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This month’s cover is based on Kurt
| Schmucker and Robert M Tarr's
article, The Computers Of Star Trek
{page 12). It is an appropriate topic
for computer people, many of whom
are science fiction aficionados,
Trekkies, and users of the Force. The
theme, interpreted by artist Robert
Tinney, is: What would happen if the
crew of the Enterprise visited a holo-
graphic museum of ancient technology
that had an exhibit devoted to per-
sonal computing, circa 19777 Robert
used Willard Nico and his 8080 based
computer system with dual floppy
disk, video terminal and DECwriter as
models for the diorama. The cassette
recorder, made obsolete by the disk
drives, is shown unused.

The floppy disk can give your
computer the extra storage power
needed for many applications such as
advanced music and voice synthesis,
artificial intelligence and robotics.
Find out more about the ubiquitous
floppy in Ira Rampil’s A Floppy Disk
Tutorial.

Microprocessor  operation code
structure is sometimes incompletely
documented, as is demonstrated in
two articles: Gerry Wheeler's commen-
tary on Undocumented M6800 In-
structions and HT Gordon's commen-
tary on The XF and X7 Instructions of
the MOS Technology 6502. The
effects of the undocumented op codes
are interesting, even if you don’t want
to use them as part of normal coding
practices.

In a neat combination of tutorial
and practical information, Bill Struve's
article A $19 Music Interface (and
Some Music Theory for Computer
Nuts) provides a way to generate
square wave musical tones for four
channels as a result of an investigation
of the theory of harmony.

Transform your computer into a
powerful 8 channel 3% digit voltmeter.
Steve Ciarcia shows you how in the
latest installment of Ciarcia’s Circuit
Cellar. Let a BASIC program do all
your calculations and get results that
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compare favorably with expensive
digital voltmeters. Read On a Test
Equipment Diet? Try an 8 Channel
DVM Cocktail!

Once upon a lime, )Jack and the
Machine Talked; now Jack and his
friendly 6800 have moved onto better
things like debugging the programs
issued by the assembler described in an
earlier article. Turn to Jack and the
Machine Debug by Grappel and
Hemenway for a humorous ({but
tutorial) account of the development
of a program called Tracer 6800 which
uses software breakpoint techniques to
provide an instruction by instruction
machine code execution trace on a
terminal or hard copy device.

To write well conceived programs
easily, you have to design them in a
disciplined and structured fashion.
David A Higgins begins describing one
useful method in the article on Struc-
tured Programming with Warnier-Orr
Diagrams, Part 1: Design Methodo-
logy.

As a second installment in a series
of articles, Stephen P Smith turns to
the problems of motion in which
effects of the motion’s current state
feed back into the model. Turn to
Simulation of Motion: An Automobile
Suspension for a more detailed mode!
which features damping (shock absor-
bers) and bounce (springs) in response
to external conditions {bumps in a
road).

The use of interrupts allows you to
keep track of several devices at the
same time. If you are not familiar with
the use of interrupts read Robert Wier's
article, A Little Bit on Interrupts.

Constructing and interfacing a Poly-
Morphics Video Interface is described
by Wayne Wenzlaff. Wayne describes
his experiences with his video interface
and how he modified a television set
for use as a monitor in Using the Poly-
Morphics Video Interface.

Multiprogramming : ws vyour
computer to seemingly perform several
tasks at the same time. It can save pro-
cessor time by always having a pro-
gram executing while another pro-
gram waits for some type of input.
Prof irwin Lahasky's article, Multipro-
gramming Simplified, explains the
basics of multiprogramming.

Many experimenters, including the
editors of this magazine, have dis-
covered the real advantages of pur-
chasing used but eminently usable
gear. Sol Libes gives v e poinlers
to frugal hackers in Where to Get
Bargains in Used Computer Equip-
ment.

As personal computer users acquire
more d more memory for their
processors, thoughts can be turned to
more powerful languages for the ex-
pression of programs. Gary McGath
feels that small computer users should
have nonnumeric, symbolic data
manipulation abilities in their lang-
usages. In A Look at LISP, Gary de-
scribes one of the candidates for such
symbolic manipulations in the small
computer.

Relative addressing allows jumps
within a program to be made indepen-
dent of the location of the program
in memory address space. But what
about such position independent
code in processors like the 8080 which
have no relative branch addressing?
Read James P Gaskell’s Relative Ad-
dressing for the 8080 and learn how to
simulate this feature for the 8080,

Handshaking is the process of coor-
dinating two asynchronous processes,
such as serial communication opera-
tions and a program. In a short article,
Thomas McGahee shows how to Save
Software: Use a UART for Serial 10.

What do you do if you're an ocean-
ographer and want a microprocessor
to help collect data at the bottom of
the sea for eight weeks? One solution
is to use a watertight titanium sphere
and a battery powered processor.
Henry Lahore shows how he did it
in A User's Report on Intercept |r.
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By Carl Helmers

One of the most interesting phenomena
in the academic world of computer science
of late is the language PASCAL. This lang-
uage is the subject of much intense activity,
and is rapidly gaining acceptance as the lang-
uage of choice for training and illustration
of computer concepts to new students of
the field. Characteristic of this phenomenon
is the existence of on the order of 100
different implementations of the language
for various computers and a very active
“PASCAL User's Group.”

PASCAL began in the late 1960s as a
tutorial experiment of Professor Niklaus
Wirth:  method of teaching the concepts
of programming in a systematic fashion
using a consistent and highly structured
program representation. Historically,
PASCAL has antecedents in the ALGOL
language but with the addition of con-
cepts such as record and file structures
which were missing in ALGOL's definition.
The following passage by Professor Wirth
gives the essence of PASCAL’s purposes. . .

The development of the language
PASCAL is based on two principal aims.
The first is to make available a language
suitable to teach programming as a system-
atic discipline based on certain fundamental
concepts clearly and naturally reflected by
the language. The second is to develop
implementations of this language which are
both reliable and efficient on presently
available computers.

The desire for a new language for the
purpose of teaching programming is due to
my dissatisfaction with the presently used
major languages whose features and con-
structs too often cannot be explained logi-
cally and convincingly and which too often
defy systematic reasoning. Along with this
dissatisfaction goes my conviction that the
language in which the student is taught to
express his ideas profoundly influences his
habits of thought and invention, and that
the disorder governing these languages
directly imposes itself into the program-
ming style of the students.

There is of course plenty of reason to be
cautious with the introduction of yet
another programming language, and the
obfection against teaching programming
in a language which is not widely used and
accepted has undoubtedly some justifi-
cation, at least based on short term com-
mercial reasoning. However, the choice of a
language for teaching based on its wide-

spread acceptance and avaifabili  together
with the fact that the language most widely
taught is thereafter going to be the one
most widely used, forms the safest recipe for
stagnation in a subject of such profound
pedagogical influence. | consider it therefore
well worthwhile to make an effort to break
this vicious circle. [Quoted from the second
edition of the PASCAL User Manual and
Report, by Kathleen |ensen and Niklaus
Wirth, Springer Verlag, New York, 1974,
page 133.]

Since the time of PASCAL'’s creation by
Professor Wirth, the langt 2 has become
widespread, primarily because his tutorial
purposes also happen to coincide with what
one might want in a systems and appli-

cations programming language wused in
software « lopment. In fact ac nce
has been sufficiently widespread t ere

now exist implementations for some of the
more common  Mmicroprocessors  in |
personal computing 2ld (using the PASCAL
User's Group Newsletter as a source for
this information in  listing of implemen-
tations in issue #8 recently published). What
are the ramifications of PASCAL as it might
affect personal computing users?

At the present time, outside of low level
assemblers, the personal computing field is
dominated by one language, BASIC. It is the
high level fanguage of choice for users of the
equipment and for manufacturers who sell
to the users of the equipment. Any at-
tempted persoi  computing system design
these days must come up to the standards
of a reasonable BASIC {such as e Micro-
soft BASIC used by MITS, OS1, Commodore
and others) or it will be at a relative dis-
advantage in the marketplace. This domi-
nance of BASIC as a language is a fact of life
in this field. A decade and * of language
design evolution has occus iince BASIC
first came on the scene, yet it still dominates
at the user level. Why?

In a casual enumeration mode, | can list
several fairly obvious and interrelated
reasons why this has become the case; out
of these reasons will come a similar scenario
for development of PASCAL as a fulure
option for personal computers.

® [Everybody knows BASIC.

® BASIC has a manufacturer indepen-
dent standard definition.

® | ots of implementations of BASIC are
available.

® Much personal use applications soft-
ware already exists in BASIC.

® BASIC is friendly.
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At a superficial level, these reasons are
part of a self-sustaining loop of circular
reasoning: Since BASIC is friendly, every-
body wants to know BASIC; since so many
people learn BASIC, there tend 10 be lots
of implementations. Much software for
applications has been written in BASIC.
Since a manufacturer independent standard
for BASIC exists, conversion of programs
from one machine to another is simplified,
thus making widely available software useful
to people, and so on . . . ad infinitum, . .
This is Professor Wirth's “vicious circle.”

Like many similar conventions, BASIC
has been bootstrapped into the public
awareness over time, and has acquired a
certain incrtia of its own that will keep it
going for wyears in the same way that
FORTRAN seems to live forever. Let's
examine the reasons in this list, and in so
doing compare BASIC 10 PASCAL, a lang-
uage which is quite possibly in an earlier
stage of a similar bootstrap cycle and may
indced become a much demanded “tanguage
of choice” for the user community. Vicious
circles can have positive aspects: it all
depends on which circle one has established.
A contention | make is that the same sort
of ‘'vicious circle” can be, and indeed is
being cstablished for the language PASCAL.

Everybody Knows BASIC,

BASIC historically was introduced at a
time when “big"” computers dominated the
field, and there was a need to partition the
activities of such computers into small
individually oriented packages for purposes
of making the “big” computer available
to many people. This partitioning succeeded
admirably: when professor X {or Y or Z)
wanted to make real exercises in program-
ming available to students, BASIC was
frequently employed, due to its availability
and interactive simplicity. Like any tech-
nology, BASIC did not start out in an
feverybody knows' state, but it got that
way through its carly availability and no
small push from pedagogues of computer
science.

Today, the teachers of programming are
tending to push PASCAL as the language of
choice for teaching “good” programming
concepls. The PASCAL User’s Group is
evidence of the number of academic people
who support the ideas of Professor Wirth to
the extent of implementing their own local
PASCAL systems for cducational purposes.
(This is typically done using a number of
techniques of machine independence con-
ccived by carly implementors of PASCAL
for purposes ol spreading its implemen-
tations.) One result of this availability is that

PASCAL is becoming the tool of teaching
programming concepts which  Professor
Wirth envisioned . . . and the beginnings of
the “‘everybody knows” state for PASCAL
are already evident.

BASIC Has a Manufacturer Independent
Standard Definition.

This comment is nominally true of
BASIC. Work is indced in progress on an
ANSI] standard for BASIC, and there is
of course the original Dartmouth College
definition of BASIC. The fact that people
are trying to define a standard form of
BASIC, however, is a result of the fact
that the implementations of BASIC have
been somewhat subject to variations, In
the personal computing world, there are
numerous differences at a detail level
between language extensions of various
BASIC interpreters, some as basic as the
variations in string and array handling
in various forms of minicomputer BASIC.

BASIC language implementors are no
different from implementors of a number
ol languages, often succumbing to the
“wouldn’t it be neat if" syndrome anl
throwing in features not part of the original
definitions of the language. The hitch with
such featurism is that if anyone uses the
features, the programs written with the
fealure may no longer be portable.

Of course PASCAL would be no more
immune to featurism on the part of imple-
mentors; at least thal would be an obvious
contention since there is no fundamental
difference between people who implement
BASIC and people who implement PASCAL.
But bcefore making such a statement, an
examination for the motives of implemen-
tation featurism should be made. BASIC
in its original definition is a very limited
and parochial language, one which represents
a viewpoint of quick implementation of
programs with limited 10 formatting,
standard floating point operations, and no
intent Lo service large or complicated
applications. Thus, many of the “feature”
temptations presented to BASIC imple-
mentors are a result of attempts to correct
the deficiencies of BASIC by adding omitted
items (for example, strings, implemented
differently in various BASIC interpreters).

PASCAL, on the ather hand, by having
a definition which is maore general in scope
than BASIC (although by no means compli-
cated to use in simple problems) helps cut
down these ‘‘feature” templations on the
part of its implecmentors. One basic example
of this slightly more general definition is
in PASCAL's inclusion of extensihle data

Continued on page 184
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DON'T KNOCK
HOMEBREW

| just happened con Edgar Cohen's
letter titled "Homebrew" {August 1977,
page 12). He feels as | do, that we as
readers sheuld be IJooking at more
homebrew computer articles in BYTE.
My motive for writing was spurred by
your follow-up comments,

We in amateur radio have been home-
brewing it for years, even before com-
mercial equipment was available. And
much of the present day hemecbrewing
is for economic reasons. At age 13, |
wouldn't have had my own amateur
radio station had it not been for home
built equipment, much of it coming
from construction articles in publica-
tions like BYTE. This same rule applies
to test equipment l've built {(requency
counter} and [ think it applies to com-
puters as well,

As a matter of fact, the only reason
| don't have a computer yet is because
practically everything on the market Is
out of my price range. To top if off,
there are very few good surplus buys
available, another way we in amateur
radio get by cheaply.

| think you are wrong about the time
invested in homebrew equipment. | and
many other readers would gladly invest
the time, if only the technology were
there to give us a shove in the right
direction. Certainly, the parts aren't ex-
pensive at all and much can be saved by
wire wrapping instead of using ready to
go printed circuit boards made up and
sold by someone else.

Gary L Montgomery
WB3GBQ
Rockyille MD

in reply, fet me rejterate the fact thot
I om a confirmed homebrewer, always
tryving to get the best system by my own
viewpoints on the subject of design. But
perhaps the regson | don't view the
method gs cost effective [s the remem-
brance of money spent to get one of the
first Motorola 6800 chips ($360 for an
XC6800 jn early 1975) and simitar
purchase of 4 K static memory chips
ohead of [fater price reductions. fve
buift a system with close to 800 TTL
and MOS integrated circuits in the main
processor  modiles, a system  which,
much to my homebrew surprise, works
quite refiobly. So ! can certainly ottest to
the effectiveness of the approach. . .CH
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ANOTHER VIEW OF TECHNOLOGY'S
USEFULNESS

I am writing Lo BYTE in response to
previous letters by Robert Garner {Ask
BYTE, May 1977) and Nelson Ingersoll
{Letters, September 1977) about the
moral future and purpose of the com-
puter.

In response to Mr Garner's letter, the
real hazard that results from computers
being “plugged into applications right
and left’ arises not from intangible and
poorly defined moral abuses that might
result lrom their introduction, but rather
from the stapdpoint of cost effective-
ness. Computers are being considered for
such purposes as maintaining home food
recipe files and keeping track of feod
inventory, where it is much simpler and
cheaper to perform Lhese tasks the old-
fashioned way. | agree with Mr Garner
that computers could bc misused, bul
he seems to promote the same general
hysteria that is currently plaguing the
new science of genetic engineering. True,
along with every new technological
development comes a host of possibi-
lities of misuse, but surely these can be
minimized so that we could reap the
maximum benefits fram 1?7 Sanctimo-
nious morality does nothing but help
the public to concentrate solely on the
deficiencies of a technological develop-
ment and destroy it befare it has had a
chance to prove itself.

Mr Ingersoll's problem seems to lie
in the fact that he sees the computer as
a device that will replace all of our
duties as human beings and turn us into
nonthinking, passive entities. | primarily
see the computer as a tool, as a device
that will aid man and not replace him.
The ““automation of physical and mental
drudgery" does nct relieve man of any
responsibility tc be productive and to
think, but rather it frees him from
simpler tasks (drudgery) in order to be
the most creative and achieve the
greatest self-satisfaclion; man is only
utilizing the fealure that distinguishes
him from the rest of the animal king-
dom; in this instance, a decided advan-
tage. | argue that performing simple and
thoughtless tasks /s drudgery. The “box"
analogy is poor in that it presupposes
it took no effort to design, build, and
program the computer and robot to
make the box. What Mr Ingersoll over-
laoks is that te accomplish this the man

Continued on page 19
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ALABAMA

Mabila Lafayeite Radio Electronics
CALIFORMIA

Berkefgy Al Lasher Electronics

Montgrey Zackil

Palo Alto Zack Elactranics

Sacramenio The Radiv Place

Sacramanio Zackit

San Carlos J&H Dutiet Store

Sgn Francisco Zack Elecironics)

Sunnyvale Sunnyvale Elecitronics

Valtejo Zackit
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Honolulu integrated Circuit Supply
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Baton Rouge Davis Efgctronic Supply Co.
MARYLAND
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MICHIGAN

Lansing Fulton Radio Supply Co.
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Parkyilh Comp Workshop of Kansas City
MONTANA

Bitings Conley Radio Supply
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QHIO

Cincinnatf Digitat Design
OKLAHOMA

Oklahoma City Bils, Bytos & Micros
OREGON

Beaverton Aftair Computer Center
PENNSYLVANIA

Murraysvitle Computer Warkshop of Pittsburgh
RHODE ISLAND

Cranston Jabbour Efsctronics Cily

Pawlucket Jabbour Electronics City
TEMMESSEE

Msmphis Sere-Rose & Spencer Efectronics

Oak Ridge Computer Denn
TEXAS

Daitas Computer Shops inc.

Houston Altair Compuier Center

Houston Infaraciive Compulers
VIRGINIA

Algxandria Computer Hardwars Slors

Springtield  Computer Workshop of Northern Virginfa
WASHINGTON

Beflevue Aftair Computar Canter

Longview Prograss Elsclronics
WEST VIRGINIA

Maorgantawn The Computer Gornar

Morgantown Etgctro Distribuling Co.
CANADA

Albaria, Calgary The Compuler Shop
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France, Paris

Computer Boutique
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Whatever view one takes of the Star Trek
phenomenon, one can ask how closely our
present culture approaches that ideal, be it
in the arca of science, human understanding,
ur man’s view of himself in his world. This
essay will try to measure one such gap
between our own world and that of Star
Trek: he state of computer technology.

Star Trek, with its fantastic starship the
Enterprise, presents a level of computer
science and computer engineering predicted
by many science fiction writers,!s?:3%5
Problems like voice 10, automatic program-
ming in a natural language and computer
analysis of complex, ill-defined problems
are handled routincly. How close is the
present technology to solving these problems?
How soon can the computers of the Enter-
prise be constructed? Let us try to answer
these questions.

Very little, if any, technical information
is available on the Enterprise computers.
Only vague, nontechnical statements are
¢ver made by the Captain or the Science
Officer.

“Deep in the heart of Lthis ship are our
computer banks. They operate the entire
ship. They afso contwin the whole of
human and humanoid knowledge. They
are indisputably refiable. Our fives depend
o them.'’s

“In a matter of a few seconds we can
obtain an answer to any fuctual guestion,
regardiess of its complexity.’'

No references are ever made toits physical
configuration. Is it in fact one large central
processaor with terminals and perhaps ter-
minal concentrators scattered throughout
the ship, or a number of smaller optimized-
for-special-functions  processors  loosely
coupled through a shipwide network? The
portions of the Star Fleet Technical Manual
which recently have been made available to
other than Star Fleet personnel do not in-
clude the “Ship’s Computers Sysiems
Schemalics' section or the “Ship's Com-
puters Maintenance Schematics” section.8

This essay will speculate on various
hypotheses supported by the user level in-
formation available, and will attempt to
show the hardware and software possibilities.

The Role of the Enterprise

The world of Star Trek takes Place in the
late 22nd or early 23rd century.® !9 In that
era the United Starship Enterprise is perhaps
the second largest scientific and technical

have bonded together to form a union called
the United Federation of Planets. It is a
union more loose than the United States of
America of the 19th, 20th and 21st cen-
turies, yet stronger than the United Nations
of the 20th century.'? These plancts occupy
a significant portion of the Milky Way called
the Treaty Exploration Territory, roughly
a sphere centered on Sol with a radius of
4750 parsecs (approximately 15,500 light
years). The Articles of the Federation were
the agreement which established this union.
They authorized funds for the building of a
Star Fleet to act as the armed, peace keeping
force of the Federation. The Fleet would be
designed and built using state of the art
techniques.

Included in this Star Fleet appropriation
was an initial expenditure for 14 heavy
cruiser starships, one to be named the
Enterprise. These starships would be capable
of extended duration patrol of the Treaty
Exploration Territory and would be provided
with weaponry and other capabilities enabling
them to accomplish a myriad of possible
tasks.

A starship on patrol represented the
Federation in all matters within its occupied
quadrant of space. lts functions included
military uses (defense of borders and moni-
toring of intergalactic treaties with the
Klingon and Romulan Empires, two other

achievement resulting from the combined
technologies of a unified portion of the
Milky Way.!! [n the 22nd century a portion
of the intelligent life forms of the galaxy

“Computer, | want a complete rundown of all references to the design of
compuler systems for Enterprise class ships in the first quarter century of
BYTE magazine."”

“Yes, sir, but are you prepared for recursion?’’

BYTE December 1977 13
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Federation-sized planctary unions, police
actions (enforcement of Federation law,
investigation of criminal actions), scientific
missions (new explorations, data gathering
assignments}, diplomatic assignments, and
missions of mercy,

It may be of benefil to compare the star-
ship Lnterprise to its namesake of the 20th
century, the United States aircralt carrier
Enterprise, in order Lo get a grasp of the
scope involved in the construction of such
a4 vessel. The USS Enterprise, launched in
1960, was the largest warship of its time and
represcented state of the art technology. Itis
still operational today and is powered by
ten nuclear reactors. The USS Enterprise
can sail on one set of reactor cores for
about ten to 13 years or roughly 300,000
miles. It is provisioned every lew weceks,
however. The total cost of the construction
and outlitting was 451 million dollars. In
wartime, its complement is 5500 people
consisting of 162 officers and approxi-
mately 2940 enlisted men plus 2400 airmen
attached lo an air wing.'?

The starship Enferprise, on the other
hand, is powered by a controlled matter-
antimatter reaction.!4+!8

The total cost of the Emterprise was 50
billion credits.'® On patrol, its complement
consists entirely of 430 officers with 43
command (lieutenant and above) and 387
crew (ensign rank).} 7 Traveling al the speed
of light (ie: Warp Factor 1, approximately
1/200th of its flank speed) the Enterprise
can travel for 18 vears {as measurcd by a
calendar travcling aboard the Lnverprise?)
without refueling or taking on additional
|:ur-:w|'5ion5‘..18

Computer Uses and Capabilities of the
Enterprise

An enterprise as complex as o starship
requires a vast amount of computer sup-
port. Many of the routine tasks, such as
monitoring of life-support systems, food
synthesis and turbolift control {a vertical
and horizontal clevator used for intraship
transportation) are automatically maintained
and controlled by the ship's computers.
These are manually controlled only during
an cmergency.

Even more demanding and less well-
defined tasks are routinely delegated to the
ship’s computers. The computers can activate
the ship’s alert systems and initiaie the
deflector shietds (a set of very sophisticated
defensive force shields which block matter
and selective energy transmission) upon
analysis from the ship’s sensors. [t appears
that only a portion of the ship's vast amount
of sensory data is routinely patched through

the computer, since it is often instructed
1o “tie in to afl ship's sensors™ and provide
the command staff with an analysis of
unknown phcnomcna.' #,20,21

IF most of the Derprise compuling
power resides in a central processing unit,
this may point to a limitation in the com-
puter's processing power. Perhaps if all data
from all scnsors were routinely processed
there would be insufficient computing
power to perform the remaining essential
functions. If, on the other hand, there is a
nelwork of processors, then it may be that
the vesults of sensor input are not routinely
passed {o the central complex.

Certain groups of sensors may be tied
to local processors which perform  the
necessary functions, cg: activation of shields.
The central processor complex does not
routinely have nced for these results unless
correlation of the sensor daila is required.

Computer control of the weapons sys-
tems (phasers and photon torpedoes) is also
possible through analysis of sensor input,
but it is not as accurate as computer assisted
human control coupled with visual contact
with the desired 1arger,?® This, too, may
point Lo either a lack of sufficient com-
puting power for timely analysis, or a lack
of appropriate decision algorithms {or this
type of situwation.

Another major use of the computer,
perhaps the one most apparent to the casual
observer, is information storage. The nced
for an immense data base can be clearly seen
when one considers the role a starship plays
in its patrol area. A starship captain acls
autonomously from Star Flect Headquarters
in almost all aspects of his command.?3 As
far as violations of Federation law are con-
cerned, he is the judge and jury. In addition,
the officers and crew ofien require instant
access to the immense technical knowledge
of the Federation in order to cope with new
phenomena encountered in their patrols,
This reguires the exisience of an immense
interactive data base on the E£nterprise
itself. Because of the intergalactic distances
involved, there can be no link to the com-
puters at Star Fleet Headquarters or on
Memory Alpha 2?® Subspace communica-
tions require time for transmission, too
(often on the order of days}).?%:2®

The vast amount of information stored in
this data basc is besl appreciated by relating
two incidents that happened on the Luzer
prise. The first involved a small space cruiser
traveling toward Ophiuchus VI without an
identification beacon. Upon pursuit, the
cruiser entered an  asteroid belt.  After

Continued an page 172
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Figure 2a: A diagram of
a floppy disk showing a
typical  location of the
wire protect (or file pro-
tect) hofe. When this hole
is punched out, data
cannot be erased from the
disk, The write protect
hole serves the same pur-
pose as the plastic tabs
on a maghetic tape
cassette.

Figure 2b: A floppy disk
with a design modification
to alfow “hard sectoring.”
32 0.70 inch (0,025 cm)
holes are punched in the
disk in addition to the
index hole. These holes en-
able the hardware to
detect the exact rotational
position of the disk by
means of a photosensor.
The need for space wast-
ing address fields is elim-
inated with one hole per
sector, and the number of
data  sectors can be
typically increased from
26 to 32 per track.
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WRITE PROTECT HOLE
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INMDEX HOLE

32 Ol SECTOR HOLES

disk clean and eliminate static charge while
reducing the necessary spindle torque. To
protect the disk even [urther when the
diskette is not in use, it is kept in a
cardboard sleeve, in the same manner thal an
LP record is kept in its album cover. The
industry standard {IBM 3740} specifications
for diskettes is fairly rigorous and widely
accepted, although a number of variations
have lately appeared on the scene. Two of
thesc are shown in figure 2.

The write protect hole is a small plastic
knockout in the cartridge which serves the
same purpose as the small knockout tabs in a
tape cassette. A sensor delects whether the
knockouts have bheen removed or not, and if
50, disables the wrile electronics. Another
variation is the presence of many small
sector indexing holes punched in the disk.
The advantage of this so-called hard sector-
ing process is a higher data capacity per
track. This will be discussed in more detail
later.

A third, relatively recent, innovation in
the manufacture of diskelles is to coal both
sides of the Mylar backing with magnetic

oxide and to put an additional head access
siot on the opposite side of the cartridge,
giving a lwo-sided floppy disk (sec photo
2 and figure 6). Some manufacturers have
gone so far as to develop a drive mechanism
which simultaneously accesses both sides at
once. I1BM, Information Terminals, BASF
and Wabash are some of the companies
which sell floppy disks. The price of disk-
ettes varies from $12 to $7 cach in boxes of
ten to about %4 to %5 each in large
quantities.

Drive Hardware

There is a commonly drawn analogy be-
tween a disk drive and a phonograph. Both
are mass storage devices in which the data is
stored on a platter-shaped medium. The
platter is seated on a spindle around which it
revolves while the data pickup (needle or
magnetic head} moves radially across the
data. In the case of a phonograph record, the
music, or data if you will, is recorded on
spiral grooves or tracks which are cut into
the record. To access a particular song, the
tone arm is moved radially over the record
and placed down in the starting groove of
the song. In contrast, the data on a com-
puter disk is stored in discrete concentric
circles, not one continuous spiral. The con-
centric circles are called tracks and are
accessed by a magnetic head which s
bumped mechanically from track to track
under computer control. Data is stored by
means of saturated magnetic recording at a
maximum density of 3200 bits per inch {on
the innermost track), and 48 tracks per
radial inch.

Most floppy drives on the market today
use either a synchronous AC or servo-
controlled DC motor to drive the spindle at
exactly 360 rpm. Specd control is very
important to insurc data reliability. The
spindle motor runs continuously whether or
not a diskette is loaded.

When a disketle is loaded into a drive, it
is inserted inte a narrow slot and the
cartridge is hecld in place between a spring
and a small metal protrusion. The door over
the slol is then closed, clamping the diskette
1o the rotating spindle. At the same time, in
most  drives, the rcad and write head is
engaged.

The type of read and write head used is
onc of the important differences between
hard disks and floppies. Hard disks use a
system known as flying heads in which the
read and write heads are acrodynamically
floated off the surface of the disk, They are
held a very small and precisely controlled

Continued on page 35
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Continued from page 28

HEAD POSITION MOTOR

Figure 3: Diagrammatic representation of a floppy disk drive system. The read and write head and the pressure pad are mounted
on the head carriage, which can be moved radially (see arrow A} to any given data track by means of the motor controlled fead
screw, The bail is solenoid actuated (see arrow B) and is used to lift the pressure pad away from the disk during insertion and
removal. The floppy disk remains in its protective plastic cartridge at alf times; the head makes contact with the oxide surface
through an access slot (see figure 1). The spindle rotates the floppy disk at 360 rpm during use.

distance away from the magnetic surface in
the relative wind created by the rapidly
spinning disk. Flying heads are very difficult
1o build and maintain, and therefore quite
expensive. The advantage of flying heads is
that they cause no wear an the disk surface
funless they “‘crash,’ of course) and there-
fore permit very high rotational speeds and
data rate.

Floppies, on the other hand, use a con-
tact head. Contact heads are much simpler,
mechanically speaking. They are pressed
onto the floppy in much the same way as a
tape head is pressed into magnetic tape.
Thus in the terminology of flying heads,
floppy disk heads are permanently
“crashed.”” The chief drawback of these
contact heads is the wear they cause to the
floppy and vice versa. Diskettes are rated in
terms of the number of passes the head
makes over a particular spot before an error
is likely to occur there, while read and write
heads are rated in terms of the number of
hours they can survive contact with the
diskette before replacement. Typically
quoted values of component life are in the
millions of passes per track for diskettes, and
tens of thausands of hours of contact for the
read and write heads. In order to stretch the
useful component lives, most floppy control-
lers will command the drive to unload the
head from the diskette when the floppy is

not being used. A typical mechanism for
head loading and positioning is shown
schematically in figure 3.

Most manulacturers use a lead screw
driven by a stepping motor to move the head
from track to track (A stepper motor is a
motor which rotates a fixed number of
degrees every time it receives a pulse.). The
head is mounted on a carriage which is
pushed back and forth across the diskette
by the rotation of the lead screw. The pitch
of the lead screw is chosen such that the
stepper motor's angular rotation is trans-
lated into a linear motion equal to the track-
to-track radial distance of 0.0213 inches
{0.05 cm) (IBM format). A *‘seek,” which
means moving the head to the desired track,
consists of the retraction of the head back to
track 00 followed by n pulses to the stepper
motor in order to reach the desired track n.
Track 00 position of the head is detected
by a microswitch sensor. Likewise, tracks
44.76 are detected, for reasons to be dis-
cussed later. Variations on head positioning
schemes in the newer drives include “‘voice
coil” methods which position the head with
a linear actuator similar to an acoustic
suspension loud speaker’s voice coil.

Controllers

The basic function of a floppy disk con-
traller is to do many of the small house-
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keer 1 tasks necessary in order to use the
floppy as a storage device. Perhaps the most
important task of a controller is the handling
of floppy disk formatting. Formatting is the
key to the floppy disk's random access capa-
bility, since it provides the stored data with
access addresses.

Basically, formatting breaks each track up
into discrete areas known as sectors. Each
sector is of fixed length and is assigned its
own address based on the scctor's physical
location on the disk. With soft sectored
disks, sector addresses are permanently
written into the beginning of each sector to
uniquely identify the corresponding block
of data.

Formatting is a concept similar to the

INDEX HOLE

wide bands between selections on a phono-
graph record. The bands on a record allow
the listener to select and play particular
songs. In fact, a recent addition to the list of
exotic hi fi equipment is a microprocessor
controlled turntable ¢ ed the Accutrac.
The unit has an infrared emitter and re-
flection detector built into the tonearm head
which sense when the tonearm is over a
smooth band, detect the record’s format,
and allow the processor to randomly access
any track. The tra can : played and re-
played, or any other track on that side of
the record can be accessed.

A floppy disk controller works in much
the same way. The computer passes a sector
address to the controller, which moves the

TRACK n
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Figure 4; The I1BM 3740 floppy disk format. The format is "'soft' sectored, meaning that data written in the track controls the
organization of information on each track. Each of the 77 data tracks on the floppy disk contains data, address and controf
fields grouped together to form ‘‘sectors.”” Each sector contains a sequence of fields, identical to those of the other sectors,
which are further broken down into individual data bytes. One complete track is shown in this illustration. The index hole
provides the only hardware synchronization in this format.
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THIS ISMW%TMG’QDMMMM
CHARACTERS GENERATED BY OLR NEW ALFHA-VIM-II.

THE ALPHA-VIM-IT LETS YOU DISPLAY BOTH UPPER AD lower case
LETTERS, 64 CHARACTERS FER LINE, 16 LINES DEEP IN A QLERR,
EXPENDED FORMAT. FOR ONLY $145.%0

The new ALPHA-VDM-II is not a kit, but a fully assesbled,
tested, burnt-in board with a | year warranty. And look at
uhat you get! We use fast, 2 nsec RAN'S to allow using the

ALPHEYINTI with the 290 micro processor
t that allous use of an ASCI] encoded

% -12V pover supplied for keyboard logic.

a keyboard i
keyboard, wi

The Alpha-VDM-Il contains 1K (1024) bytes of ran-
dom access memory, to which the processor can
read or write, just as though the memory were an
integral part cf the system. As the information is
written, the contents of this on-card memory are
displayed instantly without interrupting the opera-
tion of the processor.

All timing required to generate a standard video
signal is provided by a crystal oscillator and as-
sociated digital circuitry. Centering of the display
on the monitor screen is controlled by drift-free
counter logic.

The 1K by 8 static display memory buffer is directly
addressable as RAM on the S-100 bus. Displaying
data on the screen is accomplished by moving the
data to be displayed in the first 512 bytes of the
Alpha-VDM memory. Therefore the display update
is essentially instantaneous. Output routines can
make use of all Memory Reference instruction, in-
cluding one byte moves. {(i.e. MOV M, req.)

Multiple programmable cursor circuitry is built in.
All 1024 cursors can be displayed at one time, and
anywhere in the display. Thus, the VDM can display
white-on-black or black-on-white — perfect for
many video games! The VDM also features EIA
Circle 68 on inquiry card.

cards. And there’s

Video output for any standard video monitor, or a
TV repair shop can easily modify your own set.

The VDM comes with free terminal mode software,
designed for teletype replacement. Options include
select blinking cursors, text line blanking after car-
riage return.

Also available: 4K RAM; $107.00, 8K RAM;
$197.50, 8K(Z) fast RAM; $217.50, Alpha-VDM;
$107.00, Graphics-VDM; $137.00.

Order direct, by check, BankAmericard or Master
Charge (Add $1.50 shipping, credit customers give
us all the card numbers, please and Ohic residents
add 4%2% sales tax) or contact us for more infor-
mation. Kent-Moore Instrument Company, a sub-
sidiary of Kent-Moore Corporation {founded in
1919), P.O. Box 507, Industrial Ave., Picneer, Chio
43554. (419) 737-2352. Or, Kent-Moore of Canada,
246 S. Cawthra Rd., Mississauga, Ontario L-A3P2,
Canada.

@i\ Kent-Moore
mmy 47 |
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troller costs about $200 to $300. This
brings the total cosl to aboul $400 to $600,
matching the cost of most floppy disk
drives. Including another $200 for a power
supply, cables and a cabinet raises the cost
of a floppy disk system to double that of
many personal computer systems. Many
personal computer systems (the author's
included} are little more than workshop
curiosities. The addition of a fast mass
storage device would transform them into
convenient and powerful interactive tools.m

GLOSSARY

Address mark: A special byte used for format-
ting data {see figure 5).

Bail: A solenoid operated mechanical device
used to lift the pressure pad away from the
fioppy disk during insertion and removal.

Cartridge: A square plastic sleeve used to
protect the floppy disk.

Data field: That portion of a sector in which
data can be stored.

Fioppy disk: A flexible plastic disk used for
bulk data storage and retrieval,

FM encoding: A floppy disk encoding tech-
nique in which clock bits alternate with data
bits in a serial pulse train.

Gap byte: A data byte consisting of all zeros,
used as a buffer between various regions on the
floppy disk.

Hard sectoring: A technique of sector identifi-
cation in which each sector is assigned a unigue
physical hole on the disk, and 32 sectors can be
put in a single floppy disk track. Since this
form of sectoring requires a unique hole pat-
tern and a different type of controller, it is
incompatible with soft sectored disks.

Head: An electromagnetic device used for
reading, recording or erasing data on a magnetic
medium such as the floppy disk.

Sector: One of several fixed length subdivisions
of a floppy disk track used for storing data and
1D information. Typical mechanisms use 26, 32
or a similar small number of sectors per track.

Soft sectoring: A rechnigue of sector identifi-
cation in which only one physical hole on the
disk is used to synchronize the beginning of a
track’s data. Then, the remainder of the track is
divided into sectors which contain the sector
identilication as part of the fixed format of
data on the track. Only 26 sectors per track are
possible due to the formatting information
which must be recorded with each sector. This
format i1 incompatible with the hard sectored
format which achieves higher data content.

Track: One of 77 concentric rings of data on a
floppy disk. The radial distance between tracks
is 0.0213 inch {0.06 cm).

l North Star Horizon Computer System
B The Complete Z80A System

*Z80A CPU at 4 MHZ
i * 16K 200 ns RAM

* Seriall/0 * 1ord

micro disk drives

Computer Enterprises

Only

Has All 3:

[X] 1. Lowest Prices

[X] 2. Reliability

[X13. Speediest
Shipping

§ * DOS and BASIC Credit _Cash |

| Horizon 1 (1 drive) kit $1497 $1439 B
B Horizon 1 (2 drives) kit  $1871 $1799

ITHES

Display Terminals—
J] Lear Siegler ADM-3AKit $ 770 $ 740

l SPECIAL TOTAL SYSTEM
combination

. SAVE

Horizon 1 and ADM-3A

B kits

Card Discountl
Price Price

tandard of Video

$50 MORE—

$2214 $2129 i

B Horizon 2 and ADM-3A |

kits

$2589 $2489 ||

i
g SEND FOR YOUR FREE COPY j
j OF COMPUTER ENTERPRISES|

DISCOUNT CATALOG

I Polymorphic VTI/64 kit 186 $178 l
IMSAI 8080 with 23 slots kit 614 $580 .
IMSAI Factory Assembled 16K RAM 464 $446

l IMSAI FPactory Assembled 32K RAM 748 $719 I
IMSAI Video Interface VIO-B kit 234 $228
IMSAI Video Interface VIO-G kit 278 $387 I
Seals 860ns 8K RAM kit R50 $840
TDL ZPU kit 252 $243

4K Expansgion for TDL Z16K 99 $ 98 l

SEMI 4200 Chips 13 $ 12
TDL 8K BASIC Paper Tape a7 s as |}
TDL 12K BASIC Paper Tape 89 $ 86

[ TDL Macro Assembler Paper Tape 47 $ 45 .

lShlppmg charges: 510 per CPU on larger units; $1.50 l
per kit. $2.00 min per order. I

l Delivery is stock to 30 days on most items Shipment is

l immediate for payment by cashier’'s check. money or-

Ider or ¢

to clear. N.Y. State residents add approp sales lax.

l Availab
[ notice

harge card. Allow 3 weeks for personal checks

ility, prices and specs may change without
Write or Call
et ™

Fayetteville, N.Y. 13066
P.0.Box 71

Phone (318) 637-6208 Today!
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Techaicsl

Forum

Table 1: A list of six un-
documented M6800
instructions  and  their
delinitions. The operations
and operation codes which
invoke them are defined in
the column labelled Re-
sult, and the next instruc-
tion address is given in
each case. Halt and Catch
Fire (HCF) does not have
o “next  instruction”
address because the pro-
cessor hangs up.

A6  BY IE December 1977

According 1o Motorola there are 197
valid operation codes for the M6800 micro-
processor. This means that ol the 256
possible 8 bit combinations, 59 are called
invalid instructions.

Have you, like myself, cver wondered
about these invalid codes? What would
happen if you accidentally exccuted one?
It does happen sometimes, of course, when-
ever your latest software creation takes an
unexpected leap into never never land and
begins exccuting randomly set memory
locations. What are those holes in the op
code chart anyway?

The mystery of those holes held my
attention until the suspense was unbearable.
To satisfy my gnawing curiosity | executed
those codes deliberately, defying man and
Motorola! And | got some interesting results,

Some of those codes seem to be just
NOPS: they do nothing. Others change the
flags in the condition code register according
to some patlern that is, as yet, unde-
ciphered.

But let me tell you about a couple of the
interesting ones. See table 1 for descriptions
of six instructions that Motorola didn’t teli
us about. The mnemonics are, of course,
assigned by me.

The first one, NBA, is sell-explanatory.
The A and B accumufators are ANDed 1o-
gether, and the result is stored in A. | had
to use NBA is the mnemonic because ABA
is already used by Motorola. This instruction
has been checked out thoroughly, and scems
to be perfect, even setting the condition
codes correctly. The only uncertainty is its
exccution time.

Gerry Wheeler

Computer Communications N
University of Waterloo
Waterioo, Ontario CANADA

rk Group

The store immediale instructions may
require some explanation. Consider (or a
moment the load immediate instructions.
These instructions take the byte following
the op code and put it into the appropriate
register. Therefore Lhe store immediate
instructions should store the register into
the byte immediately after the op code,
right? The only  w is t there is a hole
left after the instruction, and Lhe register
fs stored after that {sec figure 1). Note that
the next instruction executed is Lhe byte
following the newly stored register. This
means that the store immediate A : B
instructions are three bytes long, and the
store immediate X and SP instructions
are four bytes long!

Now for the big surprise. This one has
been dubbed HCF for Halt and Catch Fire.
Well, almost. When this instruction is run
the only way to see what it is doing is wilh
an oscilloscope. From the user’s point of
view the machine halts and defies most
attemplts to get it restarted. Those persons
with indicator lamps on the address bus
will see that the processor begins to read all
of memory, sequentially, very quic . In
effect, the address bus turns into a 16 bit
counter. However, the processor takes no
notice of what it is reading. . . it just reads.
The only way out of this race is with the
RESET line. The machine ignores the [RQ,
NMI and HALT lines. For all intents d

Jrposes the processor has halted and caught
tire! It is quite possible that the HCF
instructions are put into the 6800 design
intentionally in the interest of production
testing of newly fabricated processor chips.

Hexadecimal Next Instruction
Name Mnemonic Op Code Result At

AND accumulators NBA 14 A.B—*A PC+1
store ACCA, immediate STAA 87 A—PC+2 PC+3
store ACCB, immediate STAB Cc7 B—PC+2 PC+3
store SP, immaediate sTS 8F SPhoPC+2,5PI—PC+3 PC+ 4
store | X, immediate STX CF I Xh=>PC+2; I XI—PC+3 PC +4
Halt and Catch Fire HCF 9D or DD see text Not appli [
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This one instruction might provide the auto-
matic test equipment with a quick initial
indication of whether the particular pro-
cessor chip is a total dud, or a prospect
for more detailed automatic testing and
verification of defect free operation.

While these instructions are now docu-
mented, some warnings must in all fairness
be stated lest the user run into problems.
The primary warning is that there may be a
rcason that they were left undocumented:
they may not work with every 6800 pro-
cessor, so any software intended for pro-
duction, distribution to friends or for
publication should never use these instruc-
tions. At different times during the history
of M6800 production at Motorola, revisions
and changes in the production masks may
diter the effects of these instructions with-
out any warning to users; after all, an
undocumented instruction is not there from
Motorola’s point of view, so why tell the
users about changes in its definition? Simi-
larly, when 6800 parts are acquired from
suppliers other than Motorola, use of inde-
pendent designs for the production masks
by the second source leaves definition of
these undocumented instructions unspeci-
fied and not necessarily identical to

Motorola’s definitions. But these warnings
apply only to programs 1o be distributed
in some way; if your personal processor
execules these instructions and you find
a use for them in your own handcrafted
assembly language programs, then by all
means take advantage of them.m

M5B LSB

T/ kY AN
NEXT INSTRUCTION
‘ INDEX REGISTER STORED HERE

DON'T CARE

("CF" = STORE INDEX, IMMEDIATE)

Figure 1. The “Store Index Immediate” instruction requires four bytes of
memory, us iflustrated here. The operation code hexadecimal CF is foflowed
by one byte whickh is "don’t care” as far as the operation of this instruction
is concerned, The third and Tourth bytes of the operation receive the 16 bit
address value from the index register in the normal order. In this diagram, rrer
is the 16 bit target lor the immediate store, and OP is the first byte of the
next instruction. Operviion of the "Store Stack Pointer Immediate” instruc-
tiom is similar.
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Bill Struve
800 Madison Av
Memphis TN 38163

“It’s all Relative.” So it is in physics as
it was in music. About 600 BC Pythagoras
discovered that strings under equal tension
sounded harmonious if their lengths were
in ratios of small whole numbers like 2/1,
3/2, 4/3, 5/3, etc. Many experiments
throughout the world since that time have
told us that in music, it is the ratios of the
frequencies of the notes that count, not the
absolute frequencies. It has only been in
recent times that there has been inter-
national agreement that A above middle
C is 440 Hz. Musicians call the “distance"”
between two notes an interval. Musical inter-
vals are actually the ratios of the frequencies
of vo notes, and are so important in music
that many of the ratios, or intervals, have
names. For example, 2/1 is called the octave,
3/2 is called a perfect fifth, 4/3 is called a
perfect fourth, 5/3 is called the major sixth,
etc. These names make sense to musicians
because they represent the distance between
two notes on the musical scale like do re m/
fa sol la ti do, which might be numbered 1
through 8, respectively. An octave is do to
do, a perfect fifth is do to so/, a perfect
fourth is do to fa, a major sixth is do to
fa, etc. The pure diatonic scale was con-
structed to maximize harmony between
notes. This scale has been called the natural
scale, and is one of the two most widely
used scales in Western music. Many unac-
companied singing groups sing on this scale
because it sounds right to them, even though
they may not be able to tell you the dif-
ference between pure diatonic and tempered
diatonic scales. Later you'll see how easy

it is for a computer to generate notes on this
scale.

Pianos, electronic organs, and synthe-
sizers are all tuned to a slightly different
scale, the equally tempered diatonic scale,
] S Bach (1685-1750) play  keyboard in-
struments and composed music which
required changing key signatures (which
we'll define by example later in this discus-
sion), during the performance. But changing
key signatures on an instrument tuned to
the pure diatonic scale usually required
retuning the instrument as you’ll see in a
moment. Bach found his way out of this
dilemma by slightly mistuning his instru-
ments, a technigque which had recently been
developed in Europe. This tempering was
done so that all key signatures were equally
out of tune, or equally tempered. When
this is done, the ratio of frequencies of any
two adjacent notes turns out to be the
twelfth root of two (the value 1.0594631
noted mathematically as '¥/2 or calculated
in FORTRAN-like languages as 2**{1.0/12)).
He chose this ratio because there are twelve
half steps per octave and the octave is a
ratio of 2/1. C y the octave is kept purely
harmonic in this scale: The perfect { 1 is
0.11 percent low, the per t fourth is
0.17 percent high, the major sixth is 0.91
percent high, etc. Since the most discrim-
inating ear can only perceive differences
in frequency when they are more than
0.2 percent, the most harmonious inler-
vals {the octave, the fifth and fourth) arc
indistinguishable between the two scales.
But what Bach and the world gained by
giving up a little harmonic perfection was a
quantum jump in the versatility of fixed
tuned instruments {(and an added quantum
jump in the time and skill required to
properly tune one).



FIRST EASY WAY TO BUY
A MINICOMPUTER

MINI 12 SPECIFICATIONS

word Length
CPU

Instruchion Set
Clock Rale
KMajor State Time
Serial inlerlace
Baud Rate
Memory

Conirol Panel
Paratlel Inlerface
Real Time Clock

Counter
Expansion Bus

Binary Loader
Momitor Bootstrap

Power Requiraments

Dimensicens

STEP 1

Fill in coupon below
TODAY

with your check for

and mail

€195 to:

TLF
P.C. Box 2298
Littleton

Colorado 80161

12 Bils

1M 6100 lully static CMOS
device

identical to the Digital
Equipment Corporation
PDP-8E

4AMHZ

500NS

20 MA current loop
slandard, RS-232
Oplional

110 Standard, Others
optional

8192 words slandard,
expandable 1o 32 K words
PDP-BE compatible, with
additional functions

12 input and 12 output
ines

Programmable, from 10
MS to 40,95 seconds
Counts External Events
50 line, TTL compatible
terminaled bus structure
ROM residenl

ROM resident
100/120/200/240 VAC,
50/60 HZ

2" high x 13" wide x 14"
deep

‘4“
yWP

BUT

V7

M\

HOWM | GONNA PAY
FOR IT?

TLF offers 3 purchase plans:

1) CASH with order - and receive
a BONUS CERTIFICATE
worth $100 on selected MINI
12 accessories.

2) Send $350 with order and pay
balance of $545 when ready to
ship or COD to postman.

3) NO INTEREST EASY
PAYMENT PLAN

//

HERE'S HOW IT WORKS:

STEP 2

When your MINI 12 is ready
to be shipped you send us
$200 or pay postman COD.

7

STEP 3

MINI 12
The balance of $500 is paid
in 4 equal monthly /
installments of $125 each.
You can use your BAC/
VISA, Master Charge or TOTAL PRICE ONLY $895
American Express too!
Make all cheques payable to WHAT COULD BE
TLF Corporation. SIMPLER?
<TLF 1977
o e e ——
= Please enter my order for MINI 12 Computers @ $895 each as per the plan checked below: |
| 1 O Enclosed is $895 - | want the Bonus certificate. O Send more information please. :
| 2 O Enclosed is $350 - | will pay $545 when you're ready to ship or COD when delivered. |
| 3 O Enclosed 1s $195 I will pay $200 when you're ready to ship and 4 monthly payments of $125 ea. |
[
] Check __ Money Order BAC/VISA ___ Master Charge American Express :
| Cards Interbank # Exp Date |
| Signature - |
| Name ___ S Phone |
I Address I
And your wife will be happy | City State Zip |
too! In fact she might just | |
buy it herself {for you of | TLF Corporation P.O. Box 2298 Littleton Colorado 80161 |
course) for Christmas. | Telephone 303 922 6241 Telex 454541 |
I — — e — ——— — — — —— — — S ——
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Harmonious Computers

Microcomputers can give us both per-
fection and versatility. Since division by
small whole numbers is trivial with digital
electronics, it is at first sight more practical
to use the pure diatonic scale when digitally
generating music, just as it has been more
practical to use the cqually tempered dia-
tonic scale for music performed on classical
keyboard instrumenis. Changing key signa-
tures in computer generated music is no
problem, since the entire instrument may be
“retuned” in a few microseconds,

The greatest advantage of the micro-
computer is the ease with which anyone
can produce music. Years of time con-
suming practice are not required. Applica-
tion of computers Lo music may change
music from an activity primarily dominated
by motor skills to one dominated by the
intellect. Composers no longer have to be
skilled at playing an instrument in order
to work out their compositions.

Do, re, mi, fa, sol, la, ¢, do! North
American, English, and ltalian children all
learn how to sing the scale. Most of them
also learn other representations of the same
musical scale like: CD EF G ABC, and:

_Q & h
.h[}llf

Rarely if ever are any of these youngsters
exposed to: 264 Hz, 297 Hz, 330 Hz, 352
Hz, 396 Hz, 440 Hz, 495 Hz, 528 Hz, or
to: /1, 9/8, 5/4, 4/3, 3/2, 5/3, 15/8, 2/1.
These two sets of numbers are also repre-
sentations of do, re, mi, fu, sol, la, ti, do in
the pure diatonic scale. Equally valid {es-
pecially for the piano) representations of
this simple do to do musical scale are;
261.6 Hz, 2937 Hz, 329.6 Hz, 349.2 Hg,
3520 Hz, 440 Hz, 493.9 Hz 523.3 Hg,
which are related to each other by powers
of the twelfth root of 2: 20/12(=1.000%,
22/12(=11225), 24112, 25012 27)12,
2912 21112 212/12 (=2.000). As you
may have guessed by now, these last two
sets of numbers are the frequencies and
frequency ratios of the equally tempered
scale of do to do played on a piano.

So far, so good, but if you are as fast as
I am at absorbing this material, by now it

should be as clear as mud! Organization of
facts into a pattern often does wonders for
the intellect, so let us organize all this in-
formation into one table (table 1} and call
it the “Key of C Major" so that musicians
will think we are talking about music instead
of computers.

You should notice a couple of things
about table 1. First, at the bottom line
you'll see that ['ve added a new concept:
the musician’s idea of step size. The steps
come in two sizes, whole and half. Remem-
bering that everything is relative, we can talk
about step size in terms of the ratio of the
frequencies of the pitches, or notes. In the
pure scale, a half step up in pitch is an in-
crease of 16/15 in frequency and a whole
step up is an increase of 9/8 or 10/9. In the
tempered scale all half steps up are an in-
crease in frequency by the twelfth root of
two (21/2), and all whole steps up in pitch
increase the frequency by the sixth root of
twa {21/6} which is two half steps:

2112 2112 = 92/12 = 21/6

Secondly, you should note that the dif-
ference between the pure and tempered
noles is imperceptible for four of the eight
notes. You may be wondering why 440/440
= +.91 percent instead of 0 percent and why
261.6/264 = 0 percent instead of -.,91
pereent. To answer this, look at the “Fre-
quency Ratio to C" lines and recall rthat
everything is rclative so: Cltempercd)/
Clpure) = 1{1, or 0 percent and Aftem-
pered}/Alpure) = 23/4/(5/3) = 1.6818/
1.6667, or +.91 percent,

To make this last point clear let’s make a
do to do scale from A =220 Hz to A = 440
Hz, table 2. 1 could have made C{tempered)
= C{pure}, but that would violate an inter-
national agreement about A = 440 Hz!
Besides, this way | can tell you about a
scale in the minor mode. We'll impress
the musicians looking over our shoulders
by calling table 2 “Key of A Minor.”

The two major differences between these
two keys are the beginning note and the se-
quence of whole (W) and half {(H} steps up
the scale. Both the starting place and the
sequence are specified in the name of the
key. The key of C major begins with C and
proceeds in the major mode sequence of
steps, WWHWWWH. The key of A minor

Article continued on page 54

Text continued on page 58






FROM THE INVENTORS OF SEX SOMETHING NEW,

THE WORLD’S BEST KEPT SECRET.

SEX

Now whal sell-respecling company
resorls 10 a cheap trick like this to
get your allention.

WEDO

And it works, doesn'l #? So does
our now 16K STATIC RAM memory
board. It is lully assembled and
tested and plugs into your SWTPC
300 microcomputer—allowing you
to expand yaur system lo 48K. The
PRICE?? That's the sexy part. It's
so0 BARE we can only reveal |t
through the mail. {Sent in plain
brown wrapper so as nol to offend
a nan-computer oriented spousa.)

Nome

Street

Caty - —

Swie & Zp

SMOKE SIGNAL BROADCASTING
P.O. Box 2017
Hollywoed, Calitornia 90028

Exactly one year ago, we introduced SEX to BYTE Magazine with this little
ad. Your response was tremendous — much greater, in fact, than to any
of our other larger ads which made no mention of sex. Researchers at the
psychology department of TJU say that, because the readers of BYTE are
not a controlled group (some irresponsible parents even let their children
read the magazine), no statistically valid conclusions can be drawn. We
believe, however, that we may have stumbled across something of even

more interest to computerists than the old 8080. It is, in fact, the world's
best kept secret.

What is it you ask? First, please keep this confidential. If word got out to
too many people, it might depress the market for late model 8080's so
much that one of those high priced units could be purchased for less than
a comparably equipped new econornical 6800 with automatic bootstrap
and power disc drives. The world's greatest secret is: NOW THERE IS A
LOT OF GOOD SOFTWARE FOR THE 6800. For instance, there are two
disc based editors and three assemblers available for the SMOKE SIGNAL
BROADCASTING BFD-68 disc system. A disc based BASIC COMPILER
with data file capability is available and so is a BASIC INTERPRETER with
data file capability. We also have a DISASSEMBLER with TRACE capabil-
ity, a8 SOURCE GENERATOR and a smart 1K MONITOR program with [/0,
tape load and punch, breakpoint, single step capability and much more,
If you're a newcomer to computing and want to learn what BASIC is all
about, we have a LEARN BASIC package that leads you from basic BASIC
to advanced BASIC in 12 easy lessons. All this plus the hest microcom-

puter disc operating system around.

SUPER EDITOR: The SE-1 is a content oriented editor with
string search and block move capability. Changes may be
made by referring to fine number or string content or a com-
bination of references. Naturally, it is designed for file trans-
fers to and from the BFD-68 so the size of the edited file is
limited only by the capacity of the diskette. $29 on diskette
or cassette.

SUPER ASSEMBLER: The SA-1 inputs source code from a file
on the BFD-68 and outputs object code to disc file. Some very
large programs can be assembled with the SA-1 since the
source code resides on disc and is not resident in memory.
Assembly listings include alphabetized and tabulated symbol
table: $29 on diskette or cassette.

Complete source listings are included for both the SE-1 and
SA-1. Order both for $53 and save $5.

SMARTBUG — A CURE FOR MIKBUGI!TIS: A super smart
Motorola-Mikbug replacement that preserves almost all Mik-
bug entry locations so your present programs will run without
maodification. Uses ACIA for baud rates to 19,200 and includes
many additional features including a software single-step trace
command. Manual and source listing for $19.50.

TRACE-DISASSEMBLER: The TD-1 in the trace mode allows
you to trace through a program and monitor and change the
registers or memory as you go along. In the disassembler
mode, it provides you with a way to make a program listing
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from a program when you only have the object code. $19.95
on cassette. Add $5.95 for diskette.

SOURCE GENERATOR: The SG-1 is a very fancy disassembler
that takes object code in memory and creates a listing and
outputs source code to cassette tape or the BFD-68 in either
SWTPC CO-res or SSB Editor format. The source code gener-
ated includes labels so that the source file created may be
edited and re-assembied with whatever changes the user
wishes to make. $24.95 on cassette. Add $5.95 for diskette.

BASIC COMPILER: The Software Dynamics Basic Compiler has
been adapted for use on the BFD-68. This is a super fast busi-
ness oriented BASIC with PRINT USING statement, disk data
file capability and ten digit accuracy. Because it is a compiler,
you can develop business programs, compile them and deliver
an object module, thus, keeping the BASIC source program as
your trade secret. Write for more information.

LEARN BASIC is a 12 lesson programmed course in BASIC.
It takes the new owner of a 12K or larger 6800 computer sys-
tem from beginning BASIC to advanced BASIC in easily under-
stood steps. Requires SWTPC 6800 version 2.0 BASIC. Includes
65 page manual. $39.95 on cassette or diskette.

A BASIC INTERPRETER for the BFD-68 with data file capa-
bility is available for $39.95 from Computerware, 830 First
Street, Encinitas, CA 92024. Write them for more details.

P.O. Box 2017, Hollywood, CA 90028 » (213) 462-5652

Circle 104 on inquiry card,









NEW CP/M™ SOFTWARE

Digitol Research Is pleased to announce the
avoilability of our new macro assembler called
“MAC” which is upward compaotible rom our
previous B0B0 assembiler provided with version
1.3 of CP/M™ Our new assembler is compatible
wilh the latest Inlel macro standord, and
incorporates several facilities which will prove
quite usetul:

iF, ENDIF, ELSE provide conditional
assembly focilities which are controlled by
boolean expressions involving the arithmetic
operators (+. -, °, /. MOD, and unary -), shift
ond mask operations (SHL, SHR, AND, OR,
XOR), ond relational operators (LT, LE, EQ, GE,
and NUL).

MACRO definitions allow groups of
inslructions to be stored and substiluted in
the source prograrn, as the macro names
are encountered. Definitions and calls can
be nested, symbols can be constructed
through concalenation {using the special &
opetalor), local symbols can be created
(using the LOCAL pseudo operation). Macro
paramelers can be formed o pass arbitrary
strings of ftext to a specific macro for
subslitution during expansion. In particular,
the MACLIB (macro libraty) feature allows
the programmer to define a particulor set of
macros for generation of machine code for
any specific 8 or 16 bit machine which does
nel motch the Intel 8080 instruction set.
Macro libraries are included with MAC for the
Zilog Z:80 instruction set, along with macros
for pedoming simple peripheral and se-
quential fite 1/0 under CP/M.

Circle 38 on ingquiry card,
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IRPC, IRP, REPT prowide repetition of
source staterments under control of a list of
choracters or items to be substituted each
fime the staterments are expanded. This
fealure is pariculoty uselul In generating
groups of assembly language statements
with similar structure.

SORTED SYMBOLS are provided in o
diskette file suitable for lisling on your line
printer or use during debugging.

TITLE, PAGE ate provided to control page
ejects and lilles on each page of the source
listing.

PARAMETERS can be specified when
MAC is started to control the source and
destination of pardiculor files os well as listing
fomats for macro generation.

MAC DOCUMENTATION

MAC documentation includes the *Macro
Assemblor Language Method and Applica-
fions Gulde”, the most complete gulde to
macre applications available today. Examples
include macro-based languoges, high-level
control structures and operating system infera-
ces Over 60 listings of working 8080 macro
assembly language programs are provided so
this manual can be used os a study guide in
advanced macro applications. (The manuol is
available for separale purchase.)

The macro assembler occuples a 12K region
of memory, and requires concurrent cperalion
with CP/M systern, 1hus requiting 16K of program
space during cperation. Additicnal memory

space is used for the symbol fable, resulting ina
minimum usable memoty size of about 20K.

"PLEASE NOTE: MAC is o copyrighled product of Digital
Research and moy not be copied for use by any
individual other than Ihe purchaser. Cue lo the proprie-
tory nolure of MAC. Ihe maching code diskette is
available only lo registered owners of the CP/M™
Operating System  Allhough you may purchase the
"Maocro Assembler Language Manual and Applications
Guide” separately, Digitol Reseorch canno! accepl
diskeftte orders wilhoul your registered CP/M™ Serial
Number. (It you haven't retumed your CP/M™ Registra-
tion Card, you may do so at this time.)

ORDER FORM:
1 would like to puichase:
( )*"MAC M A bler Language Manuai
and Applications Gulde” Only (200 pages) tor
$45.00

{ J)"MAC M A bler Language Manual
ond Applications Gulde” and MAC Mao-
chine Code Diskette'. CP/M™ Saiiol Mo.

. tor$70.00,

{ ) MAC Machine Code Diskette® Only. CP/M™

Serial No _ for $60.00.
Califoimnia residenls please ado 4% sales tox.
Tolal puichase- §

{ ) Please charge to my
Mastercharge »
BankAmencard ~
Expiration Date

{ ) 1 would like further information on:
( ) CP/M"” Operalng System
( )} MAC Macro Assembler.

Name
Address  _ .
City State Ip

Il DIGITAL RESEARCH

P.O. Box 579, Pacific Grove, CA 93940
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Text continued from page 50

starts with A and proceeds in the minor
mode sequence, WHWWHWW.

Look at the frequencies of the notes
called D and G in these two keys. For tem-
pered tuning, each of these notes keeps the
same frequency although the key changes
from C major to A minor. For pure tuning,
however, each of these notes must be
lowered by 1.25 percent when changing
from C major to A minor. A singer or
violinist does this during a performance,
but can you imagine a pianist or organist
stopping in the middle of a performance to
retune two notes in each octave? Bach's
cqually tempered tuning survives all such
key shifts quite well. The most sensitive
intervals (octave, fourth, filth} are still
imperceptibly dilferent  from the pure
scale, and the other intervals get no worse.
You should notice one more thing when you
are comparing these two tables. There are
two kinds of thirds, sixths, and sevenths.
As you may have guessed, there are also two
kinds of seconds, major and minor. There
is also an interval called the tritone, so there
can be twelve equal half steps per octave.

So if we list all of the intervals, we find
13 1o get 12 half steps per octave. Since
these thirteen intervals form what is known
as the chromuatic scale, we'll call this list
“Intervals of the Chromatic Scale™ and
write it down in table 3.

You can learn at least five things by
inspecting table 3.

First, the & sign is used to denate a4 half
step down from a nole and is called a fat.

Interval

Unison

Minor Second
Major Second
Minor Third
Major Third
Perfect Fourth
Tritone
Perfect Fifth
Minor Sixth
Major Sixth
Minor Seventh
Major Seventh

Octave

C Major A Minor Pure Ratio Tempered Ratio
c-C 11 20/12
c-p* A-B’ 1615 2112

[c=D] (A=B) /g 2212
c-€’ 6/5 2312

A-D? 5/4 24112

[c=F] [A-D] 4/3 25/12
c-G* A-E® {64/45 or 45/32) 26/12

(c-6] (A-E] 3/2 2712
c-A° 8/5 28/12
A-G® 5/3 2912
c-8° 16/9 210712

A-A" 15/8 211412

[c=¢] [a=a’] 211 21212

Table 3: Intervals of the chromatic scale.
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The sign for a half step up is # and is called
asharp.

Second, you should now be able to write
the notes used in the scales of all major and
minor keys. For example, the key of C
minor  begins  with C and proceeds
WHWWHWW, so it would be: C, D, Eb F,
G, A>, B?, C. The kev signature is the short-
hand used by musicians to specify the key at
the beginning of each line of music:

= KEY OF C MINOR
Y 0 NO

This tells the person playing the music that
all of the Es, As, and Bs should be played
one half step flat.

Third, the major and minor maodes
sound different because different intervals
are used for the third, sixth, and seventh.

Fourth, the two most dissonant intervals,
the minor second and the tritone, are not
used in any major or minor key, but arc
needed for some key changes.

Fifth, and perhaps most important for
implementation on a ‘“dinky" compuler
and for experimentation, is that the only
prime numbers used in the pure pitch ratios
are 2, 3, and 5. Also, 5 only appears to the
first power and 3 only to the first and
second powers. You will see later how easy
it is to implement the pure diatonic scale
with inexpensive integrated circuits external
1o the computer, so the computer is not tied
up by generating the pitches itself. In con-
trast, the powers of the twelfth root of two
may be obtained from the moderately ex-
pensive “top octave' integrated circuit, or
calculated (but not accurately) in real time
by the dinky itself. In the fatier case there
will be little computer power left for calcu-
lating the melody or harmony.

From Music to Mathematics and Back Again

Webster defines jnversion of a musical
interval as: “A simple interval with its upper
tone transposced an octave downwards. . .
Inverted primes become octaves; seconds
become sevenths; thirds, sinths, etc.”

A mathematical inversion Webster defines
as: A change in the order of terms of a
proportion. .." So what if a fifth is just an
inverted fourth? Simplification, that's what!
I we divide the chromatic scale right in the
middle at the tritone, the bottom half is
just the inverse of the upper half. This means
that you only need to learn and think about
half as much. This is not only true musically






and mathematically, but your own ears
will also easily recognize the similarities
between an interval and its inverse.

Try the following experiment on any
piano or organ that's in tune. Pick out any
black or white key and call it 1 for ref-
erence. This home note is called the tonic
and should be located near the center of the
keyboard for reasons I'll explain in a
moment. Now find note 6 by counting up
six keys including 1 and all black and white
keys. Now play both 1 and 6 together;
that's how a perfect fourth sounds. Try it
again with 1 and 8 this time; that’s how a
perfect fifth sounds. Now go back and forth
between 1 and 8 and then 1 and 6 to get a
feel for the fifth and its inverse. Next try
the same thing with 2 and 7 then 2 and 9.
These two intervals are also the fourth and
its inverse, the fifth, but you have trans-
posed them up by half a step. Now try a
minor third and its inverse, the major sixth.
First play 1 and 4 together and then 1 and
10 together.

You should notice that the minor third
and major sixth don’t sound quite as sweet
or harmonious as the fourth and fifth did.
Now try transposing up a half step to 2 and
5 then another half step to 3 and 6, and so
on up the keyboard. Do the same with the
fourth, first 2 and 7, then 3 and 8 and so on
up the scale. Notice how the fourth and
minor third sound similar regardless of the
tonic or home key chosen, and how they
are clearly different from each other even if
played in different octaves; in music as in
physics everything is relative to the observer.

You may even want to make a list for
yourself of the intervals which sound alike.
You can also note which intervals are most
harmonious and which are most dissonant,

or rough. I'll even bet your list looks like
mine! If you think I've biased you, have
your friends or family make lists. I'll bet

Interval

Unison

Fourth

tajor Third
Minor Third
Major Second
Minor Second*
Tritone

Ratio

i
4/3
5/4
6/5
9/8

16/15
64/45

Inverse Octave Shift Musical Inverse

11 2/1 Octave

3/4 3/2 Fifth

4/5 8/5 Minor Sixth

5/6 5/3 Major Sixth

8/9 16/9 Minor Seventh
15/16 15/8 Major Seventh
45/64 45/32 Tritone

"The minor second is more dissonant to me than the tritone, but the tritone seems
more dissonant to me than the major seventh, so the minor second doesn’t fit in
this list very well,

Table 4: Music to mathematics to music. The intervals useful in music are
fisted in order from the most harmonious to the most dissonant. Most people
are in good agreement gbout the order of evaluation of the relative degrees of

harmoniousness in the first five intervals listed,
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they all are in agreement. Table 4 contains
my list, which I've called “Music to Mathe-
matics to Music” for reasons you'll see in
a moment.

Now isn't that a remarkable historical
achievement: what musicians have been
calling an inverse is also an inverse of the fre-
quencies of pitches according to the mathe-
matical definition of inverse. Although I'm
neither mathematician nor musician, | have
read a number of books on both subjects,
including some on the psychophysics of
music, and | have never seen this simple
and simplifying correspondence of musical
and mathematical inverses mentioned. Per-
haps it was information lost with the burn-
ing of Pythagoras and his temple 2500 years
ago. A close look at my list of most har-
monious to most dissonant reveals that as
the top and bottom of the fractions get
larger, the harmony decreases and the
dissonance increases, (with the exception
of the minor second; but let's forget about
this exception for the moment).

The order in this list is no accident;
neither is it a learned cultural bias! It is as
if we had a brain with a center which con-
tinually seeks for simplicity, harmony and
order. The harmonic series: 1, 2, 3, 4, 5,
6,..., is found extensively in man's
theories about nature. [s this because it is a
property of nature, or is it because man's
brain can understand things better if they
are in such a series? Such a question is
interesting, but can only be raised and not
answered in an article about music for
computer nuts. Music, like speech, is unique
to man and is totally abstract. By abstract,
| mean that for the most part, no attempt
to copy nature is made.

Music is solely a product of man's brain,
or ear-brain combination. Here is where we
find harmonic series galore. A musical chord
such as the major triad is three notes played
together, the frequencies of the notes being
related to each other as elements of a har-
monic series are related. In the key of C
major, the major triad is C, E, and G which
have pitch ratios of 4, 5, and 6 [(ie: 4/4,
5/4 and 6/4). Often to make the chord
sound fuller, a musician will add the C an
octave lower, and the C an octave higher.
This also fills out the harmonic series some
more: 2, ,4,5,6, ,and 8. How about the
missing 1, 3, 7, 9, etc? You can try 1 and 3
for yourself; they are simply the C an octave
lower still, and the fifth up from the next
C, and they fit in beautifully.

Unfortunately, you won't be able to try
7 on a piano; it would be 7/4, which is
1.8 percent lower than Bb, a minor seventh
fram the C of the triad. Fortunately, if you



Meet the TSC
Text Handlers!

6800 Text Editing System

This Editor has caused more talk than any
other TSC program. Most users find it hard to
believe its power. The TSC Text Editing System
will allow extreme ease in any text preparation,
whether it be an assembler language program
or a legal docurment.

Included are all the usual edit features plus
commands for block move, block copy, tabs,
local and global string changes, and overlays.
All editor commands can be used as content
oriented commands. The commands may
alsc be used in a character, line, or relative
position fashion and either in a local or global
sense.

Some other unique features include the
ability to work forward or backwards through a
file, restrictive column zone definitions, a de-
finable tab fill character, plus many more.

The TSC Text Editing System comes com:-
plete with assembler language source listing
and a very thorough users manual which in-
cludes a “Mini-Tutorial" for those wishing tc get
started immediately.

SL68-24 Manual and Source Listing $23.50
With Cassette $30.45 With Paper Tape $31.50

8080 Systems Available Soon!

6800 Text Processing System

The TSC Text Processing Systern is by far
the most powerful text formatter available to the
micro user. Over 50 commands are provided
for easy paging, margin setting, and spacing.
Right, left, right and left, and center justification
modes are all handled. The TSC Text Proces-
sor is actually a formatting language which
allows the creation of macros including vari-
ables. All of these features allow for very
efficient footnote handling, special document
preparation, and form letters.

Other features supported include page
numbering {either Arabic or Roman Mumerals),
complete page size control (line length, page
length, top, bottomn, left and right margins, etc.),
tabs, conditional formatting control, exact title
placing, contiguous space and text control, plus
much, much more.

The Text Processor in conjunction with the
Text Editor will give your micro the powers of
the best text processing systemn available. The
complete assembler language source listing
and extensive users manual are included.
SL68-29 Manual and Source Listing $32.00
With Cassette $ 38.95 With Paper Tape $40.00

O SLB8-29 $32
0 W/Cassette $38.95

0O S1.68-24 $23.50
O W/Cassette $30.45

| o w/Paper tape $31.50 0 W/Paper tape $41.00f]
O Complete 6800, 8080, & 6502 Software Cal—l

alog 25¢
ECHNICAL SYSTEMS | |
CONSULTANTS, INC. I Name I
HOX 2574 W LAFAYETTE  INDIANA 41908
347 -742-T209 I Address l
I City State Zip I

SPECIALISTS IN PROGRAMS, SOFTWARE, 5 HAADWARE FOR [NDUSTAY & THL HOBEYISY
_-----------‘
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build the pure diatonic scale interface de-
scribed below, you will be able to hear for
yourself how well 7 fits into the series. Also
you will be able to hear 11, and 13, and to
hear how, and under what conditions they
fit.

The ear-brain wants so much to hear
harmonic series that it will even fill in
missing pitches. The “missing fundamental,"
or the lowest note of a harmonic series, has
been studied by many doing acoustics re-
search, If your ear is presented with a series
of tones whose frequencies are in the ratios
of whole numbers such as 2, 3, 4,5, 6, or
3,5, 7,9, your brain tells you that you
actually hear the pitch corresponding to |
(the fundamental) also!

Now let’s get back to the dissonance of
the minor second and why you needed to
stay in the middie of the piano keyboard
to do the experiments with intervals. If two
pitches are very close together, the ecar can-
not tell them apart, and they are heard as
a single smooth pitch. If the pitches are far
enough apart, two smooth and distinct notes
are heard. If the distance between the
pitches is in the critical bund, the two notes
are heard as two more or less rough notes.
This roughness is maximum at 1/4 of the
critical band. It turns out that the minor
second is 1/4 of the critical band over the
middle of the piano range, and this is why it

CMOS 12 VOLT

sounds so dissonant. The width of the criti-
cal band is roughly equal to:

100Hz +50Hzx f

where f is the frequency of the note in kHz.
You can calculate that, as you go to lower
notes on the piano, roughness, or dis-
sonance, will be heard in the minor and then
major thirds, and still lower will be heard
even in the fourth and fifth, until at the
lowest octave the only consonant interval
will be the octave itself. Thus, if you want
the music you compose to sound har-
monious, you should have the pitches re-
lated to each other in the harmonic series,
and pitches played at the same time should
be more than 1/2 of the critical band apari.
Analysis of music composed by Bach and
Dvorak shows that their chords obey these
two simple rules.

To compose interesting music, you'll
need a few more rules. Most music has
two  features, constancy and variety.
It is as if the brain center which looked for
order, simplicity, and harmony was easily
bored, so once it found a pattern, it would
soon be looking for another. Qur musical
needs vary. Sometimes we want very simple
tunes so we can unwind, and at other times
we need complex melodies to keep our
interest. Once you have made a tune with a
computer, it will be possible, in principle,

- — e e ———— —— —_
|
b2 ]
R/W, Ks, ®p L
KiM-) 1200 - Y PROGRAMMABLE [ WoTE T )
COMPUTER AQTO Ag A 5 VOLT TTL 0 70 07 Ay 1viDERS FOR
TQ 12 VOLT KEY, QCTAVE :
LATCHES . < [[noTE 2
CMOS 5 05 T30 AND NOTES SQUARE WAVE
0D LEVEL o 7 Do 10 D7 NOTE OUTPUTS
0 7 SHIFTER FIGURE 2 NOTE 3
16U
bofoor f PO grE )
Teesyouvy ] WRITE

CMOS 12 vOLT

bo 10 D7

fOR FUTURE
CMOS EXPANSION

ZQ T0 37

{ ¢, 12 VOLTS

@Faoo 10 WW 1402 smosej

R/W, Kg, O :> FOR
ADDRESS |Ww 1403 TQ ww 1407 FUTURE
DECODER |WRITE STROBES USE
Ag 1D Ag > FIGURE

J

L(WPZO D wP22

@y = CLOCK PHASE 2, 1OOMH:

Figure 1: Block diagram of the musical tone generator interface. All logic (see figures 3 and 4) of the tone generator itself is
12 V CMOS, with level conversion from the TTL 5 V levels at the computer output.
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Figure 2: Detail block dia-
gram of the tone genera-
tor, which uses the 1 MHz
clock of the KIM-T as its
frequency standard. The
outputs at right are square
wave signals which can be
sent to further filtering
and signal processing be-
fore mixing down to one
or two stereo channels.
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for you to have the computer make all
sorts of variations of your tune to keep it
interesting.

Now let’s switch gears from music to
computer oriented electronics and find out
how to build a diatonic computer music
interface. The interface costs less than $19
to build, including 24 integrated circuits,
LEDs, resistors, four diodes, and a universal
type printed circuit board. It will put out
four notes simultaneously, and will play in
almost nine octaves (17.36 Hz to 7812.5
Hz). The highest and lowest octaves have
12 and 13 different notes, and the middle
seven octaves have 33 notes each, giving
a tolal of 256 unique notes. |t uses three
bytes of memory space.

The interface can be functionally divided
(see figure 1) into four parts:

® A set of programmable frequency
dividers.
® A three byte latch.

$2
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.
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SELECTOR

GENERATOR

—

:> NOTE 1
w1401, Do TO D3 SSLEECT

® An address decoder.

® A level shifter to change the 5 V sig-
nals from the computer to 12 V sig-
nals for the CMOS circuits so they
can operate fast enough to follow the
500 ns write pulse put out by the
computer.

The block diagram shows that I've chosen
hexadecimal addresses 1400 to 1402 to drive
the interface. This is a convenient memory
location for me because | have a KIM-1
with 12 K of memory and these locations
are not used for anything else. You'll nulice
that l've also decoded write pulses for
hexadecimal addresses 1403 (o 1407 and
page selects of addresses 20XX 1o 22XX for
future expansion of the interface. Also,
cight address lines, eight data lines, « ciock
line, and the write pulses for addresses
20X X to 22XX, all at 12 V, are brought
out to the edge connector for use with
other CMOS interfaces.

l tin=.OOMHZ

[ ¢——— f =66 7KHz TO 125KH:z

+n{n=1,2,3,4,5,6,7,8)

——— f, =520 8Hz TO 125KH2

—o I: FLIP $ QUTPUT NOTE 1

FLOP fkgn(= 7 4Hz TO 7BKH2)

SiX

= = HALF
Dg 7O D7 ) BYTE

LAYCHES | A

WIa0l, Ds TO D7 ) NOTE 2
| Wi491, 04 TO 07,

SELECT

i
=

R| T2

FLip »OUTPUT NOTE 2
FLOP (fon2= 17 4Hz TO 7BKHz)

W1402, 00 10 D3 | ecifcr

g

[e—o I: FLIP # OUTPUT NOTE 3

FLOP fyon3=34 THz TO 122 1HZ)

w1402, 04 10 D7) Screct

R| sz

r— E FLIP » OUTPUT NOTE 4

FLOP (Tuona=69.4Hz TO 244 141}

w1400, 07

R

T

STROBE

[\( WWIA00 TO Wwl402













68

R/W [ INH
l LF Ic5
l| : 630 4028
I 4 12
ks[> i @c — c wgol8 we22
I 1e3 | gl — WP2Zl [~ ) ruTuRre usE
| I 630 . wP20
as i 5D & | | i3y 7 —
12
| | é
| | 630
as [>—1 9@03 J - 104
I [
L
+12 +12
—r——- Ic3
| [ 630 l_s 7406 630
a7 D—d—'pci: + H ss 2 Btz
| +12
| | Nrge
| 3na | 630 INGIa8
26 [>——Do—+—=
| ! +12
| e |
| sps | 6% : 6
®2 D—I—D%f & 3 D
+12 IC6
| | 4023
[ 630

1N4I148

+12

LATCH STROBE PULSES
l

AQ

I__E
I o
.
l__ [

INH

IC7
4028

% TO KEY, OCTAVE
% TO NOTES 1,2

6 wwid0z | " 10 NOTES 3,4

{ WW1403 D’
15 WW1404 D'
2 WWI405 D'
14 WWi408 D‘
3 wWwleo? D‘

FUTURE
EXPANSION

Figure 4: Schematic of the tone generator's KIM-1 address space decoding, a
diagram of the edge connector, and power wiring table for figures 3 and 4.
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The six programmable dividers are the
heart of the interface (see the detail block
diagram of figure 2 and circuit diagram of
figure 3). Five of these are 4029 presettable,
bidirectional, binary or decade counters set
up to count down in binary mode. In this
made the carry outl {CO} line goes low when-
ever the counter counts down to 0. The CO
signal is inverted and returned Lo the preset
enable {PE} input which sets the counter to
the value of the binary number on input pins
|4 to )y. Each positive transition of the
clock (C) input causes the counter to count
down by one as long as the clock inhibit
(C1) is low. Because |4 {(pin 3 on IC9, IC15,
IC19, 1C21, and 1C24} is always high, the
counters may be sel to divide by 8, 9, 10,
11, 12, 13, 14, or 15, depending on the
binary number on inputs |3 to 1. This
number is stored in 4042 latches by writing
the data into D3 to Dy of the latch as if it
were a memory location. For example, if a
binary three {011) were on 310 J1, 8+3, or
11 would be loaded into the counter when
PE went high, and the C input would have
11 positive transitions before CO would go
low, forcing PE high momentarily, and again

Power Wiring Table

Number Type +5V GND +12V
1C1 7406 14 7 -
iC2 7406 14 7 -
1C3 74086 14 7 -
1C4 7406 14 7 -
1CS 4028 — 8 16
1C6 4023 - 7 14
1C7 4028 - 8 16
1C8 4042 - 8 16
IC9 4029 - 8 16
IC10 4001 - 7 14
1C11 4042 — 8 16
1C12 4051 — 8 16
1C13 4024 - 7 14
IC14 4042 - 8 16
1IC15 4029 - 8 16
IC16 4013 - 7 14
1C17 4001 — 7 14
iC18 4042 — 8 16
1C19 4029 - 8 16
1C2C 4042 - 8 16
IC21 4029 - 8 16
1£22 4013 — 7 14
1C23 4042 — 8 16
1024 4029 - 8 16

loading the counter with 1. Thus the fre-
quency of PE pulses would be 1/11 of the
frequency of positive transitions at C. A
flip flop at the output of the note dividers
converts the PE impulses into square waves
with a 50 percent duty cycle. Each of the
Qg latch outputs turns off a divider and
thus turns off the sound of one or more
note outputs. Bits 4 and 8 of hexadeci-
mal location 1400 wrn off all the sound,
whereas bits 4 and 8 of address 1401 and
1402 turn off notes 1 thru 4, respectively.
The reason for all this turn off is that music
has a lot more silence in it than is generally
recognized. To make notes sound distinct,
rather than all run together, the sound must
be shut off for periods of 10 to 50 ms {for
example).

The key selector divides the computer's
1 MHz clock by a number from 510 8 10
produce frequency fk of 66.7 kHz to 125
kHz as shown in the second block diagram.
A binary divider, IC13, produces seven
more oclaves (factors of two in frequency)
from fi, and the 1 of 8 sclector, IC12,
selects one of the octaves, fxo (520.8 Hz to
125 kHz), based on bits 6 to 4 stored at

Edge Connector Wiring Diagram
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write page 20
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Continued on page 170
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are specifically referred to as 3% or 4% digit
DVM large scale integrated circuit (LSI)
chips do not have this luxury. In general,
their output is a combination of serial and
parallel, one digit at a time. Interfacing to a
parallel output analog to digital converter
would be far casier with regard to the com-
puter software, but as is generally the case,
one never gets something for nothing. 12 bit
parallel analog to digital converters are
expensive. Most are designed to cover high
speed data acquisition applications. Speed
(1000 to 100 K conversions per second)
costs money.

This leaves us with the 3% digit DVM LS|
chips. They run very slowly by comparison
(1 to 50 conversions a second), but cost an

Figure 1: A simplified functional representation of the Motorola MC14433
35 digit analog to digital converter. 1a shows a block diagram of the device;
1b shows the two integration periods used to convert the input voltage to a
3% digit decimal number. During time tj, the unknown voltage (Vi) is ap-
plied to an integrator having a predefined integration time constant (1) for a
preset time. During t2 a known negative voltage is presented to the integrator.
The time needed for the integrator to return to the Q level is therefore a
function of the unknown voltage. A digital counter keeps track of this time,
from which Vi can be calculated.
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order of magnitude less. Software to per-
form the serial to parallel conversions is a bit
more involved, but once it’s written, who
cares?

One of the latest chips to hit the market
is the Motorola MC14433, a 3% digit low
power complementary MOS analog to digital
converter. |ts specifications (relative to
computer applications) are listed in the box
on page 76.

The MC14433 is a modified dual ramp
integrating analog to digital converter. This
is outlined in figure 1.

The conversion sequence is divided into
two integration periods: unknown and
reference. During the Vip or unknown input
integration sequence, the unknown voltage
is applied to an integrator with a defined
integration time constant for a predeter-
mined time limit. The result is that the
voltage level at the output of the integrator
will be a function of the unknown voltage
input. More positive input voltages will
result in higher levels at the integrator
output.

During the second cycle of the integra-
tion sequence, Vin is replaced at the input
of the integrator with a negative 2,000 V
reference. The output of the integrator
starts to move toward zero while the digital
circuitry in the chip keeps track of the time
it takes to make it to zero again. The time
difference between the two integration
sequences is then a function of their voltage
difference. Since the integration time con-
stants are the same for both periods, if 2.000
V were the unknown applied voltage, t9
would be equal to t1. The unknown voltage
is equivalent to the ratio of the periods,
times the voltage reference, Vyief. This is
also known as a ratiometric converter. Quite
a mouthful. The full scale range of the
converter is determined by the level of Vyef.
Changing Vref to .200 V will make the same
1999 count represent a 1999 mV full
scale. {Obviously, Vief could be set to any
value within the voltage limitations of the
chip. But, remember, full scale will still be

integration time constant

-
"non

t unknown voltage integration period
(constant)

to = reference voltage integration period
{variable)
Vit Voast

V0= in'1 ref 2

T T

that is

Vin 4

Vref t‘l (lb)
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John G Whitney
2405 Haisley Dr
Ann Arbor M| 48103

So you now have your own home com-
puter system up and running. Your pro-
cessor is on one bench, a cassette mass
storage memory unit on another, The ter-
minal stands nearby, with the paper tape
punch and your TV video monitor on the
floor. To top it off you have 20 interconnec-
ting cables lying around. Does this remind
you of your computer system? Things don’t
have to be this way when with a moderate
amount of time and money one can convert
one's computing apparatus into a well organ-
ized and laid out system.

Most professionally installed minicom-
puter systems have most of their hardware
mounted in one rather large cabinet.
Mounting the hardware in such a cabinet
eliminates many interconnecting cables that
otherwise would be lying around on the
floor. A cabinet for your system will in-
crease the system'’s reliability by shortening
cable lengths between system components,
since they are now all mounted together.
The shorter cables will have less capacitance
which will in turn lower the amount of byte
transfer errors due to noise pickup. A cab-
inet will also provide easy movability of the
total computing system without much
trouble. By mounting your computer hard-
ware in such a cabinet you can achieve
these results in addition to improving
your system’s appearance and efficiency.

At almost any used computer surplus
center one can find a fairly cheap and
adequate stripped down computer frame

or cabinet that will serve e purpose.
| have found a 20 by 25 by 60 inch (40.8 by
63.5 by 15.24 cm) size frame quite suit-
able for my homebrew computing system,
The size depends mainly on the size of the
existing equipment in your system. Some of
the better cabinets are the ones in which all
four sides have panels which swing open to
expose the computer hardware for easy ser-
vicing. If you fail to locate such cabinet,
you can easily construct an adequate
wooden enclosure.

After acquiring a cabinet it's usually
to install a fairly large ventilating fan to keep
the heat generated by the hardware to a
minimum. Another addition such as a row
of 110 V AC outlets, mounted on the inside
of one side panel, will crease your work
when changi or increasing your com-
puter’s equipment. A main power switch for
all electrical equipment in the cabinet,
when mounted near the front, becomes
quite handy when all >wer is to be discon-
nected. Other additions, like a smoked glass
or plastic front door panel to improve your
cabinet's appearance, are left o your
imagination.

Not only will the cabinet provide an
enclosure for your equipment, butl any
sufficiently large unused space can be used
to store your computer software, in paper
tape or cassette f n. When ultilizing space
for your system’s software it becomes
necessary to insulate and shield these areas
from all electrical wires or possible strong
magnetic fields. This can be done either by
moving the wires away from the space or by
surrounding them with a steel shield which
will confine the m.  etic fields. Otherwise
you might find that your software casseltes
contain small bits of garbage.

In utilizing a cabinet with your system
you won't just improve your computer’s
appearance and efficiency, but when some-
one views your system he ar she won't
exclaim in disbelief, ‘'Is that the computer?
That little box!"'m















The end of

Kit=Kits.

The end of bad solder joints, heat damaged
components and sick IC’s. Introducing the
Semikit. ltem1, al6KRA Memory Board, *369.

Let’s face it. Loading and
soldering PC Boards is not much
fun for the kit builder. Even
more important, it’s the place
where most of the trouble gets
introduced. The real fun and
education comes in running and
testing boards.

Now the Semikit with
fully tested ICs.

At the price of a kit. Processor
Technology Corporation intro-
duces the Semikit. It’s a fully
stuffed, assembled and wave
soldered PC Board loaded with
IC’s that have gone through Q.C.
and final checkout (a first in
the industry).

We leave you the fun of
testing with our fully documented
set of instructions. We do the
production tasks of loading, wave
soldering and inspecting the
boards. You do the more interest-
ing and time consuming chore
of testing and burning-in
the boards.

The result is one sweet deal

Circle 95 on inquiry card.

for both of us. You get a board
where the primary causes of
damage (poor solder joints, excess
solder and bad IC%) are virtually
eliminated. You get a board of
highest professional quality.

And we get the business!

The 16KRA Memory
Board’s at your dealer now.
Your Processor Technology

dealer has the first Semikit, a
I6KRA Memory Board, in stock
and ready to go right now. You
can take it home tonight for
S369 as a Semikit or for 5399
fully assembled. tested and
burned-in.

You'll have a 16.384 byte
memory with a better price per-
formance ratio than anything
on the market today. Now you can
afford to add quality, high
density memory to your system
for remarkably little. And you
can add enough to solve complex
computing problems right in
the main frame.

The memory features invisible

refresh. Theres no waiting while
the CPU is running. Worst case
access time is 400 nsec. Each
4,096 word block is independently
addressable for maximum sys-
tem flexibility. Power is typically
S watts, the same as most single
4K memory modules. Back-up
power connection is built-in.

Other Semi's are coming
your way.

The I6KRA Memory is
Processors first step in adding
more fun, capability and reli-
ability to your computer system
at lower cost. Other modules are
on the way to your dealer now.
Come on down today.

Or you may contact us
directly. Please address Processor
Technology Corporation. Box B,
7100 Johnson Industrial Drive,
Pleasanton, California 94560.
Phone (415) 829-2600.

Processor
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“It has 1o be done by now. That sub-
routine can't take much more than a few
milliseconds per entry, and therc aren't
many entries. [l give it a few more
seconds,” Jack sat nervously puffing his
cigar, “'It can't take this long,” said Jack, his
patience exhausted. He punched the RESET
button.

“Whal do you want now, Jack? Here |
am, faithfully running your program, and
you interrupt me. Find a mistake in your
code?”

“"Hardly. You should be done by now.
What have vou been doing that took so
long?"

“Well, when you interrupted me, | think
| was execuiing a load-immediate
instruction.”

"“"Where?"

“How should | know? You interrupted
me. I'm in the monitor ROM now. | can't
keep track of every instruction | execute.”

“True, true, It sure would be nice if you
could, though.”

“Well, 1 can't. | alrcady assemble your
programs for you; you can't expect me to
debug them for you 100! That’s suppc | to
be your department!”’

"l know, computer. How do | figure
oul where you went wrong?”

“How do | know?"

“Calm yourself or I'll use your parts in
my F8."

*Okay, Jack. I'm sorry | lost my head.
Anything would be better than inflicting
that F8 on us. How about trying a break-
point?”

“Good idea! Computer, sometimes you
amaze me. Try a breakpoint at the sub-
routine return.”

“Shouldn't 1 reload the program first,
Jack?"

I guess 50." Jack waited as computer
reloaded the program from its cassettes.
“Now, put a software it rupt at 1FC0."

"One SWI inserted (hexadecimal 3F to
me). Shall | run the program now?”

“Start.” Jack went into the kitchen for
a beer. He returned a few minutes laler.
“Computer! What are you doing? RESET!"

"Now what?"'

“I told you to set a4 breakpoint

“l did set a breakpoint; see the 3F at
T1FCO. | just haven’t executed that instruc-
tion yet.”

“Why not?”

"I haven't the foggiest idea. 1 just execute
them in the order that you wrote them.
Writing programs is supposed to be your
contribution to our work."”

“Don’t get snide. Remove the break-
point.”

“Done.”

“Now, put the breakpoint at TFA2."”

“I'll reload the program first, Jack.”

"1 guess you should, but | hate waiting
for those cassettes.”

“They're your design, remember. If you
want speed, buy me some disks."

“They're on order.”

“Great. Now let me load the program the
best | can from these archaic, cranky, slow,
old..."

"Just do the job without the com-
mentary!"

The cassette in the read drive turned cver
so slowly. “I'm ready now, Jack. The break-
point is "

[t

Cantinued on page 133

Robkert D Grapgpel
148 Wood St
Lexington MA 02173

Jack E Hemenway

151 Tremont St
Boston MA 02116
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Listing 7: An assembly program for driving the 8 channel 3% digit voltmeter
in figure 3. It is designed to run on the Z-80 and is assembled to occupy mem-
ory page octal 140.

ASEH 110000 148000

Ao
140000
LAGHID
LAGa00
LA03a0D
140000
La¢one
140000
Lagoao
140000
140000
140000
140000
140000
140008
140007
La0004
149004
FADDLG
140012
1440014
140014
140020
1400212
140024
1400248
F4D0AG
144032
140034
140034
1409040
140040
140040
140040
140041
180047
1300R4
140044
140045
140044
140044
140046
140046
140048
140044
140044
140044
[E1ETY
140047
140052
140053
140057
140042
140082
143042
140082
1400484
1400486
140070
140072
140074
140078
140100
LanInd
LAMEQHE
R EIF)
[RIdRN]
LADELS
lagets
LANL 7
L4n 29
140123
14014
140123
LR L:BRaRY
[E1¢PRe S
LAN130
[EIc R
140135
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tagyt, g
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L0160
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IELIPR
IELITE
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1A020]
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144705
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140220
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a0e
]
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ane

353
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REK
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313
335

W
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0300 1 0000C0

0310 CTHAND [ 000000

Q320 (%) [oleledele4]

Q330 CHANS DU 000000

034 h 0o0000

0350 CHAKG DWW Q00000

9340 (1) 000000

QA70 CHANZ LW 000000

9380 bW 000000

0350 =

GA00 8 INTERMEUIATE DAFA BUFFERS

Q410 ®

0420 FOLWAL Dby [$1e]¢] LAST PULARITY VALUE (Q=FOSITIVE)
0430 CHAN IE 000 CURRENT LHANNEL NUMKER
0440 CCP oW 000000 CDHMAND CHANNEL PARAMETER
0450 5TATUS LW QQ00U0 RETURN STATUS FARAMETER
0450

G470 ¥

0480 98 START A/D CONVERTER

Q490 »

QU000 W INFUT FARAMETER=DE REGISTER WITH CHANNEL SELECT WITS
0510 x SET FOR DESTRED CHANNEL (BIT 0s1
0520 = FOR CHANNEL 0y ETC.)
0530 « DUTFUT PARAHETER=HL REGISTER(BIT O FOR CHANNEL O
0540 ¥ WHERE 0=G000 VALUE: 1=0UT OF RANGE)
9550 «

0360 START EX DE«HL SAVE INFUT FARAMETER

0570 Lo (CCF) s HLL

0580 XOFR A INITIALI1ZE CHANNEL NUMBER
0590 LD IY+POLVAL INITIALIZE INTERMEDIATE DATA POINTER
Q600 LD {IY+1)+A ZERO CHANNEL NUMBER
0810 ®

0420 « START A/D CONVEKTER AND ESTABLISH POLARITY
0430 &

3540 Lo el CYCLE TWO TIHES

Q450 L fr?7 SELECT CHANNEL 8

0460 AGAIN DUT COP SELECT CHANNEL

0870 OR EEQC

088 outr car ENABLE EOC INFUT

DA90 WALT IN SIP READ STATUS

0700 BIT OeA TEST FOR EOC

9210 1N SoWA1T IME B NDE TRUE

[iFaa}] DatZ AULATH JURE TF O ROT DBONE

DRIV 1R D200 SELECT LGIC )

A0 atl kblo wtAle DT

Lo L [t FOLAKTTY FUSTTIVE

0740 {1 W R {] TESE FOLAKITY k1D

avrn I NZyBOS JUkE IF SOSITIVE

780 1HE 10 {TDUARTTY NEGATIVE

/90 LG LD L1riG) el SAVE JUKRENT B ARTLY
OHOD W

OBID W SELAGCTE NEXT CHANNG! | DK CONVERSTUN

OHDG ®

OHI0 SLLNXT LD Ar (CLTD EUnb CHANNEL  COMHAND FARAME TER
0BAD} “hl N TEST REXT CHANNEL KIT
oBsD (1) T ey KESTRNE

BHSO 15 VT el OURME TF OUHANNLE SELECTRD
LR FASCIRVIN

DRAN  INCCH INL CLYHT) INEREMENT THANNEL NUMBER
00 I SELHXY

QWO SELODT LD IXPCHANGO LNAD BnTa BUFFER BASE ALLKEGS
NEEY Ln £

L] LD Es CIYH1) LOAL LILKEHT CHANNEL NUHBL -
B9H0 SiA LA LUEATE BOFFER OUF ST
040 Sln b

o910 APD 1%L

ORa60 %

Q970 % SLLEUT 4 HARHE) ANDY START LUONVERS UM

ORIRQ *

09RO 8CSL Bl A LCHANY LUAD CHANNEL NUMBLE
1000 our o SELENT CHANNEL

1nie¢ OR Leoc ENABLE B0 DUTFUT

1020 virl COrF UOMHMAND A/D CONVERTER
1040 »

1640 * WATY FuUR £OC

1050 %

1040 WHOL IN Sk KEAY CONVERTER BTATUS
1070 HIT O TES) FOk ROT

1080 JKE ZyWENC JUMF IF NOT READY

1970 HIT 1+A TEST FOR UVERANGE

1100 Ji HLeLUVEE UM TF TRUE

1110 %

1120 & DONVERSION DUNL-RDCESS FIRST (HSIH DIGLT
1130 »

1140 MSEQ [HY Be200  BELECT DIGIT 1

1150 CaLl KRDIG WATT AND READ DIGET |
1140 ot

1170 RRCA RIGHT  JHSTIFY DIGIT VALUE

1180 RiRCA

1190 RuA

1200 AN ) IS0OLATE

1210 Lb K0 INITIALIZE STATUS HYIE

must synchronize itself to the integrated
circuit and perform a set instruction
repertoire to demultiplex the input data
stream. There is a certain trade-off between
hardware and software. Another ten or
15 chips could be added to the interface
board so that it requires no more software
than the digital to analog converter board,
but the cost justification is not there.

Driver programs can be triggered by
either a poll from another program or an
interrupt which initiates execution. While
both can be equally effective in certain
applications, using interrupt initiated drivers
which give the appearance of simultaneous
computer operation can be hazardous. By
now, most experimenters have mastered
BASIC and are trying to find more challeng-
ing applications. But consider for a moment
the BASIC interpreters most systems are
provided with. They may execute divinely,
but they have no source listing and there-
fore cannot be modified very easily. If a
program utilizes information provided
through interrupt driven peripherals, but has
no way of knowing when the information
will arrive, it is of no use. Attempting to add
interrupt  analog data acquisition to
unsourced sequentially interpreted BASIC is
more than [ intend to explain this month.
Sometime in a future article I'l] describe a
control application which uses interrupts as
they were intended.

Adding this DVM interface to BASIC
requires a polled driver. A machine language
program is written which can be inserted
anywhere in the computer's memory
{assuming it's assembled to execute there, of

Constructing the Interfaca

1. Use IC sockets and solder in ail
compaonents,

2. Turn on the power and ensure that the

correct supply voltages are presented to

ICs 1,2 and 6. Turn off power.

Insert 1C2 and apply power. The cutput at

pin 2 should be 2.5 V and should not drift.

Adjust the pot so that there is exactly

2.000 V on IC1 pin 2. Turn off power.

4. Insert the rest of the ICs including the
MC14433. Be careful when inserting the
4051 and MC14433. You ars now ready to
wire the board to some convenient input
and output ports and see if it flies.

5. Turn on power. A driver program obviously
is necessary to see if the circuit actually
warks and | have included onsa. If you are
really anxious, you can try a couple of
quickies: an oscilloscope attached to digit
select ar data lines will tell you immediately
if the circuit is running. You should see
square waves of wvarious duty cycles.
Another method is to write a short program
which scans the end of conversion bit
(remember tc reset it first} and halt. if it
halts, there must be an EQC.

passive

w
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Listing 1, continued:

(LU B ]
e

G313 177
A0 017

FABTL
(LT R
14U24) G814

036 200

375318 000 104
Lagran aaQ (22

146247 375 313 000 306
14024 N30 314

140750

2L0 325 413 000 106
4 050 04

B 375 313 000 a4
S 00 iob

[Rich-El

EM0284 1463

La02a5 335 187 000

180370 375 141 00O

14B273

L4233

L4073

VA0I73 313 010

L0225 4tL 341 140

FAREDG 348 017

LA030T 433 167 DO

140305

140305

¥A030%

1203045 313 010

1RQ307 310 361 140

190312 3986 M7

140314 345 147 302

140317

140317

140317

140317 313 Q10

130321 315 381 140

1803248 346 017

1403246 335 1467 D03

149331 030 DOL

140333

140543

140333

L40T33 074 0OT

140335 335 167 000

La03an 257

148341 435 167 001

Landaa 335 147 002

140347 335 147 003
305 140 140

052 044 140
140360 311
[ET TS
140361
140453
18381
140351 333 003
1t 463 0L
140883 100
[ L
120544
1ABA70
[EUSEN
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course) and called as a subroutine when the
peripheral is to be exercised. The Digital
Group Maxi BASIC, like many others, has
instructions which allow memory and 1O
port manipulation as well as calling machine
language subroutines. It is this latter call
instruction which initiates the analog to
digital conversion cycles and communicates
with the interface driver program. When it
executes this call instruction, it passes a
channel convert code in the DE register
pair. The driver program returns control
to the BASIC interpreter at the conclusion
of the analog to digital conversion. This
provides a convenient method of synchron-
jzation. BASIC waits for the driver to finish

storing the converted input data before
o LI Lok

A0 s

1040 % TEST FOLARTTY P CHANNEL

1000

17450 M&NY HIT My TEST PN AKITY

1270 Jr HZeMSDD UKE JF FOSET IV

1280 %

1290 % NEGATIVE FOLAKLTY

1400 x

1310 INE

1320 1.0 Er200 LOAD REWATIVE S1GM

1330 RIM Qe{LTHO) 11 5T PREVIUUS FOULAKTTY

1440 JR HILMSD3 JUNF I ALSU NEGATIVE

1300 SET O O CITHOY HARD TRIVIOUS YALUL NPFGATIVE
1389 4k SCSC CONUERT AGAIN

1370 %
1380 ¥ PUSTITVE PR ARITY

1390 %

1400 MSD? BLY Oy IYRGY TEGT PREVIOUS FOLARITY
1410 i 2eMGhE JURF T ALSO PUSTTIVE
1420 KES 0 €1YFO) MARE FHEVIOUS YALLE FOSTTJVE
1440 i SORE CUNUVEERT AGAIN

1440 &

1450 % SAVE MSD AND CURKENT F o ARTTY

14460 4

1470 MEDLY Ok E ADD FINARITY SIGH TU M&GH
1480 LD C1XE0ben SAVE IN [ATA BUFFER
1490 [ CEYHOY O SAVE CUKKEND JULARYITY
1500 »

1510 & PROCESS NI DIGTT

120

1530 WRC B SELECT Dprert o

1548 CALL RDIG WATT ANL READ BIGIT

1550 AND 017 IS0LAn

1150 Lo (IX+1) 4 STORE SECOND DIGIT
1570 ¢

LLBG ¢ FROCFSS 3RD DIGIT

1LY0 ¢

1500 [ SELECT KD DIGIT

16180 CALL RUIG WATT AND READ DIGET

1620 AND 017 ISOLATE

1630 h CIXEDY A STORE

1540 &

1450 & FROLESS 4TH DIGET

1460

1670 KRR B SELECT 4TR BIGIY

1480 CALL RBIG  WAIT AND READ DIGIT

1490 AND 017 ISOLATE

1700 (B0 fi%b3y, A STORE

1210 i INLCN

1/20 %

1730 ¥ 1 OAD 2,000 DUIKKANGE UALUF INTOD BATA BUFFER
1740

1750 OVER LD Ayl LOAD MSD VALUE

1740 LDh (IXHOY s

1770 XUR A

17090 LD CIXE1 A ) UAD 15T VALUES

1790 (N1 (IXE2)0A

1400 LD [BETRINTY

1810 ilg IHCEN

12200 &

1830 ¥ END OF CHANNEL CONVEKRSTONS

1840 ¥

LG50 KAFUE LIt HLe(STATUSY

1860 KET RETUKN 10 CAlLLEK

1870 s

1HHO ®

1890 & READL DIGLT KOUTEINE

1900 »

1910 RUIG IN DI REAL DAta BYTE

1.y [N CRURUER T TU HGUN TRGE LG
1930 U O (T SOML LUl

Ly Anl TSI Ball GEVEM DEGEIT Rtaliy
1 1 Zeb LRl SUME T MG

1740 [T RESTUNE 0 REGISTIS,

19 41 "y KETURN Fi CAalL e

trying to use it. Perhaps the next level is
to write an interrupt driver which con-
tinually updates a value in the interpreter’s
tables of variables; but this would require a
source listing and further documentation of
the interpreter in order to accomplish the
goal.

The Driver Is a Relocatable Subroutine

The actual program which interfaces to
and stores the values to the DVM chip is
written in the form of a single callable sub-
routine. To maintain the relocatability of
the subroutine to any page in memory, all
information necessary for the proper
execution of the driver is provided at the
time of the call. The additional information
about which channels are to be converted is
loaded into the DE registers at the time of
the call. One bit of the E register is allocated
for each analog to digital channel. Channel 1
is the least significant bit and channel 8 is
the most significant. Setting a “1"" value for
the channel bit will tell the driver to convert
that channel and a "0’ means to ignore it,
Loading E with binary 10 110 011 will
indicate to the driver that channels 1, 2, 5,
6 and 8 are to be converted. Setting all bits
to “1"" will cause all channels to be read and
converted. Indicating to the driver which, if
any, channels are to be read rather than
scanning all of them is a method of saving
time. By computer standards, this analog to
digital interface is slow; it is better not to
waste any more time than is necessary.

The driver starts the conversion process
by selecting a channel address to convert,
This is accamplished by looking at the least
significant bit of the E register. If itisa "“1"
it will convert on that channel. If it isa "0"
it shifts and inspects the next bit, and so on
until it finds one that is set. When a bit set
condition is found, the channel address of
that particular channel is sent out via port
003 to the analog input multiplexer 1C6 and
the end of conversion flip flop ICS is reset.
The DWVM then starts the process of
converting the analog input signal.

Demultiplexing the output of the DVM is
fairly straightforward. The processor hangs
in a loop waiting for an end of conversion
signal. When this happens, the program
knows that the next four digits of data are
what is wanted. The DVM integrated circuit
sets each of the digit select lines successively,
and the program records the values of the
four data lines each time. It strips the status
and polarity bits from the most significant
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Table 2: Power
fable for figure 3.

wiring +5v oy oD
1C Number Type Pin Pin Pin
1C1 MC14433 24 13 1&12
1C2 MC1403 1 3
1C3,4 741504 14 7
ICH 7474 14 7
1C6 CD4051 16 7 8
Note: All resistors % W 5% unless otherwise noted.
All capacitors are 100 V ceramics unless otherwise noted.
[
READ AND SAVE
MOST SIGNIFICANT
SAVE BIT WITH POLARITY
REQUESTED SIGN
CHANNEL
NUMBERS |
| READ AND SAVE
INITIALIZE SECOND, THIRD
INTERMEDIATE AND FOURTH
VARIABLES DIGITS
PERFORM TWO
ANALOG TO DIGITAL
CONVERSIONS AND INCREMENT
SAVE LAST CHANNEL
POLARITY VALUE NUMBER
A

CONVERSION |
REQUEST FOR !
NEXT -
CHANNEL t

RETURN

STQRE
2.000 IN

DATA
BUFFER

CURRENT 1|
POLARITY SAME
AS PREVIOQOUS i
POLARITY !

_J

___________ - YES
START
CONVERSION
CONVERSION
DONE
>
Figure 3.

Flowchart of the digital voltmeter driver program of listing 1.
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Listing 2: A BASIC program (written in Maxi BASIC) which performs data

acquisition and computes results from the output of the 8 channel digital
voltmeter.

iIsT

100 KEM

[ BRI ]

PO LFA A LUAHNFL 3 172 DIGIT SCANNING PRUGRAM -G.C1ARCIN
130 REFM REW 1.5

LAk KEM SPECTAL ANGL Y51S SECTION ---

E50 KMM ETL O MOS W TAGE LEFUFL 1OVl ind s

160 KLM

[

1AL REM

190 LYF M1=79a07 6

192 WEM FAGE 1At eTAl )y

D0 REM OM1O1S GET 0D BEOTHE DECLHAL STARTING LOCATION e
LD HUM THE yaLdLlL AT

I20 LY M2=2as1a

D2E0ORITM M1 THE MACHINF LANGUALE DAL ARDRESS L OUATIDN 10Ok THE AZD
A0 LET MI=10

N0 REH M3 15 THE GAIM. TN THIS OFF1 ICATION, THD RANGE OF THE CONVERTHL
260 KEM 15 19,99 TD -19.99 VIN 14

270 LGIH YO USC THE CONVERTER FOK 1,999 1 PE.29% (k1 M3 1
TG G 3040

IR0 PHINE YT REFEAT THL SAMF HELECTTON. 1TFE AN X

91 PRINTE TN SELECT & NEW OFTION, TYPE AN Y DN B
WO B% KT THEW GDTU Al

2P PRINT 3 FRTNT @ RINT

JO0 PRINT OI'11uUN LIST”

310 REM WE RTAET THE TROGHAM WITH AN W) tuN 4l

26 FRINIS - - imees Sommms s mmsmsm e mmss oo meo s e
30 BIRIMI®0 - -~ -SELECT LHANNLLS !

240 T'RINT®) < SCAN ANTE BISILAY ALL LHANNELS®

S50 PRINT®D -~ -=30AN ANTE DTS AY SO ECTID CHANNLLSG ONCL "
360 FRINT®X So-SUAN ANDT DISFLAY SELLZCTLD CHANNELS CDNTINUOUSE
S70 FRINTT4  --~-SCAN CHAMNEL 1 CONTINUDUSE Y 100 | 1605
FBO MRINT®D =G0 TD SPLCIAL AXALTYSES HUBROUTEHES®

390 RiTM THESE ROUFINES ARE DEFFNDEST URTN THE PARTICULAK n/0 ARFLICATLION
400 PRINT*S - ---EXTL"

AL PRINTAWIRICH SGETIOR *DIRFDT 5

AZG IT 5-0 THIN B30

adn IF S-1 THER 230

A4 b 52 1HEN Lok

ATk LF 33 1HEN 1780

LT THEN 13830

A7 IF TIRN 1 A7)

AT 11 S oA TIEH FRTNT - IHANR VI TEND

ARG A1

DO KL

WL kM FIRST WE DETERMINED WHICH AHALDG CHAMNEL S 1) READ
NG PTANT CTHIICATE fTOUR CHOTEES WITH & F DR N A5 TEI DI UHANNLL M i
LSRG FDR T 10 B

SA0 PIIMTTHAMNNEL "5

RO INbUTY Al

Do REMOACCER) ORET T 18RS

LADOTF A% CYT OTHRM LY AlC¥-1 1GNH0 a0

GAG 11 AR-TRT OTHFN LET A0 O SGUTO &lu

GO PRINT*INCND & 7 FOK YES O A RN e

SO0 LTI 5a0

&LC MEXT D

LM G 290

LELe bl

S0 [

A0 Kb

Aad KFH SRT DAl Ty THE DECTMAL HMEMDIRT nbDKESS 18 jHE
A70 KEW BEGIHNTNG DF VAl Il TAw.©

AS0 BEM THLS SURRDUT BN BFTFRMINIS FHE 8 172 DG YALLE
At WL DD nHE sl el el oo

S LET R e b

RSN I IR

e N N | P W v b e

TEle vl

SADLET W xa Dy

ESTTL LN TR |

Jadt BT OEF At Dl

A0 Ny

LR D B Oy ISR R )

SEACLET -l

LALUEN I B I O TR B IV SO Y I VAR AN TR T

Blo 70 w1 &itey

RISCN Y A NPT

A0 ik

FAY O FH S SHTEM L YAl TR TS IR e il TAGE W s

BRI NS NEA I S 7Ty FE TN IS A S

Bao 1L 108 THER TeleT* 5 5010 day

B OO LU THEY ) :

Hiby 0l M5 30 THLN PRINT S0 50 2 057 25070 W00

RO PNREAT RAL S lE T MG

FOD 1N

O ke

EaTEN R )

HAOLET Boant) e R

FAQ RF A THE CR D THETRUL DTOR LS THD 020 TNTIEREACE T STak b 0N T T RG
LA N Vi R T R CR I R I A )

PG WE M THIDS WL Calsh THE AZ80 B SBRVE B ARD S EaRE Al e 1 HRHT CHBERL LS
NI L DAL

YUG LR I TE THE SFART ADIRRSES 1 T80 Uni Ll TARLE

RO £ T

PO GUGHTe 00

1O 1T BT 4,0 DRI WAL UE FIREE ol Mk

OGO RE T L RIS PIOIRTCUHANHL L Tl 5t S O N RAHGE T TGN oy
POAT GASKIT B0

Lat pr ] x

L0 1000 )
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digit (the 3% digit) and reformats the value
into four bytes of memory. The threc whole
digits will be stored in BCD notation and
occupy three of the bytes. The Y2 digit,
polarity and out of range will be located in
the remaining data byte. Polarity is indicated
by setting the most significant bit. A positive
reading is a zero condition and negative is a
one in that bit. The % digit value can only
be a one or zero and occupies the least
significant bit of the quantity. Out of range
is accomplished with a little program man-
ipulation. If the driver detects that the
incoming reading is not within range, it sets
the equivalent of +2 in the % digit byte.
Obviously, this is an illegal condition for a
DVM capable of only counting to 1999, but
it is easy for BASIC to check the
authenticity of the data by checking that all
incoming values are between -1999 and
+1999. The driver program continues to do
this same sequence until all designated
channels have been converted.

There is a slight peculiarity with DVM
chips: they don’t like changes in pelarity.
The first conversion after a change in
polarity will be 0.000 and will have to be
discarded. In a single channel DVM this
wouldn’t present a problem, but when
reading eight channels, some will be negative
inputs and others will be positive.

The initial conversion also has the same
problem to contend with, since the con-
version history when the driver is not active
is unknown. The solution is to write a
smarter driver. Following a call, the driver
program initializes the interface and deter-
mines the polarity. After that, any time the
polarity changes between successive readings
on designated channels, another conversion
is initiated and stored. Figure 3 is a
simplified flow diagram showing the logical
design of the driver.

The end product of the driver is a 32 byte
memory resident table which contains the
eight 4 byte values corresponding to the
eight channels. The values are sequentially
arranged in the table. A simple formula
locates a particular channel location at L +
(4(N-1)) where L is the starting address of
the table and N is the channel number. A
complete assembly listing of the DVM driver
is outlined in listing 1. It is made to run on a
Z-80 and is assembled to occupy page 140
(octal).

The driver can be assembled for
practically any portion of memory, but take
care not to overlap into operating system or
source files. If you own Digital Group soft-
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Listing 2, continued:

Lude
(Rt
Lt
IR
1ian
LIs
[ R
R Y]
(R

VA0
[ 23]

Bl
1 80
1400
18
140
[
130
LIRS
L322
13HO
1390
1400
AL
1424
1440
144n
[ B)
TAAS
[RPd
[l L1
1A%

L&A
1440

1
14710
1a30
[ F-Xat]
1704
L7210
17,9
L7350
1744
1700
1267
1220
1780
1790
1800
a1
18220
1HOD
1HAN
1650
1A41
1M 74
L M8
Lk adiy

Wi
1

s nhrh
ih
(AT
[
Vol

IR U B
BOLULE 31 S
DT ey
[

bl

[N,

Bl THE -
[N
Bl Tty
LT3 v DAl oM

[BEINRIN]

PItdb HEENTE DN

)

T THE GELECTH B U e S

[N RE SR TR M LT SR EENLE P A NIV R RIR ITEIRE R AN IS T TSI PN B
CLATIDN SETS B KT

FopalTenit Far i a1t o i

ERO b WTIE WF PR PRI TEE CoLl WITH THE HU IS0 G, e e bl
Bla b5 HOT BITTHG USED FRESINT ¢ TH THIS PROGEY

LR E S-S O V]

[ERED Y ¢

1E1

2 & THEN ¥ HAVE HREN EUSE B8 (R B Y
IE fEX) B THEH e

Te v 2 THITH ERTHTCOUHANNED X T8 L OF RaOMGY © 0 I L
BHNWR B

MEXT o

[

BHSVR 11 40

[ [N

B THD  SUBISILHE T o COMT RIS Ao FXET WITH RESFT Wl H
POl L PO 1000

LET D-rd

P 1GHE 110

TRETOT ¢ PRI IiINT

NExi )

GO e

[N

LITH 0315 SURRMITINFG CONTINUDUEE 7 GCANS ANIC FRINTS ¢ HANKEL L

FOR k-1 T8 100
LET WGt (e

)

B GOARD TDNVERT CHANNEL 1

LET =M1
GO5GIE 700
[ Y
GUusUh BLO
NCXT K
GOTD 290
LET B
REM SITAN AND
LEE Ni=Mp

FUls %-1 Ty 8
GOGHE 790
LT WXy
WEM OSET Wi UCS
HEXT %
REMCHEUL
1r wig)
I yia)
FIRANT®TITI
FRINT*DIfDE g
FRINT VDL FAGL
FRINT SFRINT ki
1FET
I KINT CIRELNT
Pic I T POWER *
FHEINT I RINT®NY
FRINT*VCE 01 -
FIGINTSURE O
FRINT*VCH 11
FRINT ST RINT*RD
LET
PRIMT® JUNVIS
FEINT*CORKIINT
FRINTCFDWIGR -
FRINT (PRINTR3
LET F3=t0tar-e
FRINT“R3 DRQF
FRENT *CURKENT
FRINI FOUER = °
FRENTIERINFTQD2?
FRENT*VRF B2 -
PRINITUCE Q2 -
FlEd*yen no
IFRINCETC OF QU

2,006
S 1.994

M MnNs LEVEL

[IINI

LEARD . 200
STURE

ALL LHARNE

THTO AN B Vrd U

CALTHRATIUN

THEN FRINT*QUT
THEN FRINT®DUT

R 45 A EY

[1=4Wi2)-Ut3y) /2000

SiTHes AMPS®
PTLKT1AD200

RN A DIV EOR S 3
ORI
SUITIIE

VoL TS

2=V Gy -V {a)/4700

(5 -Vaye T
23t AMFR"
e 7247004

iT

TABYE Fivie)
LTINSV
CET3Et oAMls*

PT3xT %4700

MRS RREE DI A
MV PRI RN
SV 7y-Va) 5t
- TiT35C AMES”

CONVER

vor TS

oMY

LS

E ARRAY

iaura
TGO

p )
190

I CAL THRATION®
Uk UALTERAT EUN®
TER ~--TTL LOW IWNFRE

1yit o vaLrse

var s

POUR SN

uATIS®

Mo rs e
WAT TS
OIS

vl rse
uhL s

FRIRTITIOWER DISSTEATION — *i(ui2) -5 xT35" WATTG?
FICTRTIERINTSPRINT *S5UFFE Y VDL TAGE' "
FRIMT Lis)
FRIMIT "5
[HERNE Y]
[T R T2 A ]

LI I B F LY T S A

TR R T LB L A (TS I S (TR

U Aardde o SEL R Db chSatin e aliet

TR TS I L T AN S O A N O O T TR R F IR SRR I RS R

VMO L I LR 0 e b ERE

LRI R ]
[N
o v bt
"y )
[
o
"o &
e B

AMal 1t T

SHREOGNT (i

STATE " IFRIAT TN I

[RIDA LRI SO PR R RN
VeI PR YRR I B SR VO I
PHANFE ) ol RERPISIRUY I A
AU I VN DT Ta T T AT B O IO WO T tatb !
[REE-Y S N Y VI (R R STV IS TR |
Tl
[RIN A Y TR RN AR |
- AT VHNHRE T
! SOAN Sl DESET oy ol b EHAENEL
. SEAR ARD DESEL O ST D CPueadb 0t et
B LM NED DRI A LD GRS cet ) Bt s
¥ SEOAN TTEANML L E CORBRnRG ¢ [0e 0
" BOCCTOE SEECTAL ANl B RO Bel -y
B [N ]

Welled an) sl
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CONTROL
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CHANNEL NO 4
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CHANNEL NO.7
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3 47K
} MOS LEVEL
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12y CHANNEL NO.5

NOTE: CHANNEL NO. 8
CONNECTED TO 2.000 V REF

Figure 4: A sample circuit illustrating the use of the 8 channel 312 digit volt-
meter. The circuit is a TTL to MOS voltage level converter.
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ware, there are some alternatives depending
on what version you have. For people with
straight {non-universal) 32 character Z-80
Maxi BASIC Version 1,0, page 012 is empty
and has been left for future expansion. If
you have the 64 character Maxi BASIC
Version 1.1, it's better not Lo try to bury the
driver within the interpreter unless you're an
experienced programmer. Owners of 8080
systems have only to reassemble the code
using 8080 instructions and locate il in a
similar manner. The logic behind the driver
is not so involved that it necessitates using
the Z-80. Any microprocessor should be
able to work with the interface.

Using the Interface with BASIC

This DVM interface is specifically
designed to run with a BASIC interpreter
such as Maxi BASIC or the equivalent.
Listing 2 illustrates a BASIC program which
does data acquisition and computes results
from this input data. Often, the best method
of explanation is to illustrate the actual use
of a device. This program, while being
general in nature, provides specific reference
to the value of mating BASIC and analog
acquisition.

Figure 4 is a circuit of 2 TTL to MOS
voltage level converter. lts use is to convert
0O and 5V TTL levels to +5 V and -12 V
MOS logic levels. It is a relatively simple
circuit, but it shows how BASIC can work
for you.

Up to this point | have said that the input
range of the DVM is +1.999 V, By putting
resistor voltage dividers in series with the
multiplexer channel inputs, other ranges can

be accommodated, A 900 K-100 K resistor
divider network will change the input
range to *19.999 V. Some channels can
be set for 20 V ranges. With the present
CD4051, though, separate resistor dividers
are needed on the inputs because the max-
imum voltage handling capability of the
4051 is the range of its power supply.
Relays, which could pass the high voltages,
could be configured to allow use of only one
selectable divider network, but for now we
are limited. If you put resistor dividers on
the inputs, the only necessity is to instruct
the program to multiply the particular
channel reading by an appropriate ranging
factor. in this particular case, all input
channels have been set for £19.99 V ranges,
and the multiplier is ten.

The program presents an option list. It
allows general application as an acquisition
and data logging tool. With it, one can select
to read and print all eight channels,
particular channels, or log a single channel
continuously. Option 5 is what it's all
about. It automatically records the input
voltages and computes the circuit parameters
such as power dissipation and voltage drops.
A very complicated circuit example would
probably have been more impressive, but
that is merely a case of applying program-
ming talents to the same set of input data,

One further note of explanation: the call
instruction in Maxi BASIC has been mis-
interpreted by some people. It is not a
directly executable instruction, but is rather
used in a statement like LET X = CALL
(2560,9). The BASIC interpreter will go to
memory location decimal 2560 and start
executing a machine language subroutine.
The number in parentheses after the comma
is the value which is put in the D and E
registers at the same time. This is a 16 bit
value with a range of 0 to 65,535. When the
machine language subroutine is finished, it
returns to the interpreter. X will then have a
value equal to whatever was in the H and L
registers when the subroutine ended.

The following items are available from General
Digital Corporation, 700 Burnside Av, East
Hartford CT 06108:

1. Complete set of integrated circuits
including the MC14433 and MC1403. . .
$29.95

2. Complete kit of all parts including PC
board, sockets, integrated circuits and
other components. . .$64.95

3. Assembled and tested unit complete
with DVM interface. . .$79.95

All items are postpaid in the continental US.
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Figure 1: Proposed output of a computer program for balancing a checkbook
and producing an end of month report.

parts together without a schematic diagram,
In fact, no profession (reliable profession
anyway) involved in the business of putting
things together cver starts o build anything
unless they know what it will look like after
they are done. Yet, that is precisely the way
most programmers try to write programs.
Then they wonder what went wrong when
they have problems. The same programming
principles which apply Lo the professional
apply just as much to the amateur, for no
one's time is unfimited.

After defining all of the oulputs of the
program, the next step is Lo define the
logical data base, although you will probably
never really spend much time at this step
with most personal microcomputer applica-
tions.

Step Two: Define the Logical Data Base

The reason this step is trivial for many
personal use applications is because the
logical data base typically consists of only

OFBIT
10,11
THANS
) Y
MONT H LA ACTIONS
i1m [RINEH
[RR1
CHEDIT
.n

one numeric field. It is typically the field
holding a person’s response to a program
generated question. For illustrative purposes
let us look at a home computer application
that requires a slightly more complex data
base arrangement. Take for instance acom-
puter program that would balance the family
checkbook and produce a financial report
each month. The report designed in step one
might look something like figure 1.

If you were keeping manual records that
you wanted to be able to search very easily,
you would keep each one of those entries,
perhaps on index cards, filed by year, by
month and by date. Figure 2 illustrates a
way of representing the logical data struc-
ture for the checkbook balance report in
Warnier-Orr notation.

In figure 2, you can sec the logical data
structure for the checkbook balance report.
The report is organized by year; within each
year by months; within each month by days;
and within each day by transactions, which
are cither debits {checks) or credits {de-
posits). Note that year, month, day, and
transactions all appear in the report at least
once and possibly many times; thus we sce
the notation (1,n) in the diagram. Having an
centry for a day that had no transactions or
having a monthly report with no days is
hardly worth the trouble. However, each
transaction is either a credil transaction
(credit occurring once, and debit nat occur-
ring) or a debit transaction {debit occurring
once and credit not occurring). This con-
dition is reflected on the chart by the 4"
symbol, which is the symbol for mutual
exclusion,

One important point needs to be made
here. The diagram of figure 2 is n0t the
logical data base for this report; it is only the
report’s logical data structure, Making a
chart of the logical data base requires that
we map the data elements that appear in the
report onto the logical report structure, as
we have done in figure 3. In figure 2 we
showed conceptual relationships of one part
of the structure to another. In figure 3 we've
filled in the required details nceded o
complete cach level of the structure. One
level of the structure corresponds to one
bracket and the levels are counted left to
right.

Step Three: Define the Physical Data Base

Figure 2: Logical data structure for the checkbook balance report. The
notation (1,n) indicates an operation will toke place at least once and possibly
many times.

Defining the physical data base ot a pro-
gram is largely a packaging decision: what
physical arrangement of the data in the
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Figure 3: The logical data
base is generated by map-
ping the data elements
that appear in the report
onto the logical data struc-
ture.
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computer will best suit the needs of the
program. The only help | can give you on
this is the simple suggestion that the physical
representation should mirror the logical
representation in all but the most extreme
cases. These are hardware decisions. You
may wish to construct a file one way if you
are using a cassetle tape storage system; you
may construct it another way if you have a
floppy disk. You would not want to impose
a file structure that forced a cassette tape to
behave like a disk by running back and forth
through the tape at high spced. That is a
good way to burn up a tape drive in a hurry.
Ultimately, as memories become faster,
more versatile and more efficient, the phys-
ical data base will probably always be able to
mirror the logical data base. Magnetic bubble
memories, for instance, have no moving
parts to burn up.

In the checkbook balance report program
the simplest physical data base would be a
sequential file. The necessary information
and a brief description of each transaction
could be stored in the order shown in figure
4, read left to right.

check or
deposit description  description  transaction
id 1 j m
" date N flag L fietd { field 2 I number amount
r T T T T T 1

Figure 4: A sequential file with a record format such as this is the simplest
physical date base for the checkbook program. The information that is
needed has been decided by the logical data base. The order they are put on
the file depends on exactly what you intend to do. Since in this case we will
be sorting by date, the date of the transaction appears first on the file.

108 BYTE December 1977

pay NUMBER

4 DAY « TRAMSACTIONS

-~
CHECK NUWMBER
“TOY DESCRIPTION
DEBIT
@,1) "FOR" DESCRIPTION
0.1

ﬁ AMOUNT

CREDIT CREDIT DESCRIPTION

}
0.1 AMOUNT

BALANCE AMOUNT
~

Given that we have a file with this
information on it which is sorted by vyear,
month, day and transaction, producing a
report program is almost a trivial exercise.

Step Four: Design the Process Structure

Since in this case we are working with a
single program, the process structure will
ultimately represent the program structure.
Were we designing an entire system, an
accounts receivable system for instance, the
process structure would represent many pro-
grams and the associated system procedures
that would operate them. The process struc-
ture is obtained from the same logical data
structure that the logical data base was
derived from.

Referring again to both figures 1 and 2,
we can begin to design the program from the
bottom to the top. Looking first at the
leftmost bracket, which for this step is
labeled REPORT PROGRAM, we could
draw a structure thus:

START PROGHANM {CIF’EN FlEes

{CU)S& LR 1

Note that program structure is denoted by
left to right positioning, and that sequences
of operations are noted top {first) to bottom
(last).

We can see that the only thing for us to
do at the beginning of the program is to
open the files, and the only thing to do at

BEPORT PHOUHAN

END PROGHAR






Figure 5: Completed Warnier-Orr diagram for a checkbook balancing report program. This program arrangement wiff probably
result in the smalfest amount of memory being used. The sequences of operations at any given level (left-right position) are
read from top to bottom, A level of operations corresponds to a logical level of procedure calls in a block structured program-

ming fanguage.
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With this much of the program design
done, the only things to be filled in are the
BEGIN brackets for each level. The entire
diagram with these processes added is shown
in figure 5,

Looking at the Warnier-Orr diagram faor
the checkbook balance program, you can see
the entire series of events which must take
place to correctly process the report as it
was given. Note also that this is the only
correct structure that will produce the
checkbook balance repurt. Any other struc-

END TRANSACTION

MOVE CHECK NUMBEFR, CHECK "TO', AND
CHECK AMOUNT TO PREINT LINE

SUBTRACT CHECK AMIUMNT FROM RUNNING BALANCE

MOVE RUNNING BALANCE TO PRINT LINE

-

PRINT A LINE
PRINT SECOND LINE 0,13

SPACL ONE LNt

MOVE DEPOSIT AMOQUNT. DEPOSIT GESCRIPTION
TOPRINT LINF

ADD DEPOSIT AMOURT 1O AUNNING BAL ANC(

MOVE RUNNING BALANCE TO PRINT 1aNE
FRINT 4 LINE

| SPACE ONE 1 1NE
~

-
(\ GET ®EXT SECORO

ture that will produce the report is iso-
morphic to this structure. The structure is
also optimal in operation, in the sense (hat
nothing is ever done unless it must be done.

The program which is coded from this
structure will also have some prediclable
features. 1t will run as quickly as possible. [t
will usually require the least amount of
storage. It is very easy to maintain, and it
will run correctly at the first effective trial.
Not bad dividends for a half hour of extra
work. Syntax runs are not efflective Lrials,
but, with a little diligence and effort, syntax
crrors can also be brought under control.

Next month Part 2 will show how easy it
is to fill in the details of structured programs
using Warnier-Orr diagrams . m
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Part 2:

Simulation of Motion An Automobile Suspension

Stephen P Smith
POB 841
Parksley VA 23421
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Have you ever taken your system out Lo a
club meeting or demonstration, only to find
that something is ruining your car's hand-
ling? Was it becausc of the hcavy power
supply in the back scat? Would heavy duty
shock absorbers help? You can answer these
questions using your personal computer and
the simulation technigues found here.

Last month [page 18/, | introduced some
basic ideas used in simulating motion, A
games application was used as an ¢xample.
This month 'l expand on that base, explain
some additional ways that forces can act,
and demonstrate a more accurate technique
for computing spceds and positions. The
example 'l use will be a simulation of an
automobile suspension and its response
to a varying road surfice. Automobile
enthusiasts will be able to see how different
springs and shock absorbers would affect
the way a car rides. More important, all
compulter users will acquire some additional
tools 1o use in their own simulations and
gain insights into new applications for their
personal systems.

First, let's review the basic points made in
the last article. When beginning a simulation,
you will first divide the motion being
simulated into degrees of frecdom. In other
words, you will decide which motions
you want to simulate, up and down, side
to side, etc. From then on, calculations
will be made separately for cach degree of
treedom.  Next  you will  decide  which
forces are acling in cach direction and
determine how much cach force would
change the speed of some object in 1 second.
I you use the metric system of units, the
change, or acceleration  {in meters  per
second per second), will be exactly equal 1o
the force (in newtons) divided by the mass
of the object (in kilograms). You will now
be ready 1o predict the speed and paosition of
the object at a step of D seconds into the
Tuture. Add up the eliccts of the individual
forces. Multiply the total by D (the step
size) and add the product o the present

specd. This is the specd of the object al &
time D scconds into the future. Now muiti-
ply the speed by D and add that product
to the present position. This is the position
the object will take in D scconds. The
simulation program will now calculate new
values for the forces and mass and step the
simulation forward once more. The process
will continue until an end condition is
reached.

In the lunar lander game simulation, two
degrees of lreedom were considered, up and
down, and side to side. The up and down or
vertical motion was affected by gravity and
thrust. The side to side or horizontal motion
was affected only by thrust. Both of these
forces were determined independent of the
speed and position of the lander. Gravity
provided a constant change in speed, and
thrust was controlled by the user. In this
article we will explore variable farces which
are not determined by the user, but dircctly
by the speed and position we are simulating,

As mentioned carlier, the example we'll
use is an automaobile suspension, the parts
which connect the wheel to the body. The
most important of these parts are the spring
and the shock absorber. We will assume
that there are other parts which keep the
wheel from moving back and Torth, but
only the wheel's up and down motion
will be considered (see figure 1), Of course,
the entire car can also move along the road.
We will consider that as a second degree of
freedom. Let’s examine  separately  the
forces  that  contribute 1o vertical and
horizontal motion.

Motion down the road resulls when the
car's motor, through the whecls, pushes
the car lorward. Air resistance and rolling
friction try Lo slow il down. To simplify
the simulation, we will assume that these
forces balance cach  other exactly. This
means that the speed along the road will
not change. 11 the specd starts al some
value other than cero, the horizontal posi-
tion will change. As we will see later, the






Vehicle

Full size car (LTD, etc)
Intermediate (Toring, Cutlass, etc)
Compact {(Nova, Aspen, etc)
Subtompact {Vega, Pinto, etc)

(a) (b)

Spring Damping
3200 1450
3000 1200
2800 1000
2600 700

Add 20% for heavy duty suspension.

Subtract 20% for front wheel.

Table 1. Representative
spring and damping con-
stants  for automobiles.
The units are metric: the
spring constant is quoted
as newtons per meter of
compression, the dampling
constant is expressed as
newtons per meter per
second.

Table 2: A sample road
surface table. This table
is used to draw the sur-

face curve shown in
figure 1.
Haorizontal Road
Position Surface
0 0.0
i0 0.0
12 0.08
13 0.08
14 0.0
20 0.0
21 -.04
22 -.04
23 -.08
24 0.0
30 0.0
50 0.1
51 0.0
100 0.0
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body at a speed of 2 meters per second, a
shock with a constant of 50 would resist
that motion with a force of 100 newtons
{50 x 2). When you let up on the body,
the spring would exert a greater force than
gravity and the body would move upward.
The shock absorber would also resist that
motion. This action is called damping. The
damping in an automobile suspension must
be carefully chosen so that the body returns
quickly to equilibrium, but dogs not con-
tinue to bounce back and forth for very long
afterward.

Armed with your present knowledge of
simulation you should be ready to make
just such a choice using a trial and error
approach. Calculate the forces on the body,
and then use them to find the speed and
position onc step into the future. That speed
and position will be used to calculate new
values for the forces, which in turn will be
used to step the simulation forward once
more. Repeating the process continuously,
you will simulate the motion of the car
body. Try different values for the spring and
damping constants until the desired output
is achieved for a given set of inputs.

The inputs, you'll remember, are going
to be determined by the simulated position
in the horizontal degree of freedom. At cach
position along the road the input routine
will determine the height of the road surface
above or below normal. If we assume that
the wheel does not leave the road this will
also give us the up and down motion of the
wheel. The data can be stored in a table
in memory. By entering different values for
the horizontal speed at the start of the
simulation, we can also vary how fast the
car will pass over our model road. At each
step the program will enter the table to find
the road height which corresponds to the
current horizontal position.

This method will work as long as there
is an entry in the table for every horizontal
position we will find. That could be a very
big table, especially if the step size is small.
To eliminate the need for large tables, we
can use a technigue called interpolation,
Very simply, interpolation is done like this.
When the program enters the table, but
doesn't find an entry exactly equal to the

current horizontal, it finds the next smaller
entry and the next larger entry. An inter-
polation formula is then used to figure out
where the present position falls betwceen
the two table entries, and to calculate the
road surface which lies at the same point
between the corresponding table entries
of road height. For example, suppose a
program entered table 2 to find the road
surface corresponding to a herizontal
position of 11. It would find entries at
10 and 12 with corresponding road heights
of 0.0 and 0.08. Because 11 lies halfway
between 10 and 12, the interpolation
formula will find a corresponding road
surface that lies half way between 0.0 and
0.08 or 0.04. There are other interpolation
formulas that use three, four, or more of
the table points, but this method using two
is generally accurate enough with a reason-
ably detailed table. To simplify vyour
implementation of interpolation, | have
included a BASIC function in the program
of listing 1 which uses the 2 point method,
Users can simply place their own tables
in the data statement and use the function
in their programs, or they can follow
through the equations and implement them
directly.

In our automotive simulation, the inter-
polated table data will give us the vertical
road and wheel position. The difference
between this and the vertical position of
the body will be the amount the spring is
compressed. We can quickly calculate the
resulting force. If the simulation program
retains the wheel's position from the pre-
vious step, il can also calculate the wheel's
vertical speed. Reversing the equation used
to find a new position, the speed is equal
to the difference in the two positions
divided by the step size. If the whee!l moved
from .08 meters to .04 meters in a step of
0.01 seconds, its speed would be {.04-.08)/
.01 =-4.0 meters per second. The difference
between this speed and the speed of the
body is used to calculate the force produced
by the shock absorber. All these calculations
are included in the BASIC program of listing
1. Readers who want maore detail on the
equations will find them there as well-
commented program statements.

Also in that program is a new method for
computing speeds and positions. The
equations used in the lunar landing game
worked fairly well when the forces did not
depend upon the speed and position. In this
simulation they do, and even small errors
can snowball if not corrected. To do this,
we will use a powerful numerical technique,
one which uses the results from threc pre-
vious steps to help predict the next, and






which then goes back and corrects the
step when the predicted results are available.
ft is called, logically enough, a predictor-
corrector method. Rather than attempt
to explain it here, I'll provide a BASIC
programming example which you can
adapt to your own simulations. Readers
with a good background in math may wish
to reference a book on numerical methods
for more details. In either case you will
have acquired a tool which will be very
useful in future simulations.

Looking back over the two articles
you should begin to see some ideas for
your own simulations. They could involve

forces which are constant, user controlled,
or which depend directly on the motion
you are simulating. Inputs can come from
your keyboard, from an analog device such
as a joystick, or from tables interpolated
by your program. The outputs might tell
you how well you are playing a game, or
which of several configurations is best
for a design you are contemplating. In the
next article I'll continue to expand on the
types of forces considered. In particular,
I'll show how you can handle forces which
act in more than one degree of freedom
and suggest some ways to handle rotary
motion.®

REM SE; :ROGR&N CONSTRNTS

.05
RENM SET INITIAL SPEED AND POSITION

T8
P1=9,8sN-K{
1 Si=0

?fHBFIND INITIAL ROAD SURFACE

X1=0
Yi=@
X=8

GOSUB 680
l%-;?-ll)/b

REN CALCULATE INITIQL FORCES
Fi=(Pi-I11)2K1/H

FZ'(Sl-lz)tKZIH

R1=F1+F2-9

ggls?ET PﬁST DATA EQUAL TO INITIAL DATA

S3=81
S4=81
A2=A1
A3=A1
=Rl

REM BEGIN SINMULATION

REM PREDICT SPEED AND POSITION
$=814D/248(358A1-398A2+3I73A3-9XA4)
g-P1001243(55‘81-59!52*37!83-9‘84)

X+UsD
REM FIND MEW RORD SURFACE
GOsSUB 680
12=(Y-115/D
limy¥
REM PREDICT HEH FORCES

F1=(P-]1>8K1~
F2=(S-12)3K2/M

A=F1+F2-9.8

REN CORRECT SPEED AMD POSITION
S=51+D/243(98A+193A1~-32R2+A3)
PeP1+0/248(9%83+19%61-5852+83)

REN CORRECT FORCES AND UPDATE SAVED DATA
Fi=s(P-11)8K1/N

F2=(P-12)8K2/M
Adend

A3=a2

A2=A1

Al=F 1+F2-9.8
84a53

=52
2=81
81ag
Plsp
TaT+p
PRINT T,81,P1

IF %<10d THEN 270
END

REN INTERPOLATE TABLE TO FIND

REM UALUE OF Y CORRESPONDING

REM 70O GIVEN UALUE OF X

DATA 00y 10,8, 12,0. 08,13, 8,88,
DATA 22,-8, 84,23, -0. 08, 24, 0,38
REN TABLE FORMAT IS X(15,7C1>,
IF X<X1 THEW 678

X2=x1

Y2sY1
READ X¥1,Y1

14,0,20,
18,50,0.
XC(2),¥(2

668 GO T
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8,21,-0.064
;;51-9119919
v

Automobile Suspension Simulator

Listing 1: This program was written to help interested readers
follow the mathematics of the accompanying article. Particular
attention should be paid to the interpolation subroutine and to
the equations for the predictor-corrector method of predicting
future positions and velocities. The program was not intended to
be efficient; readers will surely be able to shorten it once the
method is understood. The following table defines the variable
names I've used.

K1 = spring constant

K2 = damping constant

M = mass supported by the spring

V' = horizontal speed of the entire car

D = time step size

T = elapsed time in the simulation

P, 5, A = predicted values for vertical position, speed, and
total effect of forces

Pi, S1, Al = present values of vertical position, speed, and
total effect of forces

52, A2 = speed and effect of forces one step past

53, A3 = speed and effect of forces two steps past

5S4, A4 = speed and effect of forces three steps past

F1 = change in speed due to spring

F2 = change in speed due to damping (shock absorber)

/1 = current vertical position of the wheel

12 = current vertical speed of the wheel

X = current position of car along the road

Y = road height at position X

X1, Y1, X2, Y2 = table entries for positions immediately
greater than and immediately less than the current value
of X

! expect it will occur to many of you that graphic rather than
printed output will make this program much clearer. The wave-
form produced by a plot of the data would give you a much
better feel for the motion of the car body. For the example in
this listing, try plotting position from - 0.1 meter to +0.1 meter
versus time from 0 to 100 seconds.

One final note: to avoid losing data, it is important that the
interval between points of the table in the interpolation subrou-
tine is larger than the distance the car moves in one step. In other
words, if you want to model a road that changes rapidly, you will
have to reduce the step size (D) to a value less than the minimum
of (X(n) ~ X{n+1))/V.


http:8,8,1818,12,e.e0,13,e.e0,1�,e,2e,e,21,-0.e4
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A Little Bit on Interrupts

BYTE December 1977

While talking with fellow enthusiasts at-
tending meetings of computer clubs, there
seem to be several aspects of small computer
systems which are particularly confusing to
newcomers to the hobby. One of these is
interrupts. This article explains how the
mechanisms of interrupts work, and what
can be done with them in a personal com-
puter system.

History

When computers first came into wide-
spread use, they ran primarily on card or
tape batch principles. The operator had long
lists of instructions which told him which
card decks to use to run which jobs. Each
job had to be set up independently, which
was okay as long as this sctup time was
short in relation to the amount of time each
job ran. A desired goal was to keep the
machine running as much as possible. As
technology advanced and job run times be-
came shorter, setup time became a signifi-
cant fraction of the total job run time. It
was clear that if the machine could take over
some of the chores of the operator, but at
machine speed, the utilization of the system
could be increased. Accounting and setup
procedures could be accomplished by pro-
grams stored inside the machine, and then
the computer could request the operator to
perform only those duties that actually re-
quired human intervention (such as mount-
ing a disk pack). Thus programs called
“operating systems'’ came into usc. About
this same time, it was realized that if such a
machine were going to run jobs under an
operating system, there had to be some way
to return control to the operating system
should the program encounter difficultics.
That is, the operator should be able to jerk
control of the machine away from the pro-

Robert R Wier
POB 9209
College Station TX 77840

gram currently running and give it to the
operating system without having to go
through the process of clearing the machine
and reloading the aperating system manually
each time. Another problem emerged at this
time with the fact that as the central proc-
essing unit improved in efficiency due Lo
the faster technology, the devices used for
input and output, called peripherals, re-
mained at about the same speed. Therefore,
if the central processing unit had to wait for
the completion of an input or output opera-
tion, it would just sit there testing and
retesting Lo see if the program could pro-
ceed. This was frequently called a “busy
wait loop,”" or “spin lock.” It is a technique
which is still frequently used in microproces-
sor systems.

Clearly, since 10 operations were 5o slow,
it would be nice if the processor could
simply request the 1O hardware to input to or
output from memory directly without proc-
essor intervention. Then the processor could
go on and perform useful computations
while the [O operation was in progress. Of
course this required considerably more
sophisticated 1O hardware than was in use
previously, when the processor orchestrated
every data transfer. But since the 1O hard-
ware didn't need to be able to perform com-
plicated arithmetic functions it could be
regarded as a ““‘mini’’ central processing unit
or (Aha!) microprocessor. Indeed, the
original purpose of the microprocessor chip
which has made our hobby possible was to
produce cheap, reasonably smart peripheral
systems at low cost. That is, each 10 channel
would have its own smaller processor to
handle only data transfers between an 10
device and memory. A little thought will
reveal a problem, however. If the processor
simply starts an 10 operation and then
pursues other matters, how does il know
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of the machine. Then just program the par-
ticular location that you (or the computer
hardware designer) hardwired in. Let's
suppose for a minute that you need more
than eight interrupts. That's possible, within
a few restrictions as shown in figure 2. Just
OR the interrupt request lines from the out-
side world together and feed them to the
same interrupt line going into the processor.
But then how do you know which device has
caused the interrupt? Obviously there will
have to be another signal somewhere to indi-
cate which device neceds attention. This
could be implemented in a varicty of ways:

® The device could place an identifying
number on the data bus which would
identify the device.

® An input pert could be wired so that
the device would signal that it needed
attention.

® The processor could send an interroga-
tion to cach device connected to that
interrupt line asking if it was the one
that sent the request.

The first and second methods are faster since
the device number or input data could be
used as an index to go to the appropriate
interrupt  handler program. The third
method is called polling and may be some-
what time consuming if many devices use
the same interrupt line. Because so much of
the interrupt logic of the 8080 is external to
the chip, there can be considerable variation.
Most 8080 systems usc a simple restart
(RST) operation code, but any instruction
including jump (JMP) or call (CALL) can be
used with appropriate external logic.

Motorola 6800 Interrupts

This chip has built into it the capability
of decoding and servicing a smaller number
of interrupts, but in a more automatic way
than the 8080. The 6800 uses an indircct
*vectored'' interrupt situation in which each
source of an interrupt looks up a unique
vector location for the address of its service
routine. When an interrupt is indicated to
the 6800 by one of three possible sources,
the processor automatically saves the two
accumulators, index register, status register,
and program counter on the stack, and in
the process of doing so it changes the stack
pointer. Thus, the 6800 has the advantage
of never requiring program code to achieve
state saving functions. It simultaneously has
the disadvantage of always performing a
complete state save so there is no way to
“cut corners’ and save tlime by ignoring
the saving and restoring of data which is not
changed by the interrupt routine. This

vectoring method also has the disadvantage
of requiring that the stack peinter must
never be used for other purposcs {such as
a pseudo-index register) when interrupts
arc possible. The three interrupts possible
on the 6800 are:

Maskable Interrupt (IRQJ. This inter-
rupt accurs when a hardware signal causcs
a low state on the IRQ line of the proces-
sor. This linc is always wired in a "‘wired
o’ configuration when multiple sources
are used, so some form of polling or
priority logic is needed to identify
sources. When an interrupt occurs, a4 flag
is set in the processor which prevents a
second interrupt from interrupting the
routine which processes the first to arrive.

Non-Maskable Interrupt [NMI). This
interrupt is identical to the IRQ interrupt
except that no “‘masking” of repeated
interrupts occurs in the processor to pre-
veni conflicts. As a resull, without exter-
nal logic Lo do the masking only one
interrupt source should be dedicated to
this signal. Motorola intended this line to
be used with the absolute highest priority
external signal in a typical system: the
signal which indicates a 110 VAC main
power supply “power failure™ in a dedi-
cated application system; the interrupt
response routine in such a case would
have cnough time before the capacitors
of the power supply discharge {typically)
to save the state of the processor and pre-
pare for later rcturn of power. But the
intended use does not mean the only use,
and with proper care this interrupt line
can be used for inputs as diverse as a
direct memory address (DMA) controller
or real time clock.

Software Interrupt {SWI}. This inter-
rupt occurs when a program execules
a softwarc interrupl instruction. The
actions taken arc exactly the same as
those for the totally asynchronous NMI
and IRQ hardware inputs. The only
difference is that the SWI is not a true
interrupt since it is programmed into the
software at a fixed point, whereas an
interrupt such as NMI or IRQ can occur
at any time relative 1o the cxecution of
a program. The SWI instruction, in effect,
is a call to an interrupt subroutine, with
return implemented via an RTI {return
from interrupt) instruction.

There is one further method of interrupting
a process in the 6800 which is not charac-
terized by the state saving necded to effect a
true interrupt style action. This is use of the
“reset” (RES) line of the hardware. This
form of interruption merely causes an
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address,) The 6502's BRK instruction is
similar to the 6800’s SWI, except it uses the
same vector localion as the maskable inter-
rupt (IRQ) rather than a separate address
vector.

Interesting Uses

Now knowing about interrupts, what are
their uses on the personal computer system,
and what kinds of programming should we
use with them? Probably a majority of users
will not need to use interrupts at all, at least
until they have several years programming
experience. If you have an 8080, just be
careful to write your programs around the
critical interrupt locations in low memory
addresses, in case somectime in the future
you decide to start using them. If you have a
6800 and use a dedicated monitor such as
JBUG or MIKBUG, much of your freedom
to use interrupts is replaced by hardwired
response vectors in ROM found at FFF8 to
FFFF. Almost certainly if you plan on
writing or using some type of operating
system, the interrupt facilities will need to
be used in the interrupt routines.

The use of interrupts for 1O operations
probably will not be a major application
except in cases of direct memory access or
fast peripherals. Personal systems tend to be
strongly oriented to a memory conservative
type of programming, since the cost of
the processor hardware is so low to begin
with, and the slowness of 10 is not really a
significant factor.

Real time applications are likely to
abound in small systems. The timers that are
included in some systems often operate by
allowing the program to load a desired
number, which is then counted down (or
added up, depending on the hardware)
independent of the processor. When zero is
reached, the timer can generate an interrupt.
This could be useful in such applications as
keeping track of how long programs use the
processor, allowing a player a limited
amount of time to make a move in games
like Star Trek, generating time of day
applications and so on. A very interesting
real time application of interrupts is in the
use of light pens on oscilloscope graphics
displays. This is one use of computers that
many hobbyists, upon seeing it operate for
the first time, feel is just this side of magic.
Actually, when vou consider how the
oscilloscope display is generated, the mech-
anism is very straightforward. You may
deduce that the computer, or 10 device,
must know where the beam of light is
currently positioned on the scope's screen,
or else it would be just a jumbled mess.
Therefore, if a photosensitive device is

placed close to the screen, when the light
beam strikes the cell an interrupt may be
generated. This interrupt may then cause
the location of the beam to be noted by
storing the current values in the counters
used to control the beam.

Another extremely interesting applica-
tion is the emulation of hardwired instruc-
tions. If the processor allows software or
illegal instruction interrupts then software
routines may be programmed which will
produce the same effect as if the desired
instruction had actually been included in the
silicon on the chip. For example, suppose
that you frequently needed an instruction
which  would, for some unfathomable
reason, add the contents of all the registers
and output them to a teleprinter. You
could set up a subroutine in each program
that required this action. Bul if you
found that you needed this instruction
frequently in every program you ran on the
machine, another way of implementing this
routine would be to place into the program
code (that is, the program being run) some-
thing to cause an interrupt.

This interrupt would cause the interrupt
routine to determine which action was
desired, execute i1, and then resume the
interrupted program. Of course, the in-
struction would be executed much more
slowly than if hardwired. Once the routine
was finalized, it could be burned into read
only memory, and from then on it would
always be available for the programmer's
use. The actual bit pattern inserted into
the program, to cause the interrupt, varies
with the processor. If there are unimple-
mented operation codes then you may
simply choose one and use it to signify the
new operation from then on. If unimple-
mented operation codes do not exist, or
they cause the machine to “‘hang up’ and
not interrupt, then a software interrupt,
called a “supervisor call” on the 370, may be
used. This is somewhat less pleasing, how-
ever, since the code on the program listing
will always look the same (ie: a software
interrupt) and make debugging a bit more
difficult. The 6800's SWI instruction with
its separate vector is ideally suited to this
use. Obviously, a byte would have to be
stored somewhere which would signify to
the interrupt routine which operation
was desired. In a 6800 this would be accom-
plished by following the SWI instruction
with the appropriate 1 byte code, and
modifying the stack so that RTI returns
control one byte past its normal point of
return.

It is possible to reproduce a particular
machine’s entire instruction set on another
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Using the PolyMorphics Video Interface

I recently purchased one of the PolyMor-
phic Video Terminal Interface units from a
local computer store. After opcning the
plastic bags included with the kit and check-
ing the parts against the packing list, | sat
down to the task of assembling the kit. The
instructions looked simple enough, the parts
were all there, and there was a parts diagram,
except | couldn’t read it.

Well, being no stranger to electronics, |
armed mysell with a pen, the schemalic, and
a bottle of Dr Pepper. (The Dr Pepper is
important!) Some four hours and many
bottles later, my board was complete, Trac-
ing circuit diagrams is OK if you have a lot
of time and know your clectronics, but
there have to be a lot of nonelectronics
pcople who bought this board and had the
same problem. The more | thought about it,
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Figure 1: This is the simplified schematic for the video amplifier. The dot-
ted capacitor is the added component to the original circuit. Take care to
connect the positive side of the capacitor to ihe television circuitry. The
video signal from the video interface can be connected directly through this

capacitor.
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the more curious | became. A call to Poly-
Morphics gave me the answer.

It seems that some of the first instruc-
tion books printed managed 1o get by the
quality control department without being
checked. In any case, | spoke to a very nice
person by the name of Cindy Feeney, who
turned out to be the national marketing
manager. She apologized for the problem,
and explained that they sent a letter Lo their
dealers as soon as they became aware of the
mistake. The only trouble is they didn't
know who had purchased the boards with
the bad diagram, so some of us unfortunates
got hold of a kit without knowing about
the letter. She explained that the diagram
had been reprinted, this time in three colors
for casy readability. And she sent one 1o me.
Free! She also offered to replace the diagram
to anyone else who has had the same pro-
blem if they will just drop her a note. The
address is PolyMorphics, 737 S Kellog Ay,
Goleta CA 93017,

Now | needed a television to connect it
to. | don't own a video monitor, but | do
have a black and white television set, a
Panasonic Model TR-542. With this sel,
adding a video input is a cinch. A schematic
of the scction of the video amplifier 1o be
modified is shown in figure 1. Panasonic
provides a test point at the inpul of the
videa amplifier. The signal is positive going
(signal is positive wilh respect 1o ground)
and the level is 0.9 V peak to peak. The
PolyMorphics board provides a positive
going video output, with about 1T V peak Lo
peak level. Talk about a perfect match!

In order to climinate any biasing pro-
blems for the video amplifier, 1 eclected to
leave the video intermediate lrequency (IF)
stage connected. The PolyMorphics board
has plenty of video to drive the amplifier, so
the only thing you need to do is turn the
television to an unused channel, preferably








http:Tested-$1,295.00

Continued from page 91

“Start the program.”

Time passad, a ot of time. Jack stabbed
the RESET button hard enough to push
the computer across the desk.

"Genltly, Jack! | get your message. You
must be putting the breakpoint in the wrong
place."

“If | knew where to put the breakpoint,
then | probably wouldn’t need one. What |
need is some way Lo sprinkle a program with
breakpoints and just skip the ones | don't
need."

“No can do, Jack. My MIKBUG monitor
Lraps every breakpoint and that is that. You
can't skip by one. If you put obstacles in
my path, | trip over them. You don't want
a bruised computer, do you, Jack?"

| guess not. What | do want is a better
way to debug. There's got to be something
more cffective than this ‘stab in the dark’
approach.”

“May | make a suggestion, Jack?”

“Now look who's the designer. What
words of wisdom have you, O great sage of
Maotorola?"”

“Sarcasm will get you nowhere, except
maybe ‘slabbed in the dark.’ | was going to
suggest that you investigate my HALT in-
pul. If you put a properly timed signal there,
then ['ll execute only one instruction at a
time. You can run programs so slowly even
a human can follow the processing.”

*Thal's an interesting idea. Let me think
about it for a while.”

“| can hardly stop you, Jack. | don't have
hands. . .yet. You were looking at thosc
robot articles in BYTE, weren't you!"”

“Talking is quite enough, computer!”’

“I.. .guess. . .so."”

Jack sat back in his chair and thought.
Computer knew betier than to interrupt
such meditations of his human partner,
Computer liked its power continuous.

“No good, computer.” Jack rolled his
chair to the console again. '"Hardware single
stepping isn’t what | need. | need to be able
to read your registers and check memory
locations. In short, | need your MIKBUG
capabilities to help me debug. With your
hardwarce suggestion I’d still nced to know
where to stop single stepping. That's no
better than breakpointing.”

“Nol exactly, Jack. If you don’t muck up
my contents with your debugging stuff,
then you c¢an resume running again after
you stop stepping. You can write reentrant
code, can’t you, jack?"

“That’s exactly what I'm trying to debug.
Thanks a bunch.”

“Sorry, | guess we'll both have to live
with MIKBUG for a while longer, until you

write me a real nice monitor, with asynchro-
nous 10, and disks, and. . .”

“Get off the disk kick. A debugger is
what | need. | want a purely software
answer. | need to have MIKBUG-like facili-
ties that | can use wherever | want in a pro-
gram without upsetting that program. It's
got to be reentrant. It's got to know how to
break down instructions. It should give me
a sort of breakpoint for each instruction
executed."”

“The program you seek is called a tracer.
They're available on big machines, like your
partner Grappel's PDP-11. Maybe he can
adapt one Lo your liking.”

“And adapt it to your limited faculties.”

“His big machinc can’t even talk! Don't
you say I'm limited!"”

“Okay, okay, | give up. Anyway, it's
bedtime. Good night.”

"“Yeah," said computer. Jack flipped the
power switch, and computer's red eye
dimmed.

“So what's new?" said computer as its
fan began to hum.

“Well, | uh.. .found.. .discovered that
...noticed, uh. . ."

NEW...

We have introduced two new products
which interface to a variety of bus structures:
the S-100 bus — the Motorola bus — the
Intel SBC 80/10 bus. We have a Scientific
Calculator Board which will do your complex
mathematical computations in firmware with a
minimum of dedicated RAM or software sup-
port. Inkit form, prices start at $99.95.

A new video display module which pro-
vides for a format of up to 24 lines and a full
80 characters wide is ready. Lower case and
custom character sets are available on special
order.

It can also be obtained 1o provide 32, 36,
40, 84, or 72 characters per line. In kit form,

prices start at $199.95.

Call or write for data sheets — or contact
your local dealer.

Ce [et’zon

P.O. Box 6215
Syracuse, New York 13217
(315) 422-6666

Circle 138 on inquiry card.

BYTE (Jecember 1577

133



Circle 119 on inquiry card.
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“Come on, Jack, out with it!”
“That  problem you were having
yesterday..."

“I wasn't having any problem yesterday!
It was your code that was a problem. | just
read 'em; | don't write 'em!"”’

“1 know. But you should have warned
me that | was pushing one more item onto
the stack than | was popping off. When you
executed the subroutine return, you got a
byte of data confused with the real return
address.”

"1 did not confuse anything! | did exact-
ly, | repeat, exactly, what you asked for.
You said PSH, | pushed! You said PUL, |
pulled a byte off the stack. You said RTS,
and | took the top of the stack as a return
address. | may have bugs in the program, but
the programmer’s got bats in his belfry!
If you can’t count the number of bytes you
put on the stack, you might think of going

back to philosophy!

“Cool it!”

“| might say..."”

“Cool it!"”

Jack glared at the console, and com-
puter’s red eye stared back. “I'm sorry,
Jack.”

“I guess it really is my fault, computer,”

“Friends?"
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“Friends,"”

“Going to get a tracer written?”

“Yep."

“Can | assemble it? I'll do a very careful
job.”

“I'm sure you will, computer. I'm sure
you will.”

“Computer, let's try to work this break-
point thing out.”

“Glad to help, Jack.”

“Fine. Now, we need a program which
doesn’t change any register or condition
code or memory location in the target
program. . .the one | need to debug.”

“It's got to be reentrant. Right, Jack?"

“It should print the contents of all your
registers, the address of the present instruc-
tion, and the instruction code. Something
like the MIKBUG format should do.”

“That's a problem. How do | do all that
printing without messing up the registers?”

“Come on, computer. . .that’s easy. You
save all the registers before printing and then
restore them when you're done.”

“Like the MIKBUG software interrupt
does, on the stack! You know, sometimes
you're pretty smart, Jack.”

“Except we can't do it that way."”
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E-PROM
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#*FOR COMPLETE COMPARISON SEE
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“Why?"

“Because MIKBUG won't let me change
the address of the software interrupt handler
program. It's in ROM, unfortunately. We'll
need another way.”

“lack, isn't this breakpoint thing sort of
like a subroutine? | mean, it's, say, 'called’
from the target program. . .does some stuff
like printing. . .and then returns to the
target program.”

“I guess we have to do it that way. We'll
put a subroutine call (JSR) at the address
where the trace is to begin. It will call the
trace program, which will be written as a
subroutine. The subroutine will first have to
save dll the registers, then print my debug-
ging info. It can then restore the registers
and return. Thanks for the idea, computer.”

“Don’t thank me yet; it won't work. If
[ insert a 3 byte subroutine jump into the
target program, then l've destroyed three
bytes of your code. Then, when | return
from the subroutine, | return three bytes
further into the target program, not where [
started.”

Jack thought a bit and puffed his cigar.

“Jack! That cigar smoke is getting in my
cassettes! How can you humans stand all
that stuff? Do computers get cancer of the
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integrated circuit or something?”

“Relax, my automated friend. You're
quite safe. | just figured out how to work
the tracing.”

“I'm all ears.”

“I'm surprised you can stop talking long
enough 1o listen. Anyway, | can overcome
your objections by careful programming.
Before inserting the subroutine jump, you'll
save the three bytes you're replacing. You
can put them back before you return.”

"But, Jack, | still return Lo the wrong
place!™

“Hold it a minute! | can fix up the return
address on your stack to back it up three
bytes. Then you'll return to the code you've
replaced and restored. That'll be a break-
point that | can really use.”

“Glad to help you. But, Jack, you still
have Lo know where to breakpoint. We're
scarcely better off than we were with
MIKBUG. True, the program can now con-
tinue after your breakpoint. Is that all you
wanted?”’

“It's enough for right now, but we'll
probably extend it later. Please assemble
this code.”” Jack placed a cassette in the
drive and pressed PLAY. Jack smiled. “It’s
the only sure way to keep it quiet.”
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All a trace is is a moving
breakpoint. . . You handle
itin the usual way except
that before you return you
put a new breakpoint
where the next instruc-
tion will be, and fix up the
previous breakpoint as if
it were never there.

Why anybody would try
to trace a program with
interrupts going off is
beyond me, but we'd
better be complete.
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“Computer, 1 want to extend Bob's
breakpoint.™

“It was only a matter of time. | suppose
you want a full trace now.”

“Right. It isn’t that much more. All a
trace is is a moving breakpoint.”

“If you can't figure out where you want
your breakpoint, then you make me push it
around through your stuff. Why is it that |
always have to bail you out of your
problems?”

“That's what | buill you for, remember?”

“Calm down, Jack. | was only kidding.”

“I didn't build your sense of humor,
that’s for sure! Anyway, here's how you'll
trace a program. Start with a breakpoint.
You handle it in the usual way, except thal
before you return you put a new breakpoint
where the next instruction will be. Effective-
ly, this breakpoints every instruction!"

"“Some things are easy Lo staie in words
but hard to code. How do | ligure out where
my next instruction is? | have instructions
of different lengths in my op code set. |
might jump or branch. . ."”

“Computer, remember the 'Thompson
Lister' program on page 99 of the October
1976 BYTE? It could figure oul how long an
instruction was by disassembling your code
in memory. Well, I'm going to give you a
version of that algorithm so that you can
find the next op code. It'll also help you for-
mat the instruction printout for my ease in
reading.”

“Fine. . if you think you're up to it.
Besides, | remember that the ‘Thompson
Lister' couldn't catch invalid instructions.
Sometimes you stick data into a subroutine
return address and force me into the middle
of nowhere!"”

“I remember that incident well cnough.
I'll add a table of invalid op codes so that
you can call me names when you hit one.”

“This I like.”

“1 thought you would. Now, think you
can trace?’’

Computer sat with lights quivering. “P've
got problems, Jack. You've given me a way
to find the next instruction in most cases,
but what about jumps or branches? Knowing
the length of the instruction is no help.”

“True. 1 guess we'll need a set of special
cases."'

“Oh boy. Here we go."'

“It won't be too bad.” Jack didn't sound
too convinced. “Let's start with the jumps.
There are subroutine jumps and uncondi-
tional jumps. They can be indexed or ex-
tended addressing.”

“The subroutine stuflf doesn’t matter,
Jack. For my purposes, a jump is a jump.
All | need is the location of the end of the
jump.”

“Fine. So, we’ll have two special cases:
extended jumps and indexed jumps. The
extended jumps are easy; the second and
third byte of the instruction are the address
you require to set your new breakpoint.”

“Done.”

“The indexed jumps need the contents
of the index register from the target pro-
gram, but you have saved that! You have
the offset in the second byte of the instruc-
tion! Do a simple addition and you have the
new breakpoint address!"

“It's simple if you give me a 16 bit addi-
tion program.”

“Surely. Now for subroutine returns,
You can get the return address from the
stack. You've saved the target program stack
pointer, so you can get the top of the 1arget
stack for your new breakpoint. That's
special case 3.”

“But what about all the branches?”

"That will take a bit of work. Lel's work
on the unconditional branches first; they're
simpler. You do know where the target
program is because you've got its program
counter saved. You get the offset from the
second byte of the instruction. You just add
the offset to the program counter.”

“What about signs, Jack?"

“Oh, yes. Forgot about that."

“I noticed that.”

“All right, computer. You get a gold
star! If the offset is negative, you must
subtract it from the program counter. 1'll
give you a 16 bit subtract too.”

“All that for just unconditional branches!
| shudder to think what the conditional
branches will need.”

“Not too much more. We just have to
decide whether the branch will be executed
or not. If not, then the branch is just
another 2 byte instruction. If it is to be exe-
cuted, then it is equivalent, for your pur-
poses, to an unconditional branch. You've
already got code to handle cach case.”

“Yeah, but how do | know if the branch
is Lo be executed? ESP?”

“Nothing but good, clever programming
is needed here. You have the condition
codes from the target program saved away.
You have the op code, the type of branch.
All it 1akes is a little trick. You'll copy the
branch into a spot in the trace code and set
the condition codes from your save area.
Then, if the branch falls through, you know
to treat it as a normal 2 byte instruction.
The branch will tell you when to use your
branch code. Simple, huh?”

“Self-modifying code. . .very pouwr form,
Jack!™

“Can you do it better?"”

“*No.”

“Then stop complaining. It's effective;



it works, Don’t knock it.”

“AL least it will have your name on it
and nol mine. Any more special cases?”’

“A few. We've gol to take care of the
interrupt instructions RTI and WAl and
SWI. Why anybody would try 10 trace a pro-
gram with interrupts going off is beyond me,
but we'd better be complete. They won't
be hard Lo handle.”

“Thank God!"

“Since when did you get religious? Any-
how, the RTIl is just like the subroutine
return; just the return address is deeper on
the stack.”

“That was relatively painless. | can figure
out the SWI code myself. | know the soft-
ware interrupt will get a handler address
from its vector, which, since | have MIK-
BUG, is in ROM. My new breakpoint goes
at the address found in the vector.”

“"Very good, computer. Now, the WAL is
a bit of a problem. You can't know whether
the interrupt that will get you out of wait
stale will be an IRQ or an NMI. They have
different vectors. We'll just have to pick one
and warn the user of my tracer that the
other type of interrupt causes problems.”

“The IRQ is used more often, so | guess
'l get my new address from the [RQ
vector."

“I guess that's a good choice.”

"Done with special cases, Jack?"

"l think so. Here, I’ll load this program
and you try to trace it.”

Computer began to trace. Jack smiled as
the printout overflowed down the printer.
Suddenly, the printing stopped. Jack
punched RESET.

"l was going good there, wasn’t I, Jack?”

“Yeah, but why did you stop?”

"“You had this call to MIKBUG in the tar-
get program. | traced the next instruction
and put my breakpoint out, but then every-
thing fell apart.”

“Of course, of course! You can’t put
breakpoints into ROM! You can try to store
anything you want, the data won't change!
When vyou breakpoint, check that vyour
breakpoint is going in. If not, quit before
you get lost in thought.”

“Now you tell me!”

“Better late than never. Now let’s see, we
can't trace through ROM or nonexistent
memory and we can't tolerale nonmasked
interrupts at all, or IRQs unless we were in
a wait for interrupt state. Can you think of
any other places we’d have trouble?”

“Well, if you hit my RESET then I'll
have trouble. | might not have fixed up my
breakpoint yet.”

“Right. Tell you what: every time you fix
up the code after having traced an instruc-

Lion, wait for me to hit a key on the console.
This will let me stop tracing cleanly."

"Glad to oblige. Now, your favorite
trick of modifying instructions could cause
problems. If an instruction tries to modify
the instruction I've tried to breakpoint,
well, kaboom!!!™”

“Very graphic.”

“You'rc buying me some graphics
equipment?”’

“No, my eager processor. Perhaps a
muzzle, . .”

“Okay. Beware of tracing programs
which use madifying instructions. You
shouldn’t write them that way anyhow."

“Computer, try tracing this now.”

The stream of printout began again, with
Jack periodically tapping the carriage re-
turn key. “Wait a minute, wait a minute!
Computer, you're getting some of these
branches screwed up.”

"“}'m just doing what you said to do.”

“Well maybe | was wrong."

“Please  publish that last comment,
Jack! | want that admission in writing!"

“Okay. Now, what's the problem? Why
do some branches trace properly and others
don’t?'" Jack poured over the printout
while computer hummed contentedly.

“Bob! Come here and Jook at this!”
(Enter Bob, who really was there all the
time, but didn't say much.}) Bob scanned
the trace listing.

“You always get forward branches right.
That must be a clue. What is it about back-
ward branches? You get some of them
right.”” Bob thought some more.

““Oh, sure!” Bob jumped to the console
again, papers falling to the floor. “If you
branch backwards less than three bytes,
then your new breakpoint overlaps the
present instruction!”

"Fine, Bob. Now what are we to do
about that? My breakpoint has to be three
bytes long."

“Yes, but this problem only happens on
backwards branches. A branch doesn’t
change anything in the target program ex-
cept the program counter. In fact, it needn’t
be executed at all. We just change the return
address from the trace routine to get back to
the right place in the target program! We
return to the breakpoint call, not the
branch! It's easy.”

“Fine, Bob. Can | rest now? It’s been a
long time since | had some time to myself.
All work and no play makes Jack’s com-
puter dull.”

“Computer!”
“What is it, Jack? | was just reading that
new language you guys have been working

Of course, you can't
expect to put break-
points into read only

memories. . .
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into the drive. It began 1o slowly and in-
exorably turn,

“Computer, load the tracer program,
please.”

“You want o change it again!”

“Don’t get steamed up. | just want to run
an cxample to test out the tracer.”

“What target program should | load?”

“You don't need one.”

“Come on, Jack, be serious. Of course
| need a target program. You don’t expect
me to trace memory garbage. You don't
mean that, do you, Jack?”

“You've already loaded a program,
let's trace that.”
“Trace the tracer. Clever! That will

really show that tracing doesn't upset the
target program. Okay, I'm ready.”

"“Go.”

“What address in the program do you
want Lo start at?”'

“How about 212 hexadecimal?”

212 it is. Herc are your registers: index,
condition code, B, A, and stack pointer.
The instruction is a CLR B, hexadecimal 5F.
What would you like?"”

“Continue trace.” Computer traced the
next instruction. Jack typed a carriage re-
turn and computer traced again. Again Jack
hit the return and computer traced. Jack
hit yet another carriage return. Computer
traced the instruction at 219.

“Why don’t you show off some of your
register change stuff? You're at a compare A
with 8C immediale instruction; why not
make A equal to 8C?"

“Fine. Do it.”'

"“Done. What now?"”

“Continue tracing.”

“The tracing tracer traces, and having
traced, moves on."”

“‘Can the poetry and just trace the pro-
gram, if you don’t mind.”

Computer traced the next ten instruc-
tions without comment. “Let’s show some
of the other debug stuff.”

"Okay. Change the B register to FF.”

“Done."

“"Change the index register to 1234."

“"Roger."”

“Change the condition codes in the tar-
get program to D1."

“That's cute, Jack. What does it mean?”

“Just do it.”

“All right. How about a memory change?
I've got lots of memory that isn't being used
right now."”

“Fine, Look at location 500.”

“It's got 22 in it now."

“Make that 44, computer.”

“Your wish is my command.”

“Continue the trace.”

“I'm

at

MIKBUG."
Jack hit a carriage return.
"“Got to stop here, Jack. | can’t trace

ROM. Try a new address?"
"“No, | think that will make a sufficient

example.” Jack turned and walked toward

the kitchen. He almost imagined that he
heard a sigh from the workshop. He ig-
nored it.m

108 now. It's

a jump to

And when Tracer was done, Jack’s computer sent his printer the following
listing of tracer tracing tracer, ultimate confirmation of the program’s opera-
tion. In this listing, the lines which are blank except for single cofons illus-
trate inputs of carriage returns to cause the program to proceed with tracing
the next instruction. Each line of output contains the hexadecimal contents
of the index register, processor condition codes, B and A accumulators,
stack pointer, current instruction address, and the current instruction’s
hexadecimal operation code and operands. After tracing through to location
0245, several memory manipulation and register manipulation commands

are executed, followed by one further line of traced code.

ENTER STARI-TxACI ALDKESLST w212

£ CC H A SP-ADDRESS INSTRUCTIUON
212 DB w2 BC Apa2 ae12 SF
tB212 Da wy RO AVL? 13020 e FE @172
L
TBZ16 Dy Y RO ANL? 216 AE W
TAP 16 Nh B A6 ARaZ ney (43
VP LT DY BB AL KDa2 B21% HE ore
A KO
3217 Da & ®’C Aga? w21 h 27 1¢
tA217 DA O gC Anse [ e 5C
217 Do V1 vl Ava2 Y2NA sSC
19217 DAl 85 AMA2 Wo ik a0
TIP1T NN AT RC ARLR v23C F?7 1732
217 DB W3 FC Auvaz2 Q23F ah
01T DY w2 BC AI4C A2 a 27 0y
217 NE B fC Ava? 02az2 SA
217 DB @) BC ABa2 weand 27 a3
217 D¢ ¥l BC ADA2 BRas B 2108
1T FF
t¥ 1234
:C D)

Using Tracer 6800

A low level trace technique is a useful ad-
junct to an assembly language oriented pro-
gram development situation. The tracer pro-
gram described in this short story can be
purchased by G800 owners in the form of a
Paperbytest™ program product, number 2.1,
spon to be published. Tracer: A 6800 Debug-
ging Program includes a reprint of ‘‘Jack and
the Machine Debug,”” tracer program notes,
complete assembly and source listing, object
program listing, and machine readable Paper-
bytest™ bar codes for the object program.
Watch BYTE for details on price and where to
purchase Tracer.

BYTE December 1477

13%



Multiprogramming Simplified

Multiprogramming is the ability of the
computer’s operating system to handle and
cxccute several programs concurrently. In
this article, I've set out to explain in a simple
fashion the concept of how the operating
system of a computer handies more than one
job (program) at one time. Only the ¢ssential
clements are included in this simple model,
which is based on a “typical” large scale
computer’s programming cnvironment. The
same general concepts are of course appli-
cable as well to the much smaller memory
regions of the typical personal computer.

The operating system, through its various
control programs, keeps track of the amount
and location of available memory and the
specific memory regions allocated to pro-

Job
Queue

A - 100K
B~ 150 K
C- BOK
D- 150K
E- 100K

Active
Queue

Ready
Queue

Waiting NSI
Queue Cells

Program Counter = xXxXXx J

Figure 1. When a program is entered into the multiprogramming computer, it
is first put onto a job queue. The jobs are typically stored in the order they
are enitered, and each queue entry has all the essentiul information about the

job.
Job Active Ready Waiting NSt
Queue Queue Queue Queue Cells
A A 100,000
B B8 200,000
C C 350,000
D 150K
E- 100K
Program Counter = xxxxxx

Figure 2a: Enough memory is available to fit the first three programs inlto the
ready queuc so they can awail execution, The next sequentiul instruction
(NS1) cell for each of the programs is initialized to the location of the first
instruction in the corresponding program.
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grams currently in memory. As programs
(lasks) are rcad into the compulter, certain
information  associated  with  them s
stored by the computer. The name ol the
program and the location where the above
information about the program is stored
is placed on a list called the job {task)
queue (see figure 1). As memory becomes
available, programs to be executed are
loaded into memory {figures 2a and 2b)
according to their size and arvival time
(how long they have been waiting). Infor-
mation regarding these programs, such as
name and location, is placed on the ready
quecue. As processing continues, programs
are categorized as cither active, ready or
waiting. Only one program at a lime can
be active.

The operating system maintains a special
memory  location for each program in
memory which contains the next sequential
instruction {NSI} to be executed for that
program. This mcemory location is called
the NSI cell. As a program is loaded into
memory, the address of the first instruction
to be cxecuted for that program is moved
into this NSI cell. A special NSI register
(program counter) is maintaincd by the
hardware containing the address of the next
sequential instruction to be executed for the
currently active program. When u program
becomes active, the next sequential instruc-
tion pointer is moved from its NSI cell to
the program counter ol the comptlter; this
will of course be dynamically changing for
the currently active program. As instructions
for the active program are cxccuted the
value of the program counter is Llypically
incremented by the length of the current
instruction  being executed to reflect the
address  of the nexl instruction address
that is to be executed. When branches
occur, the program counter is redefined
completely. This process is repeated until
the program is either completed or inter-
rupted by an outside service request from 4
real time clock or 1O operation. I the active
program has been completed, its memory
allocation is {reed and becomes available for
reallocation. If it was interrupted it will be



Irwin Lahasky

Bankers Trust Company
1 Bankers Trust Plaza
New York NY 10006

aced on the waiting queue and its next
sequential instruction pointer will be defined
by the old program counter value at the time
of interrupt. The highest priority program in
the ready queuc will be given active status,
its NSI cell will be moved to the program
counler, and instruction execution will be
resumed at its NSI address.

As 1O requests are serviced, programs will
be moved from the waiting queue to the
ready gueue, and will be rcturned to active
status when their wwrn comes. Example:
Program A (100 K bytes), program B (150
K bytes), program C (50 K bytcs), program
D (150 K bytes) and program E (100 K
bytes) are read into the computer and placed
on the job queue {figure 1). 350 K bytes of
memory are available beginning at address
location decimal 100,000. Addresses O thru
99,999 may contain opcrating system pro-
grams. Program A is loaded into locations
100,000 to 199,999, its NSI pointer is set
to its first instruction to be execuled
{address 100,000), and it is placed in the
ready queue. Program B is loaded into
locations 200,000 to 349,999, its NSI
pointer is set to its first instruction address
of 200,000, and it is placed second in the
ready qucue. Program C is loaded into
locations 350,000 to 399,999, its NSI
poinler is set to 350,000, and it is placed
third in the ready queue. 50 K bytes remain
available in memory from addresses 400,000
to 449,999, but this is insufficient for cither
of the remaining programs (D and E), which
require 150 K and 100 K bytes, respectively.
Therefore this memory will remain tempo-
rarily unused (figures 2a and 2b).

If there is no entry in the active queue,
the first program in the ready queue, pro-
gram A, is moved lo active status, its NSI
cell is moved to the program counter
{figure 3], and execution will begin at the
status address. Program B now becomes
first on the rcady queue and program C
second. As the instruction at location
100,000 is fetched and executed, the
address in the program counter valuc
changes as instructions are excculed.

Assuming the first instruction is 2 bytes

* Address 000,000
Operating System Programs
Address 99,998 *

© Address 100,000

Program A
Address 199,999 *
* Address 200,000
Program B
Address 349,999 *
* Address 350,000
Program C
Address 399,999 *
* Address 400,000
Unused

Address 449,999 *

Figure 2b: A representation of where the programs are actually stored in
memory. Addresses 0 thru 99,999 (decimal notation) are used by the oper-
ating system of this example.

Job Active Ready Waiting MSI
Queue Queue Queue Queue Cells
A A 100,000
B B 200,000
o] C 350,000
D- 150K
E- 100 K
Program Counter = 100000 l

Figure 3: Program A is maved into the active gueue to be executed. The
next sequential instruction pointer is moved from the appropriate NS/ celf to
the program counter upon activation.

Job Active Ready Waiting NSI
Queue Queue Queue Queue Cells
A A 100,000
B8 B 200,000
Cc C 350,000
D - 150 K
E- 100K
Program Counter = 100002

Figure 4: The program counter is here incremented by 2, since the first
instruction of pragram A is a 2 byte instruction. This hus nio effect on the
related NS/ cell.
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long, the next scquential instruction to
be executed becomes 100,002 (figure 4).
After the exccution of the instruction at
location 100,000 is completed, the instruc-
tion pointed to by the program counter
(at location 100,002) is fetched for exccu-
tion, and the program counter is changed
to 100,004. This is done because the second

Jab Active Ready Waiting NSt
Queue Queue Queue Queue Cells
A A 158,272
B B 200,000
C C 350,000
D- 160K
E- 100K
Program Counter = 158,272

Figure 5: When program A reaches memory location 158,266, read instruc-
tion is encountered that is 6 bytes fong. The program counter is incremented
by 6 to 158,272, While the read operation takes place, program A is removed
from the active queue and put into the waiting queue. The current value of
the program counter is then stored in the A NS/ cell as shown here.

Job Active Ready Waiting NSI
Queue Queue Queue Queue Cells
A A 158,272
B 8 200,000
[ C 350,000
D- 150K
E-100K
Program Counter = 200,000

Figure 6: The next program on the ready queue is moved (o the active queue
after an interrupt. The appropriate NSI cell is moved to the program counter
{relstarting the program on its way.

Job Active Ready Waiting NSI
Queue Queue Queue Queue Cells
A A 158,272
B8 B 248,208
D - 150K
E E 350,000
L Program Counter = 158,272 l

Figure 7: At this point program C has finished and has been removed from
memory. There is not enough room for program D but there is for program £,
which is loaded into memory and the ready queue. Program E's NSI cell is set
to its first instruction's focation. Program A's read operation has finished and
program A is again in the active gueue. The programs will continue to shift in
and oul of the active status as they are interrupted, until the entire series, and
any that are read in fater, is completed.
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instruction is also two bytes long.

Processing continues in this manner until
an interrupt in processing is encountered,
such as a request to read data into the pro-
gram from an input device or a request {o
write data to an output device. In this case,
time is required to get or write the external
data, and control is transferred to another
program in the following manner. For Lhe
purpose of our example, iet us assume that
program A issued a read instruction located
at address 158,266, and that this instruction
type is six bytes long. The program counter
which had been pointing to address 158,266
will be incremented by 6 to 158,272 {figurc
5). An interrupt is generated by this 10
instruction.

The program counter contains the address
where cxecution is to be resumed for pro-
gram A (158,272). The program counter
is stored in program A’s NSI cell, and pro-
gram A is placed last on the waiting gueue.
The next program in Lhe ready gqueue is
moved to active status, its NSI cell is moved
to the program counter, and processing is
continued at the address {now different) in
the program counter (figure 6).

As jobs are completed and their memory
allocation is freed, programs waiting on the
job queue are [oaded into available locations.
Their NSI cells are initialized and they are
placed last on the ready queue.

Programs are loaded into memory ac-
cording to their position on the job queug,
their memory needs, and availability of core.
If program C, which occupies 50 K bytes,
finishes first, its memory allocation of 50
K bytes plus the 50 K bytes which is unused
{total 100 K byles) is not sufficient for pro-
gram D {which nceds 150 K bytes) even
though program D is next in line on the job
queue. The 100 K bytes of available memory
is sufficient for program E, so it is loaded
into locations 350,000 thru 449,999, lis
NSI cell is then set to 350,000 and it is
placed last on the ready queue (figure 7).

This idea of multiprogramming has
developed over a number of years of conven-
tional computing systems, ranging from the
simplicity of two interacting programs on
small machines to the larger contexts of
many jobs executing simultancously on the
biggest machines. It is an example of how
creative programming and design of systems
software can make a machine do more than
what the hardware designer intended.m



Comments on Paging Schemes

Just read “'Give Your Micro a Megabyte"”
by R D Grappel! in the july BYTE and |
thought it was GREAT! | think I have a way
to avoid the startup “difficulty " referred to:

1. Reset the “‘page written latch.”
This will keep the junk page from
being written into bulk store.

2. Usc a latch to disable the page com-
parator logic so as to force a “not
equal” output. This will cause the page
processor  to  begin the page fetch
sequence. The comparator will be en-
abled upon completion of the fetch

immediate response to a request for a
nonresident page. The main thing,

however, is thal the page proccssor

nced not respond as quickly as before,
since the comparator has already asser-
ted the wait request to the main pro-
cessor,

4. Update the page selcct register after
the completion of the page fetch oper-
ation. By waiting until the newly re-
quested page is in main store, the wait
request will automatically be disabled
at the proper time. Also, each time the
update occurs, the comparator is en-
abled, thus the lalch sct during startup
will be cleared to its normal run state.

Techaicsl

Forem

operation.

3. Use the output of the page com- It is clear that by doing things this way James F Gentry
parator as the source for causing the the startup scquence looks just like any 4116 Schatk Rd 1
main processor to wait. This will allow other nonresident page felch.m Millers MD 21107

Senior Computer
Systems Technicians

We're the fastest growing small-computer systems company in the world.
Not just in systems sales, but in careers as well.

Several new Senior Systems Tech positions are opening up here in
Southboro this month and in the immediate future. They're key assignments
that demand at least 3 years’ experience, minimum, and an ASEE. degree or
its equivalent. Your background should include familiarity with CPU memory,
moving head disks and related peripherals.

What each of these jobs offers is the chance to move your career up to
new levels.

Our salary levels, benefit program and training programs are attractive
and more easily discussed in a personal interview.

To arrange for an interview send a letter or resume to John Prendergast,

Data General, Route 9, Southboro, MA 01772. Data General is an equal
opportunity employer M/F.

¢y DataGeneral

Cirele 36 on inquiry card. HY TE Peeember 1977 143






























http:resolu�S179.00




Sol Libes, President

Amataur Computer Group of NJ
1776 Raritan Rd

Scotch Plains NJ 07076

Used Computar Equipment Vendors

American Used Computer Corporation

POB 68 Kenmore Sta
Boston MA 02215
{617} 261- 1100

Atlantic Surplus Sales
3730 Nautilus Av
8rooklyn NY 11224
(212) 372-0349

Computer Warehouse Store
584 Commonwealth Av
Boston MA

{617) 261-2701

Data Access Systems

100 Route 46

Mountain Lakes NJ 07046
{201} 335-3322

Data-Lease )
700 N Valley St #A
Anaheim CA 92801

Data Pracessing Design Inc
6980 Aragon Cir, Suite B
Buena Park CA 90620
{714) 994-4971.

Federal Communications Corparation

Suite 107

11108 Shady Tr!
Dallas TX 75229
{214) 620-0644

Herback & Rademan Inc
401 E Erie Av
Philadelphia PA 19134
{215) 426-1700
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Where to Get Bargains

in Used Computer Equipment

Once they have their computers up and
running, computer c¢xperimenters  slart
hunting around for peripherals. They look
for things like Teletypes (usually ASR-33s),
video terminals, printers, paper tape readers
and punches, etc. The big problem here is
cost. In fact, those electronic and electro-
mechanical 10 gadgets can often cost several
times the price of the processor itself. New
video terminals can cost you $1500 and up.
Printers can cost as much as $2000. What
can a hobbyist do to save money? Onc way

Equipment

Used minicomputers, printers

video terminals, modems,
Teletypes, etc. Also new equipment
for personal computing via the
Computer Warehouse Store.

Teletypes, parts, supplies and
miscellaneous.

{See American Used Computer
Corporation)

Used Teletypes, DECwriters, video
terminals, modems, parts.

Minicomputers, video terminals,
Teletypes, etc.

PDP-11s, printers, terminals,
ete.

Used Teietypes, data phones
and TWX units

Used computer gear and parts.

is o buy used equipment. The question is,
where do you find it?

The big market in used compulter equip-
ment is due to many factors, one being that
the state of the art is changing rapidly and
companies frequently  obsolete  working
equipment to keep up. Thus, there is a
great deal of equipment available that may
not be up to the latest specd or have the
latest features, but is fully operational. For
example, you can buy a used video terminal
(ASR-33 compatible) for less than $500,
or a video terminal that requires some re-
wiring for under $200. Hard copy terminals
range from $300 (for an untesied unit} to
$1000 for guaranteced units with cxtra
features,

There are even minicompulers available
at bargain prices. Digital Equipment Corpor-
ation PDP-8 with 4 K words ol core
memory and serial inlerface start at $750
and go up to $3000 for newer models.

New  dealers in used equipment are
appearing all the time. The list that accom-
panics this report is not complete by any
means, but it does include the larger dealers
in the country. Most used equipment dealers
publish catalogs and maintain  muailing
lists. A simple postcard will usually get you
their latest equipment listing and put you
on their mailing list. Most of thesec com-
panies are eager to deal with compulter
experimenters.

Many dealers refurbish the used equip-
ment they sell and restore it to manu-
facturer's specifications to the point where
it is often indistinguishable from new
equipment. For cxample, several dealers
refurbish Teletypes to “as new' condition,
This means a complete cleaning, replace-
ment of defective or worn components,
replacement of items such as plastic covers,
repainting exposed metal enclosures, running
the machine for at least 5 hours to insure
its performance, and guaranteeing it flor
90 days. A new Model ASR-33 Teletype






Gary McGath
7 Silver Dr, #
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A Look at LISP

Today BASIC is the universal language of
the microcomputer hobby, I is casy to learn,
can run in a small amount of memory, and
provides a common ground for people with
different processors. Bul many microcom-
puters are no longer so “micro,” and they
need a more powerful language to use their
full capabilities.

What propertics should this language
have? 1t should work well interactively,
since most hobbyists use  their machines
that way. It should be simple in form, so
that implementing and understanding it are
casy. It should be goud ut handling non-
numeric data, since most computer hobby-
ists aren’t interested in “computing” in the
fiteral sense {ic: numerical calculations) as
much as in graphics, information manage-
ment and other such applications. [t should
run cfficiently. And it should make pro-
gramming easy.

A prime candidate, on all but one of
these counts, is LISP. LISP was developed at
MIT in the early 1960s; it has never atlained
widespread use, perhaps because of its un-
usual syntax, or else because it tends Lo run
slowly. [t is oriented not toward production
work, but toward program development and
experimentation,

Evaluating LISP in terms of the criteria
mentioned above: U is very strong on inter-
action. Its syntax, though unusual, is very
simple. It includes names and a versatile
structured type in its data handling facilities.
It is powerful enough to make most program-
ming jobs simple. Unfortunately, though, it
loses to many other languages in efficiency,
atl least when it is run by an interpreter {as is
the normal case}. But unless speed is so
crucial for a given problem that it outweighs
the canvenience, LISP is an excellent choice.

The purpose of this article is not 10 be a
primer on LISP, bul to give you reasuns Lo
look for such 4 primer (for instance, Weiss-
man's Lisp 1.5 Primer, published by Dicken-
son). There are, as far as | know, nu micro-
computer based interpreters for the language

yel; but this could change, if suppliers see a
potential market.

Much of the power of LISP comes from
the facl that in it, programs arc data, This
means that one program can build vp or
look at another program, or even operale on
itself. This is a tremendous help for debug-
ging programs, since it lets them be examined
or modified on the fly. For instance, a LISP
routine might call a special error handling
routine if it detected an unwarranted state
of affairs; this routine could let the user
examine and change variables, since variables
in LI1SP are also data, or even change part of
the program to get it back on the right track.

The structure which is used for programs
and datda is the /ist. A list is a sequence of
any length, written as its elements enclosed
in parentheses. For instance, {1 2 3 4) isa
list of four numbers. Lists can contain lists;
({1 2 3 4)) is a list with one element, which
is a list of four numbers. Note Lthat in LISP,
parentheses always change the content of
cxpressions; they are never optional, as in
some languages.

Programs can create lists as they run,
thus giving themselves the storage they
nced. This is another speciality of LISP,
called  dynamic storage allocation. Most
programs have to set out their storage re-
quirements before they are run; a BASIC
program, for instance, can't decide halfway
through its execution that it needs another
array. But LISP picks up its storage as it
needs it. To give just onc example of what
this can mean: You can run a LISP pro-
gram on a small amount of data with your
current  memory supply, then cxpand it
when you get more memory to handle more
data with no changes to the LISP program.

ISP programs are unusual, but con-
sistent, in that they use one tool everywhere.
This ol is functional application. BASIC
programmers are familiar with simple func-
tions like SIN; in the expression SIN (X),
SIN is the function, which is applied 1o the
drgument X, In LISP, this expression would



be written as the list {SIN X). The rule is
that the first thing in the list is the function,
and the rest of the list is its arguments.
A LISP program is a list of this form, which
gets evaluated by applying the function to
the arguments. The value of the list is the
resull of this application. This value may
itself be used as an argument to another
function; thus, programs can be built up
from lists within lists to any level.

Some functions do other things besides
returning a value. The function SETQ, for
instance, performs the role of the assign-
ment  statement in  other languages.
([SETQ X 3) is like BASIC's LET X = 5,
COND tests a condition and performs or
omits evaluations depending on the truth or
falsehood of that condition. This gives a
capability like BASIC's IF statement, except
that COND is much more general. The fol-
lowing is a simple example of how COND
can be used:

(COND{{GREATERP X Y) (SETQREL 1))
{{LESSP X Y) (SETQ REL —1))
(T (SETQ REL 0)))

This is what happens when the COND
expression  is  evaluated: The function
GREATERP is applied to X and Y. If X is
greater than Y, the value returned will be T,
otherwise it will be NIL. If T {or for that
matter, any value but NIL) is returned, then
{SETQ REL 1) will be evaluated, and the
COND will be done. If, however, X is less
than Y, then COND will try again on the
first element of its next argument; that is,
(LESSP X ¥). If X is less than Y, this will
evaluate to T, REL will be set to —1, and
the COND will be done. If, however, this
also falls through, then X must equal Y. T is
then evafuated; since T is a special constant
which always evaluales to itself, COND will
finally be satisfied, and REL will be set to 0.

When a variable is used in a list, it is a
picce of data like any other, of a type called
atom. Atoms can be passed around by them-
selves [as opposed Lo passing around their
values] by using the function QUOTE.
{SETQ X Y} sets X's value to be the same as
Y's value; but (SETQ X (QUOTE Y)) sets
X's value to be the atom Y itself. This lets
you keep verbal information around for
later printing. QUOTE is also uscful with
fists, since il lets you create a list of data
which isn't intended for evaluation.

The complement of QUOTE is EVAL.
This takes an argument, already evaluated
once by the application mechanism, and
evaluates it again. The use of QUOTE and
EVAL provides one way of wriling a4 pro-
gram for later repeated use; at some point
you write:

A sample LISP program for building a maze
(which may be used in Wumpus type games). The
user defines the maze by typing in lists of two
atoms, which give two rooms that are adjacent to
each other. The rooms may have as names any
atoms not otherwise used. Input is terminated by
entering NIL. The function returns a list of atoms
which are the names of all the rooms; this value is
also available as the value of the atom MAZELIST.
Each of the room atoms has as its value a list of
all the rooms to which it is adjacent.

The only function used here which was not
mentioned in the main text of this article is MEMQ.
This function tests whether its first argument is a
member of its second argument, in the sense of
list membership.

(SETQ MAZEBUILD
(QUOTE (LAMBDA ()

{(SETQ MAZELIST NIL) ;initialize the value

(PROG (TEMP) ;TEMP is a local variable
A ;A is a label

(COND {{SETQ TEMP (READ)) ;get a pair

(SETQ R1 (CAR TEMP))
(SETQ R2 (CAR (CDR TEMP))
;the names of the two rooms
{(COND ({(MEMQ R1 MAZELIST)
;is this room known already?
(SETQ (EVAL R1)
(CONS R2 (EVAL R1})})
({(SETQ (EVAL R1)
(CONS R2 NIL))
Af not, start it up
(SETQ MAZELIST
{CONS R1 MAZELIST))))
{COND ({MEMQ R2 MAZELIST)
.do the same for R2
(SETQ (EVAL R2)
(CONS R1 (EVALR2))))
({SETQ (EVAL R2}
(CONS R1 NIL))
(SETQ MAZELIST
(CONS R2 MAZELISTHH
{GO A) ;repeat if wasn't nil
m
MAZELIST })} ;return the value

(SETQ X (QUOTE /ist-to-be-evaluated-
later))

Elsewhere you have:

(EVAL X)

When this is encountered, X is evaluated

once by the LISP interpreter, giving list-to-
be-evaluated-later; then EVAL evaluates it
again, generating its value and all side effects.
A list can be modified ('l discuss the
methods when | get to the structure of lists),
so program editing is possible. But simply
evaluating fixed lists, even with editing, isn't
a very flexible method of programming. It
would be more useful to have a program
that can opcrate on alternative sets of data;
that is, to run it with one set of data, then
run it again on different data. This can be
done, of course, by SETQing variables on
which the program will operate, But this
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Software Unl

AT LAST!

Your idle system can now come alive.
The software scarcity 15 over,
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BASIC interpreters... or just @ monitor???
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them in 8-level paper tape, a variely of audio
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MORE 6800 POWER
from N"CROWARE

A/BASIC COMPILER

+ Generates Pure M6800 Code — No Run-Time
Package Required
Compiled Programs Run Much Faster Than Interpreters
Low QOverhead—Will Run in 8K System Without Disk
Programmer has Complete Control of Memory Allocation
Many Powerful Extensions to Basic Syntax

DA1 + MOTOROLA “D2 KIT" EXPANSION KIT

s Ccnverts D2to Terminal-Based I/Q

* Inciudes Popular RT/68 ROM

* Retains Full Cassette 1/0 Capability

* Allows use of most popular 6800 software; editors,
assemblers, BASIC, etc.

« Comprehensive documentation —over B0 pages

A/BASIC w/manual e ... .%49.95
A/BASIC w/RT/68MX o
RT/68MX w/manual ...........
DA1 w/manuals

. $55.00
. . .. $68.95
Motorala MMS68104 16K RAM for D2 (Assm) $395.00

Call or write today for our free catalog
of M6800 software and hardware producls.
Phone orders (515) 279-9856

U.S. Orders Postpaid.

THE MICROWA RE CORPORATION
PO. BOX 954 Des Moines,lowa 50304

 BlaxmiRiCARD !

Circle 136 on inguiry card.

means that each program must operate on
different variables, or e¢ls¢ bookkeeping
problems start coming up. A more convenient
method, which LISP provides, is Lo define a
function which takes its data as arguments.

A user defined function is a list which has
the atom LAMBDA as its first element.
(This has its rools in a mathematical nota-
tion called the lambda-calculus.) The sccond
element of this list is a list of atoms. These
atoms dare the parameters of the function,
that is, the things that catch the arguments
to the function. After the list of parameters,
any number of expressions can follow,

The use of functions with parameters is
familiar to FORTRAN programmers, and
many versions of BASIC provide it in a
simple form. What happens when a user
defined function is called is this: First, the
old values of the atoms on the parameter
list arc saved on a stack. Then the param-
cters are given the values of the cor-
responding arguments. {There must be one
parameter for each argument.) Next, the
remaining expressions of the function are
evaluated in order. The valuc of the last
expression is the value of the function. After
this value is found, the old values of the
atoms on the parameter list are restored
from the stack. Thus, as far as the outside
world is concerned, these atoms were never
touched.

There are various methods for setting up
function definitions in various implementa-
tions, and the method in Weissman's book is
distinctly  confusing. A straightforward
method is to let the function be the value of
an atom. Then to define a function, you
would just have to enter

(SETQ FUN (QUOTE (LAMBDA(...) ...}})

At any later time you could simply use
(FUN args) to apply the function.

There is, incidentally, no objection to
using a function from inside itself. This
method is called recursion, and it is ofien
useful to break up a complicated case into
simple ones. The idea is this: Your function
examines its argument. If the argument is a
simple one, it just returns the value. Other-
wise, it finds a simpler case which has a
known relation to the case at hand, and
calls itself with an argument for the simpler
case. For instance, the factorial function
(FACT X), which returns X * (X — 1)
*#(X —2)*...*1, could be written:

(SETQ FACT
(LAMBDA (X)
(COND ((LESSP X 2) 1)
((* X (FACT (= X 1))

(Note the use of arithmetic operatars as












Relative Addressing for the 8080

James P Gaskell
Griffon Industries
Austin Rd
Amherst NH 03031

Listing 1: A program used
to perform relative jumps
on the 8080 processor.
A block of memory must
also be set aside for the
RST 7 instruction, and
the macroinsiructions
listed in table 1 must be
added to the assembler
to alfow this program to
WOrR.
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An essential characteristic of any com-
puter is the ability to branch asaresult of a
decision. These jumps, or branches, can be
done with target addresses determined in a
number of ways. Examples include absolute
(direct) jumps, indirect jumps, indexed
jumps and relative jumps.

The instruction sct for the 8080 pro-
cessor includes explicit absolute jumps,
both unconditional and conditiondl. It
also has one indexed jump (although it
allows for no offset). Unfortunately, the
instruction sct docs not include any rela-
tive jump instructions, instructions which
are neccssary if position independent pro-
gramming is to be accomplished. However,
a routine can be used that simulates the
desired result, thus cnhancing the 8080’s
usctulness to programmers,

A relative jump goes to a specified offsct
from the present address. Instructions of
this type allow jumps within a program to be

Hexadecimal Hexadecimal Label Op
Address Code
0038 22 4B 00 ENTER: SHLD
0038 E1 POP
003C EB XCHG
003D E3 XTHL
003E F5 PUSH
003F 19 DAD
0040 11 FC 3F LXI
0043 19 DAD
0044 F1 PQP
0045 E3 XTHL
0046 EB XCHG
0047 2A 4B 00 LHLD
004A c9 EXIT: RET
0048 00 TEMPT: NOP
004cC 00 END: NOP

Note: In this listing, BIAS = CO00 and TEMP1 = 0048,

independent of where the program is located
in memory. That is, if the whole (object}
program is moved Lo a new area of memory,
the jumps are still valid. 1t is not necessary
to rcassemble or explicitly relocate a pro-
gram every lime it is moved around in
memory.

In order to implement this routine, threc
steps have to be taken. First, a short pro-
gram must be entered into memory. Sccond,
a section of memory must be set to a con-
stant. Third, some macroinstructions must
be added to the 8080 assembler. {Macroin-
structions are assembly language instructions
that are cxpanded into a sequence ol ma-
chine language instructions during as-
sembly.} After these steps are taken, relative
jumps can be written in a straightforward
fashion in assembly language.

First, the program shown in listing 1T must
be entered into memory. It is important that
this program start al hexadecimal address

QOperand Commentary
TEMP1 Save HL
H HL = {THERE - HERE
+BIAS + 1)
TOS = Original DE
HL = {HERE + 3)
PSW Save PSW
D HL = {THERE + BIAS + 4]
D, ~{BIAS + 4)
D HL = THERE
P3sW Restore PSW
TGOS = THERE
HL = Original DE
Restore DE
TEMP1 Restore HL
Jump THERE
2 bytes of
temporary
storage



0038, because it will be entered during exe-
cution via a ReSTart 7 instruction. Also,
since TEMPT is used for data storage, it is
necessary that TEMPT be located in pro-
grammable memory and not in read only
memory.

Second, a block of memory must be set
to the RST 7 instruction, The larger thc
block, the greater the range of the relative
jump instruction. An address near the
middle of this area should be chosen as the
BIAS address. The machine language code
{or the RST 7 instruction is hexadecimal FF.
This forluitous coding permits an easy way
to meet the present requirement. Select an
arca of {logical) memory where no hardware
memory exists. If the data bus has pull up
resistors, doing a memory read to these
locations results in reading hexadecimal FF,

Third, macroinstructions should be writ-
ten for the assembler so that it will do the
computations necessary to implement the
relative jump. Since relatlive jumps can be
done cither unconditionally or based on
either state of any of the four flags, this
requires that nine macreinstructions be
written, Table 1 outlines what has to be
done. If your assembler cannot handle
macroinstructions, or if you do not have
an assembler, you must enter the proper
CALL instruction as shown in the table.

To help in understanding the theory
of operation, refer to figure 1. Since we
wish to jump from HERE to THERE, we
insert JR THERE (= CALL (THERE -
HERE + BIAS)) at HERE. This instruction
pushes (HERE + 3} onilo the stack and
jumps to the location (THERE - HERE +
BIAS). At this new location we have made
sure thal the contents are equal to hexa-
decimal FF {= RST 7). This instruction
pushes (THERE - HERE + BIAS + 1) onto
the stack and jumps to hexadecimal 0038.
At 0038, we find our program. This program
first saves the contents of selected registers.
It then pops the top two words off the stack
and adds them together to give {THERE +
BIAS + 4). Alter {BIAS + 4} is subtracted
olf, we are left with THERE. This address
is pushed ontlo the stack and the registers
are restored to their original conditions. The
final RETurn does a jump to THERE.

This routine uses four bytes in the stack
and takes 78.5 ws {with a 2 MHz clock,
ignoring memory wait limes) to cxecute.
For comparison, the absolute jump uses
no stack locations and executes in 5.0 us.
This routine returns all registers in their
original  states [except, of course, PC).
After the overhead is established, cach
relative jump reguires three bytes, which
is the same as the absolute jump. This
means  that switching between absolute

Macro Macroinstruction Assembled Instruction
Number
1 JR LABEL CALL (LABEL - %+ BIAS)
2.9 JR [FLAG} LABEL C (FLAG) [LABEL - § + BIAS)
Note 1: $ means the location of the current instruction.
Mote 2: (FLAG) means any of the eight condition flags, ie: NZ, Z,
NC, C, PO, PE, P or M.

Table T: The nine macroinstructions which enable the assembler to perform

refative fjumps on the 8080 processor,

Instr
JR THERE
Instr

HERE:

Instr
THERE: Instr
Instr

RST 7
BIAS: RST 7
RST 7

RST 7
RST 7
RST 7

M locations
+

- Address = {(HERE + NJ

: Contents = FF

N locations
+

; CALL {THERE - HERE + BIAS)
I

. Address = {THERE - HERE + BIAS)

Figure 1: An illustration of relative uddressing as it is performed on the 8050

processor. The program jumps from HERE to THERE.

and relative jumps does not affect the
length of the object code. As requirements
change (basically, reclocatability  versus
excculion speed) it should not be difficult
o alter the coding.

In summary, the ability to do relative
jumps can be added to an 8080 based
system. The working  program  requires
only 21 bytes with perhaps another
couple of hundred bytes located clsewhere,
so the demand on memory space is quite
low. In a typical application of relative
jumps, object programs are pulled off a
mass storage unit, placed in any available
memory, and immediately used. This

cxample shows some of the strength of

this kind of jump and some of the reason
for the experimenter 1o add this capability
to his/her operating system.®
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Save Software:

Use a UART for Serial 10

In my opinion suppliers of software for
microprocessors should refrain from writing
their software for serial 10. Belore you beat
me over the head with your expensive Tele-
type, let me explain myself further.

Much of the software for serial devices
such as Teletypes is written in such a way
that the software itself provides the parallel
to serial and serial to parallel conversion and
timing necessary to allow the Teletype to
communicate with the computer. fA prime
example is the Motorofa 6800’s MIKBUG
program.] This may save the price of a
UART, but it also ties down a complicated
memory program to emulate a UART. |
propose that instead ol writing the software
for a serial device, all software be written for
parallel 10. If provisions are made for the
“handshaking™ status information, then the
parallel information can be easily converted
to serial information if desired by using a
UART. With proper handshaking and a
UART, the speed of serial 10 can be made
independent of the software, allowing the
user to choose 110 bps or any other desired
speed as presented to the UART clock
inputs. All the user has to do is provide the
desired clock rate. Further, such parallel
handshaking would allow parallel devices
such as the SWTPC TVT §l to be used at
speeds of several hundred characters per
second instead of 10 per secand.

If properly designed, a parallel 10 inter-
face can offer the following advantages:

1. External 10 devices may be serial or
parallel.

2. External 1O devices may be made
to run at a data rate up to their maximum
speed.

3. External 10 devices may be mixed;
ie: a parallel input and serial output or vice
versa.

4. Changing from one external [0
device to another would require at most a
change in a few jumpers.

Handshaking

The key to an effective 10 scheme is a
little thing we call “handshaking.” Hand-
shaking is a technique wherein two devices
communicate their status to one another.
For instance, if the computer gives the exter-
nal 10 device a signal that indicates that it
has valid data available on its output port,
and the external device, after accepting
and processing this data then provides the
computer with a signal that indicates it is
ready to accept a new input, this is hand-
shaking.

How can we provide this handshaking?
Well, a UART already provides handshaking
signals. For that matter, most external 10
devices do or can provide the necessary
signals needed for handshaking. What is
needed is a way to communicate this
information to the computer.

The first technique that might come to
mind would be to use a special input and
output port to communicate status infor-
mation. As it happens, the ASCIl code

——
Figure 1: A circuit for setting up hand-
shaking between a computer and a UART.
The eighth bits of the input and output
ports are used to indicate whether the data
has been sucessfully transmitted and the sys-
tem is ready to transmit the next bit of
information. This circuit can be adapted to
any 8 bit computer. IC4 is a standard UART
part, an asynchronous data interface. Some
integrated circuit part numbers which may
be used for IC4 are: the COM 2502 and
COM 2017 by Standard Microsystems, the
2536 by Signetics, the AY 5 1012, by
General Instruments, the TMS 6011 by
Texas Instruments, the TR 1602 by Western
Digital, and the S1883 by American Micro-
systems. All resistances are medstred in
ohms and all resistors are ¥ W.



Power Wiring Table

Integrated
Circuit Type +5V GND ~12V
IC1 7400 14 8 —
1C2 74123 16 8 —
IC3 74123 16 8 —
ICA UART 1 3 2
b 6
7400
+5v co
R2 00 pF 9
100pF M JOK 100p — 1c 8
5V ¢ YWV 7 10§ 7400
4 7 6 19
IIIIII — RCVR DATA AVAILABLE
3 REXT ~ CEXT 1 REXT CEXT MSB INPUT
CLR CEXT CLR CEXT - {RDA) rogl>— —7> sTaTus
1C2A IC2B 8 3
3 25| TRANSMITTER 6
2, 74123 5le o], T2 To <F—ouTriT ROTP———————[16>
A_eN0 T} A SERIAL rost?
| 8 \u_uw COMMUNICATIONS ———— 15>
DEVICE 20lReCEIVER 8
s L o
9 o> INPUT
Ro4 DATA PORT
ro’sfe—— (>
22| TRANSMITTER I
BUFFER EMPTY RO2[———[ >
2 Lss
rofe—Ls8 oy | )
(SEE CAPTION N
FOR TYPICAL 26 LsB
PART NUMBERS) TI=——————<G0q
sy T a)
5 11328 <57
+5V <07
R3 29 ouUTPUT \TO
10K ¢3 c4 Taf=———<0F )pata OUTPUT
sy 100pF _moax 100pF s 129 <57 PORT
+ A
\ N <3
18 [RECEIVER DATA AVAILABLE 31
T_ RESET (RDAR) 6P <5
15 14 7 6 32
3[ o q REXT cext 1 — " REXT CEXT |._|_| p Tz l\
CEXT CLR CEXT 23| TRANSMITTER DATA T8 123 MSB_~57] START OUT-
IC3A 1C38 aje STROBE (TDS) PUT AND
2 74123 ap 1o}, 74123 RESET
B A eno T —————————— A RE CEIVER
1 8 9
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Commentary

ASCIl input routine using input port 005;
input data into register B;

check if most significant bit is high;

if bit not high continue input loop;

echo ASCII character;

strip off most significant bit;

registers A and B contain ASC!} character;
return;

ASCI!I output routine using output port G15;
clear output port;

load ASCII character into register B;
output ASCII character;

check most significant bit of input port

to see if it is high;

if bitis high continue checking loop;

Octal (Page 0) Octal

Address Op Code Operand Mnemonic
100 113 INP 005
101 310 LBA
102 174 200 CPE 200
104 150 100 000 JTC 000100
107 106 123 000 CAL 000123
112 044 177 NDI 177
114 310 LBA
115 007 RET
123 250 XRA
124 133 OouUT 015
125 301 LAB
126 133 OuUT 015
127 113 INP 005
130 074 200 CPl 200
132 100 127 000 JFC 000127
135 301 LAB
136 007 RET

restore ASCII character to register A;
return;

Listing 1: Typical software routines for paralle! 10 handshaking. This listing is represented
in octal for an 8008 processor. A subroutine of this sort can be used at a wide variety of data
rates since the receiving device will indicate when the next byte of data is to be sent. The deter-
mining factor for data transmission rate is the speed of the UART s clock.

universally used by small computers only
requires seven bits to define all the regular
characters: upper and lower case, numeric,
special symbols and control characters. Thus
we have thie eighth bit, the most significant
bit, available for use as a status bit.

Figure 1 shows one way of setting up
handshaking between a computer and a
UART. The recciver of the UART has the
seven necessary data lines connected directly
to the input port. The cighth bit of the
input port is connected to a simple RS flip
flop formed by two cross coupled NAND
gates. When receiver data available (RDA,
pin 19 of the UART) goes high, indicating
that the receiver section has valid data, this
signal is inverted and fed to the RS flip flop,
causing the most significant bit of the input
port to go high. This high level at the most
significant bit can be detected by the soft-
ware in a wait loop. [This status line can
also be used to trigger an edge sensitive inter-
rupt. . .CH/

Once the software has acquired the data,
in most situations it calls for an echo, which
uses the output ASCII routine. The software
first clears the output port, insuring that the
most significant bit is low. Then the ASCII
and the high most significant bit are sent to
the output port. The low to high transition
of bit O7 is detected by oneshot 1IC3A which
causes a few hundred nanoseconds of delay
before causing oneshot 1C3B to output a
negative pulse. This negative pulse is fed to
the transmitter data strobe pin of the
UART, which causes the data from the
outpul port to be loaded into the UART's
transmitter buffer. At the same time the
recciver data available pin of the UART is
also  pulsed low, resetting the receiver

section’s data available line to a low level. At
this time the RS flip flop maintains the
input port’s most significant bit at a high
level.

Having echoed the ASCII code back to
the UART, the software can now wait
with a loop testing the most significant
bit of the input port lor its low state.
Meanwhile the UART transmitter section
is busy sending out serial data. When it
is done, or at least when it is ready to accept
more data, the transmitter buffer empty
will go high. Oneshot IC2A detecis the
rising edge and produces a few hundred
nanoseconds of delay, and then opeshot
1IC28B  produces a negative pulse that
resets the RS flip flop. The software detects
this when the most significant bit at the
input port goes low. This indicates that the
outpul operation has been successfully
completed. The system is also ready to
accepl more input at this time.

Note that while the example shown was
for a UART, no restrictions were made on
the speed at which the UART was being
clocked. Because we used handshaking logic
signals we can run our UART at whatever
clock speed we desire.

By using a handshaking method such as
this, the software is reduced to periodic
checking of the status bit. Output characters
can be sent at any lime, not overlapping
receipt and echo of an input character. The
only other restrictions on use of this tech-
nique are that a dummy characicr must be
sent out when the system is initialized, and
of course the UART clock rate input must
be matched to the rate of the terminal or
other communications device at the end of
the serial transmission channel.m
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000377
000000

000000
000001
000002
000003
000004
000005
000006
000007
000010
000011
000012
000013
000014
0000156
000016
000017
000020
000021
000022
000023
000024
000025
000026
000027
000030
000031
000032
000033
000034
000035
000036
000037
000040
000041
000042
000043
000044
000045
000046
000047
000050
000051
000052
000053
000054
000055

000056
000057
000060
000061
000062

000063

000064
000065
000066
000067
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076
003
016
000
107
o1
100
000
041
000
000
002
002
002
002
002
002
002
031
322
013
000
333
377
376
000
312
005
000
062
006
000
014
17N
376
077
362
063
000
376
037
170
007
372
004
000

017
017
303

000

170

000
303
002
000

SWITCH:
START:
BEGIN:

RUN:
SPEED:

DSPLY:

RESET:

Stan Skoglund
5757 Avenida Sanchez
San Diego CA 92124

OCTAL
EQU 255 ;ADDRESS OF SENSE SWITCH PORT
ORG 000000

“DIDDLE"” VERSION 1.0

MVI A3 INITIALIZE DISPLAY PATTERN

MVI co JINITIALIZE DIRECTION COUNTER

MOV B.A ;MOVE DISPLAY TO B-REG

LXt D64 (INITIALIZE TIMER DURATION COUNTER
LXI H,0 JINITIALIZE TIMER BASE

STAX 8 ;DISPLAY BIT PATTERN VIA ADDRESS LIGHTS
STAX B ;DO IT AGAIN TO MAKE IT BRIGHTER

STAX B ;AND BRIGHTER . . ..

STAX B ;AND BRIGHTER .. ..

STAX 8 ;AND BRIGHTER . ...

STAX B AND BRIGHTER . ...

STAX 8 ;AND BRIGHTESTI

DAD D ;ADD TO TIMER BASE. TIMER ELAPSED?
JNC DSPLY ;NO, GO BACK AND DISPLAY AGAIN

IN SWTCH JOTHERWISE READ SENSE SWITCHES

CPI 0 ;DOES PLAYER WANT DISPLAY TO STCP?

JZ SPEED ;YES, GO BACK AND RE-ISSUE SAME DISPLAY
STA SPEED+1 ;OTHERWISE SAVE NEW SPEED

INR Cc :BUMP DIRECTION COUNTER

MOV AC

CPI 63 ;TIME TO RESET DIRECTION COUNTER?

JP RESET ;YES, JUMP TO RESET SECTION

CP! 31 SET STATUS WORD

MOV AB MOVE PATTERN INTO A-REG.

RLC SHIFT PATTERN 1 BIT TO THE LEFT

JM RUN JUMP {F STILL MOVING IN LEFT DIRECTIGN
RRC SHIFT PATTERN 1 BIT TO THE RIGHT

RRC SHIFT PATTERN 1 BIT TO THE RIGHT

JMP RUN ;GO DISPLAY NEW PATTERN AT NEW SPEED

THIS SECTION IS EXECUTED AFTER PATTERN HAS MOVED 4 TIMES TO THE
LEFT AND 4 TIMES TO THE RIGHT.

MoV AB ; MOVE PATTERN INTO A-REG.

THIS NEXT LOCATION CAN BE LOADED WITH OCTAL 057 WHICH WILL
ADD A LITTLE ZIP TO DIDDLE.

NOP ;CHANGE TO CMA
JMP BEGIN ;GO START QVER AGAIN



“Diddle’ is a game program in which one
can sit with an Altair 8800 computer and
diddle around for some time without solving
anything. The pure satisfaction of beating
the game makes it all worthwhile,

The object of Diddle is to stop the
moving pattern in address lights A12 and
A13 while it is approaching from the right.
If this is done within the rules and regula-
tions you are considered a winner, Of
course, almost everyboady wins at the slower
speeds, while only a selected few are tal-
ented enough to beat the computer in the
high speed race. Try your luck!

Load Diddle via the front panel
switches, referring to listing 1. For those of
you wishing to make paper tapes or Xerox
copies of this listing, be my guest. Diddle is
public domain software,

Program Operation:

® Sclect the program starting address
by setting all the address switches
off {down).

® Press examine.

Press run.

® Set address switch 10 up. Observe a
pattern moving in address lights AQ8
thru A15. Watch it for a minute or so.
Try to predict its behavior,

® Set all the address switches down,
Note that the pattern stops moving.
Now set address switch 10 up again.
The display in the lights should start
moving again if the program Is oper-
ating properly.

® There exists a relationship between the
speed of the moving pattern and the
address switch used in the above steps.
Switches to the left of A10 will cause
the pattern to move faster, while
switches to the right will produce a
slower motion. Only AOB thru A15
can be used. Program ignores switches
AQQ thru AD7,

Rules and Regulation:

® Once a player starts the pattern mov-
ing, he must wait at feast 5 seconds
before making his move to stop it.
This prevents a player from creeping
up to the stopping spot by toggling the
speed switch.

& The moving pattern must be approach-
ing the stopping position from the
right when a player attempts his move.

® You must upon demand show that
you can beat Diddle three out of
three times at the speed you claim to

be a winner. If you cannot do this,
then you are not a bonafide winner,
but just a diddler.

® |n all cases the burden of proof is left
to the player, not the judges. However,
the judges' decision is final.

Theory of Operation and
General Notes on Diddle

The display pattern is shown in the
address LEDs by executing a STAX B
instruction which causes the 8080 pro-
cessor to output 16 bits of information to
the address bus. The choice of the STAX B
instruction was made so that the B register
could contain the display pattern. To
modify the display, il is only necessary to
modify the B register and then exccute the
STAX B instruction. This method of display
requires keeping in mind some other con-
siderations. For instance, remember that the
processor is also putting onto the address
bus the location of each instruction it
fetches from memory and therefore, in
order to control address LEDs A8 thru Al15
via the B register, the STAX B instruction
must be located in iow memory (below
octal address 377). Try relocating Diddle
to octal 10000 and you will see that the
display still rotates, but address LED A12
will always be on. Also, for the same reason,
the maximum display pattern one could
hope to achicve would be 13 bits, although
Diddle only uses an 8 bit display.

The speed of the rotating pattern fis
determined by adding a value to an accumu-
lative counter until it overflows. Of course,
the larger the value, the quicker the counter
will overflow. The real trick with Diddle is
that it lets the value be selected by the
player at execution time. This is done by
exccuting an IN instruction from port 255,
MITS has provided the ability to read the
front panel switches (A8 thru A1S5} via
software using this port.

The direction of motion of the display
pattern is determined by counting the num-
ber of rotations. Eight rotations will cause
the pattern to revolve once, 16 rotations will
cause it to revolve twice, etc. The pattern
is rotated in the left direclion until the
counter reaches 31, then it is rotated in the
right direction until it reaches 63. The
counter is then reset and the cycle begins
again.

It is interesting to note that the contact
bounce of the front pane! switches does not
seem to affect the operation of Diddle. This
is probably because the reflex time is much
larger than the contact bounce time.®
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Continued from page 69

A two-sided printed cir-
cuit board and a kit of parts
are now commercially avail-
able. The board alone is $19,
and the complete kit is $39.
The assembled, tested and
warranteed unit is $69. Send
to: Meade Electronics, 511

address 1400, o send to the dividers, IC15
and IC19, for notes 1 and 2. Notes 2 and 3
are only in the low octaves S and 6 so up to
three octaves may be played at once. | chose
these Lo be in the lower oclaves because |
use them for rhythm and accompaniment.
You may want to add other oclave sclectors
for more control, or add manual switches to
have notes 4 and 3 in any octave.

The data from the computer is strobed
into the latches by write pulses gencrated by
the address decoder, 1CS 1o IC7 {figure 4).
Kg from KIM-1 is low whenever the sixth
1024 block of memory is addressed. Kg

22X X are written into. The pulse indicating
addresses 20XX (2000 to 20FF) are being
written into is combined with A7 toA3 and
¢> to produce a negative pulse during phase
two of the computer clock when locations
1400 to 1407 arc being written into. This
short pulse is combined with Ay 1o Ag in
IC7 to produce strobe pulses for the latches
during the 500 ns when the data is stable on
the data bus. Generating a tune is done by
storing (with a timed sequence) the appro-
priate data into locations 1400 to 1402 as
you would any other memory location. The
5 to 12V level shifter is simply a high volt-

Meade Cir, Memphis TN . . . o .
3;162; " emphis is combined in IC5 with Ag, Ag, and R/W age, open collector hex inverter, 7406.
to produce pulses when addresses 20X X to In retrospect, diodes D1 to D4 are pro-
R w
Effective Actual Pitch Nearest
Nearby Integer Ratio Assuming Well Tempered

Musical Note N Key Note 256/N 1 MHz/{16 N) Ratio {(R—WI/R
B * | 256 8 8 1.0000 244.14 1.0000 0.0000
252 9 14 1.0159 248.02 1.0000 0.0156
c * 1242 M 11 1.0578 258.26 1.0595 0.0015
m | 240 8 15 (10, 12} 1.0667 260.42 1.0595 0.0068
234 9 13 1.0940 267.09 1.1225 0.0260
C# *| 225 15 16 1.1378 277.78 1.1225 0.0135
224 8 14 1.1428 279.02 1.1225 0.0178
220 10 1 1.1636 284.09 1.1892 0.0220
D 216 9 12 1.1852 289.35 1.1892 0.0034
210 14 15 1.2190 2897.62 1.1892 0.0245
208 8 13 1.2308 300.48 1.2599 0.0237
D# * 1200 10 10 1,2800 312.50 1.2599 0.0157
198 9 1 1.2929 315.66 1.2599 0.0255
196 14 14 1.3061 318.88 1.3348 0.0220
195 13 15 1.3128 320.51 1.3348 0.0170
=° 192 8 12 1.3333 32562 1.3348 0.0011
*|182 13 14 1.4066 343.41 1.4142 0.0054
= 180 9 10 (12,154 1.4222 347.22 1.4142 0.0056
176 8 11 1.4645 355.11 1.4142 0.0277
Fx 1169 13 13 1.5148 369.82 1.4983 0.0110
168 12 14 1.5238 372.02 1.4983 0.0167
165 1 15 1.6515 378.79 1.5874 0.0231
G * 1162 9 g9 1.5802 385.80 1.5874 0.0045
= | 160 8 10 1.6000 390.63 1.5874 0.0079
156 12 13 1.6410 400.64 1.6818 0.0248
G# * 1154 " 14 1.6623 405.84 1.6818 0.0117
150 10 15 1.7067 416.67 1.6818 0.0146
A s” (144 8 9 (12, 15} 1.7718 434.03 1.7818 0.0026
143 ih! 13 1.7902 437.06 1.7818 0.0047
140 10 14 1.8286 446.43 1.7818 0.0256
A = [ 135 9 15 1.8963 462.96 1.8876 0.0045
132 1 12 1.2394 473.48 1.8876 0.0266
130 10 13 1.9692 480.77 2.0000 0.0156
B * 128 8 8 {next octave) 2.0000 488.28 2.0000 0.0000

= Diatonic major scale notes “best fit'' to A = 440 standard.
* Best fit of diatonic major scale to equally tempered scale based on B = 244,14,

Tabie 5: Table of possible intervals. The circuit of figures 1 to 4 produces the following set of possible frequencies assuming d
I MH7z central processor clock. In this tuble, oulputs have been grouped near the equivalent well tempered scale ratio and fre-
quencies. The asterisk (%) indicates best fit for a logarithmic well tempered scale series starting at a ratio of 1.0000, calculated
using a program on a pocket calculutor. Notations in parentheses show effective integers derived by shifting to the next octave.
Note that with this calculation, use of “best” fit finds the note A in this octave at 434 Hz, 0.7% flat with respect to the standard
A of 440 Hz. Table 6 picks a set from this table which is closest to the standard pitches but not optimal with respect to equal

temperment.
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bably not needed since [C6 probably can't
supply enough current to damage IC3,
even though the input voltage maximum to
IC3 is specified as 5 5 V. The four extra oul-
puts on the quad itches are used with 24
LEDs to give you u bonus light show, and
are useful in figuring out what data is being
sent to the interface from the computer. The
LEDs are lit with Os instead of Ts at the )
inputs, so that the more lights, the lower
the divisor and the higher the note. If you
want Lhe lights to read the same as the |
inputs, reverse them and tie the anodes to
+12V,

The middle seven octaves of the interface
cach have 33 unique combinations of the
key and note dividers. 1've made a list of fre-
quencies in one such octave. You'll nolice
right away that there is no way to get a per-
fect fifth if you use 244,14 Hz as the home
or "Lonic” note. This is because to go up in
frequency by 3/2s, you need to already be
dividing by a number that has 3 in it such as
9, 12, or 15. So if you want to change to a
nole Lhat is a fifth from the tonic, 248.02
Mz, 260.42 Hz, 267.09 Hz etc can be used
as the tonic, but 244.14 Hz, 258.26 Hz,
279.02 Hz can't be. Although this may seem
restricting, remember that the octave here
has almost three times as many notes as an
oclave on a piano. For the tritone inter-
val{s], you will find that 10/7 and 7/5 are
indistinguishable from 64{45 and 45/32,
and are easier to use,

Now to get started using the interface,
let’s write a program to play the do lo do
scale in both wmajor and minor modes. To
keep it simple, we'll let note 1 play and
keep the others silent. To silence notes
2 to 4, we need Lo store a 1 in bil 7 of
location 1401 and in bits 4 and 7 of loca-
tion 1402, To hear anything, we also need

their multiplication by dividing by a smaller
number. To make this idea clear to you I've
written oul the ratios, divisors, output fre-
quencies, and the data to be written into
locations 1400 and 1401 {don't forget to
write FF into 1402). For example, if hexa-
decimal 34 and hexadecimal F7 are written
into 1400 and 1401, the 1.00 MHz clock
will bc divided by ({8x12x15x2) to give
an output frequency of 347.222 Hz.

To play the major scale, your memory
should took like this:

Address Data

SCALE+OQ 34

SCALE+ F7

SCALE+2 40

SCALE+3 F2
clc

The major and minor diatonic scales and
the wwelve note chromaltic scale are not the
only scales that are pleasing to the human
ear. With this interface you should be able to
create new and pleasing musical scales, and
compose music which has never been heard
before. You can explore the sounds of inter-
vals with frequency ratios of 7/4, 9/5, 9/7,
and 7/6 which are not found in Weslern
music. You should also be able to invent
some new and interesting chords since
you will have more of the harmonic series
available 1o you. Jusl walch out for the
critical band by keeping your noles morc
than 50 Hz apart plus 25 Hz for each kHz.m

LOAD REGISTER X
WITH ©

LOAD ACCUMULATOR
WITH OCTAVE AND
KEY DATA LOCATED
AT SCALE + X

STORE ACCUMULATOR
IN 1400

l

INCREMENT X

I

LOAD ACCUMULATOR
WITH NOTE DATA
LOCATED AT

SCALE + X

l

STORE ACCUMULATOR
I 140]

WA IT 250 mS

INCREMENT X

*CHANGE OCTAVE AND
REPEAT OR RETURN

Figure 5: Flowchart of a simple program to cycle through a series of note
codes found in a table indexed by register X, with 16 entries.

a 0 in bits 4 and 7 of location 1400 and

Bivisor Data

to hear note 1, a O in bit 4 of 1401, One Ratio  Octave Key Note 1400 1401  fKON1
sel of data Lo accomplish this is: Tonic 111 8 12 15 24 E7 247.2
L Second 9/8 16 8 10 40 F2 390.6
Address Data 8 \ Third 5/4 8 12 12 34 Fa 2340
1400 Xy ® ] Fourth 4/3 8 9 15 31 F7 463.0
1401 F = Fifth 3/2 8 12 i0 34 F2 520.8
_ z 2 | sixth 5/3 8 12 9 34 F1 578.7
1402 FF Seventh 15/8 8 12 8 34 FO 651.0
Octave 211 4 12 15 24 F7 6§94 .4

where x, v, and 2 darc numbers less than 8
and the Fs are any number more than 7 Tonic 171 8 12 12 34 F4 434.0
ek hovadecimal E O N B R B B
" . . ] I .
If you look al the major and minor » } Fourth 4/3 8 12 9 34 Fi £78.7
mode sequences in table 1, “Key of C 5 g_”t: g;’g g g 13 32 Eg’ gg;-g
Major,” or in table 2, “Key of A Minor,” s S::atemh 16/9 8 3 a 31 £1 771.6
vou'll find that the major scale tonic musl QOctave 241 4 12 12 24 F4 868.1

contain two 3s and a 5 in the divisor so
yvou can multiply by 9 and 15, and the
minor scale tonic must contain two 3s.

The so called ‘'rate multipliers’ also do

Tuble 6: A sefection of codes taken from the integers of table 5 and applicd
to the hardware of figures T to 4, to create ¢ major scale (tonic F refative to
A = 440) and minor scale (tonic A, relative to A = 440,
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memory lechnologies could not do the job,
But onec could envision a central photograph
storage from which a specific photograph is
retrieved mechanically and brought into
position in front of a high resolution TV
camera, The camera produces the necessary
raster scan signal to drive the display.
Whether a mechanical retrieval of a random
photograph could be performed in a timely
fashion, however, is open to discussion.

Another possibility is to use the plasma
display technology coupled with back
projection. This is currently done in the
Magnavox 10000 Plasma Display Terminal,
now being successfully used in the PLATO
IV Project  (Programmed  Logic for
Automatic Teaching Operation, Fourth Gen-
eration) at the University of Illinois.? %4 1,42
The Model 10000 allows back projection of
microfiche data concurrent with the display
of graphic information.*3 Such a system
allows a small amount of information on the
screen to be modified without redrawing or
recomputing the unchanging major portion
of Lhe display. The problem on the Enter-
prise, however, is to transmit such a back
projection from a common library Lo a
remote terminal,

Any hardware on board the Enterprise
must be rugged. The starship is often sub-
jected to jolts of sufficient magnitude to
propel a forewarned, experienced and able-
bodied crewman a distance of 20 feet or
more 244546 While it is stated that the
computer hardware is enclosed in anti-
gravity, antiacceleration and antiradiation
fields,*” this is at best impossible Lo evaluate
and at worst incomprehensible to today’s
science.

Software Innovations Necessary

Apart {rom the hardware innovations
necessary to realize the level of computer
technology present in Star Trek, there are
software  and theorelical developments
which must be made. Certain clements of
that level of technology are not hardware
bound {or at least do notl appcar to be
so}. Two of these most apparent to the
compuler oriented Star Trek observer are
specch  recognition and semantic compre-
hension of a natural language.

Speech Recognition

It is often hard for nontechnical people
to understand Lhe problems involved in
speech recognition by computer. After all,
every 5 year old child can understand
the speech of fellow human beings, even
in the presence of significant background
noise or degradation. Can the process be so
difficult to program?

Circle 62 on inquiry card.

experience

excitement
challenge
intrigue

with your computer
and

Dr. C. William Engel’s

Stimulating Simulations
64 page paperback book

10 Progroms in BASIC

art auction

Each Simulation
monster chase

Contains
scenario
somple run
ftowchart
list of variables
program listing

lost treasure

gone fishing

space flight

forest fire

nautical navigation
business management
rare birds

diamond thief

$5 ¢ copy -immediote delivary - Ist class postage paid

C. W Engel, PO Box 16612, Tampg, FL 33687

suggested modifications

Circle B5 on inquiry card.

For the computer
that has
everything

Searching for a Christmas
idea for your computer?
Stop in and see our
complete line of computer
products at our two
convenient locations or
send $2 to General
Computer Company, Inc.,
420 Main St., Brighton,
Michigan 48116

We’'ll RUSH you our NEW 80
PAGE MAIL-ORDER

General
Computer

.
[—{q Put the top of the line at the
'ﬁ’ top of your Christmas list.

*

1310 Michigan Avenue
East Lansing, Mich. 48823
(517) 351-3260

75 W. Long Lake Road

Troy, Mich. 48084
(313) 362-0022
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fitting the mainframe along with all this
secondary memory into the available floor
space  would  be  difficult.  Complex
phenomena such as speech and language
appedar o be completely understood by the
scientists of the Federation, yet in our own
time these problems have resisted intense
research efforts.

Ironically, some arcas of Star Trek's
cumputer  science appear to be virtually
identical to present day standards. Computer
security procedures can still be undermined
by ingenious progmnmwrs.(’4'(’S In addition
the art of computer programming scems to
be not much advanced from today. At one
point the Science Officer requires a matter
of hours 1o initiate a class 1 priority
command.®® One would think that in two
centuries  of software development, such
urgent requests could be more easily pro-
cessed and resources reallocated without
cxtensive action by systems programmers.

We should not scoff at the view of
compuler science presented by Star Trek,
however.  Science fiction often  predicts
future  science fact  with  remarkable
daccuracy. Lunar exploration and the laser
are but two examples of current technology
predicted by science fiction writers. While
onc can present various and often con-
tradiclory  explanations of this phenomc-
non, one cannol dismiss it. Perhaps Star
Trek does give us a glimpse of the future of
the computer; perhaps not. In any case, one
can agree with the Enterprise’s Science
Officer when he says, “"There is one thing we
can say: Lhey will have many interesting
adventures.” 87

Computer Space Aboard the Enterprise

According to the Enterprise blue;:)rints,"8
the computers aboard the Enterprise are physi-
cally located in four areas. The primary hull
contains the main ship's computer and the main
engineering computer. The main ship’s com-
puter is located on both decks 7 and 8 below
the bridge, with a total of about 1400 square
meters of floor space. The main engineering
computer is located in the engineering spaces
on the seventh deck below the starboard energy
converters. This complex has about 64 square
meters of area.

The secondary hull houses the auxiliary
ship's computer beneath the botany and hydro-
ponics labs on deck 19. The totat area of this
complex is 340 square meters. The auxiliary
engineering computer, also housed in the se-
condary hull, is located on deck 16 near the
shuttlecraft hanger. This complex occupies
about 72 square meters.

The total space aboard the Enterprise de-
voted directly to the computer complexes is
therefore about 1200 square meters. This figure
doeas not take into account the numerous ter-
minals located throughout the ship.

Circle 37 on inquiry card.

21 START-AT-HOME
COMPUTER BUSINESSES

in the shoestring, start-at-home
computer business handbook

CONSULTING ®PROGRAMMING @SOFTWARE PACKAGES @ COM
FREELANLE WRITING @ SEMINARS @ TAPE/DISC CLEANING
FIELD SERVICE@SYSTEMS HOUSES @ LEASING@SUPPLIES
PUBLISHING@ TIME BROKERS @ HARDWARE D!STRIBUTORS
SALES AGENLCIES @ HEADHUNTING@ TEMPORARY SERVICES
USED COMPUTERS @ FINDER'S FEES @ SCRAP COMPONENTS
COMPUTER PRODUCTS AND SERVICES FOR THE HOME

Plus - - hundreds of ideas on
maoonlighting, going full-time,
image building, revenue building,
bidding, contracts, marketing,
professionalism, and much more.
No career planning tool like it
cver published. Order now and if
you're not completely satisfied,
send it back within 30 days for

a Full and immediate refund.

@81 X Il ringbound @113 pp. @512.00
Call 312-945-2940 or mail coupon

D H T H s E n R c H 730 WAUKEGAN ROAD = SUITE 108

Incorporaled DEERFIELD, ILLINOIS 60015
Rush__ copies of "The Shoestring Start-At-Home
Computer Business Handhook to me right away -
HAME/COMPANY
ADDRESS

CITY/STATE/Z (P
DCHECK ENE LOSEDDBANKAHERICARDDHASTERCHARGE

#

A

—— THE BETTER BUG TRAP

DEBUG
AND

CONQUER

Altairf/IMSA) compatible board catches program bugs and
provides timing for real-time applications.

Four hardware breakpoint addresses. Software breakpoints
anly possible at instructions in RAM. Better Bug Trap
breakpoints can be in ROM or RAM, and at data or
instruclions in memory, input/output channels, or stack
locations.

Board can stop CPU or interrupt CPU at a breakpoint.

Real-time functions: watchdog timer, real-time clock (for
time of day clock]), interval timer.

Sophisticated timesharing made possible!

Unique interrupt structure: generates a CALL instruction to
your subroutine anywhere in memory, nota RST!

Addressed as memory. All parameters set easily by software.

All this and more for about the price of a real-ttme clock
board, but nothing else does the job of the Better Bug Trap.

%160, assembled and tested. 2 manuals plus software. 90 day
warranty, Shipped UPS. Delivery from stock.

icronicy .

BOX 3514, 123 WEST 3RD ST., SUITE 8
GREENVILLE, NC 27834 e (919) 758-7757
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PRAMMER III
oy Xybek

The Ultimate EPROM Memory Board
For Your S100-Bus Computer

Accommodates from 1k 1o 30k of the above EPROMS, in
any combination, each addressable on any 1k boundary
within the board's 32k address space.

1k of scratch-pad RAM.
On-poard programming for all three EPROM types.
Tn-state buffers on all address and data lines

Empty EPROM sockets do not require address space

Xybek « p.0.Box4925 » Stanford, CA84305
Telephone: {408} 296-8188

80-103A Serial 1/0 and FSK modem for
professional and hobby communications.

® Completely compatible with your IMSAL, ALTAIR*
SOL** or other S-100 microcomputers.
Trademarks of *MITS, * *Processor Technology

® Designed for use on the dial telephone or TWX
networks, or 2-wire dedicated lines, meets all
FCC regulations when used with a CBT coupler.

® All digital moduiation and demodulation with on

board cyrstal clock and precision filter mean that
NO ADJUSTMENTS ARE REQUIRED

® Ball 103 standard frequencies

® Aytomated dial (pulsed} and answer

#® Originate and answer mode

® 110 or 300 BPS speed select

® Complete self test capability

® Character length, stop bit, and parity

® 90 day warranty and full documentation

PRICES Bare Board and Manual 49.95
Assernbled (48 hour burn in) 279.95

D C Hayes Assoc.

P.O. Box 9884, Atlanta, Ga, 30319, 404/231-0574

DATA COMMUNICATIONS ADAPTER
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LIGHT
PEN

$37.50

-DRAW PICTURES
-COMPOSE MUSIC
-INPUT TO GAMES

Attaches to any BORO system with T°T'L input port and memory
mapped video dover (PTC. Cromemeo, Polymorphic, ete.r. Allows
compuier toanterrogate the pen at any time and determine its
location.

5100 Wire Wreap 10 Kirs

FLOATING POINT
PROCESSOR $60..0

Interfaces new National floating point processor chip. Floating
pomnt arithmetic to ¥ digits aceuracy, plus trig and log functions.
Runs in parallel with K080 processor.  Mini-BASIC package
mcluded,

TTL 1-O + INPUT PORTS $19.95 2 LATCHED ourTpur

PORTS $14.95, SERIAL 1O teletvpe and RS 232 $14.95 HIGH

SPEED CASSETTE TAPE interface, up to 4K baud $29 4956,

S-100 Bus Butfering kit, plus 8bits TTL 1.0 $24.95

All kits include very thorough documentation. color-coded wrap
hsts, driver software, 1C's, and multi-color wire (30 gal.  Bus
buffering kit is required by all other kits, including FPP.
Wrap tool, sockets, and wire wrap board not included.

Educational Data System
of Virginia, Inc.
P. Q. Box 2115
Newport News, Va. 23602

O, Muster Charge, VISA necepted
Virgimia residents add sales tax
Cash orders shupyaed postpand

PROGRAMMED COURSES

ONLY $29.95

N
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ON CASSETTES

(per course)

S$1-INTRODUCTION TO MICROPROCESSORS. This
seminar is intended for all non-specialists who wish to
acquire a broad understanding of the basic concepts
and advantages of microprocessors. It explains how
microprocessors work and it stresses methods, costs,
advantages and disadvantages for the most important
aplication areas of each type of microprocessor. What
is needed to implement a system; how to use it; the
impact of microprocessor-based systems; their evo-

SYSTEM COMPONENTS, MICROPROCESSOR AP-
LICATIONS, WHAT TO LOOK FOR, and IMPACT AND
EVALUATION.

lution. Topics covered include: BASIC DEFINITIONS,

S$2 - PROGRAMMING MICROPROCESSORS. This
seminar describes the internal operation of a micro-
processor system including how instructions are
fetched and executed, how programs are written and
executed in typical cases (arithmetic and input-output).
The goal of this cource is to provide an overall under-
stanging of the basic concepts of microprocessar
programming. Requires an understanding of the main
concepts in  the [INTRODUCTION TO MICRO-
PROCESSORS SEMINAR. It is recommended that
these two seminars be taken together.

-

EACH 22 HOUR COURSE INCLUDES 2 CASSETTES AND COURSE BOOK.
Shipping and Handling: $1.50 one course, $0.80 each additional course.

In the U.S.: 2161 Shattuck Avenue, Berkeley, Calif 94704
In EUROPE: 313 Rue Lecourbe, 75015 - Paris, France.
To Order By Phone: (415) 848-8233 (BankAmericard/Master Charge)
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tion system, which consists of an Augat
wire wrap board with 2000 words of
programmable memory, two CMOS type
parallel interface elements, and miscellane-
ous circuitry. Two ribbon cables with DIP
connectors form an umbilical cable of 28
conductors between the processor and the
data acquisition system.

We use a cross assembler for PDP-8E
assembly language on a DEC PDP-10
computer on campus. The 2000 word
program is loaded over the phone
lines into our system in about 3 minutes
at 300 bps. The Intercept Jr system
monitor accepts the standard BIN loader
format  outputted by PDP-8 mini-
computers or cross assemblers. At the
end of program loading, a checksum
is displayed on the numeric display to
show if there were any errors in trans-
mission. We get perfect transmission more
than 90% of the time.

While in the lab, the data acquisition
system uses Intercept |r to print memory
dumps automatically at the end of an
averaging time. This has been extremely
useful for debugging the program. When we
are satisfied with its operation, the Intercept
Jr is removed from the data acquisition
system. The latter is then sealed in a titani-
um sphere, and the entire apparatus is
brought out to the continental shelf to
record data for up to eight weeks. Thus, in
this project, the Intercept Jr serves as a
removable peripheral device used for pro-
gram debugging, loading and testing.

When the data comes back on tape
cassette, we use the Intercept Jr system
to dump the data to the Teleprinter for a
quick look, and then dump the data over
the phone lines to the PDP-10 computer
for data analysis.

The data acquisition program is designed
10 operate in read only memory with 256
words of programmable memory. After
loading the program over the phone lines,
we throw a switch which disables write
commands to all but the lower 256 words
of the memory. This switch, which we
label RAM/ROM, has been very useful. We
use the Intersil IM-6561 256 by 4 bit CMOS
programmable memory. Harris Semicon-
ductor is coming out with a field program-
mable CMOS read only memory, HM-6612,
which should be an exact replacement for
the IM-6561 programmable memory. This
will eliminate having to load the program
every time, but will increase power con-
sumption. Each’ read only memory will
consume 10 mA while being addressed.

Power Consumption

For any electronics which is to run on
batteries for an extended period of time,
power consumption must be in the low
milliwatt range. Many microprocessors
consume more than 500 mW by themselves.
Our CMOS data acquisition system con-
sumes 18 mW of power. The CMQOS circuit
family has very low power consumption and
features almost as many different types of
circuits as the TTL family.

The Intercept Jr CMOS microprocessor
system comes with four alkaline D cells
that last for about 20 hours of operation
with the LED numeric display on. The
following current measurements are for
operation with the 2.45 MHz crystai oscil-
lator installed:

5V 6V
HALTED 4.4 mA 5.6 mA
RUN 23 mA 30mA
RUN with display 223 mA 350 mA

We see that the LED display takes ten times
as much power as the rest of the Intercept
Jr.

Power consumption in the CMOS com-
puter system is proportional to the number
of instructions per second executed. Our
data acquisition system samples data once
per second, does a little computation, and
then has nothing to do until the start ¢f the
next second. Following Intersil’s applicalion
bulletin, MOOS5, we turn off the system clock
while waiting for the next second. This
reduces power consumption during the
pause by a factor of 5.

The IM-6100 has a WAIT line that allows
the use of slow memory. This WAIT slate
can be used to reduce power consumption
for all of the system except for the micro-
processor itself. Turning off the clock to
the IM-6100 reduces current from 10 mA
to .25 mA at the standard clock frequency.

We have also slowed the system clock to
1 MHz. This allows us to increase the size of
the pullup resistors from 1 k {o 20 k chms
in order to reduce power consumption. Our
data acquisition system has to wait while
various peripherals are ready; slowing the
system clock reduces the number of times
we have to execute a wait loop. The reduced
clock rate also permits us to use long cables
between the lIntercept )Jr and our data
acquisition system. The instantaneous
current consumed by our data acquisition
system is 10 mA. The average consumption
is only 3 mA due to its being on only about
1/3 of every second.
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Voltage (V)

5V
6V
10V

0OSC Frequency (MHz)

High Speed Operation

We have not had any need for high speed
operation, but the Intercepl Jr system can
be made to run at fairly high specds by
increasing the voltage supply. The typical
instruction takes 10 minor cycles for execu-
tion:

Execution Speed (cycles per second)

2.54 MHz 200,000
4.0 MHz 350,000
8.0 MHz 700,000

The 8 MHz operation requires the use of the
“A" version of the microprocessor. This
operates faster than the PDP-8E minicom-
puter but takes less than .01 the power.

Option Cards

The UART card required the most modi-
fication tor our use. It has been designed for
operation only at 110 bps. We added the
Fairchild CMOS 4702 clock generator to
allow selection of rates up to 2400 bps.

190

STATE QF THE ART
BOTH FORMS

There are two forms of the “'state of the art”’, One form is the
personal growth attained by most professionals who realize they
must stay in step, intellectually, with new concepts and new
techniques. Too often, a tragedy occurs when the professional
neglects the second form, his career development. The fatal
mistake occurs when working in an environment that provides
a continuous parallel to industry butl neglects to provide the
professional growth that is necessary to insure career develop-
ment and avoid future frustrations. To insulate yvourself against
this happenstance, check with our professional staff. They will
advise you on your career development as it relates to your
technical development.

Qur areas of specialization are:

SOFTWARE DEVELOPMENT
COMPUTER GRAPHICS

DATA BASE

COMPUTER DESIGN

SIMULATION AND MODELING
TELECOMMUNICATIONS
HARDWARE/SOFTWARE INTERFACE

For further information either call or send resume to:

PERRI-WHITE ASSOCIATES
50 FRANKLIN STREET
BOSTON, MASS. 02110
{617) 423-1800
ROBERT MARLOWE

PERRI-WHITE & ASSOCIATES, INC.

5373 W. ALABAMA PLACE

HOUSTON, TEXAS 77056
PERRI-WHITE & ASSQCIATES, INC. {713) 961-5600
44 MONTGOMERY STREET FRANK COLLINS
SAN FRANCISCO, CAL. 94104
{418) 981-7000
RICH ENGLE
Management Consultants
Specializing in Data Processing/Systems Engineering
All Replies Held In Strictest Confidence
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The early UART cards were produced with
RS-232 connectors mounted on the wrong
side of the board. We also had to add a nega-
tive voltage source. Our Texas Instruments
teleprinter requires that a jumper be put
on the UART card between pins 4 and 8.
We found it very usefu! to add an LED to
indicate when data was being received over
the phone lines.

The 1 K bytes of CMOS programmable
memory that is available from Intersil has
two AA cells mounted on the card for
battery backup. This card draws only 10 gA
from the AA cells when power is turned off.
It is affected by static electricity if it is
removed from its socket. Touching the
printed circuit side of the removal board
causes a latchup on the card, scrambling
the data saved in memory.

The AUDVIS (audiovisual) board {6957)
has 12 slide switches for inputs, and four
LED numeric displays with 12 LEDS in
parallel for visual output, in addition to a
speaker for audio output,

We intend to introduce the micropro-
cessors and the data acquisition system to
scientists and technicians with the AUDVIS
board, because it allows the new user to
quickly get used to microcomputer input
and output, and binary to oclal conversjon.
It was developed for use in 1 day Intercept
Jr classes given by Intersil around the
country.

CMOS Logic Probe

The Intercept Jr system is meant Lo be
only a tutorial system. If one gets around
to doing much hardware development, a
CMOS logic probe becomes almost a neces-
sity. For operation with the 2.45 MHz
crystal, the response time of the probe
must be faster than 300 ns. Continental
Specialties, among others, has a fast
CMOQOS logic probe with a useful pulse
latch feature that turns on an LED if there
has been a logic state change. The hobbyist
might be interested in the AVR clectronics
probe which we have also used.

Selecting 2 Low Power Microcomputer

As a brief postscript we note Lhat, as of
this writing, the available baltery powered
processors on the market include the
Intersil IM-6100, RCA COSMAC, Texas
Instruments 990 12L 16 bit microprocessor,
and an upcoming 12L version of the NOVA
minicomputer from Fairchild. We found it
difficult to obtain a cross assembler (o any
low powcred computer other than the
Intersil CMOS PDP-8E, howcever.m












Get Your FREE Subscription *

Find out all the LATEST details about the

SECOND

VE
STOMIN’ ON STRONG =

® A Major Conference Program
(published Faire Proceedings to be available, on-site)
e Banquets with Fascinating Speakers
® A MASS of Exhibits

5 Months Before the Second Faire,

the following 50 companies had already formally requested exhibit space:

Administrative Systems, Inc. Dymax Osborne & Associates, Inc.
Anderson Jacobson, Inc. Electronics Emporium International  Paratronics, Inc.
Apple Compulter, Inc. Godbout Electronics People’s Computer Co.
Berg Publications Heuristics, Inc. Phonics, Inc.
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Creative Computing Newman Computer Exchange, Inc. United Technical Publications
Cromemco, Inc. North Star Computers, Inc. Ximedia Corp.
Digital Group Xybek

FIRST West Coast Computer Faire

¢ almost 13,000 people
¢ around 180 exhibitors
+ almost 100 conference sessions
s four banquet speakers
all in just TWO days

SECOND West Coast Computer Faire

is THREE davs long

March 3 - 4 - 5, 1978

Ganr-Opm Sum-opm Naow Spm

San Jose Convention Center, San Jose. California
in the middle of Silicon Vallew

Get the FREE Silicon Gulch Gazette

forall the latest details
s Send us your name & mailing address
¢ The Gazette -- a tantalizing tabloid touting the Faire
& offering
“hot news” and ‘‘raging rumor’’ regarding home & hobby computing.
COMPUTER FAIRE BOX 1579, PALO ALTO CA 94302 O (415) 851-7664 [1
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SPEAK!
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Talk about our Tantalizing Thinkertoys

e Comprehensively Comment on your Complex Computer Calisthenics
¢ Describe Daring Digital Deeds

CHOOSE YOUR OWN TOPIC(S)

Topics at the FIRST West Coast Computer Faire included:
t Residential Energy & Computers

t Tutorials for the Computer Novice
t Computers & Systems for Very Small Businesses

t People & Computers

Tt Human Aspects of System Design
1 Personal Computers for the Physically Disabled
t Legal Aspects of Personal Computing

T Amateur Artificial Intelligence
t Computer Art Systems

1 Music & Computers

t Electronic Mail

t Computer Networking for Everyone
t Personal Computers for Education

t Amateur Radio & Computers

t Entrepreneurs

t Speech Recognition & Speech Synthesis by Home Computer
t Tutorials on Software Systems Design
t Implementation of Software Systems & Modules

t High-Level Languages for Home Computers
t Multi-Tasking on Home Computers

t Homebrew Hardware
t Bus & Interface Standards

t Commercial Hardware

t Microprogrammable Microprocessors for Hobbyists

NQOTE: The Conference Proceedings of the First West Coast Computer Faire carries over 320 pages of these tutorials & technical
presentations, many discussing the state-of-the-art in home & hobby computing. The Proceedings is immediately available from
Computer Faire (within California, $13.40; outside California, $12.68; foreign, please write for rates--payment must accomgany
orderl, or from your local computer store (a dastardly dis-service to you if it's notl).

FOR YOUR TALK TO BE PUBLISHED

in the Proceedings of the SECOND West Coast Computer Faire,

which will be available at the Faire,

abstracts & camera-ready papers

will be needed.

CALL or WRITE:

1 Tell us your topic

- T Request Speakers' Instructions <

Deadline for submitting camera-ready, full-text paper in specified format: 1978 Jan 2

. Deadline for submitting title & brief abstract of your talk(sj: 1977 Dec 15 '

COMPUTER FAIRE

Circle 129 on inquiry card.

BOX 1579, PALO ALTO-CA 94302

O (415) 851-7664 [
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Continued from page 206

timer. The alarms generate a 2.5 second
beeping tone.

A timer and stopwatch feature dis-
plays elapsed time in hours, minutes
and seconds or in minutes, seconds and
hundredths of a second. Elapsed time
readings can be taken and one reading
can be stored in memory. In combin-
ation with the calculator functions, this
feature allows the wuser to perform
dynamic calculalions, For example,
while the user is on the telephone, the
HP-01 can be set to calculate how much
the call is costing, updating the display
every second.

A 200 vyear calendar feature can
display the date in US or European
format, and can be used to find past or
future dates given the current date and
the number of days. The number of days
between lwo dales, the day of the week
and the day of the year for any date can
also be determined.

The calcutator functions include add,
subtract, multiply, divide, percenage,
net amount, chain and repeat calcul-
ations. Four digits of precision are pro-
vided, with automatic conversion to and
from scientific notation as needed. A
memory key provides access to a

cngineers found innovative solutions to
a number of difficult design problems
in producing this deyice, The HP-01
employs a hybrid assembly of six CMOS
chips, drawing a total of 15 UW, one
ten thousandth of the power required
by the HP-35, The watch case had Lo be
water resistant, yet still have a keyboard
that perforated the front plate and an
alarm  signal that could penetrate the
back. This was done by placing a thin
rubber diaphragm backed by a conduc-
tive layer under the keys. When a key
is pressed, the rubber diaphragm pro-
vides the springback, and the conductive
layer makes 2 direct connection with a
gold contact on the surface of the CMOS
hybrid. This method has worked without
failure in lests where Lhe keys have been
pressed over one million times. The
alarm works by exciling the upper
piezoclectric ceramic layer of a 2 layer

plate. The vibrations in the ceramic
layer resonate through the stainless
steel second layer, which acts as a

diaphragm. With the watch itsell as a
sounding board, the results are audible
beeps.

How long before we scarcely nolice
when our walch beeps and says, "IU's
four thirty. Don’t forget to make Lhat
phone  call before  five.”? In  the
meantime, the HP-01 is available irom

RCA’s Mew COSMAC Manual

A 28 page fnstruction Manual for the
RCA  COSMAC Microterminal  CDP
185027, MPM-212, describing the instal-
lation and application of a hand held
data  terminal  for microcomputer
systems  wsing the CDP1802 micro-
processor, i now available from RCA
Solid State.

The Microterminal, which is the size
and shape of a pockel calculator,
provides a means of controlling a
COSMAC-based system and  supplies
hexadecimal 1O capability. It is designed
to interface directly with the COSMAC
Evaluation Kit CDP185020 support
hardware, but it can be designed inlo
user built systems lo provide the same
control, communicalions and debugging
functions.

The manual includes a description of
the hardware and the software programs
avallable in the read only memory sup-
plicd with the Microterminal, and also
includes Installation instructions and
ulility pregram listings. The operating
modes of the Microterminal  are
described along with several examples of
operating sequences.

Copics of this new 8% by 11 inch
tnstruction  Monual  for  the RCA
COSMAC Microterminal CDPI8SG21T,
MPM-212 may be obtained for $2 each

i . - . . -
memary register, and two more memory ngleu Packard Corporation, 1501 Page :qs_ ' price) fram RCA SO'I(! State
. . ) Mill Rd, Palo Alte CA 954304, {415) Division, POB 3200, Somerville N|
registers  are  used for intermediate 493-1501 .8 088764
results of calculations. : .
In classic fashion, Hewlett-Packard Circle 563 on inaeiry card. Curcte 565 on inguiry carrl,
74100 25 T4L500 a0 1101 125
wmce ,;,., WAMECO INC. 7al01 25 7TALSOY SO 1103 135
@ ) BOARDS 7402 25 74802 40 2101 450
‘ d fas MEM-1 3KX8 Iulry bullered. §-100, uses 202 lype rams. 7aL03 26 74L503 a0 21111 3.75
PCBC $30 7404 30 74L504 4% 2112 450
MB-1 MK.-8 Comguter RAM, {not 3100} AKXB, uses 2102 Mather B-unrd 12 slot Iermmater:l S-100, boarcl only$35 ;:Il:gg ;g ;:tggg Zg 33351 ; gg
ype RAMs, PCBD only e e CPU-1 8080A Pracessor board S-100 wilh ¢ lavel vecior 7a008 a0 7AlB10 40 s00e.2  Tha
MB-3 17024 EROM Board. 4KX3 S IUU SWI!ChEble ad' nterrupt PCBO _ 74108 :40 741512 55 MIAS2ZEZ  1.00
dress and wait cycles, kit less PROMS . . .$6S 10%b¢'50_00“! on 10 or more of WAMECO PCBD in any 74010 30 740520 40 7489 200
MB-4 Basic SKX ram, uses 2102 lype fams, may be ex. | Sombination 74120 35 TAS22 45 74200 495
panded (o 8KXB wilh piggybacking. §-100 buss FC NEW! Al (C's Sockels 8 hardware lor WAMECO CPU-1 | 74026 a0 74527 45 74C83 300
board . .. . . §30 |r!|cIéJd§ all prme Eowa, 8214, 8224, B212 PCBD nntsgé 74L30 40 741830 40 82506 200
cluge >
MB-6 Besic BKXB ram uses 2102 lype rams, memory pro- 74132 45 74L837 B0 82807 200
m:-,an 25{_)5&::!0 8K, swncﬁable 5. 100)’!;:155 PCBD 4 %35 AllICs, sockels & hardware lar WAMECU MEM- 1 includes 7aL4zZ 150 741538 B0 82317 2.00
prime 2102AL-4s PCBD not wicluded Order PCBD sepa- 74151 35 74l.842 150 8223 2.50
MB-7 16KXB, Sialc BAM usesuP410 Protecuon, lully bul- talely $135 74154 5 740851 a0 828073 300
lered '
PCED $30.00 KIT 52500 Speclal 2102AL-4 1K x 1 ram ¥ less power Ihan 21002 ;:tr;‘:’ gg ;:tggg ::g ggg:gg 3053
MB-8 2708 EROM board. S-100, BKXB or 16KX8 kel withoul ype ra.m.s, wilh powef down, prme rom NEC Ea 2.00, 32 74073 o 741573 65 825129 350
PROMS . ] . 385 ea. 180; 64 ea. 1.70; 128 ea. 1.60, 256 ea 1.50 74174 55 74L574 €5 825130 195
MB-9 4KX8 HAM-’PROM Board uses 2\12 RAMS or GOBDA AMD BOBOA {Prime) 2000 T4L7S 120 T4LST6 65 825131 395
825129 PROM kit withoul RaMs or PROMs $80 | 8212745412 Pome apn | 74L7B 80 748151 155 IM3B00 2 50
10-2 S-100, 8t parallsl !IOpOI‘I % ofboard s for kludging 8214 Pnme 8.30 74185 140 T4LS174 220 IM5E10 250
Kit .. $55 PCBD .30 8216 Prime 495 74186 75 74L3175 195 IM5603  3.00
4 2
$0-4 Two senal WO ports wath full handshakmg 2060 ma Baggg Emz ggg ;:LI:S?} :13 ‘gg ;5:5?189 3 gg :mggg; g ‘gg
current loop Two parallel O ports g150 | 8251 Pme 1450 | 74L91 150 25028 300  IM5624 350
- 8255 Prime 1450 | 74093 170 2507 125 MMIB3I0 250
VB-1 64X 18 wicddeo board, upper lower case Greek, com- 17024-6 AMD 3024 Parna 5.00 74L95 170 25104 200 DM8573 4 50
posite and paf?llel video with software, $-100. TMS-6011 UART Prime 6.95 74198 2 80 2517V 125 DMa574 5 50
Kil. .. $150 PCBO .. $30 | 513 Char Gen Uppes Pame 1100 | 74.123 150 25158 280  OM8575 450
SP-1 Musnc synihesizer board, S-100, compuler conlraller 2513 Char Gan Lower Frime 11.00 74L1B4 25D 25328 2 B0 DMBSTE  4.50
wave lorms, 9 octaves, 1V rms %% dislorton, includes 17024 Intel Not Prime 400 L1865 250 2533 2.80 bMBs?? 350
sofiware kit . %200 741192 1.25 OMBI31 250 DmM8578 400
Altar Compralible Mother Board 11 % 1% x 1" 741193 120 NB263 350 24576 MHZ
Board cnly . $45 Wuh 15 conneclors 105, MHD026 295 MC14B89 150 XTAL 720
Extander Board full size. Board only . . 39 MC1468 150 DMBB37 150
Wilh connector 513 50 Chock . " ' | . .
n Ny, are @ ar cuslomer an 1}
Sohd stale musc Cyhercom boards are high qualily glass md‘: l.::a':‘g"n ;I’;‘;;:;:rg i {r:a::mr:cgt::ﬂ oa po:ml m"r‘:y
baard wnt_h gald hnger contacls. All boards are chack lor 419 Portofino Drive arder, oihsrwise thete will be a delay of bwo weeks laf the chech o
shorts, Kits only have solder mask. 90 day guaraniee on v claar, AH iterms posl paid in fhe U S, Call residents add 5% lax,
Cybarcom kits. San Carlos, Californla 94070 Menoy back 30 day guaranies. We cannot accepl returned IC's iat
Mon-elecincal cosmatc rejected PCBD from Cybercom. Please send for IC. Xistor have bean sokdsied lo. Prces subject lo change withoul notice 1‘00
10-2 $21 MBS . . 521 YB-1000 $28 and Compu!er parts sst, minimum order. $1.00 servica charge on ordera less than 310,
208  BYTE Decembrer 1977 Circle 76 on inqury card.




DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc, —‘
1NG14 100v 10mA, 05 Bpin pch 26 ww 45 2M2222  NPN (Plastic .10} .15
1M4005% 600v 1A .08 14-pin  pck .25 ww 40 ZN2007  PNP .15
1N4007 1000v 1A A5 16-pin  peb 25  ww 40 2MN3906 PNP A0
14148 75y 10mA .05 18-pin  pch 26 ww .75 2N3054 NPN .35
INT753A B.2v z 25 22-pin pch 45 ww 1.25 2N3055 NPN 15A  60v .50
TNT768A 10v z .25 24-pin pcb 35 ww 1.10 T1P126 PNP Darlington .35
INTH9A 12v z 25 28-pin  pch 35 ww 1.45 LED Green, Red, Clear 156
1N4733 5.1v z .25 40-pin  pch B0 ww 1.25 D.L.747 7 seg 5/8" high com-anade 1.95
1N5243 13v z .25 Molex pins . . . XAN72 7 seg com-ancde 1.50
INS2448  14v z 25 pa 01 To-dSockets 45 FND 358 Red 7segcom-cathode  1.25
IN52458 16v z 35 mp Bridge 100-prv 1.20
25 Amp Bridge  200-prv 1.95
C MOS - TTL —
4000 15 7400 15 7473 .25 74176 1.25 74H72 .55 745133 45
4001 20 7401 15 7474 35 74180 .85 74H101 .75 745140 .75
4002 20 7402 .20 7475 35 74181 2.25 74H103 .75 745151 35
4004 3.95 7403 .20 7476 30 74182 .95 74H106 95 745153 .35
4006 1.20 7404 .15 7480 .55 74190 1.76 745157 .80
4007 35 7405 .25 7481 75 74191 1.35 74L00 35 745158 35
4008 95 7406 .35 7483 95 74192 1.65 74L02 35 745194 1.056
4009 30 7407 .55 7485 95 74193 .B5 74L03 .30 745257 (8123) .26
4010 45 7408 .25 7486 30 74194 1.25 74L04 35
4011 .20 7409 .15 7489 1.35 74195 .95 74L10 35 74L.S00 35
4012 .20 7410 .10 7490 .55 741986 1.25 74L20 35 74L501 .35
4013 .40 7411 25 74901 95 74197 1.25 74L30 45 741502 .35
4014 1.10 7412 \30 7492 .85 74198 2.35 74147 1.95 741504 .35
4015 .95 7413 45 7493 4D 74221 1.00 74L51 .45 74LS05 45
4016 .35 7414 1.10 7494 1.25 74367 .B5 74L55 65 74508 .35
4017 1.10 7416 .26 7495 .60 74L72 45 741509 .35
4018 1.10 7417 40 7496 .80 751084 35 74L73 40 74LS10 35
4019 80 7420 15 74100 1.85 75110 .35 74L74 45 74LS11 .35
4020 .85 7426 30 74107 35 75491 .50 74L75 .55 74L820 .35
4021 1.35 7427 45 74121 .35 75492 .50 741093 .55 741521 .25
4022 .85 7430 15 74122 .55 741123 .55 74LS22 .25
4023 .25 7432 30 74123 .55 74HO0 .28 741832 40
4024 .75 7437 35 74125 45 74HO1 .25 74500 .55 74L837 35
4025 .35 7438 35 74126 35 74HO4 .25 74502 .55 741540 45
4026 1.95 7440 .25 74132 1.35 74HO5 .25 74503 .30 741542 1.10
4027 .50 7441 1.15 74141 1.00 74HOB 35 74504 .35 74LS51 .50
4028 95 7442 45 74150 .85 74H10 .35 74505 35 74L574 .65
4030 35 7443 .85 74151 .75 74H11 25 74508 .35 74L586 .65
4033 1.50 7444 45 74163 .95 74H15 30 74510 35 741590 .85
4034 2.45 7445 .65 74154 1.05 74H20 .30 74511 35 74LS93 .85
4035 1.25 7446 .95 74156 a5 T4H21 .26 74520 .35 74L8107 .85
4040 1.35 7447 .85 74157 .65 74H22 .40 74540 .25 7415123 1.00
4041 6Y 7448 .70 74161 .85 74H30 .25 74550 .25 74LS151 .85
4042 95 7450 .25 74163 a5 74H40 25 74551 45 7415153 1.20
4043 95 7451 .25 74164 .60 74HS50 .25 74564 .25 74L8157 .85
4044 .95 7453 .20 74165 1.60 74H51 .25 74574 A0 7405164 1.90
40486 1.75 7454 .25 74166 1.35 74H52 .15 745112 90 7415367 .85
4049 70 7460 40 74175 .80 74H53J .25 745114 1.30 7418368 .85
4050 .50 7470 .45 74H55 .25
4066 .95 7472 40
4069 40
4071 .35 LINEARS, REGULATORS, etc.
4081 70 8266 36 LM320KE {79051 1.65 LM340T24 .95 LM723 .50
4082 45 MCT2 95 LM320K12 1.65 LM340K12 215 LM725 1.7%
8038 3.95 LM320T5 1.65 LM340K15 1.25 LM739 1.50
9000 SERIES LM201 75 LM320T12 1.65 LM340K 18 1.25 LM74118-14) .25
9301 .85 LM301 .25 LM320T15 1.65 LM340K 24 95 LM747 1.10
9309 35 LM308 {Mini) 75 LM339 a5 LM373 2.95 LM1307 1.25
9322 .85 LM308H .65 7805 (34075} .95 LM380 a5 LM1458 .85
95H03 .55 LM309K {340K-5} .85 LM340T12 1.00 LM709 (8,54 PIN} .25 LAY3900 .50
9601 .75 LM310 1.15 LM340T15 1.00 LM711 .45 LM75451 .65
9802 .60 LM311D (Mmini} .75 LM340T18 1.00 NEBSS B0
LM318 {Mini) 65 NE556 85
l\)!SEﬂ.Bﬂg)[lng2 30) LO%%% NEB6S .85
7451 . NEBG6 1.75
17024 595 INTEGRATED CIRCUITS UNLIMITED NESS 135
MME314 3.00
MMB316 3.50 )
21021 1.76 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPECIAL
2102L-1 1.85 5 ;
S (7j|4} 278 439.4 {Calif. Res.} . DISCOUNTS
TMS 6011 6.95 All orders shipped prepaid No minimum Total Order  Deduct
8080AD 15.00 Open accounts invited COD orders accepted $35 - $99 5%
8713 150 $100 - $300 10%
8T23 1.50 Discounts available at OEM Quantities  California Aesidents add 6% Sales Tax $301 - $1000 15%
8T24 2.00 All IC’s Prime/Guaranteed. Alt orders shipped same day received, $1000 - Up 20%
2107B-4 4.95 24 Hour Toll Free Phone 1-800-854-2211 MasterCharge / BankAmericard / AE  Circle 62 on inguiry card.
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MICROCOMPUTER 8K STATIC RAM BOARD

ASSEMBLED & TESTED

MICAOPROCESSOR's PROM'S BOADA SUPPORT DEVICES
F.8 .95 5.00 8 X ‘
g-so ;ggo ;g.gg E§:§ 3,95 250“5- 1 99.95
-BDA, 35.00 : 8216 .
CDP1B0ZCO  24.85 38.00 .
22.95 4.80 ggg . 350“8. 1 89.95
s I
. - 1 8
80081 12.;2 :g-gg gggg ! 4 50“ S. s 1 69.95
THMS.9900TL  89.95 4.00 B257 y WILL WORK WITH NO FRONT PANEL
5 8259 FULL DOCUMENTATION
G800 SUPPORT FULLY BUFFERED
s810P 4.95 STATIC RAMS  1-23 $100 DESIGN

6B20P 111322 21L02 (450} 1.50 ADEQUATELY BYPASSED
LOW POWER SCHOTTKY SUPPORT IC'S

16.95 21L02 (2500 195 . .
. 11014 1,42 ; :
o 210141 295 ; . KIT
17.95 2102 . . R

* ¥ ¥R XX

_._._
EERESIREBES

Pl =
mmo

3

9,95 21L1 425
2102
250ns 169.95
Z80 SUPPORT DEVICES m . A
3881 12.95 3L 350 139 95
3882 12.95 3107

22004 ns- .
F-8 SUPPQRT DEVICES 4804/2114 4 50“5 $1 29 95
3851 14.95 74089 . »
3853 14.85 745201 .

7489 X .
DYNAMIC RAMS 8599 . . ; S_loo
1103 1.50 91028PC : - ‘ IMSAI/ALTAIR COMPATIBLE
2104 450
21074 375 KEYBOARD CHIPS
21078 AYS.2376 13,96 :
21078-4 AYE.3500 1385 6502 y

& | JADE

Jlvais UART'S 6522 )
alie AYS.1013A 5. §630-002 .
MMB270 AY5.1D14A 8. 6530.003 |
MMB280 TR-1602A 5. §630-004 !
MCMEB05 8. ‘

5101C-E
TMS4050
. £530.005 R .
mess 1988 —with PROVISIONS for

FY
SO L DD
gSgggummng
[=R=X-F=F<R:i¥s]

CHARACTER 48403 1080 S350 1055 ONBOARD 2708 and POWER ON JUMP

GENERATORS | FLOPPY DISC CONTROLLER | wD16718 29.95
2513 UP 6.75 17718 55.95
2513 DOWN 675 | 17718-01 59.95 WAVEFORM GENERATOR 1 35 00 EA {2MH2Z)
2613 UP (Bv] ; 8038 4.00 . .
2513 DOWNISv} 10 SHIFT AEGISTERS STATIC | mc4024 2.50

MCMB571 80

MCMBS5714A . 25188 395 566 1.75

MCMBS72 . 2533V 2.00 {(AMHZ)
TMS3002 1.00 . "

MCMB574 Y
MCMB575 . TMS3712 395

BARE BOARD $35.00

NHOO25CN 1,70 P-3408A . TV
NHOO26CN 2,50 P-4201

NB8T20 . MM.5320 :
NBT26 . MI.5369 . Game Chi P
14367 . OmM-8130 8 IMSAIALTAIR - COMPATIBLE

OM8131 TMSTaSSHL

DM-8831 ) Now Only

was s1095 |JADE 8080A KIT

SN74L8368

— WITH EIGHT LEVEL VECTOR INTERRUPT
PerSci DISK AND CONTROLLER ! VECTOR INTERRU

Use the PerSci Disk and Controller now with the $1 10 00 KIT
Info 2000 Adapter for the 5-100 Bus. u
INFO 2000 “SPECIAL” BARE BOARD $35.00

(includes Model 277 Dual Drive, Model 1070
Controlter, Case with power supply and fan,

and cable) .
Model 277 Dual Diskette Drive J—A- DE
% Computer Products

5351 WEST 144th STREET
LAWNDALE, CALIFORNLA 90260

Model 1070 Controller

Slimline case with power supply and fan

[
Adapter for the $-100 Bus (Kit) . W 213 679-3313

AETAIL STORE HOURS M-F 9-7 SAT. 95
JADE PARALLEL/SERIAL § JADE Discounts available at OEM quantities. Add $1,25

INTERFACE KIT VIDEO INTERFACE KIT far shipping. California residents add 5% sales tax.
$124.95 KIT $89.95 KIT CATALOG FREE WITH $10.00 ORDER

Cirele 66 on inquiry card. i BYTE December 1977 213
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All Advertissd Frices Good Thru Dscambwr

sl HOBBY-WRAP TOOL-BW-630 \
- R T
Py, G ©. Larsim,
TL B'-'GBODK(R> | m’:’:ﬂmﬂm e m:mmhﬂmz‘;lm » Battery Operated {Sue C)
7400N T Continuing Edugation Seres hinbmgibe ooty Jutmnsmaaocamnn] o Weighs ONLY 11 Ounces
men 125 : T R SRR o Wians 30 AWG Wire otl'lloﬂ25 -
s P Sockets {025 4
N 19 % [ | Standard DI

N SNTATRIN y
;:;::?n At SauEn 1 B iUﬂmDKE‘ Dt & Larum, WHUAY) 534'9,3«44 Complete with buiit-n tat and sleeve
SHIAN 20 SNTATAN @ ENHIEIN bl ey o Tha Gt AR chv — ot gt | (e ot e .

Goaa o Gwm @ s % T ey & e e e —
NTAQEN o B4 by
guum n PO a6 & o WTTY etk Tew| WIRE-WRAP KIT — WK-2-W
406 5 A S - 3 T -
Srem B w6 STy 210 LEATIONS S ay, b € Larees, WO, dohes & Time | WHRAP « STRIP ¢+ UNWRAP
. e . ST s | THE BSE MER APRUCATIONS iy omirdagivmanyin Toal for 30 AWG Wire
vy = ey 2 SWIOBN 150 Nenypcempok with fore o 0m to 0 s ] « Tool v 30 AWG w:n:
SHTAION b “;?::?: 1% ST 125 o i i 35 1 1 P o € e 4 e mg,,,wmnmx:m,mmmm » Roll of 50 Ft Whue or Blue s
goaw B AR oA etk drioly e e O T ke i oo SRE0C0R 18 |+ Shpes each 17,2 ,37 8 4 lengths
é:m;: @ SH7400K ;S SS"”N!"M il Pttt B st ot GBODK ¥ 400 W © v 00 pa &l pre-stripped wire
i T SKTISIN ‘; shreirss 249 [ e e 7 Dorié 8 Larkon, Panit %, Neay, Joarhen S 5
s 16 o T 23 | FETRCCTOTE WA s s e s | $11.9
N B SN7ALBY M’ leraracng
T swasin 79 g B Do dgta vac 2 oo 1 s et 8 " WIRE WRAP TOOL WSU-30
SN » I Sh oot W ks e B9k et of Bghoce Oncas 4 Wartory 05
SNMIN i} SN I SNPI1B4Y 1G5 TErOCEmpulss GGG and inrSaong o WRAP o STRIP « UNWRAP - $5.
swaze 49 b B SKHIRN 155 soehcioen o oontoa ¥ O 25w 0 T ]
son 2 Siian 125 Straem 50 fammrE L 50 CMOB.M — DENGNDNT FAINER : WIRE WRAP WIRE — 30 AWG
SNT425H : L) g AND HANDRGOK ™ 110041 $15.00
Surim i sy b Sourn 115 O e S | P2 Y S, e wd S gt s R S e e e S 251 min. §1.25 5011 §1 rgYS 2 IDUI;I‘;Z gGSreencv' Blug - Black
SHra2 SHMEBN 1 VIS Wiy language progrms R — White - Yellow - -
Su;:m “i SN?“:‘:‘N gg gimg: % JCONPLETE RAUAL FOR OWITAL CL0ERS .;M. ‘:T’m’&?ﬂaz‘:ngaum Hraubls shoalieg gudes, taspt 5 SPECIFY coL;ISPENSEH WwD-30
;. ; Sk 7 ] 5l with basic theanes bel 5 struction tips. - WIRE —
SNTAIM i3 EAUR 51 SHFITN 25 [Famuanzes teehmician or padbys elock component data sheats and cor: wire a.
S SNMIZEN 8 ratosh 75 |chonctensins of e, sotenng ey s | e 501 ol 30 AWG K;’NA; Wire Wrap $345
SNTAXN “ S.'Iﬂ,'é‘ﬁ‘ % S » 124" gin t .__: o . s ] e guts w:ra (l’? It‘!‘essullr:t?u nel'lq Speclly — Blue-Yallow-Whits-Red
SNTRADS ] 3N o 719 . st ! Ve 131 | o Strips
e & SHT EUTOE VNI ET T ) y L1y 3 Wi 30
S B N g ol e DISCRETE LEDS W T WP SOS R WO 0
SN B 7 b SHP200M d i$ 2007 tia B 5 bl lfow, white oF
. p SN 3 W 179 | acin  veow - g wysd Rea 650 | Specify blua, yel
SNizath s 1.0 SNT4S! ) e g Red 531
S Sierer T1e T o sy e we BaE G & om DIPAIG INSERTION TOOL WITH FIN smm",:;,"straigmaner
- Sar 238 St 6% e oomn o) e e s Inserts both 14 and 16 pin packages.
. Ty 2 600 " 451 =4 . S1 556 ange K
i B MM Gw o owem celimoamo oW 4 Motel IS 1416 $3.49/ea.
SHPANE1 7% At a8 Mode! .
SHTaEH b RN SHTA36EN 85172
me 8 a2 MR DISPLAY LEDS RIES — MULTI-DIGIT
S e graen 7 e poun womee ) yp 5082-7400 SE - irotal
SHTS™ B SHMISEN 89 w27 Wt PRICE w12
e SNTHISIN B Skrag WRE POLMNTY Uo 2% MMGED Cormonkosequnge S0 124 ) nCathode Red 2 Digh § .79 68
SNMTOH 7400°s MAN 1 Comvion Anote-red W 4% MANEBAD Conmon Catode gngn 00 %0 1 2% s %' hl. o Commo dpigh B8 .79
20% Disgound lar 100 Combined MAN? 8 17 Dol Nl ot i e e ! o o 35volts @ § m”sflsm““ 40igh 89 68
Man 3 Garmon Camoot-n W13 MAMEER Commen Adeorage %0 125 7 segment Monollthic 19 9
Mo S MoMSE? 1450 WINT  omman e 1 e oo . oip gackage Soign 1.
R0 ] Coub4 Y Common Anoce green MAN 6730 Comman Atode-r9d-0.0 125
o0t 2 Gois 1 MCHSE) 3% NANTY  Commn Anode-smbom % 1 o oo ColocersdD0 0 175 AME CHIP SET — $9.95
D400 n Codr 250 MAN 52 Common Anoce-green W 1% U comron C‘Nd.',:ﬂ : %0 125 TV G Chip and 2.010 mhz crystal
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NOW-THE ULTIMATE RAM BOARD

MEMORY CAPACITY
MEMORY ADDRESSING
MEMORY WRITE
FROTECTION
BK, 1GK, 24K, 32K unng Mos-
1ek MKA135 with 8K bound
brigs angd protectran.  Utilizes
DIP switches, PC hoard comes
with sockets for 32K operation,
Orders now being  accepted
allow B to 8 weeks for delivery.

Avadahle the 1st quarter ol
1978: 16K, 32K, 48K, 64K
using Mostek 4116 wih 16K
boundanes and protection,

5.0. SALES COMPANY

32K FOR $475.00

Buy an S100 compatible 8K Ram Board and
upgrade the same board to a maximum ol
3 2K in steps of 8K at your aption by merely
purchasing more ram chips from 5.0. Sales! At
a guaranteed price - Look at the leatures we
have built into the board.

PRICES START AT $151, FOR BK RAM KIT
Add $108.00 for each additional BK Ram

Board fully assembed and tested for $50. extra.

8K FOR $151.00

INTERFACE CAPABILITY
Control, dats and address mpuls

8K LOW POWER RAM -

$159.95

Fully assembled and tested. Not a kit.

Imsai —Altair — S.100 Buss compatible,
uses low power static 21L02-500ns fullly
buffered on board regulated, quality
plated through PC board, including solder
mask. 8 pos. dip switches for address select.

unlites low  power Sch
dovices.

POWER REQUIREMENTS
+BYDC 400MA DC
+10YDC 300MA DC
-18V0C 30MA OC

an board regulntion is provided
On boned  linwsiblelrelresh s
provided with no wait states or
cycle slealing sequired.

MEMORY ACCESS TIME

d
P

4K LOW POWER RAM KIT

Fully Buffered — on board regulated — re-

uced power consumtpion utilizing low
ower 21L02 - 1 500ns RAMS - Sockets
rovided for all IC's. 0ual|ty plated through
C board. Add $10. for 250ns

RAM operation

The Whole Works-$79.95

1§ 37Gns.
Memary Cycle Time s S00ns.

Z-80 CPU BOARD KIT - Complete Kit $139. )

CHECK THE ADVANCED FEATURES OF QUR Z2-80 CPU BOARD:

Expanded set of 158 instructions, 80B0A software capability, operation
from a single 5VDC power supply; always stops on an M1 state, true sync
generated on card (a real plus feature!}, dynamic refresh and NMI available,
either 2MHZ or AMHZ operation, quality double sided pplated through PC
board; parts plus sockets priced for all IC’s. *Add $10. extra for Z—80A chip
which allows 4MHZ operation.

Z—80 chip with Manual

Dar
ach, Special tunes avallabte, Standard tunes naw avaslatile.

Danrdy - Notee Dame
Anchars Away - Never on Sunday - Yellow
Texns — Deeps in the Heart of Texas - Boomer Soomr -
Brutge aver River Kwm

Special Design

MUSICAL HORN

wne supplied with esch ki, Additional wunes  $6.95

Qn Wisconsin — Yankee Donilta
Pink Panther  Aggie War Sang —
Rase af

Dhxin Eyas of Texos

CAR & BOAT KIT  HOME KIT

Case $3.50 $34.95 $26.90

- $39.85

DlGlTAL LED

THERMOMETER - $29.95

Features: Litronix dual 1

READOUT

Features: Litronix chual

/2

driver,

6 DIGIT ALARM CLOCK KIT

50250 super clock chip,
SCR digit drivers.

1/2" displays, Mostek
sngle 1.C. segmenl
Greatly simplified

E. Pertect for cars, boats, vang, e1g,

Jumbo LED Car Clock Kit
$16.95

. Bowmar Jumbo & nch LED array.
MOSTEK - 50250 - Super clock chip.

C On hourd precinen rystal time bawe

. 12 or 24 haur Real Time format

displays. Uses Silicoaix LD131 \ S
single chip CMOS A/D con '\‘
verter. Kit includes all nec- o
essary parts (except case); R
AC line cord and power \_)_,
included. 0 1499 F

construction. More reliable and easier to huild.
Kit inclucges all necessary parts {except case).
Xfmr optional. Eliminate the hassle — avoid
the 5314! Do nol confuse the Non — Alarm

kits sald by our competition! $12.95/kit

AC XFMR — §1.50 Case 53.50

6 Digit General Purpose or
Computer Timer Kit - $29.95

Features  Large LED 1070 <hsplays, Mostek 530397 counter
cisplayedrever, ceunts up 1 B9 eautes, 59.99 seconds with
crystal canrrobed 10100 woeand accuracy, operates on 115 AC ar
12V DC supply  Use «f 1o ume elophone cidls, athlene vuents
nraghey Lty sehuest ol Labararary cdennnsiranions,
dexperiyrents, chirdg gates, rie T e Tunghons o ren)
Tme such a3 TR Lme un prognetd, sl doubines Ing atner
computer controlied wwints  Herquires taw oulput channels for
starfstop and clear conlruls. All necessary sacts inchuded. Sproimnt
ttesign casn 53,75

Low Cost Cassette Interface Kit
$14.95

Features: K.C. standrad 2400/1200 Hz, 300
Baud, TTL, I/O compatible, phase lock loop,
22 pin connector. Feeds serial data via micro-
processors 1/Q ports and from cassetie tape
recorder. $14.95

PC board snd sh parts {less case) e,
Alarm option — $1.50
ACXFMR §1 50

Bowmar 4 Digit

LED Readout Array

4 JUMBO .50” DIGITS ON ONE STICK!
WITH COLONS & AM/PM INDICATOR
$3.95

Full %" Litronix Jumbo Dual
Digit LED Displays

DL 722.C.C. DL 728 -C.C.
DL 721-C.A. DL 727-C.A.
93¢ $1.29

supily

5 Digit Countdown Utility=
Darkroom Timer Kit
e

- $44.95

Feytures Large LED " duplays, covatal
euntralied Masteh 50387 counter viplay
grver,
tior: 0.1 secona Lo 59 minute 9.9 soc-
and, 5A-115V reolay included 10 contral
pholograpnic enlager, sun famp, appli-
ancad, , OF OINEr equinment, aperang
nn 115V AC, gisglays can be tornea off
far 10130 parkness  applications, sunple
Push button operdtion, ale i kitchen,
whoal, office of {aboratory. All nece
;“-"7 party inctuded  Gpecial dedgn case

set himér gt 0.1 second precluan

Microprocessor Chips

8212 - 1/0 port

8214 - P.1.C

8216 — Non Invert Bus
8224 — Clock Gen

8226 — Invert Bus

P10 for 2—-80

CTC for 2-80

8228 Sys. Controller
8251 Prog. comm. interface
8255 Prog. perp. interface
8820 Dual Line Recr

[ B

* 1000 MFD p
FILTER CAPS

i

21L02 - 500NS Qt
21L02 250NS
2114 - 4K
1101A — 256

1103 - 1K
745 200 - 256

4.

DISC CAP
/‘;)ASSORTMENT*
PC leads. At least

Z-80 includes manual 39 MFD

Z—80A includes manual
B8080A CPU B BIT
8008 CPU 8 BIT

10 different values
Includes .001,, \
.05 + other standard
values 60/$1.00

16% Mallory
Electrolytic
15/81.00

Rated 35 WVDC.
Upright style with
PC {eads. Many pop-
ular values.  4/%$1.

8830 Dual Line Dr

2513 Char. Gén

8838 Quad Bus. Recvr
74LS138N - 1/8 decoder . . .

1702A - 1K - 1.5us
2783 8K Intel - 450ns

JOY STICKS!
4-100K
POTS
$3.95 each ”

2 | 200/32.00

RESISTOR %
ASSORTMENT
PC leads
A good mix of
values. SPECIAL!

FLAT PACK %
5400 SERIES

=

20 asst. devices
for $1.00 %@%
/J_/'

B8T97-Hex Tri-State Buffer . .
1488/1489 RS232
TR1602B Uart ................3.85

Counter Chips

ITT DUAL *
SENSE
AMPLIFIER
76234 and 75235
43¢ each

SPRAGUE DUAL
DIFFERENTIAL
AMP. TD1DY

PC.LEAD x
DIODES
1N4148/1Ng14
100/$2.00

49c each

POWER RESISTOR
15 OHM

25W by
CLARQOSTAT
75¢ Each

ITT PART NO.
SAJ 110
ideal for electronic
music circuits
7 stage freq.dividers.
49c each

MK50397 6 Digit elapsed timer. . , .
MK50250 Alarm clock

MK50380 Alarm chip 2.
MK50396 6 digit up/down counter 12.95
MK5002 4 digit counter 8.9
MKS5021 - Cal. chip sq. root

Sk

P. 0. BOX 28810 - 8
DALLAS, TEXAS 75228

Circle 100 on inquiry card.

S. D. SALES CO...coocie

Call in your Visa or Mastercharge
in on our Toll Free Watts Line:

1-800--527-3460

Choose $1. Free Merchandise From*Asrerisk ltems on each $15.

Texas Residents catl Collect:

214/271-0022
Dealer Inquiries Invited!

60 DAY MONEY
BACK GUARANTEE!
NO COD"s, TEXAS RESIDENTS ADD 5% SALES
TAX. ADD 5% OF ORDER FOR POSTAGE &
MANDLING. ORDERS UNDER 510 ADD 75c
HANDLING. FOREIGN QRDERS - US FUNDS
QONLY!

Order!

BYTE Decemher 19477 221
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NEW COMPUTER INTERFACE BOARD KIT

Our new computer kit allows you to interface constantly connecting and disconnecting your
serial TTL to RS 232 and RS 232 to TTL. There terminals.
are four of these supplied with the kit, so you Example: Out store to printer — Voltage
can run up to four devices on one TTL or four $490 0 requirement + 5V and +5V or =12 V depend-

separate TTL to RS 232 devices. ing on your RS 232 device.

Typical use: You can use your computer We supply — board, connectors, documen-
ports to run an RS 232 printer, video terminal tation and components. Sorry, we do not supply
and two other RS 232 devices at once, without case or power supply.

WHERE IT MAKES SENSE, MAY BE USED WITH ANY 8080, 6800, Z80 or F8 COMPUTER
GENERAL PURPOSE COMPUTER POWER SUPPLY KIT

This power supply kit features a high frequency torroid transformer with switching

transistors in order to save space and weight. 115V 60 cycle primary, The outputs $790 0
with local regulators are 5V to 10A, in one amp increments, — 5V at 1A, £ 12V at 1A

regulators supplied 6 340T-5 supplied.

F8 EVALUATION BOARD KIT
IWITH EXPANSION CAPABILITIES

UNIVERSAL 4K
MEMORY BOARD KIT $7 50

, . A fantastic bargain for only
This memory board may be used with the with the following features: 9900
F8 and with minor modifications may be used « 20 ma or RS 232 interface

with KIM-1up. 64K addressing range
32-2102-1 static RAM's, 16 address lines, = Program control timers ¢ 64 Byte register
8 data lines in, 8 data lines out, all buffered. On- s 1K of on-board static s Built-in priority interrupts
board decoding for any 4 of 64 pages, standard memory ¢ Documentation
[ ]

44 pin, 156" buss. * Built in clock generator Uses Fairbug PSU

FOR FAIRBUG 4K F8 BASIC ON PAPER TAPE $25°°
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2 Alpha Digital 153 48 Electrolabs 199 92 Perri-White 190
3 Anderson Jacobson 51 49 Elec Control Technology 159 93 Personal Computer News 182
4 Apple Computer 16,17, 18 50 Electronic Systems 202 84 Phone | 187
S Artec B3 51 Electronics Warehouse Inc 203 *  PolyMorphic Systems 37
134 AVATAR 189 62 CWEngel 175 95 Processor Technology 86, 87, 88, 89, 90
7 Atwood Enterprises 197 52 Extensys 7 96 Quantronics 39, 47
8 Base 259 53 Formula International 205 97 Rotundra Cybernetics 191
9 Beckian Enterprises 193 54 Gallagher Research Inc 172 139 S-100 150
10 Benson & Costello 191 55 General Computer 175 98 Scelbi 95, 119, ClII
11 Beta Business Sys 189 56 Godbout 207 * Scientific Research 79, 115
12 BITS 123,125, 160, 167, 192 57 DC Hayes 181 100 SD Sales 221
* BYTE Back Issues 192 58 Heath 34, CIV 101 Seals 65
* BYTE Binders 191 59 Heuristics 174 135 Sharp & Associates 211
* BYTE Index 192 61 IMSAI 70, 71, 73 102 Silver Spur 187
14 Byte Shop of Miami 189 63 Integral Data Sys 147 103 Small Computer Sys 173
15 Byte Shop, Tustin 138 64 Integrated Circuits Unlim 208 104 Smoke Signal 52, 63
16 Byte Shop, Westminster 149 65 International Data Sys 152 105 Software Exchange 180
* BYTE Subs 127 137 Ithaca Audio 173 13 Software Records 161
18 Canada Systems 178 99 JOR 187 140 Software Unlimited Ltd 168
19 Capital Equipment Brokers 176 66 Jade 212,213 106 Solid State Music 9
138 Celetron 133 67 James 10, 11, 214, 215 107 Solid State Sales 223
20 CMC Marketing 57 68 Kent-Moore 41, 77 108 Soroc 29
21 Component Sales 193 69 lLogical Services 148 108 SwTPC CllI
22 Computalker 129 70 Meca 103 110 Sunny Computer Stores 191
23 Computer Corner 189 71 Meshna 217 111 Sybex 183
24 Computer Creations 191 72 Micro Diversions 191 112 Synchro Sound 82, 83
25 Computer Data Sys 105 136 Micro Ware 1568 113 Szerlip 189
26 Computer Depot 191 73 Micronics 179 114 Tandy 8%
27 Computer Depot Dist 187 74 Microsoft 177 116 Tarbell 178
28 Computer Enterprises 45 75 Midwestern Scientific Instruments 121 116 Tech Mart 107
28 Computer Hohbyist 176 76 Mikos 208 117 Technical Design Labs 27
30 Computerland 20, 21 77 Mini Miero Mart 172 118 Technical Systems Cnsltnts 61
31 Computer Machine Service 189 78 Morrow's Micro Stuff 219 119 Technico 134, 135
32 Computer Room, San Jose 174 79 Mountain Hardware 146 20 TEIS7
33 Computer Systemns Store 189 80 mp 160 120 TK Electronics 189
34 Cromemco 1,2 81 MSD a7 121 TLF 49
35 Dalen 129 17 Mulien 177 122 Typetronics 25
36 Data General 143 82 National Multiplex 81 123 WP Electronics 187
37 Data Search 179 83 North Star Computers b, 15 124 Urban Instruments 211
38 Digital Group 93 84 Objective Design 185 125 Vamp 191
39 Digital Research 55 85 OK Machine & Tool 75 126 Vandenberg Data 180
40 Disc 3 187 * Ohio Scientific Research 30, 31, 32, 33 127 Vector Graphic 39
41 Don Alan Enterprises 187 86 Owens Associates 187 * Vista Computers 144, 145
42 DRC Engineering 201 87 PAIA 159 129 West Coast Computer Faire 194, 195
43 Dynabyte 111 88 Parasitic Engineering 22, 23 130 Worldwide 185
44 Ed Smith's Software Works 182 89 Peninsula Marketing 151 131 WWW Enterprises 161
45 Educational Data Sys 183 90 PerCom Data 19, 155 132 Ximedia 117,132
46 E & L Instruments 108 133 Xybek 181
*Reader Service inquiries nat salicited Coreespoad dired ty with compoay.
LMt
EY T Dagriag Meninor boy
BOMB Analysis for the
Acrticle No. ARTICLE PAGE September 1977 Issue: Rank
1 Schmucker-Tarr: The Computars of Star Trek 12 (Multlpies of g)
2 Rampil: A Floppy Disk Tutorial 24 1st: Cidarcia, “Control the World," page 30 2,17
3 Struve: A $19 Music Interface 48 2nd: Jacoby, “Walsh Functions,” page 190 1.14
4 Ciarcia: Try an 8 Channel DVM Cocktail 76
5 Grappel-Hemenway: Jack and the Machine Debug 91 The standard deviation of this sample was
6 Higgins: Structured Programming with Warnier-Orr Diagrams 104 19% of the mean rating.
7 Smith: Simulation of Motion: Part 2 12 The first place winner in our BOMB tally
8 Wier: A Little Bit on Interrupts 18 receives a $100 bonus check, and a $50
g Wenzlaff: Using the PolyMorphics Video Interface 130 bonus is forwarded Lo the second place
10 Lahasky: Multiprogramming Simplified 140 . L ) e P
1 Libes: Where to Get Bargains in Used Computer Equipment 154 Wl‘nl‘ler. Be su _re to mdlcal? your reactions Lo
12 McGath: A Look at LISP 156 this month's issue by rating each article on
13 Gaskell: Relative Addressing for the 8080 162 the BOMB evaluation card and forwarding
14 McGahee: Save Software: Use a UART for Serial |0 164 it to our office, The BOMB card is your
15 Lahore: A User's Report on the Intercept Jr 186 direct line to the editors' desks,m
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with the Heathkit H8 8080 Personal Computing System!

H8 8080A 8-Bit

Computer ........... $375
H8-1 4K Memory ....... 140
H8-3 4K Chip Set ... . ... 95
H8-5 Serial I/0 and

Cassette Interface ... . 110
H9 Video Terminal ..... 530
ECP-3801 Cassette

Recorder/Player . .... 60

If purchased separately, ‘]310"_"

Heath dystem Price @ ||’

When you invest in a personal computing
system, you want it to perform. So you
need software. But putting a complete
hardware-software system together can
he difficult. Especially if all of the
components are not designed to work
together. The H8 computer, soflware and
peripherals were developed as a total
system. And we include the software

(at NO extra cost) so you can start
programming right away. Benton Harbor
BASIC with unique statements and
commands and efficient compression

‘. techniques lets you put more program

in less space. The HASL-8 2-pass

NEW! Microprocessor Course
AND TRAINER
Learn the operation and programming
of microprocessors with our effective
self-study course and trainer!

assembler generates efficient machine
language code. The TED-8 line-oriented
text editor and BUG-8 terminal console
debugging program permit fast entry,
editing and debugging of programs.
The H8's intelligent front panel provides
efficient one-button program loading,

J HEATH |

Schlumberger

*See listing page 34

and lets you “'see’ what's going on in
the machine — in memory, in registers
and at I/0 ports,

While the H8 and its software gets you
up and running, our peripherals complete
the “system". The H9 12" CRT video
terminal is complete with ASCII 67-key
keyboard, long and short-form displays,
auto-scrolling, plot mode, cursor and
more. And cur ECP-3801 cassette
recorder/player provides convenient
mass storage for all your programs on
easy-to-handle cassettes.

All this, plus complete documentation,
service support through the Heathkit
factory or Heathkit Electronic Centers
nationwide”, and self-instructional
programming courses make Heath your
BEST choice for a truly praclical and
versatile computer system thal's ready
and waiting for your commands.

Send for your Heathkit Catalog or visit your Heathkit Electronic Center.

Circle 58 on inquiry card.
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