROM OUR
PERSONALITY

The Sensor Processors (INPUT AND OUTPUT)

The Sensor Processors are fast, special

purpose units. Data is acquired from the MEMORY MEMORY
eyes, cars, and a h.ost. of body sensors that SCRATCH ToP ;MNSSTSS EXEC.
continually look inside and outside the PAD KK——>> PRocESSOR <=(>P§ocsssoa
human system. The Sensor Processors for PROGRAMS
these devices exccute programs that organ-
. . EXEC. SCRATCH
ize, compact and format this huge data cLocK PAD
: cor ranid ffocti . he MAIN BUFFER
flow for rapid and cffccu.vc use by both the TABLES I MotEssor INTERRUPT
Top Processor and Main Processor. The
. . - S LIFE HISTORY 7
introspective cvidence implies:
1. A very fast clf)ck rate. PROGRAMS CLOCK
2. Elegant and simple programs. TO AND FROM HUMAN
vdic: - CONTROL SYSTEMS
3. Ac-ccss toa dcldlcatcd memory. NUSED CMUSCLE, CHEMICAL , TEMP , ETC.)
4. Existence of a buffer scratch pad
memory for temporary storage of out-

put data.

5. A very cfficient exccutive program.

6. A complex input bus structure.

Intuitively one feels that sensor pro-
cessing is not done by a single unit. Rather,
an organization with a master processor and
several dedicated  slave processors would
better fit the performance requirements.
Each slave Sensor Processor could provide
paralicl service 1o the eyes, cars, cte. Figure
3 shows an addition to our system diagram
to account for the master Sensor Processor
and its slaves.

Figure 3: Adding the Sensor Processors to the System Concept. A system of
Sensor Processors can be identified; they probably consist of a Master Sensor
Processor with multiple Slave Sensor Processors dedicated to actual devices.

Let us postuiate Random Pattern Gener-
ators for various creative tasks. The Sensor
Processors can drive these generators with a
supply of random combinations of data.

The Creativity Processor

The Creativity Processor uses the output
of the Random Pattern Generators to build

The Creative Process new logical structures or modify existing

All of us are creative; this is the way our
personal  human  system adapts to the
changing world around us. Wec create new
machines, art objects, programs within our
brain, communication languages, ctc. The
list is endless. Just how do we implement the
creative process?

logical structures. These new structures are
tested against requirements generated by the
Top Processor. The value judgement process
makes decisions that guide the Creativity
Processor in continued improvement of the
new design (in iterative, random fashion)
until acceptance is obtained. The speed of

53









Design an On Line

Robert R Wier
PO Box 9209
College Station TX 77840

James Brown
2518 Finley St No 636
Irving TX 75062

Machine or assembly language will most
likely be used by many computer experi-
menters. While many professional program-
mers will swear by the usc of assembly
language, others, perhaps equal in number,
will swear at it, preferring the use of high
level languages. To those new to the field,
these terms may scem confusing. It's really
quite straightforward when one remembers
that the language a machine uses differs
considerably from the onec used by the
people. As one surveys a continuum from
machine to human languages, the language
most casily understood by the machine is a
binary language; next on the continuum is
asscmbly language with additional fcatures
that make it considerably easier to use, thus
avoiding all night decbug sessions, frazzled
nerves, and 2 AM programming logic which
hardly ever works, etc. For a good discussion
on assemblers, sce the October 1975 issue of
BYTE. Easicr yet for the programmer are
languages such as BASIC, FORTRAN, PL/I,
and ALGOL. Thesc languages allow the
problem to bec stated and solved in terms
better adapted to human understanding.
Unfortunately, there are rather serious diffi-
culties encountered when these high level
languages are to be used on small systems.
They require a compiler or interpreter to
transform the problem from the high level
language to machine language and more
memory than is found in most small hobby
systems. Thercfore you'll probably be using
assembly and machine language. After the
program is written and loaded into the
machine, cxperience has shown an astro-
nomical probability against the program
working corrcctly il it is more than two
instructions large. Considerable time will
probably be spent at the front control pancl
surveying the address and data lights,
mumbling ‘I dontunncrstand”  and
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“(expletive deleted) machine!”. This can
lead to terrific pains in the back and neck
from bending over to look at the panel
square in the face and operate the switches.
This is commonly named ‘“minicomputer
neck.”

How much nicer would it be to sit ina
chair and do approximately the same thing
using a Teletype or CRT display (CRT isan
abbreviation for Cathode Ray Tube, essen-
tially a TV picture tube. A television type-
writer is a unit often used in this
application).

There arc several ways to use the control
panel:

1: Executing a few instructions, then
examining memory to sec what the
blinking machine is rea/ly doing, or

2: Inserting or changing data in memory,
or

3: Displaying the contents of specific

~ memory locations, or

4: Searching through memory for a
specific bit string or number, if you
prefer, or

5: Displaying and possibly changing the
values in the CPU registers.

The authors had occasion to be working
with a 16 bit/word minicomputer which
mainly was used as a remotc job entry
terminal into a large computer. It could,
however, function as a stand alone computer.
Since an assembler was available, a number
of assembly programs werc written and
debugged. When the machine was first de-
livered, a temporary control panel was pro-
vided. Since this was to be removed at some
future date, the following technique was
used to implement a DEBUG program using
a CRT terminal to replace the control panel.

The basic idea is to develop a program
that will take carc of the functions outlined
above and interface to the console terminal



Debugger

and hopefully will protect itself from wild
extremes of a program being debugged. This
might be thought of as running a program
within a program (figure 1). Hercafter, the
program being debugged will be referred to
as the problem program.

The debugger program must have pro-
visions for a number of things. It has to
handle the 10 for the hardware and to
converse with the human programmer. It has
to keep track of the various status condi-
tions of the program being debugged (the
problem program). It must understand the
input commands dirccting it to perform
certain actions of the problem program. [t
must be transparent to the problem program
so that when the final version is finished, the
problem program may be loaded without the
debugger, and still work.

In addition, the debugger should be small
in size, and casy to implement to avoid the
herculean task of dcbugging the debugger.
(Although that’s not strictly truc. Oncc the
IO and display portions were working, we
used thesc to debug the rest of our de-
bugger.)

The following commands arc the results
of our cfforts to provide effective vyet
concisc operations. In this list wdr means a
specific memory address, va/ a value, and reg
a register.

The final implementation including all
the 10 and interrupt handlers required 560
bytes, or about 256 instructions on the
Lockheed SUE 1110 minicomputer. Figure
2 is an overview of the debugger logic flow.
It is rcasonably straightforward, except for
the exccute (G) instruction. Consider the
debugger waiting for a programmer to cnter
a4 command. It just sits therc wasting cxpen-
sive electricity. As soon as you cnter a

command, the debugger checks it for vali-
text continued on page 60

<+»
TERMINAL

DATA 8
COMMANDS

DEBUGGER PROGRAM

PROBLEM
PROGRAM'S
REGISTERS

INTERRUPT
HANDLERS

PROBLEM
PROGRAM
TO BE
DEBUGGED

Table 1: DEBUGGER program commands.
Each command consists of an operation
code character, followed by from one to
three operands (numbers) separated by
blanks. The command line is completed by a
period. In implementing the program, the
computer should respond with a carriage
return and line feed after finding the period.

C adr val. changes memory at adr

10 val

C adrl adr2 val.  changes memory from

adrl  through adr2 to

val

D adr. displays memory con-
tents at adr

D adrl adr2. displays memory con-

tents from adrl through
adr?

searches memory from
adrl through adr2 for
val

D adrl adr2 val.

R. displays the contents of
all registers

R reg. displays the contents of
register reg

R reg val. changes the contents of
register reg to val

@ adr. sels return to debugger
at adr in problem
program

G. go, i.c., continuc or
start  cxccution  of
problem program using
contents of the prob-
lem program’s program
counter register

G adr. start exccution of prob-

lem program at adr
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Figure [: Logical arrangement of debugger.




Figure 2: Debugger flowchart.

CPU REGISTERS
SET BY PSEUDO

REGISTERS
wo [ sETUP | pmm———— -
M=0 JUMP TO ,_..| G odr.” |
“adr.” —_———
SET UP -
RETURNTO | [T 70
PROBLEM - "6
PROGRAM L——J
JUMP TO PROBLEM
PROGRAM
T
H
IENTER Meave ]
DEBUGGER | | DEBUGGER,
———— ENTER
B | proBLEM |
! | PROGRAM |
(Cseam ) S
INITIALIZE | pmm—— —— 1
SYSTEM AS .——I SEE NOTE |
REQUIRED | L______ g prm———
- '@ odr.” |
seTTRap | 7777 1
AT *adr® ——- SEENOTE4 |
READ 8 PARSE /] 0 oo 1 S |
COMMAND
Evew i seenorez |
Ne | pm—————— 1
LOOKUP L SEE NOTE 3
(OPCODE) —' ______ o

DISPLAY
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DISPLAY
ALL
REGISTERS

DISPLAY
REGISTER
“reg*

"R reg val."

ly———
R—

REGISTER “reg"”
I = val

DISPLAY
REGISTER
“reg”

A TRAP EXAMPLE

Assume that the memory of the com-
puter contains the following information.

Address Content at this address
LOW Beginning of the problem program
! region, a low address.
LOC.W Call DEBUGGER trap handler. This
isa “trap.”’
LOC.W+D  Assuming a trap call of length D,
! this is the next instruction of the
' problem program after the trap.
LOC.X Problem program ends.
LOC.X+1 Systems programming area begins
! (RAM, not ROM).
LOC.Y DEBUGGER program starts.
LOC.2 DEBUGGER'’s trap handler routine.
HIGH End of systems programming area.




Note 1: The DEBUGGER program acts as a system —__ _______ A
monitor for your computer. Whenever the com- C adrval” |
puter is restarted, the DEBUGGER is entered and
will execute a power-on initialization sequence.

r—

I

1
"D adr.” |

MEM (adr) 3
v.al O _]
DISPLAY
M (udr) @

Note 2: The format of the command line and a list
of all the variations on each command are found in
table 1. The input routine should parse the
command line by identifying the operation code
and operands, stripping blanks, and counting the
number of operands (M).

an input ASCII command character into a cor- Coadri adr2 va.”
responding integer number. In the authors’ system, -T
this was accomplished by manipulating the bits of
the ASCI| character code; other schemes are |
possible. Ii=adrl Me2 !

Note 3: The function LOOKUP is used to translate r = 1 =adrl
L—

Note 4: A trap is set by replacing the instruction at
the trap address with a temporary alternate which DISPLAY
causes a branch to the trap routine. The instruction MEM (1)
used for this purpose in the authors’ system was a MEM (1) NO M=3
“jump to subroutine.” Depending upon the par- o val

ticular computer architecture, other instructions r———— A
might be used, such as software interrupt, super- ] "D adrl adr2 val." |

visor call, etc. J
T

Note 5: Both trap instructions and interrupts Ii= 1+
require similar processing. One way to view the eI+l
DEBUGGER program is as a large interrupt

handler which is entered upon system restart,

execution of a trap, or end of a problem program'’s NO
execution.

DISPLAY

1 MEM_(I)

val

NO

Note 6: Command formats from table 1 are shown
in quotes within comment boxes in this flow chart. °

=141

Assuming a stack oriented machine in
which the state information is stored in the
stack, the following sequence occurs in a

typical case
1. The user enters a program. After ’
" entering it, he decides to place a trap

at location LOCW in memory with ( ...~

@ FLEAVE PROBLEM | Ieave PrOBLEM 1
the “@” command. . | PROGRAM,ENTER i | PROGRAM, ENTER |
2. The problem program begins execu- | INTERRUPT SERVICE | | DEBUGGER |

tion after a “G LOW.” command. It L—————,————.J l_____._____l

reaches the trap at LOC.X and ___..1

executes the subroutine call. (wTerruPT )_ N°TE ko E."i%““ )
3. The subroutine call saves the address -

of the next instruction {at a minimum)

and branches to the trap handler at 2335 2255

LOC.Z. The trap handler continues the STATE STATE

state saving process so that the [

machine’s stack contains complete

CPU state information. T DAY TRAP
4. The trap handler displays a trap mes-

sage containing information on the

address and register content of the
machine at the time of the trap.

5. The trap handler passes control back _{

to the DEBUGGER’s command line M EAvE NTeRRUPT 1

interpreter. | Service, ENTER
PROBLEM PROGRAMJI




text continued from page 57

dity, and if it is a legitimate command the
various parameters are read and stored in
memory to be accessed when necessary.
Now the debugger looks at the part of the
command line which tells it what to do
(known as the opcode). Assuming that you
are using ASCII, here is a sneaky way of
determining which routine to go to.

1: Add 9 to the ASCII character,

2: Logically AND the opcode character
witha 7,

3: Assuming the given opcodes
(C,D,R,@,G), you now have a numeri-
cal index which you may use to test or
use in a jump table to go to the proper
code which accomplishes the desired
function.

EXAMPLE: Suppose you have an ASCIl ‘R’;
in binary this is:

0101 0010 - ‘R’
0000 1001 - add 9

0101 1011 - AND result
0000 0111 - with 7

0000 0011 - final result is ‘3’

using this method then: G=0, @=1, R=3,
C=4, D=5.

Now we offer a few comments on the
various procedures shown in figure 2.

Change: This is perhaps the simplest of all
the commands to implement. Using the last
parameter supplied, step through memory
from the first address zapping each location
with the desired value until the ending
address is reached (note: for a single address,
adr1=adr2). Though not necessary, it is
highly recommended to check the addresses
for validity to avoid clobbering the de-
bugger.

Display: Simply step through memory from
the starting address to the ending address
displaying memory contents as you go. We
displayed in hexadecimal notation. You
might alternately wish to use octal or (God
forbid) binary. Since our CRT was capable
of an 80 character line, we put 8 groups of 4
hex characters on each line:

LLLL: XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

The first number is the memory location of
the lowest address displayed on the line
(leftmost). Using this, it is easy to glance at
the display and see patterns in memory.

For the search option of the display
operation, you need only to print out the
addresses where a compare was successful.
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You should be able to remember what you
are looking for. When the search option is
used, a flag is set which somewhat modifies
the display such as:

cLLLL LLLL LLLL LLLL
LLLL LLEL LLLE LLLE

where the L’s are the memory addresses
containing the argument.

Some commercial variants of the search
operation allow you to look for certain bit
patterns within words by masking out don’t
care bits; however, this is no small task to
program for a feature of somewhat limited
usefulness.

Register: Here you have three alternatives
determined, once again, by the number of
operands (i.e., how many parameters you
specify with a particular opcode). No
operands are used to indicate the display of
all register contents. If one operand is
present, then the content of that register
only is to be displayed. Two operands
indicate the contents of the specified register
are to be changed to the given value.

Please note that these registers are really
fixed memory locations, set aside inside the
debugger (i.e., pseudo registers). These
values are typically loaded into the CPU
registers by the G command. Most CPUs
have one or more general registers plus a
program counter (i.e., the address of the
next executable instruction), and a collec-
tion of indicators commonly referred to as
status flags or sometimes as status registers.
For our implementation we had seven
general registers numbered (cleverly) one
through seven. Register number zero was the
program counter and register number eight
was the status register (note: All registers
were 16 bits large). Thus we only had to
enter a single digit, zero through eight, to
reference any register. On most micro or
minicomputers, alphabetic type designators
are used to reference registers, but with
much luck a similar trick used to simplify
opcode determination may be used.

GO and SET TRAP: This section is the most
machine dependent implementation which
requires very careful planning. The object
here is to put the problem program into
execution, and eventually have control re-
turned gracefully to the debugger. The point
where execution is to end and control to
return to the debugger is called a breakpoint
or trap.

Constructing a trap is not too difficult.
The simplest method is to insert in the
problem program an unconditional branch
back to the debugger. A serious drawback of



Figure 3: How to set traps in the problem
program (see text).

MEMORY MAP
Address Contents
LO Problem program starts
W Call debugger trap handler at address Z
W+1 Problem program continues
X Probiem program ends
X+1 Stack starts
X+n Stack ends
Y Debugger program starts
z Trap handler of debugger program
Hl Debugger program ends
ALGORITHM

The stack of n elements is located at address X, the
debugger program at address Y, and the trap
handler at Z. The following steps are executed:

1: The problem program executes a trap at
location W, i.e., a subroutine call to the trap
handler.

2: The subroutine call saves the address W+1.
return address W+1 in the stack, e.g., in X+3

3: The trap handler at address Z is executed.

4: The trap handler fetches the return address
W+1 from the stack (in this example X+3),
reduces the stack by one element, and
displays the address W+1.

this is that the location from which the
branch occurred will be unknown. The
solution is to usc an unconditional sub-
routine call to the debugger. A call instruc-
tion places a rcturn address somecwhere,
depending on  the machine, and then
branches to the location specified in the
instruction. With this it is a simple matter to
retricve this return address as the program
counter for the ‘G.” option of the GO
statement (figure 3). Our computer had
fixed locations in which routine addresses
could be placed, such that if certain types of

interrupts occurred the return address was

saved and a branch taken using the address
at that location (vectored interrupts). One
such interrupt was a "‘bad’’ instruction inter-
rupt, hence thc sctting of program traps
consisted of moving an illegal instruction to
the location a trap was to occur.

The GO command should set the pseudo
program counter if an operand is present,
then load all gencral registers. The last two
registers loaded are the status flags and the
program counter (which would be identical

to a branch). Typically a branch using the
contents of the pscudo program counter
would be used (note: Branches usually do
not set or reset status flags).

In conjunction with the preceding, there
should be a phantom routine which is the
target for all traps. Its job is to save all
registers and status before the debugger main
routine uses them into the pscudo register
arca. It is suggested to display the program
counter and the fact that a trap occurred,
such as:

@ interrupt address

There is a dandy rcason for this. If multiple
traps cxist, it is handy to know which trap
was cncountered. Additionally, since the
trap itself may clobber onc or morc memory
locations in the probiecm program, to remove
a trap onc must change these trap instruc-
tions back to the original contents (typically
from the original assembly listings). In an
carlicr version of the debugger we allowed
only one trap per cxecution and saved the
good code from the trap location. When the
trap occurred, we then restored the good
code at that location. However, a serious
drawback, of course, was that it isn’t always
known what branches will be taken between
the G and @ instructions, and it was highly
probable that the trap would be bypassed
cntirely. Thus in our present debugger we
allow multiple traps but do not restore the
previous code when a trap occurs.

Execute Instruction Considerations: If you
happen to get ticd up in an endless loop,
you'll have to manually force a return to the
dcbugger. This could be accomplished in
scveral ways. You could physically reset the
machine from the control pancl (assuming
you have onc), and enter the debugger
starting address. Or you could have pre-
viously set up an interrupt structure which
would respond to some outside stimulus
(such as an cscape from the keyboard, or a
special control panel switch) which would
accomplish a branch 1o DEBUG. Somc
thought was given to simply kicking the
power supply, initiating a power fail inter-
rupt, but this was later discarded.

If you make extensive use of interrupts in
the debugger (which is not really necessary)
then you'll have to dcbug your problem
program’s interrupts scparatcly. Otherwisc
the problem program’s interrupts and the
debugger’s interrupts will be working at
Cross purposcs.

Should you place the breakpoint address
in a branch of a conditional statcment that
doesn’t happen to be execcuted, then the
program will just skip around your break-

61






HEWLETT H.P.IS BACK!

PACKAR D’No Rejects or Retests here — You Want

Quality? You have it with this popular 0.3"

L.E.D. by Hewlett Packard. Fits Standard |.C.

Socket. Right hand DP.

5082-7740 — Common Cathode . ...... $1.25
6 for $6.00

R
NATIONAL MM5375AA ALARM CLOCK CHIP
Second generation alarm chip. Six digits, internally
generates alarm tone, snooze, power failure indicator, etc.
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interface circuitry. 4 digit output is non-multiplexed to
eliminate RF1 in clock radio applications. Has sleep and
snooze features. 40 pin DIP. Makes a JUMBO alarm clock
by using our FND 503 readouts. We show you how.

INTRODUCTORY PRICE: $3.95

DO YOU NEED A LARGE COMMON ANODE
READOUT AT A FANTASTIC PRICE?

)’ S. D. presents the MAN-64 by Monsanto - .40
- inch character. All LED construction - not re-
flective bar type, fits 14 pin DIP. Brand new
and factory prime. Left D.P.
$1.50 ea. 6 for $7.50

SLIDE SWITCH ASSORTMENT

Our best selter. Includes miniature and standard
sizes, single and multi-position units. All new,
first quality, name brand switches. Try one pack-

e and you'll reorder more. Special — 12 for $1

{Assortment)

Q;
S

12 DIGIT RE2 — $1.75
Mfg. by National Electronics. BN ze. Gas discharge type, for
use in desk top calculators, freq SOLD ouT clocks, etc. #N 1%—12.

Orginally cost a calculator- mfg. $16.77 ea. in quantity. S.D. Price $1.75 ea.

DISC CAP ASSORTMENT
PC leads. At least 10 different
values. Includes .001, .01, .05,

plus other standard values.

60 FOR $1

® |

HIGH V. TRANSFORMER for above readout. Primary 117V, two secondaries:
24 VAC 500 MA 175 VAC 100 MA. $1.25 ea.

2102 1K RAM'’s - 8 FOR $12.95
New units ————— We bought a load on a super
deal, hence this fantastic price.

Units tested for 500NS Speed.

UPRIGHT ELECTROLYTIC CAPS

47 mfd 35 V-10/81

68 mfd 25V-8/$1

Brand new by Sprague. PC leads.

INTEL 1702A 2K ERASEABLE PROM’S $6.95
We tell it like it is. We could have said these were
factory new, but here is the straight scoop. We bought
a load of new computer gear that contained a quantity
of 1702A's in sockets. We carefully removed the parts,
verified their quality, and are offering them on one heck
of a deal. First come, first served. Satisfaction
guaranteed.

1000 MFD FILTER CAPS
Rated 35 WVDC. Upright style with P.C. leads.
Most popular value for hobbyists. Compare at up
to $1.19 each from franchise type electronic parts
stores.S.D. Special 4 for $1

RESISTOR ASSORTMENT I"Emnﬁ
1/4W 5% and 10% . PC leads.
A good mix of values. 200/$2

SIGNETICS 1K P-ROM PROMS!

825129. 256 X 4. Bipolar, much faster

than MOS devices. 50 NS. Tri-state

outputs. TTL compatible. Field program-

able, and features on chip address

decoding. Perfect for microprogramming $2.95
applications. 16 pin DIP. With specs.

$2.95 ea.

LARGE SIZE LED LAMPS

Similar to MV5024. Prime factory tested
units. We include plastic mounting clips
which are wvery hard to come by.

Speciai 5 for $1

VERNIER DIAL

From a close out of metal detector manufacturer. V2
Turn, 8 to 1 ratio. Internal stops easily removed to make

unit multi-turn.

LIMITED QUANTITY - $.99 EACH

PROFESSIONAL QUALITY STEREO HEADPHONES
Here is the kind of super deal that S. D. is famous for.
Treat your ears to a super sound at a super price. Soft
padded ear cushions, lightweight, fully adjustable
headband, long coiled cord, wide response. $6

NEW IN ORIGINAL FACTORY BOXES

741C OP AMPS

Prime, factory tested and marked. Full
spec on all parameters. Not re-tested,
functional only, units as sold by others.

741 CH -TO-5 8 Lead Metal Can . . .3/$1
741CV - 8 Lead Mini Dip . . . . .

.. 4%

INSTRUMENT KNOBS

Black with brushed aluminum insert. Medium size, very
attractive style. SPECIAL 5 FOR $1

DUAL 741C (5558) OP AMPS
Mini dip. New house numbered units
by RAYTHEON.

4 FOR $1

MV-50 TYPE LED’s 3 DIGIT LED ARRAY — 75¢

by LITRONIX by LITRONIX
10 for $1 DL33MMB. 3 MAN-3 Size Readouts in one
. package. These are factory prime, not
Factory Prime! retested rejects as sold by others.
compare this price! 75c 3 for $2.

FET'S BY TEXAS INSTRUMENTS — SPECIAL 5 for $1
#T1S-76 but with an intemal house number. TO-92 plastic case. N. Channel,

Junction type FET.
Signetics, TRI-State Hex Buffer. MOS TRANSISTORS
and TTL interface to TRI-State Logic. 2N3904 - NPN
Special: $1 8T97B 2N3906 - PNP
8 for $1

SALE ON CUT LEAD SEMICONDUCTORS
Leads were cut for PCB insertion. Still very useable.

TNG14/1N4148 .. ... ... ... ... .... 100/%2

1N40021 Amp100PIV .. ... ... .. .. 40/ $1
1N4745A16VIW Zener ................. 20/ %1

EN2222 NPN Transistor. ................ 25/ %1 ﬁhl'ur;g\g
EN2907 PNP Transistor. ................ 25/ %1 SOME AR‘E
2N3904 NPN Driver Xstr. .. .............. 25/%1 HOUSE #
2N3392 GE Pre-amp Xstr. ............... 25181

C103Y SCR.800MA.60V. ............... 10/$1

TI POWER TRANSISTORS
TIP29 NPN Silicon. TO-220. 4/$1

CT-5005
WITH FOUR-
FUNCTION MEMORY!

CALCULATOR CHIP
By CalTex. 12 Digits.

With Specs. $1.49

Factory prime. Not retested

We do not sell junk. Money back
guarantee on every item. No C.0.D.
Texas Res. add 5% tax. Postage
rates went up 30%! Please add 5%
of your total order to help cover
shipping.

S. D. SALES CO.

P.O. BOX 28810
DALLAS, TEXAS 75228




Microprocessor Update:
Texas Instruments TM$S9900
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Figure 1: Internal Block Diagram of the TMS9900 Processor. The internal
organization of the processor uses a microprogrammed approach. The control
ROM which is part of the chip is used to store detailed sequences of internal
operations within an instruction cycle. Programmer accessible memory on the
chip is limited to the program counter, worR space register and status register.
From a programmer’s point of view, nearly all operations concern memory
which is addressed by bit lines AQ to Al4 with data transfers over the bus
lines DO to D15.

64

Robert Baker
34 White Pine Dr
Littieton MA 01460

The TMS9900 microprocessor is a single
chip, 16 bit central processing unit that
requires power supplies of +5V, -5V and
+12V, as well as a four phase, 3 MHz clock.
Fast interrupt response and programming
flexibility is provided by the implementation
of a unique memory to memory architecture
with multiple register files resident in memo-
ry. The instruction set includes hardware
multiply and divide instructions making the
TMS9900 comparable with many minicom-
puters. A compatible set of MOS and TTL
memory and logic function support circuits
together with separate data and address
buses help simplify the system design. For
industrial users, the TMS9900 system is fully
supported by both software and a proto-
typing system. Figure 1 shows a functional
block diagram of the TMS9900 CPU chip
while figure 2 shows the actual pin assign-
ments of the 64 pin dual in line package.
Table 1 gives a detailed description of each
pin, grouped by functions for easy reference.
Photo 1 illustrates the unique large package
of this processor.

Memory

The maximum addressable memory space
is 65,536 bytes or 32,768 words. Each 16
bit memory word also defines two bytes of 8
bits. The word and byte formats are shown
in figure 3. All memory word locations are
even addresses and either the even or the
odd byte may be addressed by byte oriented
instructions.

The first 32 words of memory are used
for interrupt trap vectors as shown in the






The TMS9900 is the first
generally available single
chip processor to provide
hardware multiply and di-
vide instructions.

Information and diagrams
in this article are based
upon the TMS9900 Micro-
processor Data Manual,
courtesy of Texas Instru-
ments Inc.

the lowest priority level. Several devices may
share any external level (T to 15)as desired.

The interrupt code (ICO to IC3) is con-
tinuously compared with the interrupt mask
(ST bits 12 to 15). The processor will
recognize an interrupt if the pending inter-
rupt level is less than or equal to the
interrupt mask level. Following completion
of the current instruction an acknowledged
interrupt will cause a context switch. The
new WP and PC will be obtained from the
interrupt vector locations and the previous
WP, PC, and ST are stored in workspace
registers 13, 14, and 15, respectively, of the
new workspace. The interrupt mask is set to
one less than the level being serviced (except
for level O which loads 0) to allow only
higher priority interrupts to be recognized.

Interrupts are inhibited until the first in-
struction of the service routine has been
executed to preserve program linkage in case
of higher priority interrupts. All pending
interrupt requests should remain active until
recognized and each service routine should
terminate with the return instruction
(RTWP) to restore the original parameters.
Figure 5 illustrates a typical TTL interrupt
interface with priority encoding while table
3 gives detailed interrupt level data.

Input and Output: The Communications
Register Unit (CRU)

Up to 4096 directly addressable input
bits and 4096 directly addressable output
bits are provided by the communications
register unit (CRU) which is a direct, com-

SYMBOL | PIN 10 - DESCRIPTION
BUS CONTROL

DBIN 29 OUT | Data bus 1n. When active {high), DBIN indicates that the TMS9800 has disabled 'Eﬁﬂfﬁ'
buffers to allow the memory to place memory-read data on the data bus during MEMEN.
DRBIN remains low 1n all other cases except when HOLDA s active.

. . . MEMEN 83 OUT |Memory enable. When acuve {low), MEMEN indicates that the address bus contains a
Table 1. Detailed Descrip- memary address.
tion Of TM59900 anS, WE 61 OUT | Write enable when active {low}, WE indicates that memory-write data 1s available from the
ThfS tab/e // ¢ f/’]e y /_/. U TMS9900 to be written into memory.
SLS arrods CRUCLK 60 QUT | CRU clock. When active [high}, CRUCLK indicates that external interface logic should
pins of the TMS9900 sample the output data on CRUOUT or should decode external instructions an AQ through
. , A2.
G/Orlg Wlth an eXp/Gﬂat/Oﬂ CRUIN 31 IN | CRU data in. CRUIN, normaily driven by 3 state or open coliector devices, receives input
of [he purpose and use Of data from external interface logic. When the processor executes a STCR or TB instruction, it
) samples CRUIN for the level of the CRU input bit specified by the address bus {A3 through
the signals. Al4).

CRUOUT | 30 OUT | CRU data out. Serial |0 data appears on the CRUOUT line when an LOCR, SBZ, or SBO
instruction 1s executed. The data on CRUQOUT should be sampled by external 10 interface
logic when CRUCLK goes active {high). With software drivers the CRU serial interface can
be used in place of 8 UART or simitar conversion IC.

INTERRUPT CONTROL

INTREQ 32 IN |Interrupt request. When active {low), INTREQ indicates that an external interrupt Is
requested. If INTREQ Is active, the processor loads the data on the interrupt code nput
lines 1CO through IC3 Into the internal interrupt code storage register. The code 1s compared

SYMBOL PIN 10 DESCRIPTION to the interrupt mask its of the status register. If equal or higher prionty than the enabled
interrupt leve! (interrupt code equal or less than status register bits 12 through 15} the
ADDRESS BUS TMS9900 interrupt sequence is mnitiated. [f the comparison fails, the processor 1onores the
request. INTREQ should remain active and the processor will continue to sample ICO
AQ (MSB)} | 24 | OUT| AQ through A14 comprise the address through IC3 until the program enables a sufficiently low priority to accept the request
At 23 OUT| bus. This 3 state bus prowvides the mem- Interrupt.
A2 22 OUT| ory address vector to_ the external . -
A3 21 OUT| memory system when MEMEN s active ICO (MSB) | 36 IN 1lInterrupt codes. ICO s the MSB of the interrupt code, which s sampled when INTREQ s
A4 20 OuUT/| and 10-bi1 addresses and external in- ic1 35 IN |active. When 1CO through IC3 are LLLH, the highest external-prionity interrupt 1s being
A5 19 OUT| struction addresses to the 10 system 1c2 34 IN | requested and when HHHH, the lowest-prionity interrupt s being requested.
A6 18 OUT| when MEMEN s inactive. The address Ic3{LsB) | 33 IN
A7 17 QUT| bus assumes the high rmpendance state
A8 16 QOUT| when HOLDA 1s active, N MEMORY CONTROL
A9 15 ouT HOLD 64 IN {Hold. When active (tow}, HOLD tndicates to the processor that an external controller (e.g.,
A10 14 ouT DMA device} desires to utihze the address and data buses to transfer data to or from
All 13 ouT memaory. The TMS9900 enters the hold state following a hold signal when 1t has completed
A12 12 ouT 1s present memory cycle. The processor then places the address and data buses in the
A13 1 ouT high-impedance state (along with WE, MEMEN, and DBIN} and responds with a
A14{LSB) | 10 ouT hold-acknowledge signal (HOLDA). When HOLD s removed, the processor returns 1o
DATA BUS normal operation.
HOLDA 5 OUT [Hold acknowledge. When active {high}, HOLDA indicates that the processor is in the hotd
DO (MSB 41 DO th h D15 comprise the bdirec . e processor is
D? MSB) 42 :8 wonal '30‘;:33"3 data I§us. ?I"r'ns bu;ua'n;;ers state and the address and data buses and memory control outputs (WE, MEMEN, and DBIN)
D2 43 10 meinory data to (when writing)l and are in the high impedance state.
D3 44 10 from {when reading) the external memo- READY 62 IN |Ready. When active {high), READY indicates that memory will be ready to read or write
D4 45 10 ry system when MEMEN s active. The during the next clock cycle. When not-ready (s indicated during a memory operation, the
D5 46 10 data bus assumes the high impedance TMS9900 enters a wait state and suspends internal operation until the memory systems
D6 47 10 [ state when HOLDA s active. indicate ready.
8; 23 :8 WAIT 3 OQUT |Wait. When active (high), WAIT indicates that the TMS9900 has entered a watl state because
D9 50 o of a not ready condition from memory.
g}(‘) 212 :g TIMING AND CONTROL
D12 53 10 1AQ 7 OUT |Instruction acquisition. {AQ 1s active {high} during any memory cycle when the TMS9900 s
D13 54 10 acquining an instruction. {AQ can be used to detect iliegal ap codes.
D14 55 10 LOAD 4 IN | Load. When acuwve {low), LOAD causes the TMS9900 to execute a nonmaskable 1nterrupt
D15 (LSB) | 56 10 with memory address FFFCyg containing the trap vector (WP and PC). The load sequence
begins after the instruction being executed is completed. L will also terrminate an idle
POWER SUPPLIES state. If LOAD s active during the ume RESET s released, then the LOAD trap will occur
Vg i Supply voltage [-5V NOMI after the RESET function i1s completed. LOAD should remain active for one mstruction
vee 2 Supply vollaén (5V NOM) period. IAQ can be used to determine instruction boundaries. This signal can be used to
vpo 27 Supply voltage(12V NOM) rmplement cold-start ROM loaders. Additionally, front-panel routines can be implemented
Vss % Ground reference using CRU bits as front-panel-interface signals and software-control routines to control the
panel operations.
cLocks RESET 6 | i |Re RESET WwE
set. When active_(low), RESET causes the processor to be reset and inhituts WE and
o 8 IN Phase 1 clock CRUCLK. When RESET (s released, the TMS9900 then initiates a level zero mnterrupt
02 9 IN Phase 2 clock sequence that acquires WP and PC from locations 0000 and 0002, sets all status register bits
03 28 IN Phase 3 clock to zero, and starts execution. RESET will also terminate an 1dle state, RESET must be held
04 25 IN Phase 4 clock active for a minimum of three clock cycles.
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STATUS REGISTER

8IT NAME

STO LOGICAL GREATER THAN
ST1 ARITHMETIC GREATER THAN
ST2 EQUAL

ST3 CARRY

§T4 OVERFLOW

8T5 PARITY

ST6 XopP

§T7 - 8T11 not used (=0}

ST12 - ST15 INTERRUPT MASK

Table 2: Status Register Format, The 16 bit
Status register contains flags which are set
during execution of programs. These flags in
turn can be tested and manipulated under
program control.

mand driven 10 interface. Three dedicated
10 pins (CRUIN, CROUT, CRUCLK) and 12
bits of the address bus {A3 to A14) are used
to interface to the CRU system, allowing
input and output bits to be addressed
individually or in fields of one to 16
bits. Any bit in the CRU array may be
set, reset, tested, or moved between mem-
ory and the CRU data field by any
of the various CRU single or multiple
bit instructions using bits 3 to 14 of
workspace register 12 to address the desired
CRU bits. When executing multiple bit CRU
operations, the data bits are right justified in
byte or word locations depending on the
number of data bits. The addressing scheme
used for multiple bit CRU transfers results in
an order reversal of the bits; bit 15 of the
memory word (or bit 7 if a byte) is the first
bit to be sent or the first bit received while
bit 0 becomes the last possible bit in the
CRU field. Figure 6 illustrates the bit re-
versal for multiple bit transfers while figure
7 shows how to construct a typical 16 bit IO
port. By decoding the CRU addresses, up to
256 such 16 bit interface registers may be
implemented. Typically, only the exact
number of interface bits required for a
specific device will be utilized.

Several timing and control signals are
available for use in implementations of ROM
loaders, front panel service routines, a
processor hold condition, slow memory
cycles and DMA transfers. A wait state is
available for use with DMA or slow memory.
Table 1 includes detailed descriptions of
each timing and control signal that is
available.

Five external instructions (CKON, CKOF,
RSET, IDLE, LREX) provide a means of
initiating any desired user defined external
functions. IDLE will also cause the
TMS9900 to enter the idle state until an
interrupt, RESET, or LOAD occurs. When
any of these five instructions are executed, a
unique three bit code will appear on bits AO
through A2 on the address bus along with a
CRUCLK pulse.

AREA DEFINITION

INTERRUPT VECTORS

XOP SOFTWARE TRAP YV

GENERAL MEMORY FOR PROGRAM, J
DATA, AND WORKSPACE REGISTERS

LOAD SIGNAL VECTOR

MEMORY

ADDRESS g

-

ECTORS <

{

0000
0002
0004
0006

003C
Q03E
0040
o042

007C
O07E
0080

FFFC
FFFE

(o]

MEMORY CONTENT

WP LEVEL O INTERRUPT

PC LEVEL O INTERRUPT

WP LEVEL | INTERRUPT

PC LEVEL | INTERRUPT

WP LEVEL I5 INTERRUPT

PC LEVEL I5 INTERRUPT

WP XOP O

PC XOP O

WP XQP |5

PC XOP I5

GENERAL MEMORY AREA

MAY BE ANY COMBINATION OF
PROGRAM SPACE OR

WORKSPACE
[

WP LOAD FUNCTION

PC LOAD FUNCTION

Figure 4: Memory Allocations of the TMS9900. The TMS9900 has a large
complement of dedicated locations in memory address space. Interrupt
vectors are found in the first 32 words of memory; XOP instruction trap
vectors are found in the second contiguous block of 32 words, memory
addresses FFFC and FFFE (hexadecimal) are reserved for the load signal
vector which defines the location and workspace address of the first program
to receive control at system initialization time. The rest of memory address
space (hexadecimal locations 0080 to FFFB) is available for general purpose
use as RAM or ROM depending upon system design detajls.
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Figure 5: Typical Interrupt Priority Logic. The TMS9900 uses memory
address space locations hexadecimal 0000 to 003F as interrupt vectors. One
of the 16 double word interrupt vectors is picked by the binary pattern found
on lines 1CO to IC3 at the time of the INTREQ signal. This circuit shows one
way to generate interrupt vector codes using two priority encoders (74148)

and some miscellaneous
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Vector Location Interrupt Mask Values to interrupt
Interrupt Level {Memory Address | Device Assignment | Enable Respactive Interrupts Codes
in Hex} {ST12 thru ST16) iCO thru IC3

(Highest priority} 0 [s]¢] Reset 0 through F* 0000
1 04 External Device 1 through F 0001

2 08 2 through F 0010

3 oc 3 through F 0011

4 10 4 through F 0100

5 14 6 through F 0101

6 18 6 through F 0110

7 1c 7 through F 0111

8 20 8 through F 1000

] 24 9 through F 1001

10 28 A through F 1010

1n 2C B through'F 1011

12 30 C through F 1100

13 34 D through F 1101

14 38 Y Eand F 1110

(Lowest priority} 15 3C External Device F only 1111

*Level 0 can not be disabled.

Table 3: Interrupt Level Data.

Figure 6: Control Register
Unit Data Transfers. The
TMS9900 uses the concept
of a 4096 bit Control Reg-
ister Unit address space for
programmed 10 transfers.
This is a bit addressable
space accessed by the
STCR and LDCR instruc-
tions. Transfers to and
from the CRU map ac-
cording to the diagram
shown here, and can in-
volve up to a full 16 bit
word of information.
Within the 4096 bit limit,
as many CRU locations as
required can be imple-
mented in any given
TMS9900 oriented system.

Figure 7: A CRU Exam-
ple. This diagram shows
the logic of a 16 bit CRU
segment implemented with
TTL (low power Schott
ky) integrated circuits.
Note that a drawing con-
vention of double lines
with notation of the num-
ber of signals is used to
represent multiple path
bus interconnections.

The priority interrupt system of the TMS9900
provides 16 separate levels with corresponding vectors in main memory. The
highest priority interrupt is reserved in hardware for the reset function. All
the other 15 interrupt levels can be assigned to external devices when a
system is wired using this processor.

CRU
INPUT
8ITsS

N+I

INPUT (STCR)

N+1a ||
N+I5

LDATA AT EFFECTIVE
MEMORY ADDRESS

E

OUTPUT (LDCR)

N+14

N=B8IT SPECIFIED BY CRU BASE REGISTER

INO

IN7

~NoOOd WN—0O

Al4

N+15

Instruction Set

The TMS9900 instruction set, as shown
in table 4, consists of 67 instructions. These
instructions include arithmetic, logical, com-
parison or manipulation operations on data;
loading or storage of internal registers; data
transfer between memory and external de-
vices via the CRU; and processor control
functions.

The individual instruction execution
times are a function of the clock cycle time,
the addressing mode used, and the number
of wait states required per memory access.
There are eight different addressing modes
available for addressing both random and
formatted memory data .as illustrated in
figure 8. Not all addressing modes, however,
are usable with every instruction.

System Design

A typical minimum system is shown in
figure 9 with a single 8 bit 10 port. A total
package count of 15 packages includes the
chips for 1024 words of ROM and 256
words of RAM memory. A general larger,
more flexible system is illustrated in figure
10. The clock generator and control section
would include the memory decode logic and
synchronization logic as well as the clock
electronics. Buffers would be required as
indicated on all of the system buses to drive
the increased loads. Various data and control
interfaces are shown in general form since
these would usually be designed for specific
applications. As with many of the more
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advanced microprocessor companies, Texas
Instruments also sells the¢ TMS9900 in
packaged form as illustrated in photo 2.

Conclusions

The TMS9900 appears to be a powerful
16 bit microprocessor with many features of
interest to the computer hobbyist. The
advanced interrupt and 10 system in addi-

MNEMONIC DESCRIPTION

AB Add bytes

ABS Absolute value

Al Add immediate

ANDI AND ymmediate

B Branch

BL Branch and hnk

BLWP Branch and load workspace pointer
C Compaie

c8 Compare bytes

o] Compare immediate

CKOF User delined

CKON User defined

CLR Clear operand

cocC Compare ones corespanding
czc Compate 7erops cotresponding
DEC Becrement

DECT Decrement by two

DIv Divide

IDLE idin processor

INC Increment

INCT Increment by 2

INV Invert

JEQ Jump equal

JGT Jump greater than

JH Jump high

JHE Jump high or equal

JL Jump fow

JLE Jump low ar equd’

JLT Jump Jess than

JMP Jump unconddinnat

INC Jump no carry

JNE Jump nat equal

JNO Jump no overflow

JOC Jump on carry

JorP Jump odd parity

LDCR Load communication reqister
Ll Load immediate

LiMi Load interrupt mask

LREX Uset defined

LWPI Load workspace pomier immediate
MOV Move

Movs Maove bytes

MPY Suihply

NEG Negate

ORI OR immediate

RSET Reset

S Subtiact

SB Subttact bytes

SBO Set it ta one

SB2 Set it 10 2eto

SETO Ser 1o ones

SLA Sttt et acithmete

SOC Set ones cartesponding
SQCB Ser ones cortesponding by tes
SRA Shufr right arithmetic

SRC Shitt right cireular

SRL Shiit night logical

STCR Stare communication register
STST Store status register

STWP Store wor kspace pointer
SWPB Swap bytes

szc Ser sernes corresponding
szcn Set setoes cotresponding bytes
T8 Test bt

X Execute

XOR Exclusive OR

Table 4: TMS9900 Instruction Set. This js
an alphabetical list of the mnemonics and
description of each instruction. The delails
of operation codes and addressing modes
available for each instruction are found in T]
literature on the system.

Figure 8: Addressing Modes of the TMS9900. The TMS9900 has a very
complete set of memory address calculation modes available to its various
instructions. Not all the modes are available to every instruction.

WORKSPACE REGISTER ADDRESSING R

Workspace Register R contains the operand.
REGISTER R

(PC) INSTRUCTION (WF)+2R

WORKSPACE REGISTER INDIRECT ADDRESSING *R

Workspace Register R contains the address of the operand.
REGISTER R

(PC)(WP) + ZR-—l ADDRESS }——IﬂDERAND

WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING *R+

Workspace Register R contains the address of the operand. Upon completion of the
operation, the contents of workspace register R are incremented.
REGISTER R

(PC)—=| INSTRUCTICN (WP)*?R‘-I ADDRESS

OPERAND l

or 2 (WORD)
SYMBOLIC (DIRECT) ADDRESSING @ LABEL

The word following the instruction contains the address of the operand.

(PC) INSTRUCTION

(PC)+2—+| LABEL [—| OPERAND

INDEXED ADDRESSING @ TABLE (R)

The word following the instruction contains the base address. Workspace register R
contains the index value. The sum of the base address and the index value results in the
effective address of the operand.

(PC) INSTRUCTION (WP)+2R
(PC)+ 2—>| TABLE }

REGISTER R

INDEX VALUE

EFFECTIVE
ADDRESS

OPERAND

IMMEDIATE ADDRESSING
The word following the instruction contains the operand.

(PC) INSTRUCTION
(PC)+ 2—{ OPERAND

PROGRAM COUNTER RELATIVE ADDRESSING

The 8 bit signed displacement in the right byte (bits 8 through 15) of the instruction is
multiplied by 2 and added to the updated contents of the program counter. The result is
placed in the PC.

JUMP INSTRUCTION
PROGRAM COUNTER OP CODE | oisp

ADDRESS NEXT MEMORY WORD

CRU RELATIVE ADDRESSING

The 8 bit signed displacement in the right byte of the instruction is added to the CRU
base address {bits 3 through 14 of the workspace register 12). The result is the CRU
address of the selected CRU bit.

2 -DISP
l—

INSTRUCTION

(PC)

Address
REGISTER 12

twpy+2-12—[ ] CRU Base add | |

o 23 1415
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name scems strange and somehow provincial
from an organization aspiring to nationwide
scope. At the venerable age of four months
the acronym SCCS is at least as recognizable
as SPQR, which was a fairly active society in
its day. If our name is objectionable: so be
it. We do not aspire to the kingdom, the
power, and the glory. We just hope to help
the next guy who wants to know which is
pin 1.

Our first and foremost goal in our charter
is to provide the best possible scrvice to
anyone who asks. But we demand a hecavy
fee: the same caliber of service to the next
one who asks. On this premisc and this name
our organization stands, and all are weicome
to join. There is no residence rcquirement
nor any other impediment. We are not the
new Genghis Khan astride a 40 legged horse
called 8080 sweeping out of the West to cut
the Gordian Knots of Computerdom. We are
building the tools to pry open Pandora’s Box
and show computers for what they are and
what they might become.

The name of our publication, /nterfuce, is
probably also misunderstood. The computer
interface is usually understood to be the
common boundary between two subsystems.
If the computer interface is proper, the
boundary disappears; and the whole be-
comes greater than the sum of the parts.
This is why our Interface has become our
flag ship. We havé a message, wec have a
voice, we will speak, and we will be heard.

Lest anyone mistake our clarity of pur-
pose for ambition, note that we have not
asked Jeff Landry to change his name to Jeff
Lendry to preserve our image. Also note that
the illustrious founder of [nterfuce, Jon
Walden, must look down from the Panthcon
at the January issue where his name is wrong
three times in three tries. The bell tolls for
you, Art Childs.

Returning to this scurrilous attack from
BYTE; beware, Carl Helmers, the august
president of SCCS is not powerless. One
more outburst of this nature and we shall
resort to the violence vested in me and name
you honorary member and chairman of The
Colossal Namc Committee. (And publish
your secret, unlisted phone number. We
haven't been infiltrated by the CIA for
nothing!) On guard, Sir, defend yourself!

If we can get back to our real business,
we have a lot of work to do. We are building
one brick at a time and we are competent
builders. We will continue to do our best.

Ward Spaniol
President, SCCS
Los Angeles CA

The
UN-COMPUTER

MICRO - ALTAIR™

Introducing 3 new way to begin an Ahair system. The MICRO-ALTAIRTM {iom Polymorphic
Systems 15 a complete computer sysiem, requiring just a keyboard and TV monitor (ar modified
recewer] for use

The MICRO-ALTAIRTM consists of our video board with graphics capability, CPU/ROM/RAM board,
backplane with power supply, and cabinet.

The CPU board includes an 8080 processor, 512 bytes of RAM, space for 3K bytes of ROM and
vectored interrupts. Several CPU boards may he plugged into the same backplane for parallel processing.
The backplane design is unique In that it ailows many backplanes to be plugged together for easy
systern expansion. Each backplane contains its own power supply {transformer mounted externally)
rated at 8 volts at 6 amps and 118 volts at 2 amp. 5 boards may mount in each backplane assembly.
Included with each system is a resident operating system contained on a PROM which plugs
into the CPU board. The operating system imptements a versatile file system, provides
program debugging aids, handles input and output concurrently with program execution,
provides job scheduling and a real-time clock. Data may be entered and listed In octal,
hexidecimal, or ASCIl and edited on the TV screen. Files may be read from or wnitten
onto external devices such as a cassette tape. Program debugging aids include software breakpoints
which allow all CPU registers to be displayed at any point in the program execution.

An important feature of the MICRO-ALTAIRTM s its compatibility with Altair peripherals
and software which are available from several manufacturers.

PRICES:

Cahinet and power supply FE . ... $15500
Processor board {includes RAM, real time ctock and vectored interrupt] . . . 195.00
Video interface board (with 8-bit inputport) . . . . .. . .. e 160.00
Operating systemon PROM . . . . . . . ... .. PN 65.00
2100 pin connectors . . o . ... 1700
The complete system purchased separately Ce s .. ....$59200
SPECIAL: INTRODUCTORYOFFER . . .. ... ................ $ 475.00

This olfer applies only to orders accompanied by check or money order and postmarked
before April 15, 1976 We believe this is one of the best deals going n 3 computer kit,
check our prices and compare. Delivery 60 days.

Video Interface. Plugs into the Altait or IMSAI 8800 bus and connects to standard TV monitor for
modified recewver)  8-bit input connects (o almost any keyboard. Characters are displayed as 16 Itnes
of 64 or 32 characters each, in a 7x9 dot matrix (64 character line requires a high resofution monitor
or extensively modified receiver.} The character set includes 128 upper and lower case ASCIt charac-
ters and 64 graphics characters for piotting a 48x128 (or 64} grid. Characters are stored in the onboard
memory and may be accessed directly by the computer.

$160 Kit $230 Assem and tested (Add $25 for 64 character option) delivery 30 days

Analog Interface. This board is a complete interface for a CRT graphics display or an X-Y plotter, and
provides 8 channels of software-contralled A/D conversian. There are 1 or 2 channels of analog
with 10-bits resolution {0-10v or *+5v out), 6:-bits of latched digital output, and 8 analog comparators

1 channel t0-10v) $135 Kit $175 Assem, and tested
2 channels (0-10v}  $185 Kit $235 Assem. and tested
{Bipolar aprion [+ 5v) add $8 for 1 ch , $12 for 2} delivery 30 days

All prices snd specifications subsect to change without notice. Prices are USA only-Calif. res add 6% sales vax

POLYMORPHIC SYSTEMS

737 S. Kellogg, Goleta, CA 93017 (805) 967-2351

BankAmericard and Master Charge Accepted




YTE'S

UGS

Here lies documentation of known bugs
detected in previous editions of BYTE . ..

The following correction should be made
to the specifications of the HP-10525T
found in table 1, page 24, December 1975
BYTE, in Alex Burr’s article ““Logic Probes
— Hardware Bug Chasers.” The scale factor
on the minimum pulse width specification
was misprinted in the table and in note
number 6 applying to the width specifica-
tion. The HP-10525T will respond to pulses
as short as 10 ns (nanoscconds) guaranteed,
typically as short as 5 ns in favorable circuit
conditions. Pulses shorter than .05 seconds
are stretched to .05 s. The printed version
showed “ms’” (milliseconds) which is only 6
orders of magnitude larger than the actual
specification printed by HP.

r 1K 475ns

STATIC RAM
$4.25 for one
$4.00 each for

builder. Our
manufacturing

eight sales tax
$3.75
each for. 32
WHY PAY FOR BEING SMALL?

Centi-Byte is a new source of memory components
and other necessary items for the computer hardware

all orders shipped
postpaid and
insured. Mass
residents add 3%

SIGNETICS

2602-1

function is to be a voice to the
companies representing  you, the

“My Dear Aunt Sally,”’ page 20, February
BYTE: Two errors in our preparation of the
flow diagram of figure 1 were detected by
reader Tim Walsh, and confirmed by author
Robert Grappel.

Segment A (Main Routine): A “last
character” test was omitted between node 6
(the return point from routines in segments
B through F) and the END box. The proper
flow for the end of the main routine is:

BACK TO
BEGIN

w0 )

CHARACTER

Segment B (Single Character Function
Name Handler): The YES and NO labels on
the conditional test “1 CHARACTER OP”
were reversed.

modest volume consumer of special purpose comr
ponents. Centi-Byte brings you this special intro-
ductory offer ol [ast memory chips, chips fast cnough
to run an MC6800 or 8080 at maximum speed. These
2602-1’s arc new devices purchased in quantity and
fully guaranteced to manufacturer’s specifications.

Centi-Byte works by concentrating your
purchasing power into quantity buys of new
components. Let us know what you need in the way
of specialized components and subsystems for future
offerings. With your purchasing power concentrated
through us, together we will lower the cost of home
computing.

PO BOX 312

i BELMONT, MASS. 02178
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Classified Ads Available for
Individuals and Clubs

Readers who have equipment, software or other
items to buy, sell or swap should send in a clearly
typed or printed notice to that effect. The notices
are free of charge and will be printed one time only
on a space available basis. Insertions should be
limited to no more than 100 words. Notices can be
accepted from individuals or bona fide computer
users’ clubs only., Commercial advertisers should
contact Virginia Peschke at BYTE for the latest
rate card and terms.

PDP-11 wanted: Will trade 1000 copies of
Computer Lib/Dream Machines for one standard
PDP-11 minicomputer, Contact Ted Neison at
{312) 352-8796.

FOR SALE: Tape drive, Wangco model 7, 12.5ips,
7 track (change head only for 9 track) unused
$500 each. Cassette drive, Computer Access
Systems (MFE) model 250, 10-40ips (Altair
compatible interface available from Cybertronics)
new $250 each. Line printer, Tally model T-132,
100 1pm, 132 column, 300, 600 or 1200 baud
serial, well used $500 each. Core memory system,
Ferroxcube (FX Systems) model FI1-3C-4K12-22,
4Kx12 bits, 1 sec, new $400 each. Write John L
Marshall, Box 242, Renton WA 98055,

Tired of waiting for MITS memory boards? | have
two MITS 4 K Dynamic Memory Boards for sale at
the kit price of $195 each. These boards were
assembled by an electrical engineer and factory
checked. All bits certified. H S Corbin, 11704
ibsen Dr, Rockville MD 20852, (301)881-7571.

| will trade up to 1000 hours of programming and
systems analysis for a complete system consisting
of the following: An 8080-A based CPU with 64 K
memory, dual drive floppy disk system, Qume



55 CPS printer, 9600 baud CRT with keyboard
(upper and lower case ASCII and at least 12 lines
of 80 characters, though 24 lines by 80 would be
better). The system should be fully assembled,
integrated, tested and with enough basic software
(editor, assembler, 10 drivers) to make it useful. |
have been programming for over 14 years on
systems large and small. Charles B Shipman Jr, 220
Sandburg St, Dunn Loring VA 22027.

SWTPC CT-1024, TV Typewriter Main and Memo-
ry Boards completely wired. Recently tested by
SWTPC. With instruction manual. $150 from Don
Gould (313)566-6380 days.

WANTED: Construction manual and data package
for the Mark-8 Mini Computer. Appeared in Radio
Electronics in August 1974. Reply to Robert L
Gerald, PO Box 406, NY NY 10013.

TVT for sale, works perfect! Displays 25 lines of
40 chars each. With power supply and cabinet.
Asking $175. Also have working boards (to attach
to above unit) that accept serial ASCI!| and serial
BAUDOT codes. Asking $35 each. High quality
parallel ASCII keyboard, assembled and working,
$40. R-E 4 Channel digital memory scope attach-
ment — assembled but not tested, $150. You pay
postage, prices negotiable, am willing to trade for
some sort of ASCIl printer. Jeff Roloff, 2214
Brookshire Dr, Champaign IL 61820,
{217)356-0780.

FRIDEN FLEXOWRITER Model SPS. Consists of
keyboard, printer, 8 level paper tape reader and
punch. Good working condition with schematic.
Contact Phil Hughes, PO Box 43, Richland WA
99352. Phone: (509)942-7045 days,
(509)946-7938 evenings. $500.

CAELUS Model 303 Disk. | need to locate
maintenance and repair manuals. Kurt T Rudahl,
Box 6652, San Francisco CA  94101.
(415)864-2263

FOR SALE — ICP digital computer cassette decks.
These OEM decks are complete and need only
power supply and case and use TTL interface logic.
May need some slight repair or adjustment. They
are International Computer Products DigiDeck
model 63 read/write decks with encoder board and
2 track operation. $5 to ICP, Box 34484, Dalias
TX 75234, can get a complete technical and
maintenance manual. While my supply lasts | will
sell these decks for $100 each. Send bank check or
money order to Gary Fishkin, Deck, Box 349, 25
Andrews Memorial Dr, Rochester NY 14623.

FOR SALE: Intel SIM8-01 Microprocessor System
includes 8008 CPU, TTY interface, 10 connectors.
Also 10 Intel 1702 PROMS, all never used; original
cost $1500; first certified check or MO for $250
takes all. M Siegel, 41 Middle Loop Rd, Staten
Istand NY 10308.

Friden high speed PAPER TAPE PUNCH, new, in
carton, no dust cover, $25! CARD READER,
excellent condition, approximately 150 CPM, small
simple unit, $35! Please include postage for either
unit. Frank Smith, Box 386, Coburg OR 97401.

Monitor, Text Editor, and Assembler for an 8080
available. Total memory requirement is 4 K bytes.
I can also burn Intel 2708/8708 and 2704/8704
PROMs for your system. Contact Albert Badu, 105
Fairmont St, Arlington MA 02174, (617)646-4539
{evenings).

ALTAIR 8800
OWNERS

Is your ALTAIR:

* Slow to start up . . .

* Writing all 0's or 1's into memory . . .
* Producing the wrong STATUS . . .

¥ Having troubles running BASIC . . .

Then your Altair may have CPU Ciock problems.
PARASITIC ENGINEERING now offers

a permanent fix-kit for the Altair 8800 CPU
Clock; for only $15.

Send now for our FREE brochure detailing
what this kit can do for your ALTAIR.
Better yet, see for yourself. Send for your
kit TODAY.

only $15.

Kit is shipped postpaid anywhere in the
United States. Kit includes complete
instructions and all parts necessary to get
‘Cookbook Clock Pulses.’

PARASITIC ENGINEERING

PO BOX 6314 ALBANY CA 94706

AT LAST...

A CASSETTE DECK
THAT YOUR MINI CAN
CONTROL for only $209

the Data Dek DD-100
features

¢ Remote Control of all Functions
e Photo Cell Sensing for End-of-Tape

e Photo Cell Sensing for Data Block /
Location ,(g&\‘
e 1000's of Decks Already in Use i

in Industrial Applications
e Power Requirement —
115/230VAC 50/60 Hz
e Quiet Reliable Operation
e Full Solenoid Operation
e Mounting Cabinet

optional ' //@%
e Complete with 78

Heads /,<<<‘ o
® Motion 80 &R

i y
Sensing 7 EssI P.0. Box 854. Hicksville, N.Y. 11802
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BOOK REVIEW

An Introduction to Microcomputers, Adam

Osborne & Associates, Inc, 2950 7th St
Berkeley CA 94710, (415) 548-2805, $7.50.

This is an excellent book, useful for both
neophytes and experienced electronics
designers or programmers (I am the latter).
It focuses on instruction sets possible and
available, as well as external logic system
considerations. About a third of this 406
page book is devoted to detailed, objective
examination of six microcomputers: the
Fairchild F8, National PACE and SC/MP,
Intel 8080, Motorola 6800, Rockwell PPS-§,
and Signetics 2650.

The first two chapters (16 pages) contain
some computer history and background on
binary arithmetic and logical operations.
This is standard material, such as two’s
complement arithmetic, De Morgan’s
theorem, etc. The next chapter (22 pages)
explains memory organization and address-
ing, with differences between ROM and
RAM usage mentioned. It also discusses how
memory data is interpreted: as a binary or
BCD number for single and multibyte opera-
tions, as a character code, or as an instruc-
tion code.

Having covered the fundamentals, the
next chapter (65 pages) is devoted to the
generalized microcomputer itself — its archi-
tecture, control, and timing. The various
internal elements are described, such as
accumulators, program counter, other
specialized registers, the arithmetic/logic
unit, and status flags. Throughout the book,
many examples are used to clarify explana-
tions; for example, two pages show the
various ways overflow status is usually gen-
erated. Next the basic fetch/execute CPU
cycle is shown, with sample timing diagrams
related to an illustrative chip pinout. This
section is treating that mysterious boundary

76

between hardware and software. Exactly
how instructions are executed is treated in
detail with 15 pages on the micro
programming of register transfer sequences.

The last two generalized chapters delve
further into system hardware {49 pp) and
programming (106 pp). The hardware chap-
ter starts with more on RAM and ROM
interfacing, using some hypothetical bus
systems. Most of this section deals with
input/output operations. Interrupt proc-
essing and direct memory access operations
are discussed extensively. Frequent use is
made of illustrative timing diagrams and chip
interconnections; however, actual 1O devices
(displays, cassettes, etc.) are never men-
tioned. A brief discussion of serial 10 con-
cludes the chapter.

The programming chapter creates a hypo-
thetical instruction set, explaining the
rationale for various addressing modes and
instruction operations. It starts with an
introduction to programming and assembly
fanguage. One word of warning here: The
authors view microcomputers more as
replacing hard logic than as super cheap
general purpose computers. They view
“minicomputer” and  “‘microcomputer’
instruction sets in this light. However,
hobbyists frequently are interested in
running many different programs, and in
ease of programming, which aren’t impor-
tant in systems implementing logic for indus
trial controls or washing machines. For
example, many instruction sets assume the
program resides in ROM, although hobbyist
programs are more often in RAM, There are
other, more subtle distinctions. Subroutine
argument passing, and the ability to address
memory based on full 16 bit pointers in
registers or indirectly in RAM, are very
important in general purpose systems. Still,
this chapter is valuable when specific micro-
computers are discussed. Common termi-









IO Strobes for the Altair 8800

Figure 1 shows a simple way to generate

eight 10 strobes for an 8080 based micro-
computer system. It uses only four inte-
grated circuits and is shown with the MITS

Altair signal

names and connector pins

for the input signals. When the SOUT signal
is active high, the 7442 is steered to the
lower output strobe codes (0, 1, 2 and 3)
and the PWR signal generates one of the out-

ALTAIR 8800
PIN MNEMONIC

46

45

79

80

SINP 1 2

74L04 ICI IC2a

74L10

put strobes when it hits pin 12 of the 7442,
For inputs, the SINP signal is active high and
SOUT is low, so that the 7442 is steered to

John M Schulein
1186 Arlington Ln
San Jose CA 95129

the higher input strobe codes (4, 5, 6 and 7).
When the PDBIN signal hits pin 12 of the
7442, an input strobe is generated. The 8131
integrated circuit is a comparator that is con-
figured with six jumpers to select a group of
four 10 ports. Note that the selected four 1O
ports are contiguous and start at 0, 4, 8, C,
10, etc. (Hex), depending upon the binary

coding of the six 8131 jumpers.m

SOUT %4 13

20 o>oc.

Al SD‘(&

8131 | 22K
g1 o—22 g, Tl
31 0—23 3lps T2 -“—c\;_‘ 13
30 0—22%  Sigs Ry :
—o—¢ | JUMPERS
20 A3 154 T4 —<\Io e SELECT
g2 086 13l rs]2 P & O ORI
g3 0o A7 15gg relie o o 4
OUT STROBE i
T ”
COMPARATOR

7442
oL o053 Figure 1: How to generate
s | i 052 SgLT)sUT four Altair 8800 oqtput
A 2p2—eosi STRoBES strobes ang’ four input
. 3jo=—e0s0] 1T strobes using four inte-
| . .
B grated circuits.
INPUT = | 13 c 5
OUTPUT-0 P13 ik
5 p=—e1s2| FOOR
7 u
6ps—=151 [ STROBES
2l 7p2—w150) W
IC2¢
11y 74LI0
10 8
2 9 w
74L04 POWER CONNECTIONS
I +5v  GND
74L04 14 7
74L10 14 7
7442 16 8
8131 16 8

Solid State Music Memory Products
MB-1 Memory Board

Mk-8 Board. Can be adapted to F-8, 6800,
8080 & other systems. 86 pin connector
req. 4Kx8 static, 1 microsec.

PCBoardonly .....oovviveeans $22.00
Complete Kit .....ivevennnnn $109.00
Edge Connector ............... $3.00

MB-2 Memory Board

Altair 8800 compatible, address & wait on
board DIP switches, 4Kx8 static 1 usec
PCBOard...vovivvecennaanens $22.00

10-1 1/0 Universal Board

8 bit parallel input & output ports,
common address decoding jumped select-
ed, one address for 8800 front panel sense
switch, 40 uncommitted sockets, plug
compatible with 8800.

PC Board...... e $22.00

10-2 1/O Prom & Universal Board
1/O for 8800, two port committed, pads
for three more, other pads of UART,

EROM, etc.
PCBoard......ioovvvenancans $22.00
Complete Kit ..........c000u $47.00

ICs at competitive prices (Please send for
current price list)

7AXXX T74LXX 748XX 74CXX 4XXX
National 8XXX, MOS & Linears

Signetics 8XXX, MOS & Linears

Memory ICs
2102s | 8 | 64 | 128
1us $16 $112 $192
.65 us $18 $128 $224
Sus $20 $144 $256
1702AEROMS . .....ovvv vt $7.50
Programming............00u.. $5.00
2101 Lo $5.00
8212 ........ e reeenen erea $4.00

Future Products
8Kx8 Altair memory board
Altair compatible mother board
64 char per line video board

80C97 ... it $1.50
8T97 ..t $2.40
N8263............. ...t $4.50
N8267 ......ccvvvivivnnnn $2.00
MMB262 ............. . $3.00
5320 ... ... .0l . . $4.00

Check or money order only. Calif.
residents 6% tax. All orders postpaid
in US by UPS or 1st Class Mail. All
devices tested prior to sale, Money
back 30 day Guarantee. $10 min,
order. Prices subject to change
without notice.

MIKOS

419 Portofino Dr.
San Carlos, Calif. 94070

See: Proko San Luis Obispo, CA
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A Perfect Balance...

in the World of
Computers

® For the Layman

® For the
Experienced

® For the
Professional

A
MONTHLY
PUBLICATION

¢ If you've been
looking for a
publication that
personally addresses you

¢ That understands the real life
problems of home computer support

e Have you been alone as a
home computerist?

¢ Have you wanted to learn more
about home computing?

¢ Do you want to buy your equipment
¢ A publication that communicates your and parts at group rates?

expression & feelings world wide e Do you want help in solving your

THEN STOP LOOKING —
YOU'VE JUST FOUND IT.
INTERFACE — $1.50 per copy at your

computing problems?

THEN JOIN THE SOUTHERN
CALIFORNIA COMPUTER SOCIETY

local electronics or computer store —
if he doesn’t have it, tell him to get it.

THE SUPER BENEFIT

JOIN THE SOUTHERN CALIFORNIA COMPUTER SOCIETY
AND RECEIVE “INTERFACE"” FREE.

DEAR BYTE READER:

. . . MEMBERSHIP FORM
Our purpose is to support the home computerist. To : SOUTHERN CALIFORNIA COMPUTER SOCIETY
accomplish this we want to reach as far and wide as : P.0.BOX 3123  LOS ANGELES, CALIF. 90051
the postal service will allow. It makes no difference : NAME

if you grow potatoes in Idaho, manufacture cars in

Detroit, chase cows and oil wells in Texas, or simply : ADDRESS
enjoy retirement in Florida. You are invited to : CITY
become a member of SCCS, a reader of INTERFACE : STATE ZIP
and a member of that rapidly growing community : HOME PHONE ( )
of people who are discovering home computing.
BUSINESS PHONE ( )

ART CHILDS )
Editor — INTERFACE DUES: $10.00/YEAR PLEASE PRINT PLAINLY

MAKE CHECK PAYABLE TO: SOUTHERN CALIFORNIA COMPUTER SOCIETY



F8 MICROPROCESSOR KIT
WE'VE GOT THE F8 MICROPROCESSOR KIT, ONE

OF THE MOST ADVANCED MCU SYSTEMS ON THE
MARKET TODAY FOR ONLY $1 79 00

VIDEO CAMERA KIT

A UNIQUE ALL soLID STATE CAMERAKIT
FEATURING A...100X 100 BIT
SELF SCANNING CHARGED ,T;,;;;';;;".gcg‘;:gg”“wwm"“'h-
COUPLED DEVICE 1) Driven by & +5 4net +17 volt power supply

2) Two PO ports on the CPU chip. and ROM,
making 32 bidirectional hnies
MAY BE USED J) 64 bylas of fast RAM scralchpad built into the

INCLUDES THE FOLLOWING WITH AMATEUR CPU chip

UNIQUE FEATURES. . . RADIO FOR VIDEQ 4 :\|gu|"h'9mc‘:=|?jch generator and power-on resel bult
FOUND IN FAR MORE 5) A pfogvammﬂbla internal imer buil nto the ROM chip
EXPENSIVE CAMERAS USED FOR CHARAC- ) 0% of the instrucions are 1 byte

IF AVAILABLE TER RECOQNITION 7} VTLLO compatibiity

8} consumes lass than 300mw of power per chip
® Lowvotace supryion FOR COMPUTERS 8} Alocal inferrupl wilh automatc adress vecior
BATTERIES) + 5 AND 2 15 VOLT:

WITH EXTERNAL 10} expandable lo 64K byles (2102-2'a} of memory
@ SENSITIVE TOINFRARED AS

CIRCUITS The F8 Kit has snough parts and mstruchons to demon-
F ature s WELL AS VISIBLE LIGHT strate microprocessor programs up to 1K byte. and fo
@ MAY BE USEQ FOR IR
SURVEILLANCE WITH AN IR

SOLID
STATE

SALES

MAY BE USED IN debug those programs

A VACUUM, UN- We supply

DER WATER, HIGH t- 3850 CPU
LIGHT SOURCE ALTITUDE, AND 0 0 1. 3851A FAIR BUG programmed storage
EXCELLENT FOR STANDARD IN MAGNETIC uni provdes ihe programmar with s
SURVEILLANCE WORK BECAUSE ENVIRONMENT [ voront -{ vorcar ] 115 0 subroutine ~ and allows ihe pro-
i wheivipked N NN o gramme to display or alter memory
S e e and register conlents via a felelype

IS NO HIGH gemuEn
ALL COMPONENTS MOUNTED
ON TWO PARALLEL 3" X 8°
SINGLE SIDED BOARDS TOTAL

ferminat
VOLTAGE OR - 3853 Statc memory mierface
2-2
WEIGHT UNDER 2 LBS
MAY BE WIRED BY PERSON

C
MAGNETIC BINAAY & DECIMAL - 20
DEFLECTION WASTER CLOCK Plus CMOS gates and butters. PC card.
nstruchon manuals, programming
WITH SOME TECHNICAL
EXPERIENCE IN 4-8 HAS

guide and ime sharing guide

WE SUPPLY ALL WBIT DATA BUS r 5CONTROL LINES

SEMICONDUGTORS,
BOARDS, DATA SHEETS,
DIAGRAMS. RESISTORS Rou
AND CAPACITORS Inaniars

T NTEARUBT Lever
SORRY WE DO NOT SUPPLY PRl
THE CASE BATTERIES ADDGESSSVACK l Pomzn
QR SUPPLY) THE LENSE
INOT SUPPLIED} DEPENDS
UPON THE USE

SPECIAL PURPOSE
TRANSISTORS

MEMOAY INTERFACE ()

SUPER UNBELIEVABLE

ONLY ’22500

ADD $2 00 POSTAQE ANG HANDLING PLUS $8 0C FOR ALL K& SOCKETS
(Optionat)

TRANSISTOR SPECIALS
2N3585 NPN S1T70-66 s
2N3772NPNSITO-3 P 1
2N4901 PNP SiTO-3. 0 8
2N5086 PNP SiTO-92...... ...4/8$
2N4898 PNP TO-66 .o .8
2N404 PNP GE TO-5 . B8
2N3919NPNSITO-3RF. ... $
MPSA13INPN SITO-92 ..
2N3767 NPNSIiTO-66 ..

DATAPOMNTER

INTEGRATED CIRCUITS

CIMOS {DIODE CLAMPED)
C02. 4013~ 45  4028— .
1. . 4015—-1.24

4017-1.15
4018-1.24

4019— .50
4022-1.24

3 4023~ 24

: . 4025~ .24

38 4026-1.90

INTEL 8080 CPU $3
8008 8 BIT MICRO PROCESSING CH!P
{with Data Book) $1
2102-2 1024 BT RAM. . Coe
5202A UV PROM A
MM5203 UV PROM
1702A UV PROM $12 50
5204-4K PROM . $2495
MINATURE MULTI.TURN TRIM POTS 100, 500

$ 295
....$1250
.. $1250

HARDWARE

+
P.C. SOCKETS

SILICON POWER
RECTIFIERS

'5K. 10K, 25K, SO0K. 100K, 200K

$.75 0a, 3132.00

MULTITURN TRIM POTS Similar to Boums

3010 style %, * x %" x 1% ”; 50, 100,

10.000 ohms

$1.50 ea.

L GH‘I’ ACTWATED SCR's
0-1

3/$4.00

ARD 1.4

5/$2.20
VECTOR BOARD 1 * SPACING
45" x6 5° SHEET

4 WATT IR LASER DIODE

2N 5‘57 N FET

2N 4891 UJT

NS 43 UWJT

ER 900 TRIGGER DIODES
2N 6028 PROG WJT

VERIPAX PC BOARD

$ .35
41$1.00
$ .85

2N2222 NPN Si TO-18

581 24 4027- 85

2N3OS5NPNSITO3 . ...

2N3904 NPNSITO-92 . ... ..5/81
2N3306 PNP S1 T0-92 5/$1
2N5296 NPN S170-220 .8
2N6109 PNP S 10-220 .8
2N3866 NPN 1 T0-5 s
2N23638 NPN S TO-5 5/$1
2NBS1TNPNTO-925 . .. .. _3/%1 Q0

TANTULUM CAPACITORS

22UF 35V 5/$1 00
A7UF 35V 5/81 00
68UF 35V 5/81 00
JUF 35V 5/$1.00
4.7UF 35V 4/$1.00

6 BUF 35v  3/$1.00
33UF 25V § 40
30UF 6V $/$1 00
150UF 20V $ 50

CT7001 ALARM CLOCK CHIP . $575
FPA 711-7 LEVEL Diode Amay ODIK:II
Tape Readers 35

MM1402—3 20
MM1403—3 20

MMS5057 —4 00
MMS5058-—4 95

FND 503-
HP 7740

CD 110 LINEAR 256 Xi BIT SELF

SCANNING CHARGED COUPLED
E . $125,00

SANKEN, AUDIO POWER AMPS

Si1010G 10 WATTS 38

$) 1020 G 20 WATTS .

SI1050G 50 WATTS ______ $24.85

LINEAR CIRCUITS
LM 309K 5V 1AREGULATOR .
723 — 40 + 40V REGULATOR

ZENERS

This board 18 8 %" single sided pa-
per epoxy board, 4% x 6'%4°,
DRILLED and ETCHED which will
hold up lo 21 single 14 pin IC's or
8. 16. or LSI DIP IC’s with busses
for power supply connector $5.25
MV 5691 YELLOW-GREEN
BIPOLARLED Lo 8128
MT-2 PHOTO TRANS $ .60
RED. YELLOW, GREEN OR
AMBER LARGE LED's
14 PIN DIP SOCKETS
16 PIN DIP SOCKETS $ .38
MOLEX PINS 100/$1.00
1000/$8.00

8 PIN MINI DIP SOCKETS $.30
10PINTO-5 TEFLON PC SOCKETS § 80
TOWATT ZENERS 3 9,4 7.

12.18 OR 22V o3 60
1 WATT ZENERS 4 7,5 6,10, 12,
15,18 OR 22V

Sllicon Power Rectifle:

301/748-HiPar Op Amp

3207 5.12.15. OR 24V
NEGATIVE REG

741A 00 741C OP AMP

709c OPER AMP

307 OP AMP

CA 3047 HIPERF OP AMP

CA 3089 FMIF SYSTEM

340T7-5.8 12,15, 18, 24VPOS
REG T0O-220

101 OPER AMP HIPEAFORM

LM 308 Oper Amp . Low Power

747 — DUAL 741

556 — DUAL TIMER

537 — PRECISION OP AMP

540-70W POWER DRIVER

LM 3900 — QUAD OP AMP

LM 324 — QUAD 741

560 — PHASE LOCK LOOP

561 — PHASE LOCK LOOP

565 — PHASE LOCK LOOP

566 FUNCTION GEN

567 — TONE DECODER

LM 1310N FM STEREQ DEMOD

8038 IC VOLTAGE CONT OSC

LM370 — AGC SQUELCH AMP

556 — 2 ys — 2 HR TIMER

653 QUAD TIMER

FCD 810 OPTO-ISOLATOR

1458 DUAL OP AMP

LM 380 — 2w AUDIO AMP

LM 377 — 2W Stereo Audio Amp

LM 381 — STEREQ PREAMP

LM 382 — DUAL AUDIQ PREAMP

LM 311 —~HIPER COMPARATOR

LM 319 — Dual Hi Sperd Comp

MM1404—2 50
MM5013—7 75
MMS016—3 50
MM5017—4 75
MM5055—4 00 MM5210—1

MM5056—4 00 MM5280—2 95

TTL IC SERIES
L

MM5060—4 95
MM5061—4 30
MM5555—8 25
MM5556—8 25

5

TRIACS

74L00—
7400—
7401—

7476—
7480—
7483—
7485—1
7486—
7490—
7491~
7492—
7493—
7495—
7496—
74107—
74121 —
74123—
74125—
74126—
PRY 1A 3A_ 12A 50A 125A 74150—
100068 14 30 R ;4:51‘,-
LIGHT EMITTING 200 077038
_400 09 25 s5O__ 741551
600 11 3070

~oby 11 a0 .70 180 890 74157—

DIODES o H i iy S Taei

45 110 275 74164—1

REGULATED MODULAR N+

POWER SUPPLIES 74175—

+ - 15VDC AT 100ma 74177 —
115VAC INPUT

4 1—. - PARATOR
5VDC AT 1A, 115VAG INPUT M-S LM 239 — OUSD COM S
12V 5A

TRIACS
/ FGTA 741931, PRV 1A 10A 25A 15A BA
SPECIAL IN4148 (NST4} raroa—ts [V 10 198 8%
NEC 6003 2048 bit RAM
PURCHASE
ITEMS

.3 .20
$ .35

$24.95
$24.95
$24.95

74196— 200 70110175 60
1101 256 bit RAM 75324—1 400 110 160 260100

7489 RAM $2. 75491—1 600 Kl 70 230360 1 50 3 00
7 POLE 1 THROW TO-5 MINATURE Send 20¢ tor our catalog featuring
ROTARY SWITCH

Tranststors and Rectifiers
5-30V LOW CURRENT 145 Hampshire St Cambridge. Mass

7474
7475— 49
ALCO MINATURE TOGGLE SWITCHES
MTA 106 SPDT . $1.
MTA 208 DPDT $1. 70

SOLID STATE SALES WE SHIP OVER 35%

P.O.BOX 74B OF QUR ORDERS THE
SOMERVILLE, MASS, 02143 TEL. {617} 547.4005 DAY WE RECEIVE THEM

Terms: FOB Cambridge, Mass,
Send Check or Money Ordar.
Inctude Postag.e Minimum
Order $5.00, COD'S $20.00
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NEWS FROM THE TRADE:
MITS, POLYMORPHIC

MITS has outgrown its facilities again and
has moved to larger quarters. Their new
address is 2450 Alamo SE, Albuquerque NM
87106. The Altair convention is reported
coming along extremely well, with thou-
sands of people planning to attend. The
dates are March 27 and 28 and late
registrations may be made by calling Barbara
Simms at MITS, (505) 262-1951.

Polymorphic Systems has also outgrown
its old facility and has moved to 737 So
Kellogg, Goleta CA 93017 (mailing address:
PO Box 2207, Golcta CA 93018). Richard
Peterson reports that their vidco board is
doing well and they have just come out with

Altair

a small
microprocessor (see ad page 73).

The Micro-Altair, shown here, uses an
8080 chip and Altair-compatible backplane.
The standard configuration includes a CPU

two board, compatible

board with 512 bytes RAM, operating
system ROM and space for more ROM,
video interface board, backplane with power
supply and the cabinetry shown. Price of the
system is $582 with a special introductory
offer of $475 through the ldes of March
(March 15 1976).

NEW from CELDAT:

WARNING: Our Hardware -
Assemblers are DANGERQUS! ~veed biusarint copies of originals which

Y ou can get hooked on the graphics display card by Jim Hogenson
{Oct. BYTE), for example ~ it is so much fun that this user produced:

are crisp and clear?
— want to try making your own P.C. boards?
— want sepias, pressure-sensitive labels, etc.?

BUT — don’t want to spend the $300, $500,
$1000 and up for a big copier (and the
motorized ones won't do those P.C. cards

1l AT LAST there is a copier for YOU — the

COPYDAT | and COPYDAT |l. Oh, they
are just a bit slower than the big machines
(copies take 1-1/2 to 2-1/2 minutes from
start to finish) — but you can‘t beat the
price and it doesn’t take up your whole
office or lab.

The most amazing thing about the
COPYDATSs is the print quality. We used a
very detailed engine drawing for a demon-
stration — and the COPYDAT print faith-
fully reproduced every line and shading and
was the equal of an expensive professional
copy. {That engineer, incidentally, now uses
a COPYDAT.)

Or take the 4 x 8 memory matrix card — with this it is so easy and
inexpensive to add static RAM to your custom system that you'll want
more, and more, . . . . and more. And with our prototyping card those
subassemblies wire up in a snap — our card offers the most area for the
price of any predrilled board now sold.

Check us out today — and watch for some exciting new products soon
to be released — but beware: it COULD be habit-forming!

CELDAT DESIGN ASSOCIATES
P.O. Box 752
Amherst, N. H, 03031

84

Copydat I $149.95

for prints up to B size (12" x 18") plus freight
Copydat II $199.95
for prints up to D size (24 x 36") plus freight

Developing tube for | and 1l — $20.00 plus freight

We supply paper, etc., too. Write today for details! Would you like a
sample copy of your most difficult print? Send it along — or just
write for a copy of that engine drawing and we'll rush one off ASAP.



SO0S0 SOFTWARE BOARD

28%ALTAIR 8800 Aanp IMSAI PLUG-IN COMPATIBLE. #%£Gives you EDITOR, ASSEMBLER, AND MONITOR ROUTINES IN

A MEMORY THAT DOESN'T FORGET -- THANKS TO OUR PRE-PROGRAMMED EROMs, #¥¥ALLOWS FOR CHANGE: BECAUSE THIS
1s EROM RATHER THAN MASK, CHANGES CAN BE MADE AT WILL IN THE SOFTWARE...THE BOARD DOESN'T BECOME OBSO-
LETE AS YOUR SYSTEM GOES THROUGH CHANGES. ¥¥®THE cosT 1s $159.95 FOR THE BOARD, PARTS, SOCKETS FOR ALL
ICS, REGULATORS, SOURCE LISTING, INSTRUCTIONS, ETC. BER2ALso: SOURCE LISTING ALONE AVAILABLE FOR $2.95.

B YOU MAY PLACE MASTERCHARGE® OR BANKAMERICARD® ORDERS BY CALLING, 24 HOURS A DAY,
(415) 357-7007
TERMS: ADD 50¢ TO ORDERS UNDER $10. ADD SHIPPING WHERE INDICATED; OTHERWISE,

BILL GODBOUT ELECTRONICS ITEMS SHIPPED POSTPAID. CAL RES ADD TAX. NO COD---1T'S TOO MUCH PAPERWORK!
BOX 2355, OAKLAND AIRPORT, CA 94614

CHERRY Switches PUSHBUTTON
and keviops  swirches 10000 uF at 10U}
VFORS100 §1.25 it o

MOMENTARY

NAKED RAM
Ak x8 $7995

Cherry Stock
Number
M61-100

THE LIST PRICE OF THESE QUALITY DATA
ENTRY SWITCHES IS #$1.25 EACH---BUT OUR

PRICE: 5/41.00 {WITHOUT KEYTOPS}.  IF 39»{ tantalums

YOU'D LIKE SWITCHES WITH KEYTOPS. THE
PRICE IS 5/%L.2535 BUT WE ONLY HAVE A

LINITED NUMBER OF KEYTOPS. AND CANNOT for bypassmg

GIVE CHOICE OF LEGEND. HOWEVER. THIS

SWITCH IS COMPATIBLE WITH MANY COMMER- /m_
CIALLY AVAILABLE KEYTOPS. HERE'S YOUR

CHANCE TO STOCK UP ON SOME SMOOTH AND

THIS GENERAL PURPOSE BOARD IS DESIGNED SPECIFI-
cALLY FOR JOLT SYSTEMS, BUT IS EQUALLY APPLICA-
BLE TO OTHER Bl - DIRECTIONAL BUSS SYSTEMS, IF
YOU DON'T NEED THE ON BOARD REGULATION OR BUF-
FERS OF OUR “BIGGER BROTHER” 4K x 8 BOARD, THEN

THIS IS THE WAY TO IMPLEMENT COST - EFFECTIVE
MEMORY. LOW POWER --- UNDER 750 MA. SAME SIZE

RELIABLE SPST PUSHBUTTON SWITCHES AT A
SUPER SPECIAL PRICE- 4 for $]OO AS JOLT RAM CARD; WITH INSTRUCTIONS.

micro-
. computer
power

supply
$44.95

5 VOLTS---5 AMPS
+12 VOLTS---% AMP

-12 VOLTS---% AMP

-=-AND ONE ADJUSTABLE
NEGATIVE BIAS SUPPLY

?1L02

Low Power
NMOS static
1K RAMS

Ideal for systems built around 8008, 8080, PACE,
7 6800, 6502 and other CPUs---with enough left over to
© power up to 16K bytes of RAM. Same size as JOLT sup-
: ply. Just about goof proof, too; includes crowbar

i overvoltage protection on +5V & FOLDBACK current limit-
i ing =--- regulation on the 5 volt supply is guaranteed
i better than 1% with line and load variations. A TOP

QUALITY COMPUTER SUPPLY...INCLUDES CHASSIS AND ALL
HARDWARE, but less line cord. For 117 VAC, 60 Hz.

PLEASE ADD SHIPPING FOR 8 LBS.

WHILE THEY
LAST!

SPECIAL!
$2.35










ATTENTION All Ye Alice Freaks and Other Lovers of Logical Systems. Here is
documented evidence that Lewis Carroll would have read BYTE had he lived in
1976:
And as in uffish thought he stood,
JABBERWOCKY. The Jabberwock, with eyes of flame,

Came whiffling through the tulgey wood,
And burbled as it came!

*Twas brillig, and the slithy toves One, two! One, two! And through and through
Did gyre and gimble in the wabe; The vorpal blade went snicker-snack!
All mimsy were the borogoves, He left it dead, and with its head
And the mome raths outgrabe. He went galumphing back.
“Beware the Jabberwock, my son! “And hast thou slain the Jabberwock?
The jaws that BYTE, the claws that catch! Come to my arms, my beamish boy!
Beware the Jubjub bird, and shun O frabjous day! Callooh! Callay!”
The frumious Bandersnatch!” He chortled in his joy.
He took his vorpal sword in hand: *Twas brillig, and the slithy toves
Long time the manxome foe he sought— Did gyre and gimble in the wabe;
So rested he by the Tumtum tree, All mimsy were the borogoves,
And stood awhile in thought. And the mome raths outgrabe.

Don’t miss out on all the fun and high quality information which is found in
every issue of BYTE. Subscribe today. Join the tea party and have a BYTE to eat.

f

| Name . e L NaME o |
: Address ... . i e e et e : AdAress ... i et i ettt :
| City v et ittt e e nan State. ... .iii Zip....... l City i et e e State, ... . Zip...o.ns |
| DBILL ME OCheck for $12 enclosed | OBILL ME UOCheck for $12 enclosed [
| O Bill BankAmericard or MasterCharge % .. .......... | O Bill BankAmericard or MasterCharge # ............ |
| | I
e e e — e e — e — e — e e — — e — — — — —_— e, — e — — e — — e — e _——— — o — — — — -l

® BYTE @ 70 Main St ® Peterborough NH 03458

Altow six weeks for processing.
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Clubs and Newsletters

Thave always w
lor 3 magazne
12 years ol ¥
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Mike and Key Amateur Radio Club

The Mike and Key Radio Club, Secattle
WA, has had information and activitics
related to microprocessors. The March 6
mecting included demonstrations of systems
by four members using various Teletype
models and CRT terminals. For more infor-
mation, contact Bill Balzarini, K7MWC, al
RO-2-7738.

Chess Interest?

j P Summerville, 2822 S Moreland,
Apt 3, Cleveland OH 44120 (216) 921-1103,
is interested in correspondence with other
individuals engaged in aclivitics related to
programming of Chess automatons.

Little Rock Club Activities?

David W Davis, Rt 7 Box 5068-10,
Benton AR, isinterested in starting a club in
the Little Rock arca. David wants 1o meet
other individuals  with similar  interests
(microcomputers and amateur radio) and
would like 1o share cquipment and expe-
riences.

St Petersburg FL Club Activity?

Allen Swann, 2510 Oak Trail S, Clearwa-
ter FL 33516, wants to help get a computer
club started in the St Petersburg area. He can
be reached by phone at (813)535-4194.

The Micro-8 Computer User Group
Newsletter

Hal Singer and John Craig continue to
put out an excellent compendium of reader
supplicd information in the Micro-8 news-
letter. As April BYTE gocs to press in late
January, we received the Volume 2 Number
1 issue. Hal and John have one of the oldest
hobbyist newsletters with a true micro-
computer orientation, started soon after the
landmark 1974 article in Radio Electronics
which described an 8008 processor available
in an extremely economical format, the
Mark 8.

90 .

The format of the Micro-8 is largely
oriented to making available copies of cam-
era ready materials sent in by readers and
friends. The current issue (dated January
11), for instance, includes some notes by
John Craig, letters from users of various
systems, names and addresses of individuals
interested in contacting others, frank com-
ments about gripes and grievances, technical
comments, diagrams and programs for vari-
ous systems, etc. You'll find out best about
what’s in it by subscribing to this pioncer
ncwsletler, at $6 for 6 issues. Back issue sets
arc also availabie: Volume 1, 1 through 4, is
$3.50; Volume 1, 5 through 12, is $6. Send
1o:

Micro-8  Computer  User
Newslelter

John Craig and Hal Singer, Editors
Cabrillo Computer Center

4350 Constellation Rd

Lompoc CA 93436

Group

Tallahassec Amateur Computer Society

BYTE reccived a copy of the Tallahassce
Amatcur  Computer Society Newsletter,
Volume 1 Number 0 (December 1975). This
was a onc sheet preliminary edition of the
TACS Newsletter. TACS is a group of people
interested in computers as a hobby. Mcetings
are biweekly on Saturdays from 2:00 to
5:00 PM. Anyone with an interest or infor-
mation to contribute in arcas of hardware,
soltware and applications of these wonderful
machines is urged to attend.

There arc varying levels of expertise
among members. Scveral members are pro-
fessional  programmers or electronics en-
gincers. Some members arc new to both
arcas. A few members arc constructing their
own microcomputer systems al home or at
work. Use of test cquipment and consulting
is available on a limited basis.

Onc function of the group is a stockpiling
of pertinent information. A small reference
library has been started, and items are
available to all members for short term loan
or copying. At present this includes several
hobbyist magazines; detailed information on
Intcl 8080 systems, Motorola 6800 systems,
and various interface and accessory units; a
book of techniques for programming 8 bit
micro systems; a programmed course in
microcomputer architecture; and various
works on writing cditors, assemblers and
compilers. Anyonc with materials to con-
tribute to this collection is encouraged to
contact the group librarian, Larry Hughes.

Another function of the group is to share
information and techniques via seminars or
tutorials. So far, topics have been pro-
gramming an 8080 based system, reading a
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AR
Series 1750, 1751

Display Mounting Hardware

INSTALLED VIEWING SCREEN

SERIES 1750
1.000
uﬁn [ v ; (zslm)
INSTALLED VIEWING SCREEN /
SERIES 1751 / /
" < | L
12489 ml\m

Molded socket block accepts standard 7 segment LED read-
outs with ,3" row spacing. Pins are .65" long wira wrap
type. Bezel and socket block are black molded plastic with
viewing screen available in red, omber, or smoky neutral,
circulorly polarized for glare reduction. Unique mounting
system is self fastening to panel cutout. Two sizes avall-
able, 1750 series for use with up to .4" high readouts,
1751 series for use with up to 1" high readouts,
IMPORTANT! Last 2 digits of part numbers shown below /
denotes number of readout pasitions. (specify screen color)
1750-04,..57,00  1750-06...89.00 1750-08..$11.00
1751-04...97.27  1751-06...39.31 1751-08..%11,34

MINIATURE ROCKER DIP SWITCHES

Dual in-line SPST switch arrays for P.C, mounting. Spring

loaded sliding ball contact system for positive, tease proof

contact, Comes in contact arrangements from 4 to 10 per

puck. Fits standard DIP sockets. Lost two digits of stock

number indicate number of switches,
DIS-76-B04.00eacannes
DIS-76-B06,u00aes
DIS-76-B07 caacacsss
DIS-76-B08.......
DIS-76-B10.4.ese.

IC SOCKETS - HIGHEST QUALITY! 1
PC Mount....Solder Tall
Skt-0802.,8 pin.,10/$2.25 Skt-1402. .14 pin..10/52,40
Sk1-1602. .16 pin.10/$2,70 §5kt-1802..18 pin..10/$4,25
Skt-2202..22 pin.,10/$5,50 §5kr-2402, .24 pin. .10/$6.00
WIRE WRAP TAILS
Ski~1400, .14 pin. 10/34.50[ Skt-1600. .16 pin, ,10/$5.00-

1M8100 CPU. Intersils' 12 Bit CMOS CPU chip
is the mi. which the

fomous PDPB/E Instruction set, Single

power supply, 4-7V @ 400 microomps.

Now, a new low price.cessasscsenss /
Full data packet.ceeseenss

e

LM317 Voltage Regulater, 1.5A, 3 terminal adjustable
regulator in TO-3 case. Adusts from +1.2V to +37V.,
Complete overload pr H 1% load regulation,
.om/v line muldlon. No need to stack amorted reg-
viatars- just stock Melstont. ceessserassonvascesses$4.99

MC 14412 UNIVERSAL MODEM CHIP

MC14412 ins o FSK modul ond d d
ulator compatible with foralgn and USA communications.
{0-600 BPS)
FEATURES:

«On chip crystal osclliator

. Echo suppressor disable tone generator
Originate and answer modes

. Simplex, half-duplex, and full duplex operation
.On ¢hlp sine wave

. Modem self test mode

.Selectable data rates: 0-200
0-300
0-600
. Single supply

VDD=4,75 to 15VDC - FL suffix
VDD=4.75 to 6 VDC ~VL sufflx
TYPICAL APPLICATIONS:
.Stond alone - low speed modems
+Built - in low speed modems
.Remote terminals, accoustic
MCT4412FL .40
MCI4412V0ee0eannne

couplers

MC14411 Bit Rate Gomrahr Single d\lp ic
generating sslectable f for

In data communlcations such as TTY, prlnhn,

CRTs or microprocessors. Generates 14 dif-

ferent stondard bit rates which ore multiplied /4
under external control to 1X, 8X, 16X or 44X initial
volue, Operctes from single +5V supply.

4 pages of dotOssesssseccsssscrsoncisassesocsssodOé

Crystal for the cbove. .

ARP I ARIGIY
o0y

WHY EXPOSE YOUR BODY TO THE ELEMENTS?
AVOID GETTING SOAKED BY HIGH PRICES
AND MAILING FEES. SAVE TIME, MONEY,
GAS AND COLD REMEDIES. BRIGHTEN UP
YOUR DAY, SHOP THE TRI-TEK WAYI]|

Al
RGA

GOLD CHIP

Linear Integrated Circuits

uf"

Brand new process by RCA in which the aluminum metalization
has been replaced by gold. The chip is then hermetically seal~
od, What this means to you is unprecedented rellabliity and
uniformity, Plastic parts that meet mil specs! |

Tri-Tek is proud to be the first to bring this new level of per-
formance to you ot SURPLUS PRICES., Why buy regrades?? ?

CA301A. .Improved, general purpose op-omp,8 pin dip .. 5%
CA307. ..Super 741 op-amp. B pindip ccseese
CA324, ..Compensated quad op-amp, 14 pin dip ..
CA339A. .Low offset quad comporator, 14 pin dip +... $1.59
CA741C. .Famous general purpase op-amp, 8 pin dip .. . 45¢
CA747C, .General purpose dual op~amp, 14 pindip .. ..82¢
CA748C, ,Externclly compensated 741, 8 pin dipecsese..49¢
CA1458, , General purpose dual op-amp., 8 pin dip +.... 69¢
CA3401 ..Quod,iingle supply (5-18V) op amp. 14 pin... 8%¢

Another super buy from RCA. CA555 timer. 8 pin dip ... 59¢

|
8080A

Improved performance version of the popular 8-bit micro-
processor by INTEL..vsuievesssncnesscsnsneeses$39.95

ﬁ|

NSL4944 LED. Current regulated, universal diffused-lens
red LED lomp. A GaAsP solid-state hlgh Intensity LED

tated In a plostic packog g a current reg-
uloﬂng IC that provides constant intensity over o wide volt-
oge range. 2 to 18V, AC or DC, Use for indicator lamps,
optical coupling, battery charging circuits, logic probes,
almost any place you need a lomp. Long life, wide angle,
No series resistor needed. Typical 13mA forword current,
NSL4944, . . .with panel mounting clipseescrneeess 89¢

Miniaturs PC mount rotary switches. Made by
Spectrol. Only 1/2" dia, 3/16" pins for PC
mounting. Top screwdriver adjust,
1 pole, six pasition, 69¢, 1 pole, 10 positiop 98¢

APRIL SPECIALSI !

MC7805, 5V, 1A regulator, house numbered....... 99¢

MK-20 TO-3 mounting kiteveeeeareescnenessa10/82,50
Electrolytic Cap. 500ufd, 50VDC.... 10/$2.17
Minlature CTS PC pots, TKessrsensans 12/ 97¢

Caramlc Base Pot arrays, omorted values. 15/ 99¢

24 Pin DIP socket, gold, solder tall leads, . 10/$3.88
RTL Flip-Flop TO-5 metal can.eeerennnan 10/..99¢
Tronsmitting Mica Copacitor .01ufd, 2.5KV... 5/..99¢
Koll Kord, 4 color coded conductors. 4 feet.. 2/..99¢

Midget Collapsable Antennca, 7" extended.... 3/..99¢
Heat Shrink Tubing 3/B"dio X 2' long, black  4/..99¢

Ferrite Beads. 1/8"X1/8" ditdeseeensecassenes20/..99¢
Computer Grode Cop.. 2/$1.99

100V, 3A epaxy dlodes, Full leads..r.e.ssss. 25/$1.98

1N4148 High spesd signol diode (Itke lN’I‘)..W $1.00

TRI-T€k, InC.

6322 NORTH 43R0 avenue,
glendale, amizona 85301
phone 602 - 931-6949

Plecss odd insurance.

Minimum order $10 US/$15 Foreign In US Funds. All orders postege pold.

Moster Charge and Bank America cards welcame,

($20 minlmum,) Telephone orders may be ploced 11AM to 5PM dally, Mon
theu Fri, Call 602-931-6949, Check reader service card or send stomp
for our lotest flyers pocked with new and surplus electvonic components.



Is your organization list-
ed here? Do you want to
start a local club? BYTE
wants to encourage the
transfer of information to
and among the practition-
ers of the personal infor-
mation systems art. If
your club or organization
is not mentioned here, be
sure to put a member in
charge of sending us the
information on your activ-
ities, if you're interested in
Starting a club, tell us and
we'll help out by printing
your name and address.

paratlel ASCII keyboard, and using a cassette
tape recorder for mass storage (data and/or
programs). Anyone willing to conduct a
session on any topic of interest to the group
is encouraged to contact the group program
director (temporarily Larry Hughes). Some-
one is needed to take on the role of program
director.

For further information on TACS, con-
tact Larry Hughes, home phone 575-4471,
work phone 644-2019, or write him at Rt
14, Box 351-116, Tallahassee FLL 32304,

Meetings arc held in Room 101, Love
Building, Florida State University campus.
Dates for future meetings: March 13, 27,
April 10, 24, May 8, 22, June 5, 19, July 10.

Oklahoma City Hobbyist Group

Mike O'Dell, PO Box 2891, Norman OK
73069, writes that he is trying to contact
others in the Oklahoma City metropolitan
area. He is with the Computer Science
Department at the University of Oklahoma,
and there is a nucleus of several individuals
already involved in club activitics. Anyone
interested in this hobbyist group should
contact Mike by mail or at (405)325-3866
(ICS Department) or at home (seldom)
(405)364-0615.

Long Island Computer Club

The Long Island club’s first meeting was
held in January, and the second mecting
February 20. The algorithm for meeting
days is tentatively the third Friday of every
month; arrangements are being made for a
regular meeting place. For details, write
Jerry Harrison at 36 Irene Ln, East Plainview
NY 11803; or phone (516)938-6769.

New Orleans Club

If you live in the metropolitan New
Orleans area and are interested in computers,
you are invited to join our group. Whether
your interest is hardware, software, applica-
tions, or just general interest, we welcome
yvour input. For further details, plcase write
or call:

Emile Alline

1119 Pennsylvania Av
Slidell LA 70458
(504)641-2360

News From North Texas

Bill Fulfer forwarded BYTE the latest
issue of the Computer Hobbyist Group of
North Texus Newsletter, dated January
1976. For individuals in the Dallas and Fort
Worth areas, this is the place where your
gregarious qualitics can be exercised. Con-
tact Lannie  Walker, president, at
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(818)244-1013; Neil Ferguson at 461-2867,
Ric Martin at (214)387-1945, or Bill Fuller
at 641-2909. The January issue included
Harold Mauch’s comments on interfacing
older Teletypes to computers (eg: Model 14,
15 and 19 devices with Baudot coding),
comments on the 8080 versus 6800, short
product reviews, short publications reviews,
Mauch’s notes on the provisional audio
cassette interface standard (see his article in
March BYTE), and the usual business stuff
for which newsletters are famous.

Cache Newsletter (Chicago Area)

Cache’s newsletter, Volume T Number 1,
cdited by Geoff Lowe, described the news-
letter’s goals. For individuals living in or near
the Windy City, Cache is the central meeting
place for hobbyists, holding sessions month-
ly northwest of the city. The Cache mailing
address is PO Box 36, Vernon Hills IL
60061,

Onc of the most exciting activities re-
ported in the January newsletter was Arthur
Kingsworth and Ken Short’s demonstration
of the new E & L Instruments MD-1
microdesign system. Mr Short is with SUNY-
Stony Brook, and was scheduled to discuss
advanced digital design and 8080 related
topics using the system; Mr Kingsworth
talked about simple digital design. In phone
conversation with William Precht, a member
of Cache, the presentation sounded extreme-
ly valuable to small systems users. Such
detailed nuts and bolts discussions by manu-
facturers’ representatives are a big plus to
any club mecting.

Beta lota Tau

Larry Passo, secretary-treasurer of the
new college fraternity Beta lota Tau sent
BYTE a copy of the preliminary bylaws of
the fraternity. For the record, here is the
statement of purposes and goals taken from
the preliminary version:

“The purpose of Beta lota Tau is to
provide an organization for college
students interested in  computer
sciences. Beta lota Tau has as its goals
the fostering of brotherhood among
such students and the encouragement
and support of computer related activ-
ities and studies.”

The organization is in the process of
preparing the final bylaws. They’re of course
helped out by keeping the entire text of the
bylaws on a computer filing system so that
changes can be made using the text editor
program.

Persons interested in the concept of a



college fraternity for computer science
should contact Beta lota Tau through:

Richard A Petke, chairman

Lawrence H Passo, secretary-treasurer
RHIT Box 520

Terre Haute IN 47803

NOW LOAD: Monitors
Assemblers

Eastern Ontario Club? V¥ .- Bebug Poutines
i i BB Momary Togt Routines.
Victor Vees, 342-Palace Rd, Kingston, N [ Arithmatic Subroutines

Computer Games

Ontario, K7L 4T3, is interested in forming a
computer club for the Ontario-Quebec area
of Canada. He can be reached by phone at
(613) 546-2560.

FAST!

OP-80A
HIGH SPEED/LOW COST PAPER TAPE READER

And, From Ottawa

Larry Kayser, VE3QB/WA3ZIA, phoned
BYTE recently, and described the trials and
tribulations of computer hobbyists in

$74.50 Kit/$95.00
ASSEMBLED & TESTED
No moving parts. Reads paper tape as fast as you can pull it through!

Small, light weight, and portable. Just 4.6'° x 3.2"" x 1.0"" and less

Canada. He's interested in forming a club for
the Ottawa region. Interested parties can
contact him at (613)741-1640 or by mail at
24 Arundel, Ottawa, Ontario, Canada.

Right now, it looks as if the locally
produced 8008 oriented products are still
the most cost effective machines for Cana-
dians. The reason? A total tariff approaching
33%. (We don’t know whether it’s Washing-

than a pound!
Easy to connect via standard 8 bit parallel interface.

Comes complete with precision optical sensor array, high speed data
buffers, ail required handshake logic, 4 status LEDs, black anodized
extruded aluminum box, flat ribbon interface cable, assembly and
interface instructions, schematics, and software!

TO ORDER: Send check or money order. Oliver Audio Engineering
Include $2.50 for shipping and handling, N . .
California residents add 6% sales tax. 1143 North Poinsettia Drive

Mastercharge and BankAmericard OK. LOS Angeles California 90046
»

24 Hr. MASTERCHARGE/BANKAMERICARD LINE: (213) 874-6463

ton or Ottawa that causes the tariff, but it’s
a waste of global resources either way.)

/ ALTAIR 8800 AND IMSAI OQWNERS: TALK TO 3 CASSETTE MACHINES (THANKS TO INDE-

& PENDENT READ/WRITE) FOR MASS STORAGE. USES THE INDUSTRY STANDARD BI-

, PHASE RECORDING METHOD (SEE FEBRUARY '76 BYTE). THIS KIT IS
c SMART! INCLUDES ITS OWN SOFTWARE AND DATA BUFFERS (512 BYTES

OF ROM AND 512 BYTES OF RAM) SO YOU CAN GET GOING AS SOON

s AS YOU CONNECT POWER. WHEN YOU ORDER, TELL US WHAT ,
$79.95 \ STARTING ADDRESS YOU'D LIKE FOR THE 1K MEMORY
™

SLICE AND WE'LL TAKE IT FROM THERE. PARTS,
This kit is BOARD, SOCKETS, AND PLUG-IN COMPATIBILITY. Q
l v ¢

Pt ST CASSETTE INTERE s *3;,3; 5

age) . Plug in com- * i
f TAGE--no CODs--Cal res
gioggx;pggﬁz;:rssz:ti:ggsé g 3 7 ALBANY, add tax. Guarantee: full refund

bi - directional data 3 | if not satisfied. By the way -- il
buss schgme. C 9476 even a % page ad can't tell you

This kit is simple, too much, so circle the reader|§

inexpensive, and easy service card, or send us an SASE
to build and apply. for full product descriptions.

Sockets included for : : 3
all ICs. Connects to SRR B0 SRR,
your system with a 3M 1 have a tremendous amount of §un creating
tyle,” flat cable 40 ' COMING 2ND QUARTER --- 16K
style these products and I'm happy o be able to byte ALTAIR 8800 compati-

pin connector (not offer them to you." --- George Morrow

included with klt) ~ble memory, for under 1/3
cent per blt 3 RD

TETTLI ROPROCEC)GOR DOy ivdiie s

crocomputer
right P““" ‘ .\ 8080 BASED MICROCOMPUTER SYSTEM ON A BOARD. 0/') ~svst5m

THIS KIT GIVES YOU LOTS—--—NAMELY: *512 BYTES OF RAM
(EXPANDABLE TO 1K; JUST ADD ICS) *s512 BYTES OF ROM (ALSO
EXPANDS TO 4K) *DATA AND ADDRESS BUFFERS *XTAL CLOCK ‘ALL
TTL SUPPORT ICS *16 KEY KEYBOARD AND NINE 7 SEGMENT READOUTS.
OPTIONS: CASSETTE INTERFACE (ADD $30), EDITOR/ASSEMBLER (ADD $99),
RS-~232/TTY INTERFACE (ADD $20). COST-EFFECTIVE AND PROVEN — PLUS, MUCH
SOFTWARE IS AVAILABLE THROUGH OTHER SOURCES. LESS POWER SUPPLY (+5, +12).

N‘
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continued from page 4

the output drives for the yard switches and
train speed control, as well as inputs of train
position and other layout state information.
If your computer is to control an electronic
music system, then the custom peripherals
of the application are the output devices
which are used to generate the music and the
interactive control inputs. If your computer
is to act as a home monitor and burglar
alarm system, then the custom peripherals
are the intruder sensors and alarm or phone
dialing outputs which receive the informa-
tion about the security status of your
property.

Even if your system involves no custom
hardware modules, there is always the
customization of software, given a general
purpose system. As soon as you have the
system up and running, you’ll begin to
develop a personal library of programs and
techniques of programming which will make
your particular system of hardware plus
mass storage files completely different from
every other system in existence. By making a
program to accomplish your specific pur-
poses, you have made the system into a new
entity which is different from another
physically similar system owned by your
technological neighbor. The personal library

of your programming will build up on mass
storage over time, further enhancing the
uniqueness of your own efforts in personal
computing. While you may trade programs
with other individuals having similar sys-
tems, the set of programs in your own
library is likely to be completely unique
with respect to any other person’s library.
This software uniqueness, which transcends
the potential sameness of hardware is one
final guarantee that every system ultimately
becomes a personalized system if it is used at
all.

Enhancing The Options

As described above, a major component
of the psychological rewards of home brew
computing is the personal uniqueness of the
systems which are created by BYTE readers.
This form of computing is a means of
creating a personally unique hardware,
software and skills combination according to
your own tastes and desires. This is one of
the more important personal rewards to be
obtained, and is an obvious motivating
factor for the people who get involved in the
field.

Thus one of the major issues of concern
to manufacturers and users should be ways
to enhance the number of options available

Stamp Out Cybercrud

COMPUTER

F———.————— e ——_———
|
| Send copies of Computer Lib/Dream Machines to:
|
| Name
! Address
|
] City State Zip
: 11 Check enclosed
| 11 Bill MC #. Exp. Date
| 11 Bill BA # Exp. Date
Bv l [ PETERBOROUGH, NH 03458 | Signature J

Have you every been victimized by
one of a myriad computer based inter-
personal putdowns? In Ted Nelson's
book, Computer Lib/Dream Machines,
you'll find an excellent essay on the
nature of this ‘‘cybercrud.”

Have you ever wondered where to go
for a basic starting point in your quest
for information about computer applica-
tions and uses? Ted Nelson’s book,
Computer Lib/Dream Machines, is the
place for you to begin.

Computer Lib/Dream Machines is for
the layman — the person who is intelli-
gent and inquisitive about computers. It
is written and self published by a
philosopher who is also a self confessed
computer fan and an excellent teacher of
basic concepts. (For those who have not
yet heard, ivory towers are constructed
out of real and substantial white bricks.)
The most important aspect of this book

is its inspirational data content. The
machines we're all busy working on are
deep personal expressions, and not the
cold and inhuman monsters of the tradi-
tional stereotype. The book defines
many of the terms and explains many of
the techniques which can be used in the
personal computer systems we're all
busy constructing and programming. It
performs this service in a way which
adds color and excitement to this newest
of art forms, the computer application.

Computer Lib/Dream Machines s
must reading for the beginner, and is also
a refreshing self examination for the old
hand at programming and systems work.

You can order your copy of Com-
puter Lib/Dream Machines from BYTE's
Books for $7 postpaid. Send your order
today to BYTE's Books, 70 Main St,
Peterborough NH 03458. Help stamp
out cybercrud.
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ﬂ spite of their sophistication, computers still have to be assembled from mundane nuts & bolts, resistors, caps, \
switches, lights, etc. We at Delta try to keep a good inventory of these small parts. This month we are featuring
a sample of these items. We have over 1,000 items in our new 88 page catalog. Send for it-- it's free.

LONG HANDLE TOGGLE SWITCHES

Miniature toggle switches with %’ long bat
handle. Both are SPDT, PC contact, made by ALCO
or C&K., ALCO series MST 105 or C&K series 710x. With
hardware. Really dresses up front panels, and easier to use.

on-none-on STOCK NO. B6276 $1.25 each, 5/5.00
on-off-on STOCK NO. B6277 $1.25 each, 5/5.00
|

i ROTARY SWITCHES

? CENTRALAB rotary switches,

> mounts in %’ hole, phenolic
base.

1 section, 4 pole, 2 position STK. NO. B6222 .75 ea, 5/3.00

3 section, 3 pole, 11 position STK.NO. B6278 $1.50ea, 4/5.00

GENERAL PURPOSE LOCK

Keep your valuable equipment locked up.
This general purpose lock is very easy to uss;
mounts in %'’ dia hole, up to 4"’ thick. The
hook’’ catches on any %'’ bolt. 180 throw.
Complete with 2 keys. Extra keys .25 each.

STOCK NO. B5384 $1.50/set, 4/5.00

) Arrow-Hart

A SPST lock switch made by Arrow—Hart. Useful as a main power

switch, write protect switch, burglar alarm switch, etc. Mounts in
STOCK NO. B5294 $1.50 each, 4/5.00
MOTOROLA g
aNooe (1 } @BASE
catrooe (2) L (&) coveecror
Optical coupler in a 6 pin mini-
DIP. GaAs diode source, NPN
of their aimost infinite isolation between input & output, optical
couplers make ideal buffers. They can be used to control AC with
line receivers, as interface circuits between logic families, etc.
STOCK NO. B4524 $1.00 each, 6/5.00

NUTS & BOLTS

Here is a sample of some of the hardware that we stock. Other
sizes and styles of screws are available. We also stock spacers,
rubber grommets, terminal strips, barrier strips, sheet aluminum,
plexiglass, heat sinks, PC edge connectors, and more,

All nardware $1.25 / package, 10 pkg/$10. May be mixed.

SIZE DESCRIPTION STK. NO. NO/PKG
2-56 hex nut B7207 125
4-40 SS (stainless steel) hex nut B7214 100
6-32 hex nut B7008 100
6-32 SS hex nut B7230 90
8-32 SS hex nut B7218 75
10-32 hex nut B7013 75
no. 4 SS flat washer B7268 150
no. 4 SS split lock washer B7227 125
no. 6 SS flat washer B7225 125
no. 8 SS split lock washer B7222 90
no. 8 star lock washer B7045 100
no. 10SS flat washer B7210 90
no, 108S split lock washer B7226 75
no. 10star lock washer B7047 0
3/8 x 32 volume control nut B7018 75
3/8  SS star lock washer B7269 75
3/8 flat washer, chrome plate B7267 75
3/8 aluminum flat washer B7352 75
(The following screws all have binder or pan heads)

4-40 7/32'" long SS screw B7241 125
4-40 5/16 long screw B7234 150
4-40 5/8 long screw B7250 125
4-40 3/4 SS screw B7204 75
4-40 7/8 SS screw B7206 75
4-40 1 1/4 long screw B7201 75
6-32 1/2" long aluminum screw B7233 a0
6-32 5/8 SS screw 87203 75
8-32 5/16 long screw B7056 Q0
8-32 3/B long screw B7004 a0
8-32 1/2 SS screw B7217 75
8-32 5/8 SS screw B7209 75
10-32 3/8" long screw B7122 75

%’ hole. With key, mounting nut, and attractive beveled bezel.
OPTICAL COUPLER
@ @EMITTEF
phototransistor receiver. Because
TTL (through SCRs or triacs), switch high voltage with TTL, as
BRIDGE RECTIFIERS

RATINGS

PIV AMPS STOCK NO. PRICE
50v 1.0A 84136 .60 ea.
50 2.0 B4404 .78
50 6.0 B4532 2.00
100 2.0 B4405 1.00
150 1.6 B4396 1.00
200 1.0 B4302 1.00
200 2.0 B4406 1.50
200 25.0 B4534 4.00
400 1.0 B4535 1.25

AMF| POTTER & BRUMFIELD

R10-E1 SERIES INDUSTRIAL RELAYS

Ll9s

A

POTTER & BRUMFIELD series R10 relays in
clear plastic cases. Solder terminals, contacts
rated at 2 amps. Listed with distributors for
$3.65 to $4.90 each. 6 volt coils.

—2

R10-E1-Y4 52 ohm coil 4PDT
R10-E1-Y6 25 ohm coil 6PDT

STK. NO. B9395 $1.50 ea
STK. NO. B9396 $1.75 ea

GRAB BAGS

Unlike most places, our grab bags are not “’floor sweepings.”’
Rather, we offer the same high quality merchandise as in our
catalog. We attempt to provide a good variety in each bag.

& I——

DISC CAPACITOR GRAB BAG. Values from a few pf to .2 mfd
and voltages from 12v to 1 Kv. Marked, most with long leads.

STOCK NO. B2547 % Ib., 100 to 250 pieces $2.00 ea, 3/5.00

Rkl aeh g

TERMINAL STRIP GRAB BAG. An assortment of 25 pieces,

from 1 to 6 terminals, with and without ground tugs.
STOCK NO. B6143  Package of 25 $1.00 ea, 6/5.00

W A
Co) My, //ﬂl///wmﬂlﬂﬂ‘ﬂ“”/

% WATT RESISTOR GRAB BAG. An assortment of % watt
resistors on rolts, mostly 10%. Also a few 5% resistors, small diodes,
rectifier diodes, zeners, & tantalum caps. 250 to 350 parts.

STOCK NO. B8361 % Ib., 260 parts min. $2.00 ea, 3/5.00

POWER RESISTOR GRAB BAG. An assortment of 4 & 5 watt
power resistors. STOCK NO. B8765 10 for $1.00, 50 for $3.50
RELAY GRAB BAG. An assortment of 10 relays, various coil
voltages, both AC & DC, and various contact arrangements. Most

are in original boxes. List price $3 to $20 each. 3 Ibs.
STOCK NO. B9439 10 assorted relays $5.00, 20/9.00

ELECTROLYTIC CAPACITOR GRAB BAG. 12 assorted
electrolytics, from 5 mfd to 2500 mfd. Voltages from 5v to 450v.
STOCK NO. B2457 8 Ibs. 12 for $3.00, 36 for 7.50

BOX 1, LYNN, MASSACHUSETTS 01803
Phone (617) 388-4705

\ \A DELTA ELECTRONICS (CO.

Illllllllﬂll

MINIMUM ORDER $5.00. Inciude sufficient postage, excess
refunded Send for new 88 page Catalog 16, bigger than ever.
BANKAMERICARD and MASTERCHARGE
now accepted, minimum charge $15.00. Please
include all humbers. Phone orders acceptad.
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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.
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BYTE’s Books 86, 94
BYTE Subscription 88
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A17 Matrix 1
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A32 Tri Tek 91
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BOM B: syTE's Ongoing Monitor Box

BYTE would like to know how readers evaluate the efforts of the authors
whose blood, sweat, twisted typewriter keys, smoking ICs and esoteric software
abstractions are reflected in these pages. BYTE will pay a $50 bonus to the author
who receives the most points in this survey each month.

® Articles you like most get 10 points, articles you like least get 0 (or
negative) points — with intermediate values according to your personal scale of

preferences, integers only.

@ Only one entry per reader.

Page
No. Article

16 Crayne: Programming the Implementation
20 Fox: Biorhythm for Computers

24 Nelson: Magic of Computer Languages

28 Lancaster: One Layer Printed Circuits

34 P. Helmers: Aargh!

36 Flippin: SR-52: Another World’s Smallest
42 Bosen: Controlling External Devices

46 Cotton: Interface an ASCIl Keyboard

50 Murray: Frankenstein Emulation

56 Wier-Brown: Design an On Line Debugger
64 Baker: Update: TI TMS9900

80 Thompson: Mini Wire Wrap

LIKED
LEAST BEST
10
10
10
10
10
10
10
10
10
10
10
10
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January BOMB Results

The leader in BOMB voting for the
January 1976 BYTE was James Luscher,
who receives the $50 bonus check for his
article “Taking Advantage of Memory
Address Space.” Runners up were Sumner
Loomis’ “Let There Be Light Pens” and Jim
Hogenson’s “‘CT-1024 Kit Review."”
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to personal computing enthusiasts. One item
which might be considered is the standard-
ization of certain hardware interconnection
schemes at the plug level. What | have in
mind is the creation of (for example) an 8
bit bidirectional 10 bus plug with control
signals and timing strobes. With such a plug
definition, a number of modular additions
could be made independent of backplane
physical and electrical considerations simply
by plugging the peripheral into the standard
socket. For numerous low speed peripherals,
such an adapter plug for programmed 10
would be ideal. I'll list a few:

° Modular electronic musical instruments

°Low speed tape interfaces with
UART serial to paralle} conversion

° Digital multimeters

° Frequency countets

° Burglar and fire alarm inputs or outputs

° High fidelity system signal routing control

The idea is to achieve a standard for
non-DMA programmed 10 plug interfaces
which could be provided as multiple plugs
on an appropriate card coming with any
given brand X computer. Then the manufac-
turers of systems for specific applications
could make a “‘plug compatible” product for
this standard which could be used with any
of the processors on the market. Is there a
need for such a standard? | think so, from
the argument that the larger the number of
options people have available, the larger will
be the whole field of personal computing.
Last November, BYTE organized a confer-
ence of the manufacturers and users in our
infant field to discuss an audio tape
recording standard. A productive result of
this conference was the provisional standard
described in February and March BYTEs.
For the same reasons, it would be good to
get the manufacturers and users together to
talk about the possibility of such a
programmed 1O plug compatibility standard
which will help expand the utility and
generality of these small scale systems
products.

I'd like to see what interest there is from
manufacturers and users in achieving for the
personal computing field the logical equiva-
lent of high fidelity’s RCA style phono plug.
I think there should be enough interest to
justify a working meeting next fall on the
subject. The meeting will be modelled on
last fall’s working meeting concerning audio
cassette recording standards. | invite corres-
pondence from manufacturers and users who
have something to contribute to the
organization and definition of such a
standard. ®
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