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joral design aspects of biological systems
(ie: bionics). Cyberanimetrics allows the
designer to appreciate the variety of
methods employed by the various systems
because both mechanical and bioclogical
systems are examined in terms of their
similarities in structure and organization.
This means that a person designing a sys-
tem must be equally familiar with biclogy,
computer sciences, cybernetics, artificial
intelligence, mechanics, and physics.

Biological Considerations

Generalizations regarding the nervous
system leave the impression that nerves
merely conduct information, or that the
eye works somewhat like a television camera
that sends an inverted image to the brain
for analysis. These oversimplifications might
lead designers to believe that they can
make a computer ‘see” by interfacing
an array of digital light detectors to it. But,
there is more to vision than meels the digital
eye. In the compound eye of the ant, for
example, there are 1200 ommatida (light
sensitive elements). Some of these are so
specialized that they are sensitive only to
the polarization of ultravioletl radiation from
the sun and are used by the ant exclusively
for navigational purposes. Other ommatida
are used for color, size, or motion detection
and all are connected 1o Lhe brain by nerve
fibers that not only conduct but also process
the video information. However, it is very
doubtful that an ant ‘'sees’ an image in the
sense of human consciousness; more likely,
it apprehends ils optical environment
in some other way.

Just as important as being able 10 under-
stand various biological and mechanical con-
cepts is the ability to apply these concepts
to the design of a system. After all, it would
be impractical Lo try to build an authentic
copy of an organism. In the previous exam-
ple, if a neural cybernelist wanted to utilize
digital light sensors, he might attempt to
duplicate the ant’s visual system. But, he
would face many problems, the toughest be-
ing the construction of artificial ommatida.
Each ommatida in the ant's eye has a partic-
ular structure depending on its function,
whereas digital sensors are a matrix of uni-
form sensing clements. |t would be very
difficult to build the individual micro-
optics necessary to perform color sep-
aration light polarization analysis. Of course,
some of the analysis could be performed by
a computer, but the more effort that goes
into making a system into a faithful model
of the ant, the more the system would be
compromised. /n the end it wouwld have
been more economical to use u real ant.

If, instead of attempting to copy the

ant like the neural cybernetist, or ignoring
the ant like the cognitionist, the designer
applies the concepts of ant vision toward
a certain goal, he might stand a chance of
developing an operational system. |f the
system is to navigate by sunlight, certain
aspects of the ant’s polarization detector
would be useful; however, color recog-
nition and motion detection would be use-
less features and therefore not included in
the system. The purpose of cyberanimetrics
as a design philosophy, then, is to inten-
tionally apply accepted, standard biological
and mechanical concepts Lo create a robot
or artificial intelligence device that can
accamplish certain predefined goals.

Cyberanimetrics and Design

To see how cyberanimetrics works as
a design philosophy, consider the design
of the system pictured in photo 1. This
system, named NELOC (neural logic cyber-
animate), was initially designed for use
as a subsystem on a land survey vehicle
(LSV). Built to be located in a forward
turret, the system was designed to gather
soil, ligquid, and flora samples from its
location, ldeally, the system could do this
either automatically or by remote oper-
ator control.

The only critical limiting factor in the
system's design is cost. To stay within a
reasonable budget, | had to organize the
manner in which | was going to design the
system so my effort would not be wasteful
or redundant. | resolved the matter by
formulating the following steps for re-
search and development:

1. Define the system’s application.

2. Define the qualities necessary for the
system to perform its application.

3. Based on these definitions, consider
the mechanisms employed by bio-
logical or mechanical systems that
closely match the definition.

4. Analyze the system(s).

5. Based on this analysis, evaluate the
relative merits, (ie: cost, complexity,
and performance) of using the an-
alyzed system's method in the design
of the robotic {in this case, turret) sys-
tem. Translate this analysis into de-
sign.

These guidelines forced me to clarify the
need for the system and the means and
method of its operation — and | found that
these five steps involving the system design
were more important than the phases of its
construction.

Design work on the system began by
defining its characteristics. | determined
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that the furret system should be able to
locate, classify, and manipulate objects
close to it {within reaching distance of the
manipulator arm). To accomplish this,
the turret system would have to exhibit
four animate qualities, First of all, the
turret system would have to be organized
(ie: that the system had to be able to handle
the mavement and analysis of data in some
consistent manner). The system would
also have to express irritability (ie: certain
stimuli, whether internal or external, would
cause the turret system to act in some
characteristic manner}, For example, if
a specimen moved out of the system’s
view, the system would respond by look-
ing for the lost specimen. The third animate
quality was motion, a necessary quality
for the system to work in its environment.
The last quality required is wedaptation,
probably the most important feature since
| could not envision all of the possible
situations the system might encounter,
However, this type of adaptation would
not be structural, but rather "intetlectual”
in nature. Without the ability to adapt,
the system would not learn from failure.

After considering the proposed design
characteristics, | selected the frog as a
model to study, primarily because of its fas-
cinating ability to locate and catch insects.
In order to catch a flying insect, for in-
stance, the frog must be able to scan an area
greater than the reach of its tongue and then
classify various objects such as prey, preda-
tors, other frogs, etc, based on sensory data.
Finally, the frog responds to the flying
insect (solely on the basis of visual infor-
mation} by attempting to catch the object.
Although the structures of the frog and the
turret system are significantly different, the
function in each case is similar.

The second reason for selecting the frog
is simplicity. By selecting the frog over a
more complex organism {ie: more highly
evolved), | would save much time in deter-
mining a model of how the frog performed
its functions. Figure 1 shows the frog
and some of its main neurological con-
stituents, The eyes and sensory neurons
form input devices. The small lobular
brain and spinal cord make up the bulk
of the processing system, while the motor
nerves and muscles serve as output mech-
anisms, This phase and the next involved
quite a bit of work, since therr was so
much data to examine. It should be noted
that the presentation of my analysis here is
very abbreviated in order that most of the
concepts can be discussed. One struclure
in particular, the net convexity detector,
is given a more detailed treatment, however.
The detector’s function and structure will
be discussed extensively, showing how the

concept was researched and appifed to the
design of the turret system, This research
and development is representative of the
work performed on the entire system,
A bibliagraphy is provided in part 2 of this
article for those who wish to research the
subject more.

Optical Processes of the Frog

Analysis of the frog began with the
sensory and motor nervous systems, in
particular the eye. The frog's eye is classi-
fied as a camera-type eye, meaning that the
entire image is focused through a single
lens. The perception and subsequent analysis
of an image begins on the surface of the
retina. There, thousands of groups of re-
ceptors and their associated neurons cap-
ture tiny portions of the total image. After
the retinal neurons process the receptor
data, they communicate it to the optic
nerve, which further processes the data as
it is relayed to the brain. The result is the
generation of four specific types of in-
formation about the image being perceived.
The first type of information that the frog's
nervous system extracts from the image
is net dimming, which describes how much
of an image has dimmed when compared
te the previous image. Moving edge is the
second type, concerned with motion at the
periphery of objects in the image field.
Next is sustained contrast data. This in-
formation relays the shape and size of an
object in the image field by describing edges
of optical contrast, Finally there is ner
convexity data. This data relays the speed
and direction of relatively small objects.

Of the four types of data, the last two,
sustained contrast and net convexity data,
are probably most responsible for the
location and definition of objects and,
therefore, warranted a more detailed ex-
amination.

While searching for more information, |
found a research project by } Y Lettvin, who
researched amphibian vision at MIT {see bib-
liography). In his paper, he attributes net
convexity and sustained contrast data pri-
marily to the arrangement of the associated
neuron’s receptors on the retina. Lettvin also
supports that a model in which net convexi-
ty data is generated by one configuration of
receptors and neurons while sustained con-
trast is generated by another. The receptor/
neuron group responsible for generating
net convexity data (called a net convexity
detector) is characterized by a broad field
of low sensitivity receptors and a small
cluster of high sensitivity receptors (see
figures 1 and 2). The cluster of high sen-
sitivity receptors is never located in the
center or on the edge of the low sensitivity
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neuron is complete, This is why the wave-
form looks the way it does: Lhe neuron
will fire with constum duration so that,
as the images Lravel at different velocities
across the receptors, the length of Lhe
steps in the waveform will vary. The associ-
ated neuron does more than record the
pattern and speed al which receprors are
stimulated; it alse has the ability Lo sort
sizes. An image that can stimulate more
than two receplors al a lime will depress
(ie: inhibit) the neuron's oulput. The
depressed output is ighored by the ner-
vous system, Therefore, the nel convexity
detector is a structure concerned with the
angle, direction, and velocity of small, insect
sized objects.

Sustained Contrast

Sustained contrast data, too, depends
on receptor geometry as an aid in image
processing, but not to the same extent
as the net convexity delector. Instead,
the sustained contrast detector is composed
of a small group ot homologous receptlors
(see figure 1). Again, the receptors have
an associated neuron. This neuron's respanse
to its receptor’s interpreLition of an image
is either no signal, meaning maore than
60 percent or mare of Lhe image is dark,
or a positive signal, meaning thal 60 per-
cent or more of the image is light. The
neuron’s response is based on Lhe number
of illuminated receptors and is called a
“majority response.” When the majority
responscs of thousands of sustained con-
trast detectors arc combined and processed
by the optic nerve and lobe, the brain is
provided with a sustained contrast image.

Tactile and Kinesthetic Senses

The next sensory systems | decided to
examine were the frog's kinesthetic (je:
relative positioning of body parts) and tac-
tile sensing “mechanism.” Tactile sensation
in the frog begins with specialized receptors
located in the skin (sec figure 3). These
receptors are innervaled capsules of tissue,
The nerve cndings within these capsules
are the tips of large cutaneous nerves, All
of the receptors contained in a certain
tract of skin are merely branches of asingle
nerve ascending to the spinal cord. This
means that a single nerve, as long as the
frog’s arm, can generale a signal that is
recognized by the brain as location and
pressure intensity data lor literally hun-
dreds of receptlors.

Appendage position detection is similar
to the tactile system. Again, a long nerve
branches from the spinal cord. These
branches terminale in special capsules called

neuromuscular spindlcs. The neuromuscular
spindles arc special capsules of muscle tissue
that have nerve endings coiled around them.
As the muscle contracts, the spindle con-
tracts, stimulating the nerve ending. Each
skeletal muscle has many spindles within it
{see figure 3). The brain decodes the signal
to discover the number of spindles con-
tracted, which describes the length of the
muscle. The length of the muscle is indica-
tive of the position of a joint.

How the brain can decode location
and pressure data from a single nerve is
not thoroughly understood; however it
is thought that, during the frog's embryo-
gencsis, the innervation of tissue is some-
how recorded by the brain. This record
serves as a template for the brain to use
in the recognition of the origins of the
signal. This was demonstrated in an experi-
ment in which a young frog had a small
portion of its stomach skin grafted to its
back. The skin removed from its back was
then grafted to the spot where the stomach
skin had been removed. Some time after
the grafts had healed, the researchers irri-
tated the stomach skin on the frog’s back.
The frog responded by scratching the
spol  where the stomach skin had been
removed. In a second experiment, the
researchers irritated the back skin graft
located on the stomach. This time the
frog responded by scratching the graft
on its back. The conclusion of the experi-
ment was that the frog's brain had iden-
tified the location of the tissue by its in-
nervation, and not by the path the signal
took to the brain.

Motor Circuit

The motor circuit performs the opposite
function of the appendage position and
tactile sensory systems. Instead of gather-
ing data about muscles, the job of the motor
circuit is to carry the signals that stimulate
the muscles. To stimulate its muscles, the
frog has a set of specific nerves descending
from its spinal cord and terminating in
specialized muscle fibers. At these fibers
(called neuromuscular junctions) signals
leave Lhe nervous system and enter the
muscle tissue, stimulating muscular con-
traction.

For the signals to get to and from tactile,
moltor, and kinesthetic systems and the
cerebellum {where motor patterns are
stored), they must travel along the spinal
cord. The primary function of the spinal
cord is to relay the billions of bits of data
to and from various neural pathways in the
frog's body; it also performs various reg-
ulatory and control functions, ranging
from reflex (such as the knee-erk reflex
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Figure 5: Simplified block
diagram of the frog's in-
sect catching  “mecha-
nism. " The eye, tacile, and
position sensory systems
monitor the environment.
Tactite and position data
trave! via the spinal cord
to the medulla, where the
reticular system alerts the
thalamus. In the thalamus,
sensory data is integrated
and sent to other por-
tions of the brain for
processing.  Finally, data
goes to the cerebelfum to
be decoded into signals
that will bring about co-
ordinated motion.
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To illusirate this, assume that a frog
had to 'store” a single bit of data for
three seconds. Using microscopic neurons
with junctions end to end, three seconds
of storage would require 1500 feet of
neuron. If the frog had to store this quan-
tity of data throughout its lifetime, its
brain would be monumental in size. To
save space, then, signals to be stored are
channeled to a group of neurons that are
“connected” in a chain by some of their
inputs and outputs (called axons and den-
drites, respectively). When data is intro-
duced to the group, it is passed from one
neuron 1o the next, forever looping until
the pathway is somehow blocked. The
other dendrites and axons of this group's
neurons {a single neuron can have up to
1000 individual axons and dendrites)
connecl to other neurons that bring in-
formation to and from these groups. These
neurons are electrochemically controlled.
So, depending upon the electrochemical
activity of the brain, virtually an infinite
number of pathways can be realized. It is
this type of operation (the opening and
closing of pathways) that makes the brain
function. This is a fundamental process
of any algorithmic device. In a computer
program, certain pathways are opened
or closed depending on the status of the
program or its data. In a calculator, certain
logic pathways are opened or closed based

on data in the system. This does not mean
that a calculator and a frog's brain operate
by the same mechanism, but only that the
principles are the same,

To conclude this brief neurological
model of the frog, | integrated my data
into a coherent block diagram. Figure 5 rep-
resents the neurological and physical as-
pects of the inscct catching mechanism. This
system involves sensing optical and mechan-
ical information from the environment,
Light reflected from objects is analyzed
by two methods: net convexity detection
and sustained contrast detection provide
the brain with size, shape, speed, and direc-
tion information. External pressure is moni-
tored by taclile sensors. A second system
of nerves with terminations deep in skeletal
muscle and at skeletal joints is used to
relay information about muscle length
to the brain, which interprets this data
o determine the position of its appen-
dages. This data is transmitted to the brain
by travelling from the spinal cord to the
medulla. As Lthe medulla passes the in-
formation along to the more forward sec-
tions ol the brain, the reticular formation
alerts the thalamus that data is on the
way. In the thalamus, all types of sensory
data are deciphered and compacted into
precise neurodata statements, which are
then dispatched to the cerebrum and cere-
bral cortex for processing. Some data is
stored while other picces are ‘‘copied,”
“deleted,’” ‘“‘added to,” ‘“computed,” etc.
From the cercbrum new data will arise,
some of it sent to the cerebellum, There
the data is decoded into instructions con-
cerning the motion of the frog. It is the
job of the cerebellum Lo generate the sig-
ndls that will bring about the coordinated
motion of the frog. But for these signals
to cause motion, they must travel to the
muscles through the medulla, across the
spinal cord, and finally to the various
motor circuits, From the motor circuits
the signals lcave the nervous system and
enter the muscle Lissue, causing motion.

The NELOC System

This analysis may seem extremely imprac-
tical for use in hobbyist level robotics, but
in fact it provided me with much of the
inspiration | necded for the development
of the neurdl logic cyberanimate. But it
was possible Lo conceive and design these
appliances only by understanding the nature
of the operation of the frog's sensory
systems, Part 2 of this series describes
how a robot was buill using the concepts
described here. Some construction details
for a portion of the eye mechanism are also
given,
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processor cost is no longer a system limiting
factor. [t is generally inappropriate to use
a single $20 processor to control $10,000
worth of memory; the single processor
could use only a fraction of the bandwidth
resource available in that much memory
{here, bandwidth means the maximum pos-
sible rate of change ol storage state under
processor control). A far more reasonable
approach is Lo place the same total store
on ten processors and give yourself the
possibitity of major throughput improve-
ment. Naturally you'll have 1o learn how Lo

control all this power, but if you're an
innovative systems designer, Lhal's exactly
your job.

There are two principal divisions of

multiprocessor systems, depending on the
degree of coupling between the processors.
Closely coupled processors wusually com-
municate through some common memory;
loosely coupled processors communicate
through inputfoutput ports, serial lines,
or other “slow’ communications channels.
Loosely coupfed systems can usually be
understood as networks of quasi-inde-
pendent processors,

Now, let’s consider a concept that we
call “smart memory.” One reason for
wanting morc address space on a processor
is to randomly access a large store of on line
data. Most of your processing is spent cala-
loging data, storing data, moving, scarching
and updating data. If you want Lo handle
more data, you put on more memory and
the system gets bigger and slower.

But suppose you put a processor on
each reasonable piece of memory {16 K
or whatever). Make the program for that
processor really dumb — make it just take
orders for data. Its whole purpose is to
handle data for the command processor;
it stores, moves, searches and updates.
But for now, it does only memory opera-
tions. Mow hook a lot of these “smart
memory” modules onto your system (the
IEEE 488 bus should work), and command
a search. All the modules search in parallel,
and if you grow and put on more modules,
you handle more data just as fast as ever!

The second major approach (o multi-
processor systems is what we call shared
bus multiprocessing. Multiple micropro-
cessors are closely coupled through a com-
mon bus and a proper subset of their mem-
ory address space. 1t is crucial to see the
common bus as the bandwidth limiting
resource; each processor should use its own
local memory and stay off the common
bus until it needs access to the common
store.

Multiple requests for common memory

access might be issued by various processors
at exactly the same moment. It is there-
fore necessary to arbitrate among them,
switching exactly one processor onto the
common bus, and allowing it to procced
with its memory access while the others
are held not-READY,

It should be clear that the same concept
{a common bus arbitration and switching
node} can be Thierarchically extended.
Further, the addressing capability can be
expanded and possibly remapped at each
node to allow fast random access to huge
amounts of on line mass storage. Such
obvious exlension is left as an exercise for
the serious student. Perhaps you are thinking
that you can build it, but nobody can write
the software to control it. We are not insen-
sitive to the problem, just unhappy with the
attitude. We worked hard to give you the
tool; all you have to do is learn to use it.
Every new technology is like this — our
scientists still don't know how to fully con-
tral the atom, but that doesn't stop atomic
fusion from being one of the most attractive
“games” around since the payoffs are huge.

Nobody has a chance to develop complex
multiprocessor soflware until she or he has
a real multiprocessor system. Now, for $500
and a little work, you've got the hardware,
It's time to start learning to control these
systems. If it's hard one way, do il another,
The power is there for use.

Point 3:

You still didn'l include block operations,
did you?

Answer 3:

Mo — and we could have. But have you
looked at how often block instructions
could really be used in your programs? And
how much code is needed to duplicate
them yourself? And how often they don'l
really do exactly what you wanted? And
how fast they would run compared to your
programmed version? Please do look. We
think the autoincrement and autodecrement
indexed addressing is a far more general
solution.

Point 4:
No bit maniputation, either.
Answer 4:
Are you really willing to pay 10 to 20

percent more just for bit manipulation?
Program coded bit manipulation takes a









24 bits of parameters, both in and out)
was enough to leave it out.

Point 8:
Your registers are all special purpose.
Answer 8:

Well, in a way, as we have 16 bits of
accumulator and 64 bits of usable pointers
plus some others. This basic dichotomy
of data and pointers to data exists in prac-
tice, and is therefore rarely a problem with
our implementation. But the EXG in-
struction  allows  convenient  manipula-
tion between these groups in any unusual
circumstances.

Point 9:

Why did vou include all those ncw
addressing modes? I'll never use them.

Answer 9;

We expect that you wi// use the new
addressing modes, and quite heavily. There
are a lot of different indexed options. But
nolice that the large number of different
muodes is a result of including all permuta-
tions of a few basic ideas,

Fundamentally, you can index from any
pointer register (x 4), use indexed indirect
access {x 2), and have accumulator offsets
{x 3) or constant offsets of up to 16 bits in
three versions {x 3} {see box at lower right).
But if you work in assembly language, you
don't need to figure addresses, so the differ-
ent constant offset modes may be ignored.
And if you select an addressing mode which
is not available, the assembler will politely
inform you of your indiscretion.

Alternately, you can specify autoincre-
menl or autodecrement operations {x 2), by
either one or two {x 2), which may be in-
directed {x 1.5) {except there is no indexed
autoincrement and autodecrement by one
indirect  think about it). Finally, constant
otfsets are allowed from the program
counter {x 3) and these may also be in-
directed {x 2).

There are a lot of modes, no doubt
aboul it. But relatively few new ideas are
required to gain full control over those
powerful new features.

Point 10:
I would have liked an operating system

call instruction which carried a parameter
to the operating system.

Answer 10:

So would we. Unfortunately, the location
| want to use for parameters may not (and
probably will not) be what you want to use.
It is desirable to allow both constant and
variable parameters to the operating system.
What you do get is two more trap-like
software interrupt (SWI) instructions; the
instructions SWI2 and SWI3 do not mask
interrupts as SWI does, thus allowing use
even in interrupt driven programs, Param-
eters may be passed in any register, or on
the stack, or as the next byte of in line
code. All of this will require some overhead,
but the scheme is far more general than a
trap that carries a paramecter.

Point 11;

Tell me again about the stack pointers:
why two stack pointers?

Answer 11:

Good point. The original reason for
adding the user stack pointer was to facili-
tate the creation of a data stack in memory
that is separate from the program stack.
This avoids one of the serious problems
of using a second generation processor
in a modular programming environment —
that of returning parameters to a calling
routine. We want to pass parameters in a
position independent manner, of course,
but the return from subroutine (RTS)
instruction uses the top element of the
stack as a return address, and this address
is placed on the stack before the subroutine
is entered. On the 6800 there will be a lot
ot stack rearrangement going on to get
around this problem. The user stack pointer
was created as a new stack unencumbered
with return addresses (or interrupt state
information) to allow data to be passed
between routines of different levels in a
reasonable manner. And since the new stack
works exactly like the old, there is rela-
tively small silicon cost involved.

We do suspect, however, that many pro-
grammers will elect to accept the overhead
involved with passing parameters on the
hardware stack  (note that the overhead
problem is greatly reduced with the 6809).
These programmers  will be concerned
with the access of parameters placed on the
stack by higher level routines. Notice that,
as more elements are added to the stack,
these same parameters are referred to by
varying offsets with respect to the stack
pointer itself: this is bad, since it becomes
difticult to analysze exactly which value is

The notation {x n}
means there are n ways
to perform that parti-
cular operation. (x 1.5)
meqgns there are two
ways to perform that
operation but not every
addressing mode i
aflowed. . . .RGAC
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BYTE's Bits

TRS-8Q Printer Use Hint

Many users of the Radio Shack TRS-
80  microcomputer have found the
optional line printer to be a useful
companion for their processor. When the
user adds lhe printer and (he expansion
interface unit to the Level 1] equipped
processor unil, the hardware is ready to
be used for applications, but the soli-
ware musl still be prepared. A usclul
kluge f{ie: ¢rude method which works
during a transition period) to speed
pragram conversion in making use of the
printer has been developed by Vance
fames and Richard Bley of Hickory NC.

The Level 11 BASIC statements which
cause data transfer to the printer are
LLIST and LPRINT. They correspond to
LIST and PRINT, which cause dala to
appear on the video display. 11 is possible
to reverse the lunctions of these com-
mands under program control. With
reversed function, LIST causes programs
to be printed on the printer, and PRINT
causes datz to be printed. LLIST and
LPRINT would then produce outpul
on the video screen and on the printer
{in the reversed state, every thing appears
on the printer, as everything normally
appears on the screen).

The program statements which re-
verse the keyword functions are as
follows:

A=PEEK {16422)
B=PEEK {16423)
C=PEEK {16414)
D=PEEK (16415}
POKE 16414,A
POKE 164158
POKE 16422,C
POKE 16423,D

The above statements must of course
have line numbers, but numbers may be
supplied at the time this routine is in-
corporated into a program. Afier these

statements are executed, the role of the
video driver routine in the monitor and
the role of the printer routine are inter-
changed. To return to a normal state
under program conirol, the interchang-
ing statements may be executed once
more. .. .RSE

TSA Software Address Change

In the November 1978 What's New
section of BYTE (page 216), we re-
ported on disk based software develop-
ment tools from TSA Software. We have
recently been notified of an address
change. Their current address is: 39
Williams Dr, Monroe C1 06468.8

Mechanical Insects?

People interested in robot mechanics
should know about Space Mechanimals
which are built by a Japanese firm called
GAKKEN. These all metal devices come
in several shapes and sizes ranging from
the 4 legged to the 20 legged beasty in
photo 1 called a Giant Astro Centipede.
This particular kit contains everything
necessary to construct a 13 inch mech-
anical  centipede.  Even  though the
mechanism can only move forward and
backward in straight lines the mechanism
used to control the 20 legs is worth
studying,

The Mechanimal Kits use 2 D cells as
a power source. | have found some
trouble powering the kit from balteries
since there is a large current draw. The
actual assembly takes two 1o three hours
and is recommended Tor people 10 years
and older.

Anyone interested in robotics should
peruse these devices to sce how the
motion is derived. | definitely feel that
the centipede model was well worth the
$39 that | invested in it. For further
information about Space Mechanimals
contact PIFC Importers, Portland OR,
who are the exclusive importers of the
devices. .. .RGACR

Photo 1: Space Mechanimal.
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Huntsville
ARIZONA
Phoenix
ARKANSAS
Little Rock
CALIFORNIA
Dublin
El Cerrito
Hayward
Lawndale
Los Alwos
Los Angeles
Saddleback Valley
San Bernardino
San Diego
San Diego East
San Francisco
San Jose
Santa Rosa
Thousand Qaks
Tustin
Walnut Creek
COLORADO
Colorado Springs
Denver
CONNECTICUT
Fairtield
DELAWARE
Newark
FLORIDA
Boca Raton
F1. Lauderdale
Jacksanville
GEORGIA
Atlanta
HAWAII
Honglulu
ILLINOLIS
Arhington Heights
Downers Grove
Niles
Cak Lawn
Peona
KANSAS
Gverland Park
KENTUCKY
Louisville
MARYLAND
Rockvitie
MICHIGAN
Grand Rapids
Southtield
MINNESOTA
Bloomington
MISSOURI
Springfield
NEW HAMPSHIRE
Nashua
NEW JERSEY
Cherry Hill
Bergen County
Morristown
NEW YORK
Buffalo
Ithaca
Nassau County
NO. CAROLINA
Charlotte
ORIO
Cleveland
Columbus
OREGON
Portland
PENMNSY LVANIA
Harrisburg
TEXAS
Austin
Dalias
Houston
Houston Bay Area
UTAH
Salt Lake City
WASHINGTON
Bellevue
Federal Way
Tacoma
WASHINGTON, D.C.
WISCONSIN
Madison
Milwaukee
INTERNATIONAL
Brussels, Belgium

Sycdney, NSW Austealia

Winrupeg, Canada

Circle 75 on inquiry card.

12051 539-1200
1802) 9565727
{501) 224.4508

(415} 828-8090
415} 233-5010
(415} 538-8080
(213] 371-1144
1415) 941-8154
{213} 776-8080
1714) 770-0121
(714) 836-6838
(714) 560-9912
{714} 464.5656
{415) 546-1592
(408) 253-8080
(707) 528-1775
1806} 495.35564
(714) 544-0542
(415) 935-6502

(3031574 4150
1303} 759-4685

(203) 374.2227
{302) 738-9656
[305) 368-1122
{305) £66-0776
1904) 731-2471
(404] 953-0406
(808B) 521-8002
(312} 265-6488
1312] 964-7762
1312) 9671714
{312] 422.8080
1309) 688-8252
1913) 492-8882
15021 425-8308
{301) 948-7576

616} 942-2931
{313} 356-8111

(612) 8841474
(417) 883.7085
(603) 889-5228
{608} 795-5900

(201) B45-9303
{201) 5394077

{7161 8366511
607) 277-4888
{516} 742.2262

{704) 536-8500

1216} 461-1200
1614 888-2215

(6031 6206170
(2171 7631116

(512) 4562-5701
(214} 363.2223
{7131 927.0909
{713) 488-8153

(801} 364.4416

{206} 746-2070
{206} 838-9363
{206) 581-0388
{703) 893-0424

1608} 273-2020
(414} 466-8990

432005
29-3753
{204) 7723519


















Figure 3: Schematic dia-
gram of the power supply
for the set side of the
interface and for the driver
cireuit. Transformer T1 Jjs
a fE-100 type available
from fameco Electronics.
The primary is 120 VAC;
the secondaries provide
10 VAC at 50 mA and
50 VAC at 30 mA. The
rectifier  diodes should
have appropriate current
ratings.
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I 1 AN o o T v23v
+ 23v + |
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120VAC
P 5V REGULATOR
' 2
IOVAC N 7805 gy +5Y
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output stages ol the set and the points
wherc the interface circuit is connected
is shown in figure 2. The video amplifier
output is normally AC coupled to the
cathode of the picture tube. This is a com-
mon practice in low cost portable TV sets.
This is an advantage in that it also allows the
interface circuit to be AC coupled and not
affect the DC biasing of the picture tube,
which controls the screen brightness.

The interface circuit sync signal output
is fed into the television set's sync separator.
Some sets modulate the grid with video
instcad of the cathode. In that case a 7406
hex inverting buffer should be used instead
of the 7407 buffer to obtain the proper
polarity. Any TV set may be used with the
interface circuit. A newer, small screen sct
is preferred. If the 23 V signal isn't sufficient
drive to give a good display on the screen,
the power supply voltage may be increased
to a maximum of 30 V, the breakdown
voltage of [C3. DC restoration of the video
signal at the cathode with a clamping diode
will also help. A picture of the display
obtained by using this system with my
TRS-80 microcomputer is shown in photo 1.

Figure 4: Schematic of the direct connect version of the inter-

face circuit. This may be used only for connecting television
sets containing power transformers.
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Power Supply

Figure 3 shows a schematic of the power
supply used. It supplies +5 V at 40 mA for
IC1, 1C2 and IC3, and supplies +23 V at
5 mA for the high voltage output stage. If
you are clever, you can use the television
set’s power supplies to get the +5 V and
+23 V. But be careful: the cheaper solid
state TV sets are designed to the limit.
Drawing 40 mA for the +5 V supply might
be an excessive load on the set's power
supply.

The interface circuit also requires a +5 V
at 5 mA isolated supply. This should come
from the microprocessor. A TRS-80 has this
voltage conveniently available at the video
output jack.

Direct Connect Version

If you have a television containing its
own power supply transformer isolating
it from the AC power line, you can use a
direct connect version of the circuit. A
schematic of this version is shown in figure
4. Transistor Q5 responds only to the video

+23v

2N2369A

O.1uF

TO CATHODE
f—1—> oF picTuRE

TUBE

IN9i4B

TG SYNC
{ > SEPARATOR
QF TV

Circle 224 on inquiry card. —
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right at the picture tube’s socket. This
eliminates excess wiring to the cathode.

Another measurc is to try decreasing the
value of R2 in figure 1. The LED should
receive about 15 mA of current for fast
turn on. The value of C2 should also be
experimented with. C2 speeds up turn on
of the LED. Too large a value, however,
will cause turn off delays. If the display is
still not sharp, use of a wide band oscillo-
scope is the only way to track down the
source of the problem.

If the displayed characters sparkle, the
problem is with common mode capacitance,
which allows high frequency noise to be
coupled through from one side of the
optoisolators to the other, The common
maode capacitance is primarily due to the
capacitive coupling of the wiring.

The easiest way to eliminate the sparkling
problem is to connect the ground of the
microprocessor to the ground of the tele-
vision set through a 1000 pF, 120 VAC
capacitor. Another way to eliminate the
problem is to use a pair of insulated wires
3 inches long twisted together with no
electrical connection between, one wire
connected Lo pin 3 of [C2 and the other to
pin 6 of IC2. These wires form a small
capacitor which neutralizes the common
mode capacitance.

If either of these two methods does not
solve the problem, the chances arc that you
have poor circuit board layout and you
should rewire your circuit board, making
sure that your input optoisolator circuitry
is well separated from the television set's
circuitry, especially from the flyback and
the AC line voltage. In the same manner,
keep the connections to the picture tube
away from the other circuitry.

Displaying More Than 64 Characters per Line

The TRS-80 displays 64 characters per
horizontal scan line in only 36 us. If it were
redesigned, it could display 80 characters
per line in 45 us without changing its pixel
rate, and still fit them on the video display
screen. Therefore, the interface circuit
should probably work for any system which
displays 80 characters per line.

The maximum frequency at which the
interface circuit can work was measured to
be 8 MHz. The major limitation to the dis-
play rate is the delay time of the circuit. The
delay time is the interval it takes the circuit
output to begin to respond to the input sig-
nal. The delay time of the circuit was mea-
sured to be 55 ns, whereas the rise and fall
times are only 15 ns. About half of the delay
is due to the optoisolator and the other half
occurs in the totem pole output stage.

For high resolution graphics, another
driver stage design must be used. One
possibility is the use of the newer, high
speed  Schottky MOS clock drivers with
on/off times of about 15 ns. The opto-
isolators may nol be used because of their
limited frequency capabilities.

A good example of a high resolution
cathode ray tubc driver is the design used
in the Hewlett-Packard Model 9845A
desktop computer. {See reference 6 for the
hardware description.) [t displays using a
video clock rate of 21 MHz. One of the
interesting points of its design is the use of
a compensation inductor added in series
with the cathode of the display tube. It
provides approximately 7% overshoot of the
cathode voltage in response to a step input,
speeding up turn on of the display lube.

Before You Start. . .

Before you start working on your tele-
vision set, you should have a schematic
diagram of its circuit. A copy of Don
Lancaster's TV  Typewriter Cookbook,
(Howard W Sams and Company Inc, Indiana-
polis, 1976), a classic in the field of TV
displays, is also useful. 1t will help you figure
out where and how to hook the interface
circuit to your set. And don’t overlook
books on television set theory available at
your local library. They are a gold mine of
information and they will help you unravel
the mystery of your set.

If you have difficulty finding a schematic
of your set locally, the Howard W Sams
Company has data for many sets in its
Photofact series. Its address is 4300 W 62nd
St, Indianapolis IN 46268.m=

REFERENCES AND SUGGESTED READING

1. Lancaster, D, TV Typewriter Cookbook,
Howard W Sams and Company Inc, Indiana-
polis IN, 1976,

2. National MQOS Integrated Circuit Databook,
1974 edition (section on MOS clock drivers)
Natianal Semicanductor Corp, 2900G Semi-
conductor Dr, Santa Clara CA 95051,

3. Hewlett-Packard Application Note 947, "Digi-
tal Data Transmission Using Optically Coupled
Isolators,” Hewlett-Packard Corp, Palo Alto
CA 94304,

4. Hewlett-Packard Application Note 939, ‘'High
Speed Qptically Coupled Isolators,” as above.

5. Hewilett-Packard Optoelectronics Staff, Opto-
electronics Applications Manual, McGraw-Hili,
New York, 1976.

6. Hewlett-Packard Journal, April 1978, pages
16 thru 18, Model 9845A deskiop computer
hardware design description, high resolution
video display.
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TOP
GUIDE
| AAIL

APERTURE

CARD GLUED I

TO BASE I I
Figure 1: Construction of | i

, APERTURE
the author’s homebrew MADE FROM
-

punched card reader. The TUNCHED -
base is drilled for photo ol
transistors (see detail of l et =
mournting in figure 2). i «®
Above each hole is an ; e

aperture made by a

punched hole in the aper-
ture card, which is glued

BASE

to the base. The top
guide rail is glued to a
stack of spacer cards. drilling should be done accurately; a sharp
bit will produce clean holes. After the holes
are drilled, glue the aperture card to the
board. | found watered down white glue to
be ecasy to use.

To form a slot in which the card can
move freely, build spacers at the top and
bottom edges of the reader. These can be
constructed by gluing three cards together.
When the glue is dry, cut them lengthwise

@——LIGHT SOURCE
{75w BuLB)

/TN

~121n
(30.5¢m)

APERTURE
PUNCHED CARD

L— TOP RAIL

e——SPACER CARDS

=

PHOTOTRANSISTOR
(TYPICAL FOR 9)

Figure 2: Cross section of the card reader. The holes in the aperture card are
fined up with the drilled holes for the photo transistors. (In this drawing
only one of nine photo transistors is shown.) The top guide rail forms a
notch which keeps the card being read from wandering.
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with a sharp knife and a straight edge.
Smooth them slightly and glue the spacers
snug against the aperture card as shown
in the figures. Before attaching the top
guide rails, spray paint everything flat
black to reduce stray light that could shine
through the reader body into the photo-
transistor. Finally, glue the top guide rail
and nail in place with about 1/8 inch (0.3
cm) overhanging the aperture card to form
the guide. See the end view in figure 2.
Figure 3 shows the basic circuit. | used
Fairchild FTK0031 phototransistors which
| purchased from James Electronics. | be-
lieve these are actually FPT-100 that are not
being used in new designs, so Fairchild has
put them in an inexpensive kit for experi-
mental usage. These devices usually have
no connection to the base, so | cut off the
base leads. The pull up resistor holds the
inverter input high when the transistor is
not being illuminated. It also controls the
sensitivity of the circuit. It should be small
enough to hold the input high when the
phototransistor is covered. About 2.2 k
ohms for normal TTL seems to work
well, but in the breadboard stage | found
that no resistance also worked. Smaller
values can be used to reduce the sensi-
tivity. As the circuit stands, it will not
switch reliably because noise will cause
the inverter to switch off and on as the
light on the phototransistor increases or
decreases through the threshold value.
This “bouncing” can be eliminated by
using a Schmitt trigger inverter or gate:
7413, 7414 or 74132 (see '‘Look What
You Can Do. . . with an Edge as a Cue”
by Ralph Tenny, August 1977 BYTE, page




















http:Fr:btua.ry



http:Spedau.to







then use a plastic credit card to lorce the
other row in line. | broke one fead and very
quickly soldered on a replacement, but I'm
sure National Semiconductor would shudder
at the thought.

Empty Sockets

Depending on the options you buy,
emply sockels may be lell after you've in-
stalled all integrated circuits provided, Here
again, the instructions are a bit cavalier, bul
you can figure out which ones should be
vacant without much trouble. One position
has holes drilled for a socket, but no connce-
tions to the pads, and sockets are provided
for devices even if they aren't included. This
simplifies installation of optional features al
a later time.

Onc major option is 24 lines displayed on
the screen instead of 12. This calls for six
additional 1 K byte memory circuits and

throwing a switch. Another option is lower

case letters as well as capitals, This calls for a
special characler generator plus lwo more
memory devices, This characler generator,
incidentally, is the only proprictary circuit
in the terminal. All others are standard parts
that are widely available.

The last important step in building the

terminal is turning on the power with all
components in their sockets and the monitor
connected. | was amazed to find that the ter-
minal worked the first time | threw the
switch. The surprise was no reflection on
Lcar Sicgler, but because of doubts about
my craftsmanship. After setting the internal
switches for use with your computer, final
assembly consists of simply closing the case
and installing two screws.

The terminal works perfectly with my
computer (presently a PACER using the 16
bit National PACE microprocessor). | didn't
have 1o do any troubleshooting, but the
comprehensive manual ought to lake care of
that if the unit should ever need repair, Lear
Siegler doesn't service kits, but computer
dealers should have facilities for repair.

In retrospect, the only hitches | encoun-
tered in building the terminal {other than
the minor problems in component identifica-
tion and location) were caused by not fol-
lowing instructions. A word to the wise,
then, is to follow instructions. My total
working time was about 12 hours; Lear Sicg-
ler suggests 20 as typical, and that would
likely be true for someone with less experi-
ence. I'm very pleased with the terminal, and
| think the work of building it was worth-
while.®
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CP M™ FDOS and Unihities

n-lERE IS THE LATEST AND BEST IN’
8080Z80 DISK SOFTWARE

From 3145

i Package A3- $409
Microsoli FORTRAN 80 $00 Micropro SUPER SORT « $250
Microsoft COBO! 80 625 Mu ropro WORD MASTER < $150
Microsolt Disk Extended BASIC 300 SOHIRCE Disk Based Dhsassembler $70
Micrasoft MACRO B0 MACRO Assembier | inker Loader §149 ZASM Zilog™ Mnemonw Assembler 845
Murosolt MACRO 80 (as above) w Subroubine Library 24 XY BASIC Process Cantrol | anguage $295
Microsott EDIT 80 Line Editor B89 Estended XY BASIC $395
WHATSIT™ Data Base Query Sustem $125 SMAL 80 Structured Macro Assembler Language $75
Xstan VDB»BASIC S99 CBASIC Compiler Inlerpreter BASIC €95
Xitan SUPER BASIC (A3) 399 MAC Macro Assembler £100
Xitan DISK BASIC {A34) $159 SID Symibode Instruction Debugger $85
Xitan Z TEL Text Editor (Ad. Al 369 TEX Text Formaner §85
Xian Text OQutput Processor (A3, Al Not Solet Separately Gueneral Ludger $995
¥itan Macro ASSEMBLER A3, Al 69 Accounts Rs'-vwmhlﬂ $750
Xitan 2 BUG 1A s34 NAD Name & Address Processor 79
Xuan | INKER (A3+) 364 QSORT [nsk File Sort Merge Unility $95
Xian Package Ad tas keyed above) $2499

Most software available in a variety of diskette formats including: IBM 8" single and
double density; North Star CP/M; Micropolis CP/M; and 5” soft sectored.

Now available: the above software on Processor Tech Helios II; Altair Disk: and
iCOM Microdisk systems. All Lifeboat software requires CP/M to operate.

LIFEBOAT ASSOCIATES

164 W. 83rd Street OO New York, N.Y. 10024 O (212) 580-0082
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Moving chess pieces on a chessboard was
chosen, since it offers a simple task in .
rectangular  coordinate system requiring
the arm to move pieces in an obstrucled
space.

This task helped define the necessary
axes of the machine. An axis is a joint:
cither rotational, as in an elbow or wrist,
or prismatic, as in a telescope tube.

Three axes are sufficient to allow an arm
to touch any unobstructed point within
the limits of its reach. I points are per-
mitted to be obstructed from certain direc-
tions or if the wrist must maintain a fixed
angle with respect to the real world, more
axes arc needed. In the case of a chess play-
ing robot it is desirable to lift pieces verti-
cally without knocking down surrounding
pieces. For this reason, three axes arc not
sufficient.

CONCENTRIC BRASS TUBING
SUPPORT PILLAR

o O-RING BELTS

DRIVE MOTOR PULLEY LOCATIONS

< = DRIVE MOTOR SUPPORT PLATE

> 172" SUPPORT SHAFT

SUPPORT SHAFT MOUNTING BRACKET

r— | 34" i‘

3/4"
o , o = ., r

PULLEY

In general, to reach any position in space
with any orienlation of a part in a hand,
six degrees of freedom are necessary. It Lturns
out that six degrees are also sufficient for
all tasks requiring positioning. However,
the implementation of a sixth axis is usually
more trouble than it is worth,

Five axcs were chosen in this design to
provide additional flexibility in roughly
the same configuration as the human arm:
rotation about the waist, shoulder, elbow,
wrist, and rotation along the wrist. This
configuration allows an ecasy visualization
of the arm's capabilities because it is sim-
ilar to one's own arm,

One final word about the factors that
shaped the design: the motors one uses
define the working limits of the arm to
a great extent. If the motors can deliver
10 ounce-inches of torgue at one revolu-
tion per minute (very respectable for most
common small geared motors), the working
weight at the end of a foot long arm would
be less than 1 ounce — providing the weight
of the arm itself is kept to a bare minimum.
Clearly, one would prefer under circum-
stances like this to avoid mounting Lhe
motors on the arm so that they have to
lift themselves. For this reason we mounted
the motors behind the arm. Their Lorque
is transmitted to the joints by means of
concentric pulleys and rubber belts.

The framework of the arm is constructed

L ( 3 §
PULLEY BEARING /’
7/32" TUBING

| L
"]
1T - —
| ) l

OPTIONAL PULLEYS—
FOR POSITION
FEEDBACK

e

4"

Figure 1: A design sketch
of the hobby arm. The
main structure of the arm
is brass tubing. The pulleys
are constructed from Plex-
iglas. The hand is made of
sheet aluminum and acti-
vated by a solenoid
mounted on the arm. Afl
of the driving motors for
the arm are mounted on
the base plate of the
assembly.

of thin-walled brass tubing purchased from
a lacal hobby store. This tubing comes in
square or round cross-section and should
prove highly useful to the beginner em-
barking on an original design. Consccutive
sizes differ in radius by their wall thickness
and hence slide smoothly into each other
with wvery little play. This characteristic
is made use ol in the shafts (or the con-
centric  pulleys  transmitting  the  torque
of the motors along the arm. Lengths of
the tubing are also used for the struts of
the arms, The brass, in tubular form, is very
rigid: though heavier than other materials,
it makes up for its weight in the case with
which it may be lastened 1o other bits of
tbing by soldering, To make a joint, the
end of the tube is filed 1o fit smoothly,
withoul gaps, against the radius of the
pulley shaft bearing. For the joint to be
strong, the solder must not have to bridge
gaps between the brass surfaces, but should
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be drawn in by capillary action when the
joint is heated.

The pulleys are cut from clear plastic
(Plexiglas) purchased as scrap from a glass
shop. The edges of the pulleys can be turned
and given a groove with a small lathe, though
the same job might be done somewhat less
accurately with a hand file. The largest
puliey al each joint is fastened Lo the strut
of that joint and provides torque for that
axis ol the arm. The smaller pulleys are
double-grooved and serve merely 1o transmil
torque tarther along the army 1o the other
axes, The size of each pulley corresponds
approximately to the amount of lorque
for that particular axis, The larger pulleys
provide an effective reduction in speed
from the motor pulleys and provide o large
surface 1o prevent belt slippage.

The rubber belts are clear neoprene
with nylon cores. The belting material
may be purchased under the name of O-ring
cord. The cord is cut to length and the ends
joined by melting them in a Hame and push-
ing them together. This melhod yiclds a
remarkably strong joint.

The support pillar for the shoulder joint
is machined out of a block of duminum,
An alternative is to make it oot of laminated
scraps of Plexiglas. In this case the molor
support plate may also be made of Plexiglas
and glued, instead of screwed, 1o the support
pillar. The concentric brass Whing which
forms the pulley shalts tor the shoulder
axis is extended o provide a place for
pulleys to be used for position feedback
potentiometers il a closed loop servosysiem
ts desired,

The waist axis is mounted on a single
steel ball resting on lop of 1the support
shaft  about  which it pivots. A pulley
fastened to the support shafl is driven by
a motor facing down through the motor
support plate to provide rotation about
the waist.

The motors used in this version ol the
arm dare  AC  synchronous bidirectional
timing motors. They are inexpensive ($4),
though their power is near the minimum
necessary for adequate performance. Power
is applied to the windings with 4 90° phase
difference. This s accomplished by the
use of a series capacitor. Shorting  this
capacitor causes the moltor to lock, provid-
ing a brake Lo hold an individual axis still
while others are moving.

The fingers are cut from thin aluminum
sheet and make wse ol & small solenoid
with an alnico magnet plunger to acluale
them. The wires are looped down the arm
struts externally.

The entire arm is mounted an a 1 inch

pine block with the wires from the motors
terminating on a barrier strip along the back
cdge where an interface to a compuler or 4
simple switch box may be connected, The
plate that the motors rest on is mounted
off-center so the arm has a greater over-
hang and therefore the largest possible
unobstructed  reach. The suppert shaft
mounting bracket is mounted against the
front edge of the pine block.

The small pulieys for the drive motors
are epoxied directly to the motor shafts,
11 a method could be devised to allow
these pulleys o be removable, it would
facilitate experimentation with the drive
ralios. In the present design, the arm may be
disassembled down to the individual pulleys
and struts unless the feedback pulleys have
been installed, in which case the shoulder
pulleys and the support pillar become an
integral part.

The arm is capable of lifting a 1/2 ounce
and positioning it 1o within a 1/2 inch
radius.  Drilling out the extra material
from the concentric pulleys and counter-
weighting the upper arm should improve
the lifting power somewhat.

The interaction of the joints {(how the
movement of one joint affects the position
of the other joints) may be calcufated and
removed if the arm is to be compuler-
controlled. The interaction is such  that
joints Turther out from the joint being
moved maintain the same angular orienta-
tion in space. Thus, if the hand is initially
vertical 1o the plane of the table and the
shoulder joint is moved, at the conclusion
of the motion the hand is still vertical.
There is no interaction from the waist axis
or the wrist swivel axis, though wrist swivel
is acted upon by the previous axes. For this
constant angle cffect to apply, the initial
and  final pulley for a joint must be of
the samce size, In practice it is desirable
to maintain a uniform radius for the pulleys
ol a specific axis in order not Lo unneces-
sarily limit the torque transmitted because
ol slippage on a smaller pulley.

As with many types of design, this first
working model suggested a number of
areas of possible improvement. The first
arca is the motors. More powerful motors
would be better, and at this point likely
candidates  are  small  stepping  motors,
Their price is high but they offer impres-
sive torques along with the possibility ol
open loop control and straightforward inter-
face hardware.

The elasticity of the belts, though small,
offers another arca where some additinnal
thought might prove rewarding. A number
ol manufacturers sell small toothed belts
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GLOSSARY OF STEPPING MOTOR TERMS

Back EMF : voltage generated by the motor that
opposes the polarity of the voltage applied
to the motor. EMF (electromotive forcel
increases as the speed of the motor increases
until it causes the motor to lose synchronism,

Bifilar: special type of permanent magnet motor
with two windings on each stator pole. The
advantages: requires only one power supply,
allows a simpler drive and has higher perfor-
mance characteristics than a standard motar.
This motor is manufactured by the Superior
Electric Company.

Closed Loop: operating mode in which the
drive or computer receives a signal from the
sensor which tells what position the motor
or actuator is in and which is used to im-
prove control of the system. In all but very
high performance systems, this form of
operation is not needed.

Damping: reduction or elimination of oscil-
lations or overshoot of the rotor in a move.
Different types of damping methods used
include mechanical, electrical and viscous.

Detent Torque: torque present at standstill of a
permanent magnet stepper motor when the
motor is turned off. There is no detent
torgue in a variable reluctance motor. Same
as residual torque.

Drives: circuitry which controls the stepping
motor. This can include the power supply,
control circuits, and output switching
transistors.

Half Step: switching sequence in which the
motor is moved half its norrr:’al distance
per step. As an example, a 1.8, 200 ste&:
per revolution motor would become a 0.9,
400 step per revolution motor. When run-
ning the motor with this type of scauence,
the average amount of torque is reduced to
roughly 70 percent of full step operation.
This mode, however, gives a finer resolution,
less resonance effects, and higher speed
capability.

Holding or Static Torque: torque required to
move the motor shaft from standstill
{zero RPM) position when at rated power,

Inertia: tendency of an object to resist changes
in movement by an external force. It is
expressed in terms of mass X length?
{ie: ounce-inch? or kg-m?2).

L/R Time Constant: value used to determine
how fast current can build up or decay in a
stepping motor, obtained by dividing the
inductance in the circuit path by the total
resistance in that path.

Moment of Inertia: the inertia of an object
when rotating about a point. it is given in
units of mass X length?2,

Open Loop: operating mode of a stepping

motor in which the position of the shaft can
be determined exactly using only the in-
formation sent to the motor. Stepping
motors have this capability, which makes
them mare attractive than DC servomotors
in certain applications.

Pull-In Torque: the maximum switching rate at
which a stepping motor can start running
from standstill.

Ramping: gradual acceleration and decelera-
tion of a stepping motor., Since stepping
motors are hmited to a given starting speed,

the motor must be accelerated to maximum
if it is to operate above the pull in torque.

Residual Torque: the force which holds the
stepping motor shaft at a fixed position
after power is turned off, due to the mag-
netic attraction of the rotor teeth to the
stator teeth. It feels like a “ratcheting”
movement when the shaft is rotated by
hand.

Resonance: the speed range in which a stepper
motor's performance detericrates. This is
due 1o the physical construction and elec-
trical characteristics of the motor. Various
techniques can be used to reduce the effect
of resonance on the system.

Rotor: the portion of a motor that rotates.

Speed-Torque Curve: graphic representation of
the performance characteristics of a partic-
ular stepping motor and drivers, It usually
shows the maximum speed/load ratio at
which the motor is capable of operating.
This graph is extremely useful when design-
ing a stepping motor into a system,

Start/Stop Without Error: curve found on
some speed versus torgue graphs showing
the maximum rate at which the motor can
start or stop without losing steps or falling
out of synchronism. This curve is usually
given for a negligible load inertia.

Stator: the stationary part of a motor.

Step Accuracy: the position accuracy of a
stepper motor, commonly given as a per-
centage of one step, since there is no accum-
ulated error in a step motor. When a fric-
tional load is put on the motor, the accu-
racy decreases.

Step Angle or Step: the amount of rotation of
a stepping motor in response to one input
command, expressed in degrees. Motors are
made with a fixed step angle. 0.72°, 1.8°",
2°,25" 5" 15 and 30 "are typical sizes.

Stepping {or Stepper) Motor: a motor pos-
sessing the ability to rotate in either direc-
tion, and whose shaft moves in precise angu-
lar increments for each input excitation
change or step.

Steps Per Revolution: the number of input
steps reguired to rotate the shaft of a motor
one complete revolution. To obtain the step
angle of the motor from the steps per rev-
olution, divide 360° by the number of steps
per revolution.

Torque: force acting on an object at a certain
perpendicular distance away from it, and
tending to rotate the object. Torque has
dimensions of force X distance. As an ex-
ample, 3 two ounce force pushing an object
from a 2 inch {6 cm) rod perpendicular to
the force is said to have 4 ounce inches
{0.00023 kg-m) of torque.

Torque to Inertia Ratio: ratio obtained by
dividing the rated holding torque by the
inertia of the rotor. The better the ratio,
the better the performance of the motor.

Variable Reluctance Motor: a stepping mator
that does not have a permanent magnet in
the rotor, It therefore relies on the wind-
ings to create the forces to move the rotor.
The variable reluctance motor, understand-
ably, does not have any residual torque
when it is turned aff.
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Figure 1: Energization se-
guence, Alternating power
to the windings of the
stator while chunging the
direction of polarity with
edch step produces move-
ment in the motor, Re-
versing the  sequence
shown  produces  move-
ment in the opposite di-
rection. See text for d
detailed description.
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and simplifics the drive needed for the
motor.

Stepper motors are penerally controlled
by a DC power supply and drive and logic
circuitry. The drive provides the intelligence
as well as the main key Lo performance of
the motor. The degree of complexity ol a
drive can vary from a simple pulse translator
to a high-performance unit with automatic
acceleration and clectronic damping.

Because the drive knows the shaft's posi-
tion for all but high specd performance
drives, the system can run in an open loop
mode (ic: without the need for leedback
position potentiometers, encoders or other
transducers). This feature makes the stepper
motor attractive over a DC servomolor
system, which must be run in a closed loop
mode. Stepper motors nhormally available are
limited 1o less then one horsepower. How-
cver, the DC servomotor is available in
larger power ratings, so it might be the
choice for heavy duty applications.

Permanent Magnet Stepping Motor

The permanent magnet stepping motor’s

b/ ort

basis ol opcration is taken from a basic
permancnt magnet characteristic: like poles
repel while unlike poles attract. The rotor
of a permanent magncet stepper consists of
an axially-oriented magnet with two gear-
like hubs on cach end of the magnet, as
shown in photo 1. The north end of the
rotor has teeth that are 180° out ol phase
from the south end. The stator, or stationary
part of the motor, also has tecth, as shown
in photo 1; but the magnetic poles are
generated by the windings. The number
of teeth on the rotor is different from that
of the stator, so that all the teeth on the
rotor will never be lined up exactly with
those on the stator. It is this fact that aclu-
aly  creates predicted movement in the
rotor, since there is a magnetic attraction
between the closest stator and rotor tooth.
Even when the motor is depowered, the
permanent  magnet  motor  will hold s
position, although at a low torque (called
residual torque).

The energization scquence of the wind-
ings is Tairly simple. Consider the south end
of a rotor, as shown in figure 1: if pole A
is energiced as a north and pole C is ener-
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Design of Digital Systems - six volu
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The products of digital electronics techno-
logy will play an important role in your
future, Calculators, digital watches and TV
games are already commonplace. Now,
microprocessors are generating a whole new
range of products. Personal computers will
be in widespread use very soon. Your TV,
telephone and computer will combine to
change your children’s education, your jobh—
your entire way of life.

WRITTEN BY EXPERTS

These courses were written by experts in
electronics and learning systems so that you
could teach yourself the theory and appl-
cation of digital logic. Learning by self-
instruction has the advantages of being
faster and more thorough than classroom
tearning. You work at your own pace and
respond by answering questions on each new
piece of information before proceeding.

After completing these courses you will
have broadened your career prospects as well
as your understanding of the rapidly chang-
ing technological world around you.

The courses are designed as much for the
professional engineer as for the amateur
enthusiast. You'll learn about microprocess-
ing as well as personal computing — not to
mention all the other aspects of digital
electronics design.

ADVANCED COURSE
DESIGN OF DIGITAL SYSTEMS

Design of Digital Systems is written for the
engineer and serious hobbyist who wants to
learn more about digital electronics. Its six
Jarge-format volumes—each 11%° x 8" are
packed with information, diagrams and
questions designed to lead you step by step
through number systems and Boolean algebra
to memories, counters and simple arithmetic
circuits,and finally to a complete understand-
ing of the design and operation of micro-
processors and computers.

CONTENTS

The contents of Design of Digital Systems
include:

Book 1: Octal, hexadecimal and binary
number systems; representation of negative
numbers; complementary systems; binary
mulitplication and division.

Book 2: OR and AND functions; logic
gates; NOT, exclusive-OR, NAND,NOR and
exclusive - NOR functions; multiple input
gates, truth tables; DeMorgan’s Laws; canon-
ical forms; logic conventions; Karnaugh map-
ping; three-state and wired logic.

Alsa gvatable at leading computer stores
Erie Cormputir Co 1253 wWise Ben 81, B, PA

Compurter Mart of Royal 0ok, 1800 W 14 Mie Rd |, Hova tas, MU
The badson Comyprunte Stee, 1863 Monroe S, Madison, Wl

Perseral Computer Carpa, Lancasten Ave & Rt 52, Frases, PA
Computer Shopae, 31276 Daany Ph, Metwoa, LA

Coortpsutis Cormn, 200 Hantdton Ave , Winte Plaans, NY

tinpwriat Computer Sy stoni, tow | 2106 23rd Ave., Ris ko, 1L
Mo Computes Crndes, G107 Yo 31, Wellossadale, et Gt

and many orhert. Ask your dealer

Circle 144 on inquiry card.

Book 3: Half adders and full adders; sub-
tractors; serial and jparallel adders; processars
and arithmetic logic units {ALUs}; multi-
plication and division systems,

Book 4: Flip-flops; shift registers; asynch-
ronous counters, ring, Johnsan and exclusive
-OR feedback counter; random access mem-
ories {RAMSs); read-only memories { ROMs).

Book 5: Structure of calculators; keyboard
encoding; decoding display data;, register
systems; control unit; program ROM; address
decoding; instiuction sets; instruction decod-
ing; control program structure.

Book 6: Central processing unit {CPU);
memory organization, character represen-
tatian; program storage; address modes;
input/output systems; program interruplts;
interrupt priorities, programming; assemblers;
executive programs, operating systems, and
time-sharing.

BASIC COURSE

Dhgitat Computer Logic & Electronics

CONTENTS

Digital Computer Logic and Electronics is
designed for the beginner. No mathmetical
knowledge other than simple arithmetic is
assumed, though you should have an aptitude
for logical thought, It consists of 4 volumes—
each 11%" x 8" —and serves as an intro-
duction to the subject of digital electronics.

Contents include: Binary, octal and decimal
number systems,; conversion between number
systems; AND, OR, MOR and NAND gates
and inverters; Boolean algebra and truth
tables; DeMorgan’s Laws: design of logical
circuits using NOR gates; R-S and J-K flip-
flops; binary counters, shift registers and
half-adders.

Personal Computers
& Microprocessing

Here are two inexpensive programmed
learning courses designed to keep
you up-to-date in digital electronics.

NO RISK GUARANTEE

There's absolutely no risk to you. If you're
not completely satisfied with your courses,
simply return them to GFN within 30 days.
We’ll send you a prompt, full refund, Plus
return postage.

TAX DEDUCTIBLE

In most cases, the full cost of GFMN's

courses can be a tax deductible expense.

HOW TO ORDER

To order by credit card, call GFN's toll-
free number — (800)331-1000; or send your
check ot money order (payable to GFN
Industiies, Inc.) to the address below.

Prices inciude overseas surface mail post-
age. Air Mail: additional costs {10 volumes),
$10. Or write for exact quole.

Write for educational discounts, quantity

chiscounts and dealer costs.
LOW PRICES — SAVE 85

We ship promptly from stock. There are
no extras—we pay all shipping costs; we even
pay your sales tax where required. And if
you order both courses, you save $5. Order
at no obilgation today.

FREE OFFER

When you order both courses, we'll also
send you a copy of The Algorithm Writer’s
Guide — a $5.95 value  free of chaige, and
yours to keep even if you decide to retuin
the other volumes.

Design of Digital Systems ........ $19.95
- 6 volumes

Digital Computer Logic .......... $14.95
& Electronics - 4 volumes

Both courses - 10 volumes .. ..... §29.80

GFN Industries, Inc.
Suite 400-D

F 888 Seventh Ave.
N New York
N.Y. 10019

Call TOLL-FREE (800)331-1000
(orders only) 7 days 24 houss
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DC SUPPLY
= DROP MOTOR
RESISTOR WINDING
A LYYV, SWITCHES
N
BC SUPPLY

Figure 5: Simplified bipolar stepping motor diagram. This type of drive re-
quifres two supplies to run the molor.
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Figure 6 H drive contiguration for one phase. By aliermwtely turning on the
switch pairs, 1he direction of current in the winding (hence the mugnetizution
polarity) is reversed. This method requires eight transiston for ¢ two phase
drive.

CVsupELT

1IN
RESLS TOR

MOTOR
HRASE B

MUTOR

PHALL

1A

SWiTLH B SWITuA A

—

»

Figure 7: Simplified drive configuration for one fuif of u bitilur motor. The
switches alternately turn on, causing the current o How in one phase ol u
time. Each time the (ransistors switch, the mugnetic polarily of the pole
thut the winding is on reverses. The drive requires another set of switches
for the other phuse of the motor.
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Variable Reluctance Stepper Motor

The main difference between a variable
reluctance motor and a permanent magnet
motor is that the variable reluctance motor
contains no magnet in the rotor. Since the
rotor is unmagnctized, the rotor position is
independent of the polarity of the stator
phase excitation. This means that a single-
cnded power source can be used and bifilar
windings arc not required. Since there is no
magnet in the motor, there is no residual or
unenergized torque to hold the rotor at
onc position when turned off.

A comparison of permanent magnet and
variable reluctance stepper motors shows
that a permanent magnet motor has residual
torque when windings are unencrgized, a
lower inductance that yiclds faster current
response, and higher total inertia which
gives a slower mechanical response. Both
motors have advantages in certain applica-
tions. The specific application usually
determines the type and size of the stepper
motor required.

Basic Drives

The purpose of the drive is to get the
correct voltage and current into the motor
within a short Llime period and in an efficient
manner. The direction of the current in the
windings of the permanent magnet motors
is important, as is the proper timing of mo-
tor cxcitation.

Figurce 5 is a simplified diagram of once
stepper motor winding, representing the
motor winding as an inductor. The switches
can alternately connect the winding Lo a
plus and minus voltage supply. This results
in a directional change in the current (and
therefore the magnetic polarity) in the wind-
ing. This is a bipolar configuration. Notice
that this requires two supplies in order to
opcerate.

By using more switches, we can eliminate
one supply, as shown in figure 6. This is
commonly called the H drive or bridge
drive. By turning on one opposite pair at
a time, the winding leads are switched back
and forth from ground to the supply. This
achieves the desired result of changing the
current direction in the winding. Care must
be taken in both these drives to be sure that
the switches are not turned on at the wrong
time or they will short out the power sup-
ply (not 1o mention the rest of the system).

A bifilar motor, however, does not have
this problem, because there are two windings
on cach pole. A drive configuration for a
bifilar motor winding is shown in figure 7.
Each pole has the windings connected so
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Figure 8: Drive scheme for a 3 phase variable reluctance stepper motor. Since
there is no permanent magnet inside, only one power supply is necded.
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that current in one winding creates an op-
posite polarity on the pole from the other
winding. The switches now decide which
winding will be encrgized. The net elfect
is the same as the bipolar drives above, but
only one supply is required, and the switch-
ing wtransistors {or motor) will not be
damaged il they are accidentally turned on
at the same time. On the other hand, the
bipolar drives can give higher torgue at lower
speeds than the bifilar drives. Depending on
which  winding leads are available, the
bifilar motor may also be connected to a
bipolar type drive.

The variable reluctance motor does not
depend on the direction of current flow
since there is no magnet inside. Therefore
it can usc a drive scheme like the one in
figure 8. Remember, however, that the var-
iable reluctance motor does not have any
holding power when de-encrgized. A con-
nection diagram lor several standard wiring
conligurations is shown in figures 9a, 9b and
9c¢. Figure 9a is a standard 3 or 4 lead bi-
polar stepper. Figures 9b and 9c¢ are standard
4, 5, 6 and 8 lcad motors. The only dif-
ference between the various types is that
the common leads on the 6 and 8 lead types
are connected internally on the 4 and 5
jcad style.

A straight voltage supply drive for a bi-
filar step motor system is shown in figure 10.
This type of drive exhibits some difficulty
in lorcing current into the windings. The
inherent problem with this circuit is that
there is a long time constant in the motor
windings which prevents any quick, large
buildup of current. As a result, little torque
is produced. This can be improved, resulting
in a common, fairly inexpensive stepper
drive called the series resistance limiting
drive (figure 11).

In figure 11, aresistor is inserted in series
with the motor common leads, and the
supply voltage is increased. A general rule

a/ 2 PHASE — 3 OR 4 LEADS

! PHASE 2
PHASE 3 LEADS

L

b) 3 PHASE - 4 QR 6 LEADS

PHASE | 4 LEADS PHASE 3

YV Y g e e e e g — — — — @YY
!
|
)

PHASE
2

c) 4 PHASEL - 5,6 0F B LEADS

L
-~

& 8

— — e B LEADS - — —

SLEADS

PHASE | PHASE 2

PHASE 3 FHASE 9

Figure 9: Connection diagrams for various
motors. The dotted line in each configur-
ation is an internal connection when less
than the maximum number of leads are
brought out. The number of leads brought
out of the motor gives an approximate idea
of the number of phases it has. By using an
ohmmeter and measuring the difference
between leads, the exact connection be-
tween phases of the motor can be found. If
the motor is powered up and does not run
correctly, reversing the leads of one of the
phiases should correct the problem fie: ina 6
lead motor, exchange wires on terminals 3
and 4). The best thing to do if you are not
sure of the wiring is to get the manufac-
turer’s literature on the exact motor in
quiestion.
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Figure 10: Simple drive
for u 4 phase bifilar step-
ping motor,

Figure 11: Series resistance
limiting drive.
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of thumb for this scheme is to make the
supply voltage approximalely 5 times the
voltage of the motor. The resistor is picked
to drop the increase in voltage of the drive.
The reason for the superiority of this modi-
fication is that the addition of the resistor
changes the motor’s time constant, allowing
current flow 1o increase faster in a given
time period. In order to maintain the rated
current, the supply voltage is increased. The
biggest disadvantage of this type of drive is
in the power loss in the series resistors,
which makes it very incfTicient.

Various schemes have been developed and
are used to improve upon the design, Figure
123 shows a scheme thal uses a transistor
and diode to switch out a hrigh voltage from
the windings once current has built up sul-
ficiently. Figure 12b shows a method
similar to that of a switching regulator. An
initial controlled pulse source independent
of the motor switches power Lo an inductor,
A sccond pulse that increascs in [reguency
as the speed of the motor increases also con-
trols the power switch. In this design, there
is cnough current at standstill to supply ade-
quate current for static torgue {power on,
but motor and switches not running). As
the speed of the motor increases, the voltage
increases because of the faster swilching
pulses. This continues until the motor sup-

PYSLRP_Y

ply voltage reaches the main supply voltage.
At these speeds, the impedance of the motor
is much higher and it can withstand the
higher voltage present on the windings.

Figure 12c is a more efficient but more
expensive scheme known as a chopper drive.
In this scheme a high voltage is applied to
the winding and removed when the current
sense circuit detects a predetermined cur-
rent in the windings.

For the personal computer experimenter,
the scries resistance limiting supply should
be adequate for most applications.

Once the type of drive to be used has
beenn  decided upon, the most important
item to consider is the drive transistor
switches and protection circuits around
them. The motor coil appears to the driver
switch as a series connected inductor and
resistor. An inductor in a switching circuit
will cause problems if not dealt with prop-
erly. The winding also complicates mat-
ters by gencrating  back clectromotive
force (back EMF), or voltage, which op-
poses the motor power supply. Since the
maotors are usually high current, low imped-
ance  devices, the drives require several
stages of amplification.

In sclecting the transistor, other char-
acteristics arce also important. First of all,
the transistor must handle the current rating

tYSUPPLY
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Figure 12: Three types of higher perfor- ¢

mance drives. (a) Dual voltage supply that
turns off the high voltage supply when
current is built up in the windings, leaving
the low voltage supply on. (b) Switching
regulator approach that increases the voltage
to the windings as the motor speed increases,
thus trying to keep the maximum current
in the windings at any speed. (c) Chopper
drive configuration which applies a high
voltage to the windings to build up current
quickly and then turns it off when a pre-
determined current is attained.
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af the drive. Since the current rating of the
motor is usually for 25°C and motor heating
causcs increased resistance, the transistor
must be derated to take the heating of the
motor into account. And they can get hot!
The peak current scen in the transistor,
which is about twice the average DC current,

A good rule is to not exceed 50 to 60 per-
cent of the transistor’s rating.
The next concern of the transistor is the

reverse vollage rating of the collector-emitter
and collector-base junctions. |7 the supply is
28 V, it doesn’t mean that the rating of the
transistor should be 28 V. Voliages in a
bifilar motor winding, when switching, can
peak at around 100 V with a 28 V supply,
due to the transformer action of the wind-
occurs when the coil phases are switched. ings.

Another concern of the transistor is the
switching time. The longer the transistor
takes 1o switch on or off, the more power
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there will be to dissipate. Commeon switching
times for power transistors arc from | to 2 us.
A switching time of longer duration begins
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Figure 3 Vurious lransis-
{or drive circuits. (a) Low
power drive for small mo-
tars. Diode protects logic
from high voltage if tran-
sistor shorts. (b} Darfington

arrangement 1o boos! MG~ o8
power from logic levels.

fc) High power drive ar-

rangement in which onfy

the  switching  transistor

and motor use the high

voitage supply.
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Figure 14: Swilching transients in an unprotected winding. When the switch
irfes to apen at time 11, the molor winding torces the voltage high sa that
it can muintain the sume ctirrent.
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to waste power. An cfficient switching trans-
istor and an adequate protection nctwork
will help to keep the transistor’s temperature
down. Make sure that the heat sink is large
enough for the power transistor, since most
of the heat is created at low speeds.

Since the computer outpul port cannol
drive the power transistors directly, several
stages of gain must be provided. The gain of
the transistors is important since il is nec-
essary to provide cnough current for motor
rating, yet keep the middle stages in low
saturation. The amplificr stages can be kept
to a minimum by using Darlinglon power
transistors. Remember that Darlingtons get
hotter than normal power transistors, so
they need a larger heat sink.

Table 1 gives a rough comparison ol
transistors available on the market that are
suitable  for stepper motor applications.
Drive schemes for several different power
fevels are shown in figure 13, They all pro-
vide isolation between the processor inter-
face and motor windings. The Tirst is a low
power drive for small motors. The second is
a higher power drive that uses two discrete
transistors in a Darlington configuration,
The third technigue utilizes the +5 V supply
for the switching section and uses the motor
supply only for the motor and output trans-
istor.

Now that we have a method of getling
power 1o the motor, we must be able to
control the transient cffects of the energy
generated in the motor, The basic problem
is shown in figure 14, Here, the switch {or
transistor) has been on for some time and
curtent is flowing through the winding.
Suddenly, the switch is opened. Because the
winding is an inductor, the current will
continue to tlow for some time and the volt-
age will instantly rise in order to keep it
flowing at that rate. At this point the
transient could easily knock out a transistor.

As ligures 15a, 15b and 15c demonstrate,
there are many ways to avoid this problem.
The simplest method, shown in figure 154,
is 1o connect a diode from the winding
back to the supply. This causes the current
in the inductor to flow back around to the
supply and ceventually dic out. The voltage
across the switch at maximum would bu
only onc diode voltage drop above the sup-
ply voltage. Figure 15b follows the same
idea, but a resistor is added to the diode
path. This allows a large voltage spike upon
wrnolf, but current flowing in the winding
decays more rapidly. This is advantageous
when running at higher speeds. A third ar-
rangement (figure 15¢) uses a zener diede
in place of the resistor, limiting the voltage
peak ta a level approximately the same as
that of the supply voltage plus the zener
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Figure |5: Suppression circuits for a stepping motor. The techniques shown
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crease of motor performance, fc) A combination of both.
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voltage. The rate of current decay is lincar
in this casc and is still faster than the straight
diode,

Another type of suppression circuit for
bifilar motors is shown in figure 16. In this
case, the other winding of the pole is used
like a transformer to discharge the current.
As an cxample, let’s say thal the motor is
carrying 5 A and transistor Q1 shuts olf.
In order to kecp current flowing in the wind-
ings, the motor finds a path from diode D1
through the other winding and back to the
power supply. But what docs this do to the
voltages? First of all, the winding connected
to diode D1 would be at —1 V. If there were
5 A flowing, the motor common would be at
+45 V to cause 5 A to flow through the 4 2
series resistor. On the other hand, the voit-
age across Q1 goes up to +95 V because the
windings arc acting like a center-tapped
transformer. The same thing happens in the
other winding when Q2 is turned off.

Part 2 of this article will describe tech-
nigues for interfacing stepper motors to
personal computers.m
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Where to gat a stapper motar:

Swgma Instruments Ine
Braintree MA 02184

18.1408 §22
182013 823

Minimum tilling »s $35.

North American Philips Contris Carporation
Cheshrire Industrial Park
Cheshire CT 06410

Empire Electrical Company
54 Mystic Av
Medford MA 02155

K82201 517
K82401 $17.85

American Design Components
39 Lispenard St
New Yark NY 10013

Berger-Lahr Corparation
Peterborough Rd
Jaftrey NH 03452
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Look for Personal Software™ products at the dealer nearest you!

ALABAMA
COMPUTERLAND
Huetaadle AL 35805
ALASKA

AlihA ELECTRONICS
Avctiorage AK 89503

ARIZONA

COMNPUTER SHOWROOM
Tucsun AZ BRTI0
ARKANSAS

DA TACOPE

Lt Rock AR 72204
CALIFORNIA

JAY-KEN ELECTRONICS
Bakeestietd CA 93305
BYTE GHOP

Burbank CA 91506

8YTL SHOP Of SACRAMENTQ
Citrus Heights CA

COMPUTERLAND OF EL CERRITO
Ef Cirmto CA 33530

BUSIMESS ENHANCENMENT
COMPUSERVICE
Estondito CA 92007

CHANNEL DATA SYSTEMS
Golew CA 03017

AAINHOW COMPUTING
Gearadda Hilly ChA 91344

BYTE SHOP OF HAYWARD
Haywargd CA 99541
COMPUTERLAND OF HAYWARD
Haywarg CA 94541
COMPUTERLAND OF WEST L A
inglewood CA 90302
COMPUTERLAND OF SOUTH BAY
Lawndate CA 90280

A-VIDD ELECTRONICS
Leng Bearh CA 90815

HOBBY WORLD ELECTRONICS
Narthnigge CA 91324

COMPLTERS-MADE-EASY
Paimeak CA 93550

BYTE SHOP OF PLACENTIA
Flacenua CA 92670

CAPITOL COMPUTER SYSTEMS
Sacramento CA 95616
COMPUTERLAND

San Bernadino CA 92404
COMPUTERLAND OF SAN DIEGC
San Cregn CA 92111

COMPUTERLAND OF
SAN FRANCISCO
San Francisca CA 94105

COMPUTERL AND OF SAN JOSE
San Jose CA 95129

BYTE SHOP
San Lams Obespes CA 83401

MARIY COMPUTER CENTER
San Aaaet CA 94903

ADVANCED COMPUTER PRODUCTS
Sanki Ang CA 92705

THE COMPUTER STORE

Soeta Manaa CA kit

RYTE SHOP
Sumar CA 94585

HYVE SHOP Of TARZANA
Tarzana CA 31350

COMFUTERL AND OF
THOUSAND QAKS
Thousand Qaks CA 91360

SkIAL. SYSTEM SOHTWARE
Thousing Oaks CA M350

COMPUTER COMPONENTS
Van Mays CA SN

COMPUTERLAND
walnut Creek CA 9498

BYTE SHOP
Westmunslesr CA 92683

COMPUTER COMPONENTS OF
ORANGE COUNTY
Westminster CA 92683

COLORADO

AMPTEC
Denver CO BO2Y6

CORPUTERLAND
Denves GO 80222

CONNRECTICUT

COMPUTERLAND OF FARFIELD
Faimhwid €7 06430

Circle 302 on inquiry card.

JRY COMPLITER STORE
Hamden C1 00518

THF COMPUTER STORE
Hartloed CT 16103

THE COMPUTER STORE
Windnor Locks CT 0R096

WASHINGTON D.C.

COMPUTER CABLEVISION
Wwastngtlan D C 20007

FLORIDA

COMPUTERL AND

Boca Adon FL 33432
THE COMPUTER STORE
Bradirnton FL 33505

THE COMPUTER STCRE
Clearwates FL 13516

UCATAN
Desua FL 32541
BYTE SHOP
Fort t auderdaly

COMPUTERLAND
Fort Laugergate FI 308

FL 33334

COMPPUTERS FOR YOt!
Fort Landerdaie FL 33312

DATA MOVERS

Forl Meyers FL 3390

FOCUS SCIENTIFIC EMVEFPRISES
Miam FL 33130

GRICFE ELECTRONICS
Pensacola FL 32589

COMPUTERAGE
Pompano Beach FL 33062

MICRO COMPUTER SYSTEVS
Tampa FL 33609

COMPUTER CENTER OF
PALM BEACHES
Wes! Patm Beach FL 33209

GEORGIA

ADVAMNCE COMPUTER TECHNOL OGIES

Atlanin GA 30328

DATAMART
Atlanta GA 30205

COMPUTERLAND OF ATLANTA
Smyrna GA 30080

HAWAU

MICROCOMPUTER SYSTEMS
Hoaolu'y MA 96833

RATHO SHACK 'Deaire
Lehuie HA G67HG

ILLINOIS

COMPUTERLAND OF
ARLINGTON HEIGHTS
Artinglon Hemghts 1L (11003

FARNSWORTH COMPUTER CENTER
Aurora L BN505

KAPPEL § COMPUTEH STORF
Bellewite 1L 62200

BYTE SHOP
Champaign 1L H1870

THE ELEKTRIK KEVBOARD
Chicaae 11 60614

EMMANUEL B GARCIA IR
AND ASSOCIATES
Cricago L 60613

PERSONAL COMPUTER
Chucago 1L 61820

COMPUTERL AND
Downers Grave 1L 60515

COMPUTER STATION
Grarute City 1L (2040

COMPUTEALAND OF NILES
Niles 1L 60638

COMPUTERLAND
Gak Lawn 1L 60453

COMPUTERLAND OF PEORIA
Peotia 11 61614

BATA UOMAIN
Schaumbutg 1L 60185

INDIANA

DATA DOMAIN OF FORT WAYNE
Fort Wayne [N 16805

PUBLIC COMPUTING
Latayette IN 47904

IOWA

THE COMPUTER CENTER
Waterioo 1A 50701

KANSAS

PERSONAL COMPUTER CENTER
Overtandg Park KS 662006

COMPUTEH “YSTEMS DESIGN
Michia K& 6T

LOUISIANA

COLFUTER SHOPPE
Mt LA 70002

MARYLAND

COMPUTERLAND
Rocbkuatle MD 20855
COMPUTERS ETC
Towson MD 21204

COMPUTFRS UNLIMITED
Towsuen MD 21204

MASSACHUSETTS

THE COMPUTER STORE
Builington KA 01803

THE COMPUTER STORE
Camptwtqe MA 02138

MAD HATTLHR SOF TWARE
Chalvea MA 02150

NEW ENGLAND ELECTRONICS
Sprnghiels MA 01103

MICHIGAN
NEWMAN COMPUTER EXCHANGE
Ava Adhar K AB1OL

NEW DIMENSIONS IN COMPUTING
East Lansing M 48823

COMPUTERLAND OF

GRAND RAPIDS

Kentwoug A 43508

COMPUTER MART OF BOYAL OAK
Roval Oax AN 13073

TR CITY COMFUTER MART

[RIRSTI O

Sagoaw,

COMPUTERL AND

Acoihtedn At 18031

LEVEL FOUR PRODUCTIONS
Waontlang R 1BIBS
MINNESOTA

COMPUTERLAND
Bla. nungton MN 65331

[SIREY
Ao apuohs

MISSISSIPPI

OXFORND SOFTWARE CO
Oxtargd MS 38655

MISSQUA!

CONPUTER COUNTRY
Flenssant MO

NEVADA

HOMF COMPUTERS
Las Veaas NV 3100

NEW HAMPSHIRE

COMPUTERL AND OF NASHUA
Mastuae NH D060

NEW JERSEY

COMPUTER t AB OF NLI
Budld Lake NOOTB2B

COMPUTER FMPORINIK
Cireery, Full NI OBOOD

AN 55446

COMPUTER MART OF NJ
N DRG0

CONMPUTEHLAND

Parmus NJ 07650

COMPUTER NOOK

Puvs Hrook NI 07056
COMPUTER ENCOUNTER
Pancoten N 08540

TYPTHOMNIC COMPUTER STORE
Rameaey NJ 07446

NEW YORK

COMPUTERI AND
Can) Place NY 11514

COMPUTER SHOP OF SYRACUSE
Do Wit NY 13018

THL COMPUTER TRFE
Endwell NY 13760

LONG ISLAND COMPUTER
GENERAL STOFRE
Lynhrook NY 11563

15

COMPUTER MICROSYSTEMS
Manhasset NY 11030

THE COMPUTER FACTORY
New Yosrk NY 10017
AUITOMATIC SYSTEMS
Poughheepsic NY 12603
COMPUTER HOUSE
Rorhester NY 12609

THE COMPUTER STORE
Rochiester NY 14618

THE COMPUTER CORNER
White Piins NY 10601

NORTH CAROLINA

COMPUTERLAND
Chartatte NC 28205

FUTUREWORLD
Durham NC 27707

BYTE SHOP
Greenstroro NG 27400

MICROCOMPUTER SERVICES
Hickory NC 28601

BYTE SHOP OF AALEIGH
Halewgh NC 27605

OHIO

BASIC COMPUTER SHOP
Abcor OH 3314

CINCINKATI COMPUTER STORE
Cincionet OH 45246

21ST CENTURY SHOP
Cwncinnate QH 45202

CYBER SHOP
Catumbus QM 43227

MICRO MING COMPUTER WORLD
Columbus OH 43213

ASTRO VIDEQ ELECTRONICS
Lancastes OH 3130

COMPUTERLAND Of CLEVELAND
Mayheld Heghts OH 43121

RADIOY SHACK (Decalert
St Clarswtte OH 33950

OKLAHOMA

BUSINESS MICRO SYSTEMS
Onlahoma City OK 73108

HIGH TECHNCLOGY
Owtationmn City OK 73106

HiGH TECHNOL OGY
Tuisa OK 74129

OREGON

THE COMPUTER STORE
Corvallis OR 97330

CANERA AND COMPUTER
EMPORIUM
Portiand OR 97205

COMFUTERLAND OF PORTLAND
Tigart OR 97223

PENNSYLVANIA

PERSONAL COMPUTER CENTER
Fiazer PA 19255

COMPUTER AID
Lattobes PA 15R50

THE COMPUTER WORKSHOP
PA 15068

RADIO SHACK (Drater)
North Walees PA *9454

A B COMPUTERS
Prikasie PA 18G4

MICROTRONIX
Philadetptua PA 19106

SOUTH CAROLINA

DATA MART
Greenvlic SC 29607

TENNESSEE

MICROCOMPUTER STORE
Knoxville TN 37919

COMPUTER LABS OF MEMPHIS
Memphis TN 38117

DOC S COMPUTER SHOP
Nashuile TN 37211

TEXAS

COMPUTERLAND OF AUSTIN
Austin TX 7B757
COMPUSHOP

Dallas TX 75243
COMPUTERLAND

Danas TX 75201

KA ELECTRONICS SALES
Datlas TX 75247

COMPUTER TERAMINAL

£1 Pasp TX 799M

COMPUTERCRAFT
Houston TX 77063

NEIGHRBORHOOD COMPUTER
Leavilt TX 79401

THE COMPUTER SHOP
San Antomo TX 78216

COMPUTER SOLUTIONS
San Anformg TX 78229

WICHITA COMPUTER SYSTEMS
Wichita Falls TX 76301

Murryset e

UTAH

THE HI-FI SHOP
Sall Lake City UT 84137

VERMONTY

COMPUTERMART
Essex Junchon VT 05452

VIRGINIA

COMPUTER HARDWARE STORE
Alexandrna VA 22314

COMPUTERS PLUS
Alexandna WA 22304

HOME COMPUTER CENTER
Newport News VA 23606

THE COMPUTER PLACE
Roanoke VA 24015

WISCONSIN

BYTE SHOP OF MILWAUKEE
Greenheld Wi 53227

COMPUTERLAND
Madison Wi 53711

MADISON COMPUTER STORE
Madison W1 53711

FOX VALLEY
COMPUTER STORE
Neenha WI 54956

WASHINGTON

COMPUTERLAND OF SOUTH
KING COUNTY
Federal Way WA 98003

YE OLOE COMPUTER SHOPPE
Richlarg. WA 99352

AUSTRALIA

ELECTRONIC CONGEPTS PTY LTD
COMPUTERLAND
Sydney NS W

CANADA

COMPUSHOP
Cagary Atberta T2N ZA4

THE COMPUTER SHOP
Cagary Alberta T2T 478

COMPUTER CITY
Winnepeqg, Mamioba A3 OHB

COMPUTERLAND
winnepeg Mamtoba AIG 0Md

INTERAGCTIVE COMPUTER SYSTEMS
Fregenchtan New Broanswick

KCBETEK SYSTEMS
Weltyille, Nova Scotia 80P X0

CCMPUTER INNOVATIONS
Otlawa. Ontano K1B SA8

FUTUR BYTE
Montreat Qurbec H3B 3C9

ENGLAND

BYTE SHOP
Mord Essex

INFOGLNDE
Longon

CYTEK
Mancitestar Md 3E4

PEYSOFT
Nowbury. Berkshire RG13 1P8

KEEN COMPUTERS
Notingham NG7 1FN

PETALECT
Woking Suriey

OPTRONICS
Twackenham TW1 4RY

GERMANY

ING W HOFACKER
8 Munchen 75

HOLLAND

COMPUTRON
Den Haag 2502 ER

ITALY

MOME MICROCOMPUTERS SRL
20123 Milano

SWEDEN

MICROFUTURE
Stcokhoim 10322

SEMIDAKO
Upnsala 75353

SWITZERLAND

INTERFACE TECHNIQUE
Basel

DIALOG COMPUTER
Lucerne

ELBATEX
Welhingen
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Fast Fourier for the 6800

Richard H Lord
Bennett Rd
Durham NH 03824
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If you're involved with music or speech
processing applications with your computer,
you've probably wished you could look at
the frequency spectrum of your sampled
signals. This may not be as difficult as you
might guess, because here is a simple,
straightforward  fast  Fourier transform
(FFT) subroutine that can do the trick in
just a few seconds.

A Microhistory of the
Fast Fourier Transform

The analysis of waveforms for harmonic
content has a long and fascinating history.
Bernoulli and Euler developed the mathema-
tics of the transform while experimenting
with musical strings in 1728, nearly a hun-
dred years before Jean Baptiste Fourier gave
his name to the equations. Interest in predic-
tion of the tides led Lord Kelvin to build a
mechanical harmonic synthesizer that in-
spired the construction of increasingly com-
plex mechanical harmonic analyzing ma-
chines. This trend culminated in the Mader-
Ott machine of 1931, which is on display at
the Smithsonian Institute in Washington DC.

With the growth of the telephone and the
communication industry came sampling
theory and the discrete Fourier transform.
At first, discrete Fourier transforms were
hand calculated and tabular forms called
“schedules’’ were soon employed to speed
the process. With the development of digital
computers in the 1940s this task became
somewhat easier to perform. The number of
calculations required still made the concept
of real time discrete Fourier transforms un-
likely even on the ever faster new computers.

Then in the 1960s a number of matrix
theory mathematicians, including | W
Cooley and ] W Tukey, went back to the
“schedules” and discovered that a great
many of the terms were redundant and
could be factored out. The procedure they
evolved became known as the fast Fourier
transform, which reduces the number of cal-
culations to the point that special hardware
can be built to perform the transform in real
time and display the frequency spectrum
continuously on a video display.

The Basic Concepts

A number of books have been published
describing the mathematics of the fast
Fourier transform in some detail. A few of
these contain sample programs in FOR-
TRAN, ALGOL, or BASIC. However, the
use of a high level language to perform this
computation not only costs a great deal in
speed and efficiency, but also obscures the
simple binary processes that characterize the
algorithm. Since high leve! languages do not
usually support bit manipulation, these pro-
cesses can become almost as time consuming
as the arithmetic.

Clearly, assembly language pragramming
of the fast Fourier transform olfers many
advantages, but the literature seldom pro-
vides any examples of assembly leve! code to
illustrate how the equations are imple-
mented. Thus the program described in this
article may well be the reinvention of some-
one else's “‘wheel.”

The details of the inner workings of the
fast Fourier transforms are left to the techni-
cal references, but the basic concepts are not
difficult to grasp. The transform involves
complex products which behave in the
manner of the coordinates of a rotating
vector. When this vector is at angles which
are multiples of 90 degrees, the sine and co-
sine terms of the equations become +1, 0, or
—1. Since terms containing these values do
not require computed multiplication, the
arithmetic becomes very simple. Other terms
cancel each other out in order to simplify
the cquations at other angles. By facloring
these terms out ol the transform, many
unnecessary calculations may be eliminated.

The input data may be thought of as ele-
ments of an input matrix which will be mul-
tiplied by a transform matrix. The product is
a matrix containing the transformed data,
The redundant elements may be factored
out of the transform matrix, converting it to
the product of a number of simpler trans-
forms. For an input array of 256 points, a
discrete Fourier transform would require
256 by 256 complex products or 262,144
binary muitiplications. The fast Fourier
transform rcduces this to eight simpler trans-
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forms and ultimately requires 8 by 2 by 256
complex products, or 16,384 binary multi-
plications (1/16 the number of previcus
multiplications). Even greater savings are rea-
lized as the number of points increascs.

Each of the simplified transforms oper-
ates on the data in pairs of complex points.
The real and imaginary parts of a pair are
transformed and the new values placed back
in the array so that the transform is per-
formed “in place.” The algorithm then
moves on to the next pair until all pairs
have been transformed. The process is re-
peated for each of the eight stages of our
256 point transform, but on each pass the
distance between pairs is changed.

On the first pass, adjacent points are
paired. After completing a pair the algorithm
skips down to the next. In a sense, the data
has been split into 128 adjacent 2 point
transforms. These 128 groups are known as

cells. On each subsequent pass the distance
between elements of the pair is doubled. In
the second pass there are 64 cells, each four
elements wide. On the final pass there is
only one cell containing all 256 elements.
This process of forming pairs and cells
causes the elements of the array to become
scrambled. On the final pass the data is com-
pletely mixed up and must be sorted out be-
fore it can be used. The way it is scrambled
is very intercsting, though. If each element is
assigned a binary number that represents its
locatien in the array, the scrambled data
makes it appear that the computer has read
this binary address backwards. It is as if the
binary word were swapped end for end so
the most significant bit (MSB) appears where
the least significant bit (LSB) should be.
This rearrangement of the data may be
corrected by swapping each data point with
its bit reverse addressed mate. The procedure

Figure 1: Fast Fourier
transform of a square wave
using the author's tech-
nique. The real (or sine)
part of the transform is
shown in (a). The imagin-
ary (or cosine) part of the
transform is shown in (b).
The resulting transform is
at (c). The resulting trans-
form values are normally
found by taking the square
root of the sum of the
squares of the cosine and
sine elements. In order to
save computational time,
however, the author takes
the sum of the absolute
values of the terms, which
introduces  slight errors
into the relative magni-
tudes of the components.
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Listing 1: Routine in 6800 ussembly lunguage to perform a 256 point fast
Fourier transform.

GeBEl
Hooaz
01550
Q664
#8105
0Reb6
aaaa?
aeoos
69669
@ao1a
vaE1l
Boe1z
poElz
aBeis
1515155 b3
Geale
@eo17
Bap1s
Ben19
woeze
BBez1
%5
aag23
Baaz4
@eazs
aBe2¢
BoBzZ?
agoze
215 %))
BoU20
aeE31
6la ey
eaaxz
Qo4
aaazs
<51
Boaz?
BEB2a
ae63o
u6B40
aeEdl
gea4de
08B4x
Bagd4
6aa4s
@be46
Gead?
6BR42
BEaTe
aBast
anase
80853
al= ]
BEESS
BBaSE
0Ees7
ap0e58
Boe59
(41515140
@866l
1515041292
apas3
a6e6d
@8ee6s
BEaes
“an67?
aeBss
HBRED
agare
veerL
@eavz
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aloeld

eB2B
Baz2
8024
@826
0a23
@a2A
@82B
pozC
Bazn
A92E
RReF
PBxd
gzl
BazZ
#8332
2914
2835
9826

February

GB66
8566
2688
2448

aBBz
6151574
aaez
Goez
2092
BoeL
515141
BaBl
aaal
aaal.
vl
(6151540
281
[<1515hY
aaal
0001
@ea1
8004

HHH FFT4#2
OFT U, 5, NUGEN

AA% &

w:

FRST FOURIER 4

o TRANSFORM *
4+ SUBROUTINE ok
% BY R OH LORD o
w4 Z1 APRIL, 4378
A A A
doge
#¢ THIS ZUBROUTINE FERFORMS ® 256 FOINT FFT

+E
Ak
EEJ
i
B 3
A4
#H
EXS
ek
ik
%k
g
& &
4
*:4
*k
X3
4
4
*4
s
EE S
ER A

ON THE DATA IN THE INFUT DRTA THELE

INPUT DATA 1S ASSUMED TO BE THWO 5 COMPLEMERT

THE SUBROUTINE GEMERATES A COSINE (REAL) AND SIME
CIMAGINARY Y TATA TABLE AT “RERL" AND " TMAG™

THE RESULTANT TRANSFORM DATA 12 123 FOINTS
SYMMETRICRLLY REFLECTED ABOUT THE CENTEFR OF

THE 256 POINT TRELE

THE SUBROUTINE AZSUMES THHT THE INFUT DATH

1% ALL REAL AND THEREFORE DOES HOT MANIPULATE
THE IMRGINARY FORTION UNTIL AFTER THE FIRST
PASS

ALL CATA AREAS MUST BE ON PAGE EBOUNDRRIES (XXod)
SINCE THE ROUTINE MANIPULATE= OMLY THE LZEBE‘S

THE TWO”S COMPLEMENT MULTIPLICATION IS KEPT RS H
SEPARATE SUBROUTINE. 1T MAY BE PERFORMED WITH

A CORYMENTIONAL SOFTHWARE MULTIPLY SUBROUTINE

BF WITH B HARDWARE MULTIFLIER FOR HIGHER SFEED

THE SUBRODUTINE SCALES THE [ATA WHENEVER
IT ANTICIPATES OYERFLUOM  THE SCALE FRCTOR
COUNT IS AMAILABLE IN "SCLFCT®

FET e

Aok

DATA AREAS ok

INFUT
RERLT
IMAGT

SIN

EGU
EQU
EQU
ET EQU

$6860
3850
9600
0400

Y oy

INFUT DRTA THELE

"REAL" DATA TABLE
"IMAG" DATA TARBLE
STNE LOOKUF TRELE

RG Fouzn

BASE PARGE PTRS  #x

EEF S P EFFRRIE R L LR 228 2

RLPTL RMB 2 "REAL" DATH FOINTERS
RLFTZ FMB 2

IMPT1  RME 2 “IMAG " DATH FOINTERS
IMPT2 RME 2

SINFT RME 2 SINE TRELE POINTER
CELNUM RME i CELLS FOR THIS PASS
CELLT RMB 1 CELL COUNTER FOR PASS
PRIFNH RMB 1 PRIES/CELL

CELDIS RMB i CELL OFFSETC(DISTANCE)
DELTR RME i ANGLE THCREMENT
SCLFCT RMB 1 SCALE FACTOR CTR

COSA FMB i TEMPORARY COSIHE

SINA  RMB 1 TEMPORARY SINE

TRERL FRMB 1 TEWP. EERL DATH

TIMAG RMB 1 TEMF.  IMAG CATA

MSeY  RMB 1 MULTIFLY M5B

L=BY  RMB i MULTIFLY LSB

MPA RIMB 4

SOFTHARE MPY ACCUM

we
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is called “'bit swapping’’ and may be per-
formed either at the end of the fast Fourier
transform or before it is begun. The pre-
transform swap is maore convenient because
less points need be swapped and because the
vector rotation within each cell is simpler. In
the posttransform version the vecior angles
would also have Lo be bit swapped.

Implementation

Now that we have looked at the concept,
let us look at how it can be implemented.
The algorithm has been written as a subrou-
tine (see listing 1) to be called by a signal
gathering and display program. It assumes
that this program has stored some time de-
pendent data in 2's complement form and
that a 256 byte sample of this is to be trans-
formed to the frequency domain.

The fast Fourier transform subroutine be-
gins with an address lookup table for the
data areas. This table makes the reassign-
ment of these areas very simple. The INPUT
data area may be anywhere in memory, but
the SINE, REAL, and IMAG arrays must be
at address page boundaries (ie: at hexadeci-
mal XX00), and REAL and IMAG must be
in adjacent pages forming a continuous 512
byte block. These restrictions greatly simpli-
fy address calculation within the program.
SINE is the address of a 256 byte sine and
cosine lookup table which must be loaded in
with the transform subroutine,

The first instruction of the subroutine
clears the variable SCLFCT which keeps
track of the number of times the data has to
be scaled to prevent overflow. The IMAG
array is then cleared and at MOVE the IN-
PUT data is copied into REAL, where the
transform will take place. The data is then
prescrambled to put it in bil reverse order
for the transform process. The bit reversed
address is calculated by rotating the least sig-
nificant bit of the address into the carry and
rotating the reversed address out in the op-
posite direction. The new address is com-
pared with the first address to prevent
swapping the data back to the original order,
then the two array elements are exchanged.

Once the swapping is complete, the data
is ready to be transformed. The fast Fourier
transform is performed in eight separate
passes; before each pass begins, the data is
tested by SCALE to prevent any overflow,
For the first pass there are 128 cells formed
by adjacent pairs of data. In this pass the
vector angle steps in multiples of 180 de-
grees. This means that all the sine terms are
0 and the cosine terms are either +1 or -1,
Also there is no data yet in the IMAG array.
The general equations thus become greatly
simplified and the pass is reduced to addi-
tion and subtraction among elements of the






Listing I, continued:

a2
0ear4
eBoers
Peeve
0eB??
BeB/B
5151 FgC)
alals S
aeesl
00082
oeBaz
@084
Brags
aBest
@ee37
Beess
aee8s
ala il
vea91
00092
98693
00a94
BOBOS
28856
agas?
appos
08099
86106
(512125
ee102
86163
@164
aal1as
BaLeE
aeLay
aalas
ag1es
wa11e
80111
geilz
1217 S
na1i4
48115
gelic
28117
@e11s
881139
08126
6g121
ag12z
aglez
@124
@125
aa1z6
aa12?
ag1ze
6e129
voize
88121
#8132
@e133
80124
a@1zs
BaLze
@a@1?
08133
a91z9
ap14a
oe141
3142
#9143
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azaz
8204
6266
@208

@20A

928D
0210
@211
821%
214
0215
8217
@217
821C
B24F
ezzi
B2z
022y
g226

228
W22A
B22¢

@22

8221
azz4
G236
@828
B23A
@z
8230
244
G241
A24%
8249
@247
9244
8248
@z24D
B24F
@25l
8253
B255
@257
B25A

RS BD BIXZ FASSL

20 88

6560
9Sup
8600
g4u@

7F

FE

[N Ve B K B B SV g N o B e
AR DO TIM

I
L=s

GB2F

9206

0]

FH
9202
26
@204
22

[5%]
26
2z
[214]

0922
Fa

o4

22

& 68

a2z

F9
22
24
aE
20
a6
22
20%]
06
2a
08
@621
0C

*®x  START OF TRANSFORM Ak
ORG $0200
BRA START JUMP AROUND PRRAMETERS

*%  ADDRESS LOUK-UP TRELE #&
% FOR DATA AREAS ok

INPD  FOB INFUT SET UP CGATA AREAS
REAL  FDB REALT

IMAG FDB IMAGT

SINE  FDB SINET

*k HARA R AAAAAA

ok

START CLR SCLFCT  NOTHING SCRLED YET
Aok

*k INPUT DATA SET-UP Ak

CLERR

LD¥ 1MAG CLEAR DUT IMAG
CLE B SET UP COUNTER
CLR1L CLR B, 4 CLERR MEMORY
INK
DEC B
EBNE CLRd
MOYE  LDX INFD SET UP POINTERS
5TX RLFTL
LD REAL
ST RLFTZ
Mokl LDX RLPT1 MOVE INPUT DRTH
LbAR A 8, X% TO "REAL" ARRAY
INE
ST RLFTL
LE RLFTZ
STA R 6%
INC RLFTZ+1
BHE MOl TEST FRGE OYERFLUMW

4+ PRE-TRANSFORM BIT SWAP #*

Kok

LD¥  REAL  SET UP DATA POINTERS
STY  RLFTL
STX RLPTZ
BITREY LDA B S SET BIT COUNTER
LDA A RLFTL+1 GET POINTER 1
BRYL  ROR A REVERSE BIT ORDER
ROL RLFTZ2+41 FOR SECOHD FOINTER
DEC E COUNT EITES
ENE  BRYL
LDA A RLFTZ+1 GET REVERSED ENTE
CMP A RLFTL+1 COMPARE WITH #1
BUS  SWPL  ERANCH IF ALREFDY SWAFPED
SWAF LDX  RLFTL  GET FOINTER 1
LDR A 9% GET AL 1
LD¥  FLFTZ  GET PUINTER 2
LA B @, % GET VAL Z
STA A @ % REPLRCE WITH YAL 1
Lb¥  RLFTL  GET FIRST POINTER
STA B @,% COMFLETE SHAP
SWPL NG RLPTL+1 DO HEXT POINT PAIR
ENE  BITREY  UNLESS ALL FRE DONE
ok FFT FIRST PASS ok

#k  SINCE IN PASS 1 ALL ANGLES Wk
#k ARE MULTIFLES OF 129 DEG
4% THERE ARE NO PRODUCT TERMS. 4
ok AND NO IMAGINARY TERMS YET %
4  HENCE A FAST YERSION OF PRSS 1 #+%

IZK SCALE SCALE IF RANY OWER-RANGE DHTA
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REAL array. Considerable time is saved by
making this pass separate and bypassing the
unneeded table lookup and multiply rou-
tines.

Once this pass is completed, the arithme-
tic gets much more complex. The remaining
seven passes are performed by a general fast
Fourier transform algorithm. It begins at
FPASS by sctting up 64 cells of four ele-
ments with the pairs separated by two units.
The vector angle is set to increment by 90
degrees by setting DELTA to 64. At NPASS
the pointers are set up for the first cell and
the pass then begins with a sine and cosinc
table lookup. The complex data pair is then
processed using the standard fast Fourier
transform equations:

TR =
Tl =

RN COS(w) + IN SIN(w)
IN COS(w) - RN SIN{w)

RM'= RM+TR RN'= RM-TR
IM' = IM+TI IN= (M- TI

After cach pair has been transformed the
angle is incremented by DELTA and the
next pair processed. When all pairs in a cell
have been transformed the routine moves
down to the next cell and returns to NCELL
to continue the process. When the last ccll
has been done, CELCT becomes 0 and the
pass is complete.

At the end of each pass the number of
cells and the angle increment are divided in
half and the pair separation and number of
pairs per cell are doubled. The whole process
is then repeated by branching to NPASS
until the end of the last pass when the num-
ber of cells becomes 0. The routine then
branches to DONE and returns to the calling
program,

The SCALE subroutine is used to antici-
pate and prevent overflow of the 8 bit data.
It is called before each pass and begins by
testing the value of each data point. If any
point exceeds the range of -64 to +64 the
subroutine branches to SCL4 where the en-
tirc array is scaled down by a factor of 2.
The variable SCLFCT is incremented to indi-
cate the total number of times the data has
becn scaled.

The multiply routine has been placed at
the end of the program to make substitution
of other versions easy. The original program
was written for a hardware multiplier similar
to the device described by Bryant and
Swasdee in April 1978 BYTE, page 28. To
eliminate the need for such exotic hard-
ware, a software multiply routine has been
substituted with some increase in transform
time, After the multiplication is completed
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Listing 1, continued:

68144 O25F FE 8264 LD REAL SET UP POINTERS
88145 262 DF 2@ 5TX RLPT1

p@id4e 8264 DE 2@ PAL LG RLPT1 GET POINTER

Bb147 B266 AE @@ LbA A 8 X GET RM

20142 0268 E6 01 bR &8 L. ¥ AND RN

Q8149 G26R 26 *SH H SAYE RM

PB156 w26B 1B AEBFR M =FM+RN

#8151 026C HY ©0 STAR A¥ STORE NEW RM-
009152 62Z6E 22 FUL A GET OLD RM

08153 @26F 10 SBA RN~ =RH-RN

28154 8276 A7 64 STA A L& STORE RN/

88155 B272 7C W21 INC RLPT1+1 MOYE TO NEXT PRIR
0808156 0275 7C 6021 INC RLFT1+1

90157 @278 26 EA BNE PARL KEEP GOING TILL DONE
BEASE T, -

68153 44 COMPUTATION OF FFT Aok

80168 4ok FH55 2 THRU N Ak

ag161 Hih

AO162 @274 26 4@ FPHSS LDA A #64 SET UP PARAMETERS
@a163 @27C 97 A STA A CELNUM  FUR CELL COUNWT
ea164 @27E 97 2E STA A DELTA AND ANGLE

80165 6220 86 62 LDR R #2 AMND FOR

86166 B282 97 ZC STA A PAIRNM  PAIRS/CELL

vB167 B284 97 2D STA A CELDIS  OISTANCE BETHEEW FRIRS
0@168 0286 BD BT NPASS J5R SCALE KEEF DRTA IN RANGE
@Bi65 6289 96 27 LDA A CELNUM  GET NUMBER OF CELLS
881708 826B 97 2B STR A CELCT PUT IN COUNTER
88474 826D FE 0204 LDX REAL SET UP POINTERS
88172 0290 DF 20 STX RLPTL

08173 8292 DF 22 STX RLFT2

@e174 0294 FE 9206 LD¥ IMAG

80175 8297 DF 24 STX IMPT4

@B17¢ 8293 DF 26 ST 1MpT2

60177 @298 FE 06208 NCELL LDX 5INE

009178 029E DF 28 S5TX SINPT

86179 82RO D6 2C LDA B PAIRNM  GET PAIRSZCELL CTR
00180 B2R2 96 21 NC1 LDA A RLFTi+1 GET POINTER 1 LSBY
88181 B2A4 9B 2D ADD A CELDIS  ADD PRIR OFFSET
8818z B2AG 97 23 STAH A RLPT2+1 SET BOTH POINTER 275
90182 @2R8 97 2 STR B IMPT2+1

86184 B2AA 37 PSH B SAYE PRIR CTR
88185 G2ZAB DE 28 LDX SINPT SET UP SIKE LOOKUP
99186 B2RD A6 80 LDA A @, X GET COSINE OF RNGLE
00187 @2AF 37 30 STH A CO3A SAYE ON BASE PAGE
00188 62B1 A6 48 LDR A 64, % GET SINE

00189 8282 97 21 STR A SINA AND SAYE 1T

@B8150 62B5 DE 22 LDX RLPT2 GET “REAL" PDINTER 2
80191 G2B7 RS @Y LoA A @, X GET RN

080192 8289 36 FSH A SAYE IT

68193 B2BA D6 20 LDR B COSH GET COSINE

08194 B2BC BD 836A JSK MPY MAKE RN+COS<R)
08195 @2BF 97 22 STR A TREAL SAYE 1T

88196 82C1 22 PUL A RESTOURE RN

80197 02C2 D6 X1 LDA B SINA GET SINE

88198 02C4 BD B36H JSR MPY RHASTNCA)

90199 @zC7 97 33 STA R TIMAG

#0200 62C9 DE 26 LD IMPT2 GET IMAG. PQINTER 2
60201 02CB A6 @0 LDA A @.% GET IN

8@202 92CD 36 PSH A SRVE IT

86262 B2CE D6 31 LbA B SINA GET SINE

@62a4 8208 BD @36R JSR Py IN+SINCRY

08205 @203 9B 32 ADD A TRERL TR=RN+COS+IN+SIN
00206 @205 97 12 5TA A TREAL

eg2ey 9207 32 PUL A RESTORE IN

86203 02D8 D6 38 LDA B COSH GET COSINE

aB289 B2DA BD G26A JSR MPY IN+COS(AY

Bez1@ 20D 98 32 SUB A TIMAG TI=IR*COS-RN+SIN
88211 820F 97 23 STA A TIMAG

@pe12 @2E1 DE 28 LD¥ RLFT1

BEZ1: B2EZ RS BA LDR B 8, % GET RM

oezi4 @2ES 18 THB SHYE 1T

February 19792 BY TE Publications Ine

the data must be scaled up by a factor of
2. This is because the sine and cosine terms
represent fractional binary values. The least
significant bit is shifted in from the lower
bytc Lo preserve accuracy.

Analyzing the Results

After working with all this mathematics
and software, what do you end up with? We
started with a 256 point time domain sample
in REAL. The fast Fourier transform con-
verts this to a frequency domain sample cor-
responding to the spectrum of the input.
The first element of each array represents
the DC component of the input. The next
element represents the sinc wave with period
equal to the duration of the input sample.
Each remaining element depicts a multiple
of this frequency until the middle of the
array is reached, representing 128 cycles per
period. The remainder of the array is sym-
metrical to the first 128 points.

Each element in the REAL and IMAG
arrays represents information about one fre-
quency component of the input sample. But
why do we end up with two arrays, and
what do the cosine terms of REAL and the
sine terms of IMAG really mean to us? Usu-
ally this information is described in terms of
amplitude and phase of the component, and
often the phase information is of little inter-
est. The cosine and sine terms represent the
X and Y components of a vector with length
and angle equal to the amplitude and phase
terms that we are after. All we have to do is
find the length of the vector from the square
root of the sum of squares of the cosine and
sine terms.

The only problem is that this calculation
requires almost as much time as the trans-
form, due to the square root. If we bypass
the root and display the sum of squares (the
power spectrum) we miss most of the detail
of the lesser components. | have found that
the highly unmathematical solution of dis-
playing the sum of the absolute values is fair-
ly satisfactory, although it introduces some
error in the relative amplitude of peaks. This
value is then sent to a digital to analog con-
verter for display on an oscilloscope.

Putting the Fast Fourier Transform to Work

This program has a number of interesting
applications for speech recognition, image
processing, and the synthesis of musical in-
struments. A recent issue of The Computer
Music [ournal even describes a program for
transcribing recordings back into sheet music
{sec bibliography, page 118).



MEASUREMENT
systems & controls

PROUDLY ANNOUNCES:
64K BYTES OF RAM

FOR
ONLY:

NOT A KIT
FULLY ASSEMBLED
COMPLETELY TESTED
ON BOARD CRYSTAL &
TIMING OSCILLATORS
COMPATIBLE WITH PROPOSED IEEE SH00O TIMING STANDARD

SPECIFICATIONS & FEATURES: ® Reliability - all boards are fully tested:
® 64k byte dynamic RAM with on board a. bus address & control line
transparent refresh. maximum timing skew tests.
@ S-100 interface compatible with crystal b. "soft” error tests.
controlled timing INDEPENDENT of ¢. word pattern sensitivity tests.

bus or processor timing. E E E

@ No wait states or cycle stealing with
8080 or Z-80 to4Mhz. Up to 5
Mhz with wait states. d. all boards burned-in.

® 200ns access time and 375ns cycle ®Full documentation
time memory devices. ®Industrial quality design & compo -

® DMA compatible to 1Mhz rate. nents. Glass epoxy boards. Silk

® Inputs buffered with 1 LS TTL load. screened legends. Gold plated
® Outputs are all tri-state. edge connector contacts.

® Memory selectable and deselectable = ®Delivery stock to 30 days.
in 4k increments to 64k.

® Phantom-memory disable jumper Guaranteed performance for one
seleciable on pin 67. year on parts & labor. Full refund

@ Low power on board voltage regu- if returned undamaged in 14 days.
lators.

867 North Main Street « Orange, California 92667 « (714)633-4460

I would like to order the following fully assembled and tested RAM: Name

Model 6400, 64k RAM—— $695.00 Address
Model 4800, 48k RAM—— $559.00

Model 3200, 32k RAM-——$429.00 . :
Model 1600, 16k RAM—— $295.00 City State Zip

Enclosed is check or money order for:
(Calif. residents please add 6% sales tax. Please allow 14 days for Phone

checks to clear the bank. Thank you.)
Please bill my VISA or MASTERCHA!)'{'GE account . MEASU REMENT
Card nurmber: Expiration date: Systems & ContrOIS

Four(4} digits above name on MASTERCHARGE card:

867 North Main Street « Orange California 92668

Circle 216 on inquiry card, @YTE Fehruary 1979 116


http:RAM-$429.00
http:RAM-$559.00
http:RAM-$695.00

Circle 2 on inquiry card.

M%INIMCIR%‘E Listing 1, continued:
Y -
8080/Z80 System Software BU21S B2E6 9B 32 ADD A TREAL RN’ =RM+TR
) ‘ B0216 UZES A7 6@ STH A 8%
B e
And to utilize that investment to its full extent @9518 G2EC DO éé f!['g E éRF,HL RN7=RM-TR
requires a solid base in system software. Don’t Gef'}lg g?EE E? EDX t H’ﬂ;T 1
just accept what comes with your hardware.. ... @0;50 'fFF' DE 24 N
there's a better alternative! 68221 BZF2 A6 00 LDA A B X% GET 1M
@0222 B2F4 16 THE SAVE 1T
OPUS/ONE‘ Business-oriemed,block-struc' Be223 B2FS 9B IX DD & TIMAG IM =1M+T1
tured highlevel language. Includes such 00224 BZF7 A7 B0 STR A 0%
capabilities as extended arithmetic precision WSS GIFS DE 26 LO¥ THET2
(HL;':: 25 dd;gzz)'tomzﬂsi'cgii':;’f);e‘::;iig:f 0P226 GIFE DD 22 SUE E TIMAG  IN/=IM-TI
’ 2a° . X @0227 9ZFD E7 0B STRE @Y%
:irl‘ec;“des a built-in DOS with random access 0228 OZFF 96 29 LDR A SINPT+1 INCREMENT ANGLE
) @B229 8301 9B 2E ADD K DELTA
OPUS/ONE........covveevnnnnn :.§99.00 oiose 6367 99 5 R A SINETeL
OPUS/TWO: Extends the capabilities of @231 9205 7C BOZL INC  RLPTi+1 INCREMENT POINTERS
OPUS/ONE with such features as error trap- 00232 6208 7C 0925 I INPT1+1
ping, machine code and OPLS subroutine 00222 030 13 PUL B GET PAIR COUNTER
calls, overiays, and more aisc e commands. o234 028C Sf DEC B DECREMENT
OPUS/TWO ...oovveinnnne $195.00 98235 030D 26 33 BNE  NCL DO NEXT FRIR
FORTE: An OPUS run-only system monitor, BU226 BIOF 96 21 LOA A RLPT1+1 GET POINTERS
perfect for end-user installations. Runs all 00237 6311 %8 20 #0B A CELDIS  ADD CELL OFFSET
OPUS Language programs. @238 8313 97 24 STR A RLPT1+1
FORTE ... iiienn $60.00 AB239 A5 37 25 ST A IMPT4+1
$.0.8.: (Single-user Operating System) A full- 69240 6217 7R 0EB2B DEC  CELCT  DECR. CELL COUNTER
function DOS which includes OPUS/ THREE, @24l BX1A 27 6z BEQ NP1 NEXT PRSS?
a text editor (TEXTED), an assembler 60242 631C 7E B29E JMF NCELL  NO, DO NEXT CELL
{ASSEMBL), and a package of useful system @243 Aok
utility programs. 86244 4% CHANGE PARFAMETERS FOR NEXT PASS ##
L 0 < T $385.00 we245 A
TEMPOS: The ulfimate microcomputer G246 OIIF 74 OBZF NP4 L3R CELNUM  HALF AS MANY CELLS
system software package. A multi-user/multi- 06247 @332 27 @t ?EG bOME KO MORE CELLS
tasking DOS which will handle up to 7 80242 @324 73 BEZC RSL  PAIRNM  TWICE AS MANY PAIRS
interrupt-driven terminals simultaneously, ina @B245 @327 78 @620 AsL CELDI=  TWICE RS FAR APART
true timg-sharing environment. Includes G@250 6I2A 74 BoZE L3R GELTAH HALF THE AKNGLE
QPUS/THREE, TEXTED, ASSEMBL, and 00251 6320 TE B28E JMP NPASS DO NEXT PASS
many utility programs. 8a25z
TEMPOS ... $785.00 06252 % END OF FFT ROUTINE ok
All packages are upward-compatible. That is, U‘affj ' ok
programs and data developed under aef:" o - .
OPUS/ONE may be runat any higher level, up @256 0330 39 DONE  RTS €417 FFT SUBROUTINE
to and including TEMPOS. gg;&ﬁ; A321 Ganz FMB 2 ROGOM FOR JUMF EXRIT
o i
Standard device drivers are available for many 682;9 "
common peripherals; all packages include Ano6a 4k OVER-FANGE DATA SCALE  ##
System _Generation capability, allowing the mzei N
per 10 i:é;ﬂ’;i’;“g{zcaggug;“’"s for any /O #0262 0331 FE 6204 SCHLE LDX  REAL  SET UP DATA POINTER
' . @0263 0336 SF CLR B SET UF PAIR CTR
Like to know more? Circle the inquiry number PeZE4 BIR7 27 5CL1 PSH B SAVE PRIR CTR.
below or contact your dealer for your free @Ba265 8238 C6 92 LDA B #2 SET UP FRIR
copy of our system software brochure! For OUZE6 BXIA MG B8 SCLZ  LDA R 9,2 GET DATA
complete iniormati?n. order your user’s aB267 B3 68 N BUMP POINTER
manual now, and we'll apply the price toward nzes CHE A 4808 TEST LOWER LIMIT
purchase of the software. Please add $1.50 per o = = ; .
manual (set) for shipping/handling within the 2263 Bl BHI (L2 SKIP TO NEXT POINT
U.S. (Master Ch d VISA accepted) @p276 BI41 31 4@ CHF R H#$40 TEST UPPER LIMIT
OPUS User's Manoap cepted). QU271 8343 24 68 B SCL4 SCALE IF OUT OF RANGE
ser'’s Manual.............. $12.50 ST DEC B TEST NEXT POINT
S.0.5. Set {inc. OPUS Manual).. ... $20.00 sl -8 =T HE
TEMPOS Set (incl. OPUS Manual). . $20.00 ﬁ:jf . stLe
Dealer & O.E.M. inquiries invited. 0275 9349 SA DEC B
QG276 D4R 26 EE BNE 50U
ADMIN[ST TIVE GoI7? 640 19 RTS DONE TESTING
DDSYS E.MS 89278 634D 3T L4 PUL B RESTORE STACK
#0279 034E 70 @HF INC  SCLFCT  BUMP SCALE FACTOR COUNT
O0O0INC 6AZED 6251 FE 0204 LDX  REARL  SET UP TRELE PTR.
: BE2EL 8354 S (LR E SET UP PRIR CTR
DD pB282 0SS 27 LS PSH B SAYE 1T
. #0253 0356 CE B2 LDA B 42 SET UP PAIR
1642 S. Parker Road, Suite 300 BO234 DI5E A6 60 SCLE LOA A O.% GET DATH
Denver, Colorado 80231 QUZE5 GISA 96 GG ADD A H$5G MBKE 1T ABSOLUTE

(303) 755-5694
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To get meaningful information from the
transform, the input data must be sampled
judiciously. While this program in theory is
capable of analyzing 128 harmonics of a
given sample, this is only true when the
input represents exactly one complete cycle
of the waveform being analyzed. Most data
just doesn’t come packaged that way.

To accurately measure the pitch of a
sound you must sample many cycles. To
analyze harmonics you want to sample few.
The best result for real data will always be a
compromise between range (bandwidth) and
resolution, Both can be increased only by
analyzing more points, which takes more
time,

After experimenting with one sample at a
time you will probably want 1o try continu-
ous analysis. The input data pointer at hexa-
decimal address 0202 can be moved through
an input buffer by the program that calls the
transform. At roughly three seconds per
transform, the data cannot suitably be ana-
lyzed in real time. A sample of a few seconds
of data can be continuously analyzed and
the changes slowly displayed. This is proba-
bly most easily accomplished by transferring
the “sum of absolute value’ data to a dis-
play buffer which is then scanned by an
interrupt driven display program.

Bigger, Better, and Faster

Like most software, this program exists
to be rewritten. No attempt was made to op-
timize cxecution speed. Preliminary experi-
ments with an MMI-67558 hardware multi-
plier took slightly under one second. This
relatively minor improvement was probably
due to the time wasted in moving the data in
and out of the multiplier. Perhaps it can be
streamlined to the extent that a continuous
display can be created. | plan to try a version
for the 6502 microprocessor with hope of
adding still more speed.

The algorithm is simple enough so that
conversion should be easy. Enterprising
8080 and Z-80 enthusiasts shouldn't have
too much trouble adapting the principles to
their computers, either. Conversion to
double precision or 512 to 1024 points
should also be possible, although the present
addressing scheme would have to be aban-
doned.

| hope this program will provide you with
a tool that will be a lot of fun to play with.
Please write and tell me what uses you find
for it and any improvements you would like
to suggest.

Continued on page 118

Listing 1, continued:

Q6256
66287
00288
@ezes
002964
Baz251
60z

aR2az
aez294
au29%
@296
80297
2029%
06294
(e300
agzal
aazez
@020z
60304
212K
aaz86
@eza7
@aB308g
6l209
9az16
agzil
66312
@@zl
#8314
6ex1%
00316
@aez17
00318
060312
aazzn

@e32s
a8326
a@2zy
eazzy
@agz2a

@B30

835C
825D
a35F
aze1

0262 S

8363
8365
0266
azev
a36%

Y3EH

azec
26k
az6F
8271
@az7z
azvs
6177
9x78
937H
azeh
u3za
w2a2
928%
8387
Qa3%A
923D
028F
0351
ax9z
9335
8337
B399

32A2

¥IR4 2
B3A6

9ZHI

INPUT
PLFTL
SINFT

CELDIZ

SINA
L5BY
1MAG
CLRP1
BRM1
FAL

NC1

SCL1
5CLS
MPYZ

TOTAL ERRORS 00G@@G

anz9
6028

LR A DIVIDE IT BY 2
SUB A #$48 MAKE IT 2’5 comp
STRA @, X
IN¥ BUMP POINTER
DEC B NEXT POINT
BNE SCL6
FUL B
DEC 8 NEXT PRIR
BNE SCLS
RTS RETURN
#4275 COMF. MULTIPLY SUBR.  #%
MeY STA A MPA+1 STORE MULTIFLIER
5TA B MPA+3 AND MULTIPLICAND
CLR A
STR A MPA CLEAR MSB’S
STA A MPA+2
STR A MsBY CLERR PRODUCT
STA A LSBY
TST B
BGE Pyl NEGATIYE MULTIPLICAND 7
can MPR+2 EXTEND NEG TO MSB
MPYL ST MPA+1
BGE MPYZ NEG MULTIPLIER ?
camM MFA EXTEND NEG TO MSB
MFY2Z  LDAR B #15 SET UP COUNTER
MPYZ  ASR MPA SHIFT X RIGHT
ROK MPA+L
BCC MPY4 BIT WAS ZERD
LDA B MPH+3 ADD ¥ TO PRODUCT
ADD A LSBY
STR A LseY
LDA A MPA+2 MSB’S
ADC A MSBY
STH R MSBY
MFY4  ASL MPH+Z SHIET ¥ LEFT
ROL MPA+Z
DEC B
ENE MFY3
o
#4 SCALE IT UP x

£
Py
bk

LDA A MSBY
ROL Lsey
ROL A

RETURN WITH PROCUCT IN A

kT
Aok END OF FFT PROGRAM ok

END
REALT @500 IMAGT  @6ed SINET 6499
RLFTZ  B@zz IMFTL 6024 IMFT2  BBZe
CELHUM  GezA CELCT @02 FAIRNK  BazC
DELTA @8zt SCLFCT  @e2fF CO5H Goza
TREAL 8022 TIMRG @632 MSBY 8624
MPH 8aze INPD 6262 RERAL @204
SINE 06208 5TART 828R CLERR  @26D
MOYE 6217 Movi 8221 BITREY 2328
SWAP A243 ShPL 8257 PAS51  825C
FPRSS  @27A NPASS 8286 NCELL 8298
NP4 B21F DONE B230 SCALE  Bz32
scLz BI2A SCLZ 8345 5CL4 @x4D
SCLe a358 MEY B6HA MPY1 837D
MPYZ 8387 MPY4 29358

February 1979 71 BYTE Publications Inc

17






00000000
|

00000
000 01
hi 0

0 on
noao

(

0

I 3356 7 K9

789 0

[¢]

7 8 90

6

~

9

7

6

a PAPER-

£
i
s
&
Wy
Q
N
&
D
W
3
2
@

bar code version of listing

2. For detaifs on how to
BYTE'™ book by Ken

read bar codes, see Bar
Budnick.
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Approaching Game Program Design

H L Stuck
POB 2207
Chapel Hill NC 27514

One of the common applications of a
personal computer system is developing and
playing game programs. There are various
ways the computer can be used in game
playing. First, it can be used in the analysis
of games such as poker and blackjack. The
analysis has generally been done in an effort
to gel a deeper understanding of tactics and
strategy. Another use is having the computer
assist in the play of a game. Sports gives
examples of this. The computer can analyze
play patterns to provide the coach with
information. In assisting, the computer can
remember previous plays and provide advice
on what moves should be made based on
past experiences. Table 1 summarizes some
of the ways computers can enter the field of
gamesmanship.

The common use of the personal com-
puter in games is as a game master. The
program serves as a bookkeeper and a rule
user. It enforces the rules, and, hopefully,
explains them. A further use of a game pro-
gram is where the program is a participant.

Most game programs act as game master
and quite a few provide a game player func-
tion. Some games provide a form of ad-
visor, but generally the advisor function
is in the form of unrequested information
warning the player when certain conditions
have occurred.

Design

It may be obvious that the program de-
sign is a separate activity from coding the
program. Rarely does it make sense to start

Game Master

Bookkeeper
Rule User
Rule Enforcer
Rule Explainer

Game Player

Acts as one or more players.

Game Advisor

Provides analysis and suggests moves.

Table 1. There are three basic functions a computer may perform in game
plaving. It can keep track of the rules and permissible moves of an entire
gume; it may review the current state of the game and provide advice as to the
best move, or it may act as an actual player. The game player function is
actually composed of both the game master and advisor functions. The game
muster function notifies the game player function about the rules. The
advisor function fs used to decide which move will be made.
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programming right off. Quite often, some-
one starts programming because they under-
stand part of the problem and believe it is
easier to program Lhe section that is known
and let the rest fall into place. The problem
with this method is that it is like building a
house without a plan. It is much easier to do
the plumbing and wiring as the rest of the
house is being built. Likewise, the failure Lo
have a plan of the program before coding
begins can cause major changes in parts that
were coded before the program design is
complete.

For very simple game programs it is
possible to go from concept to program
with no intermediate steps. As the game
program gets larger it gets increasingly diffi-
cult to avoid an intermediate step or steps.
Doing a large game in a single leap from con-
cept to program usually results in a rough
program requiring extensive debugging and
modification before it is functional. As
changes occur, the program grows in com-
plexity. Hopefully, the program converges
on the desired result. Most often, the process
and the end result leave something to be
desired. If the program is to be used by
anybody else, and especially if it may be
modified by someone besides the designer,
a thorough groundwork should be laid. First
the game is designed, then comes the
program design stage, followed by the
implementation of the program.

Assuming that you already have a game
design mapped out, we can discuss the actual
design of the program. This discussion is for
single terminal games and does not specifi-
cally cover either multiple terminal game
program design or real time gamc program
design. Program design is broken into two
sections, external design and internal design.
External design covers what the user of a
game program sees and notices. Internal
design discusses the implementation of the
game.

External Design

The first suggested step is to write an
abbreviated game description, such as listing
2, to show what you are trying 1o do. Try
to answer some of the following questions.
Who will be the end users of the game?






Requeast for Input:
HOUR 7, AT WHAT ANGLE DO YOU WISH TO SEND
YOUR PROTON BOMB? 200
HOW FAR QUT DO YOU WISH TO DETONATE IT? 150
Original Response:
YOUR PROTON BOMB EXPLODED 14159.9 FROM THE
ROMULAN SHIP.
New Response:
AT ANGLE 200, RANGE 15,000
EXPLODED 14158.9 FROM THE ROMULAN SHIP.
Original Ending:
f successful:
YOU HAVE SUCCESSFULLY COMPLETED YOUR MISSION,
If unsuccessful:
YOU HAVE ALLOWED THE ROMULANS TO ESCAPE.
Mew Ending:
1f successful:
SHIP EXPLOSION AT ANGLE 217 DISTANCE 26100.
YOU HAVE SUCCESSFULLY COMPLETED YOUR MISSION.
If unsuccessful:
A SHIP WENT INTO WARP DRIVE AT ANGLE 37 DISTANCE 10800.
THE ROMULANS HAVE ESCAPED.

Listing 1: Feedback is an important part of a game program. Without infor-
mation returning to the players it can be difficult to improve play strategy.
The original program responses in the example were scanty and did not give
much information about what was happening. In the original program the
ending summary leaves the players wondering how to improve their games
since it is impossible to tell exactly how close they were to winning. In the
new version, it is possible to check over the response and alter strategy on
the basis of the given information.

What age bracket will the end users be in?
Is the same game playable by 5 year olds
and by persons with doctorates? What is the
target market? Will it be just a program or
will it be a program product with the gen-
eralization, testing, and documentation
that such entails? How long should the
game run? What are the variations in the
playing time? How does the game begin?
A lot of game programs just begin. They
give no prologue, no query to ask the user
if the game is familiar and if the play pro-
cedure is understood.

In group simulation games, a person acts
as moderator. The moderator normally gives
an introduction, which provides orientation
and instructions. When the simulation ends,
the moderator provides a summary. This
wrap-up allows the participants to discuss
with the moderator what happened during
the game.

Likewise, a game program should give the

tisting 2: Game design
outlines such as this are a
great uid when develop-
ing a game. This type of
written description helps
to formulate clearly the
main purposes of the game.

Game: Mazewizard Version 0

Dascription: Mazewizard is a game in which the player is a wizard in a three-dimensional
maze attempting to collect treasure.

Piaying Data:

Age Level: Ten years to adult,
Number of Players: One.
Playing time: Ten to twenty minutes.

Game Start: Ask if the player wants a description of the game. If so, print out a brief
description of the game and how moves are made.

Game Play: The player enters a move direction. Treasure is automatically accumulated.
The portion of the maze that can be seen is printed,

Game Termination: Play ends three ways. First, half of the treasure is found. Second,
the player encounters a fatal maze hazard, ending play. Last, a player requests
termination by entering a move of no change. In all three cases, the total treasure
found will be printed, and the average treasure found per move is printed.
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player feedback at the end. Every pinball
machine and gaming device in an amusement
park counts points on some basis o give
the player a measure of performance; a
game program should do likewise. in 707
Computer Games the program for Orbit
allows seven hours to shoot down a
Romulan ship. If the seven hours pass, that
is that. The player has no idea where the
Romulan ship was when it left orbit. Simi-
larly, even if the ship gets shot down by a
photon bomb, the only result is that the
player knows the ship has been destroyed.
The simple addition of information such as
the orbit and specific position in the orbit
gives desirable feedback. Listing 1 shows this
type of feedback in an example output.
The player now knows whether or not the
hypothesis being used was even close. Giving
a recapitulation in a game program can keep
the user coming back to play it again.

The amount of feedback given may
depend on the output device. A teletype-
writer is slow; a player may get impatient
waiting for long messages to be delivered.
A video terminal can display a screen full of
information in very litile time. Too much
feedback may not be good, but a player
does not have to read all the informatian
presented. However, a player cannot use
what a program does not give as feedback.

One area often overlooked when design-
ing a program is causes of termination. In
group simulation games, a moderator can be
told to quit while ahead. A moderator can
also determine if further playing is futile
and can end the simulation. Some game
programs are open ended and will run for-
ever. A program should allow the user to
terminate the program in an orderly fashion.
Even better is the ability of the player to
restart the game where it was stopped.

A part of the external design is what the
user sees and does to begin and end a game.
Another part of the external design is to
determine how information is entered for
play of the game.

Now that you have written down the
goals of the game and some of the factors
of the program, you should make some
fake output. Show what a typical run of the
game program might lcok like. Make up out-
put showing how the program begins, how
the play begins, and what introductory and
help information is displayed. If turns are
repetitive, only a few turns need be shown.
Show what happens when the game ends.

The next step is for the program designer
to make up a set of user instructions. The
information shown in the sample output
of listing 2 serves this purpose for a game
called ‘“‘Mazewizard.” In some cases other



"My Structured Systems

business software has paid
for itself in labor hours

saved alone.”

Mr Ken ‘Tunnah, Colloid-A-Tron Inc., Buffalo, New York

Says Mr. Tunnah: “The program is designed
from a CPA standpoint, for multiple corporations,
which we have. It is flexible and gives me the
ability to change reporting by profit centers
easily. It is up and running quickly, and it just
keeps on running. I think it’s the best business
software available.”

The best software available. That's what Structured
Systems Group set out to create.

Structured Systems offers three sophisticated
accounting systems. Our General Ledger software is
big enough for multi-client write-up by the CPA, or
multi-corporate reporting for the business, but small
enough for the micro budget. The very comprehensive
Accounts Receivable and Accounts Payable packages
will operate independently, or they will coordinate wilh
the General Ledger.

Our systems record transactions easily and cor-
rectly, and provide an audit trail from source document
to financial statements. And they will maintain monthly
and year-to-date information in dollars and in
percentages. And they are reliable.

The three systems interact with the
user to set up parameters such as Fcp?g,:’“@»"
format and headings, account
litles and numbering,
automatic billing or reminder
notices, credit limits, sales
reports, a check register,
and much more.

Circle 353 on inquiry card.

Ken ‘lunnah is one
of many innovators
bringing the micro
revolution to the
small business. As
a programmer, he
knows computers
and their languages.
As a businessman,
he knows business
and its languages.
And when Mr. Tunnah
decided to micro-
computerize the ac-
counting function at
Colloid-A-"Tron, he
turned to Structured
Systems software.

The software is designed to run on an 8080 or Z-80
CPU with 48K of memory, dual disks with CP/M®,
printer, keyboard, and CRT. To make it all work for you,
we have provided the most extensive documentation
and support in the industry.

We provide the capability to computerize complex
accounting functions on relatively inexpensive micro-
computer equipment. Ken Tunnah has told us what that
means: “Pve bucked some trends. I looked around,
and decided that with the right software, I could
get a micro to outperform a $45,000 mini. I'm
salisfied. It’s simple economics.”

We can refer you to a growing number of sophisti-
cated retailers experienced in Structured Systems
Group business systems. Or we can work directly with
you. We'd be happy to provide you with more informa-
tion on our product line, which includes QSORT™ (a
sort/merge program), CBASIC (a business BASIC),
NAD™ (a mailing and addressing system), and our
General Ledger, Accounts Receivable, and Accounts
Payable packages.

*CPIM i3 a registered trademark of Digital Research

Structured Systems Group

INCORPORATED

5208 Claremont Avenue
Oakland, CA 94618
Call us at (415) 547-1567. Or write Dept. B7.

Putting the Microcomputer in Business.
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Listing 3: This logic struc-
ture for a 1 player game
indicates play cannot be
stopped until the end of
the qame is reached. This
is not afways desirable;
thought should be given
to ending the gume in
some fashion such that it
may be continued later
from where it was stopped.

Listing 4: This logic flow
is designed for a multi-
ple user game. All of
the players’ moves are
gathered before uny proc-
essing is done, After all
moves gre made, the infor-
mation resulting from the
move processing is pro-
vided to alf of the players.

Listing 5: Another form
of the multiple user game
allows single move acquisi-
tion und processing. This
type of approach would be
useftl in board games
such us Monopoly where
onfly one person moves at
u time, yet the informa-
tion from that move is
needed by the other
plavers before they can
move intelligentiy.
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BEGIN introduction
{instruction if requested)
initialization
PLAYGAME loop till game over
set up turn
obtain player’'s move
validate move
echo move
apply move
end loop
END summary
stop

BEGIN introduction
(instructions if requested)
initialization
PLAYGAME loop till game over
set up turn
foop till have all moves
set up move
obtain player's move
validate move
echo move
end get move loop
apply move
end turn loop
END summary
stop

BEGIN introduction
{instructions if requested)
initialization
PLAYGAME loop till game over
set up turn
loop till have all moves
set up move
obtain player’'s move
validate move
echo move
apply move
end get move loop
end turn loop
END summary
stop

information may be desired. It may be use-
ful to list some features not implemented in
this version.

At this point you have gathered informa-
ticn on what the program will look like to a
user. Now let us see what the design of the
actual program entails.

Internal Design

When designing the internal structure of
the program, there are several areas which
must be covered. These can be broken down
into logic flow, algorithms, and data struc-
ture.

Some game programs have a structure
similar to listing 3. This structure is for a
one player game. |t does not show a method
of stopping the game before the conditions
for the end of the game arc met.

Multi-player games are somewhat mare
involved. The program may gather informa-
tion from all players for a turn, then process
that turn. This is commonly done in many
business games. After all players make a
move, the program processes the informa-
tion, determines results and provides it lo
the players. An alternative approach is where
the information is used after a player makes
a move and before the next player enters
a maove, In programs of board and card
games this is quite common. Listings 4 and 5
illustrate these two approaches.

The preceding discussion has covered the
general logic flow of a program. The expan-
sion of the basic steps is dependent on the
game. The program designer needs to de-
velop algorithms to implement the game. The
major work will probably be in the move
application portion of the program. The
algorithms will manipulate various entities.
These should be documented and named
before coding begins. The larger the pro-
gram, the more important is the documenta-
tion of the variables used in the program.
Actions manipulate the variables. By
analogy, the variables are the nouns and the
actions are the verbs in the program, which
is the instructions. For example, if a pro-
gram deals with ships, the basic items may
be ships, cargo, ports and oceans. The
actions may include docking at port, setting
sail, loading cargo, unloading cargo, setting
course and speed, etc. The use of state dia-
grams can clarify the values that an item
can have and how these values are allowed to
change states. Gaps in game design are
shown sometimes when state diagrams are
used. Figure 1 shows a pair of state diagrams
for the above shipping example. In figure 1
a ship is cither in port or sailing. A ship can
load or unload cargo only at a port. The twe
simple diagrams in figure 1 do not represent
the state of the cargo when the ship is
sailing. Figure 2 shows both Lhe state of the
ship and the state of the cargo at all times.

State diagrams suggest a method of
segmentation or modularization;each routine
could handle a single state transition. First
the routine verifies that it is in the proper
state(s) for the requested transition. Then
it performs the variable manipulations that
are part of the state change. The verifica-
tion porticn could be a separate routine that
is part of the move validation section of the
program. Alternatively, a state table could
be used. The state table consists of new
states indexed by the current state and the
requested action. To make a move, find the
current state in the table, index to the action
being requested, and go to the new state indi-
cated by that location. For some game
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designs, state diagram usage will make litile
sense. Other games will lend themselves Lo
state analysis very well.

Conclusion

In this article, | have covered an approach
to the design of computer games. Planning

SET SAlL

SHIP IN PORT

DOCK AT PORT

LOAD CARGOQ

CARGO UNLOADED
SHIP EMPTY

CARGO LOADED
SHIP FULL

UNLOAD CARGO

Figure i: This pair of state diagrams can be used in the shipping example in
the text. The first state diagram shows the pattern that js followed by the
sailing and docking of a ship and its related states. The second diagram
shows the states of the cargo that is on board the ship.

SET SAIL

SHIP {N PORT SHIP SAILING
CARGO LOADED WITH CARGO

LOAD UNLOAD DQOCK AT PORT
CARGO CARGO
SET SAIL

SHIP IN PORT SHIP SAILING
SHIP UNLOADED NO CARGO

DOCK AT PORT

Figure 2: From the diagrams of figure 1 it is not possible to keep track of
whut the cargo is doing in relation to the state of the ship. For instance, can
the cargo be unfoaded when the ship is sailing? This diagram relates the state
of the cargo with the state of the ship at all times.
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the internals and externals of a game pro-
gram can ease the actual programming and
result in a game program that is more satis-
fying to the user. The discipline involved can
and should make the inspiration and crea-
tiveness of a new game easier to realize.

The references in the bibliography are
suggested to those involved in the design of
game programs. The volume edited by
Raobert Horn is probably the best reference
for game ideas.®
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( AVAILABLE FOR IMMEDIATE DELIVERY
CASSETTE SOFTWARE DISKETTE

Package = 1036 (Level IT) . . .. ... i i e e $495.00

COMPLETE SMALL BUSINESS - This program is a complete small business program that was tailored to
work for most small business applications. The program includes such things as Accounts Receivable,
Accounts Payable, Invoicing, Inventory Control, Payroll and General Ledger.

Package # 1038 (Level I1) . . . ... . $ 99.95
ACCOUNTS RECEIVABLE
Package % 1039 (Level I1) . ... ... .. i $ 99.95
ACCOUNTS PAYABLE
Package = 1044 (Level I1) . . .. ... . $125.00
INVENTORY CONTROL
Package # 1045 (Level I1) . . .. . . . $ 99.95
INVOICING
Package # 1046 (Level 1) . . .. .. e e $ 99.95
PAYROLL
Package # 1047 (Level 1) . .. . .. . . e e e e e e e $ 99.95
MAILING LIST
Package #1024 Package #1026
{Level II, DISKETTE) . . ......... .o ivvinn.nn $24.95 (Level I, DISKETTE) . .. ..... .ot iiiininnnnn. $24.95
Includes the following: Includes the following:
SPACEWAR I — BANNER — UFO ATTACK — PILE UP — SPACEWAR II - CIVIL WAR — TRAP THE TRIBBLE —
BIORHYTHM —~ AUTO RACE and WORDS. LIFE - KNIGHT — CONCENTRATION and LUNAR
LANDER.

OVER 150 EXCITING PROGRAMS
* MORE EVERY DAY *

EDUCATION ELECTRONICS MARKETING

Also available for PET and APPLE.
All SOFTWARE-80 programs are guaranteed.

Programs available in Level I and Level II Basic.
All of our business programs will operate with printer; custom programs also available.

With certified check or money order, all orders shipped within 24 hours.
Personal checks allow 2 weeks. Send for our complete catalogue.

SOFTWARE-80

18228 Cabrillo Court

Fountain Valley, CA 92708
i (714) 962-3423 )

LALL PRICES AND PROGRAMS ARE SUBJECT TO CHANGE WITHOUT NOTICE y
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Listing 1, continued:

2 VARIETAL NAME + DATE
3} VINTNER + DATE
4} RETURN TO ACCESS LEVEL
71
VARIETAL NAME: RHEIN
VINTNER OR PRODUCER: RAUNTHALER

AHEIN
RAUNTHALER

BOTTLE # 66
RHEIN, RAUNTHALER ROTHENBERG, 1976.

RIESLING SPATLESE, von Simmern. Nicely balanced, handsome wine. Finigan 5/77,

pg. 69. $11.50
BOTTLE =68
RHEIN, RAUNTHALER BAIKEN, 1976.

assigned onto the label and attach the label
to the cork end of the bottle far quick
identification purposes.

Information stored in the file can be
retrieved with several commands:

BOTTLE NUMBER:
Will print out the complete listing lor that
bottle.

TYPE OF WINE:
Will print out all entrics of that Lype (red,
white, special).

VARIETAL NAME:
Will print out all wines of that varietal name
(ie: all Cabernet Sauvignon).

VINTNER NAME:
Prints oul all wines produced by that vint-
ner (ie: all Robert Mondavi).

RIESLING SPATLESE. Seebottle =67 for details. Keep to 1982+, Purchased Jackson's, VINTAGE DATE:

$8.75

SEARCH COMPLETED
{TYPE | TO RETURN TO ACCESS LEVEL)
1

FILE ACCESS-
HOW DO YOU WANT TO ACCESS? BY:

11 BOTTLE NUMBER

2} TYPE (RED, WHITE, SPECIAL)
3) VARIETAL NAME

4) VINTNER OR PRODUCER

5) SPECIAL NAME

6) VINTAGE DATE

71 PRINT ALL ENTRIES

8] MULTIPLE SEARCH

9) RETURN TO COMMAND LEVEL

9
WINE CELLAR

DO YOU WANT TO:

1) ADD A NEW LISTING

2) ACCESS EXISTING LISTINGS

3) DELETE A LISTING

4) GET NUMBER OF BOTTLES STORED

5) CHANGE OUTPUT DEVICE

8] END

6

Prints out all wines that have entries For that
year.

MULTIPLE:
Scarches for three types of multiple entries;
VARIETAL NAME and VINTNER NAML,
VARIETAL NAME and VINTAGE DATE,
VINTNER NAME and VINTAGE DATEL.
All of these search the file for any entry that
has both characteristics and prints it.

ALL ENTRIES:
Prints out a listing of all current entries in
the file.

A typical user session with the Wine
Cellar program is shown in listing 1. The pro-
gram always checks any ol the operations
performed with the user belore actually
exccuting them, This helps reduce the num-
ber of erroneous changes made to the file.

The complete Wine Cellar program listing
with documentation and hints on using
other disk systems and BASICs besides
North Star BASIC is available from BYTL
for $1.50 postage paid. Please usc the
coupon below and order BYTE document

CHEERS #103.m
Please send copies of BYTE Nybble # postpaid.
— Check Enclosed
Bitt my BAC = Exp Date
Bilt my MC = Exp Date
Name
Street
City Zip Code

-N t BYTE Nybbles Library, 70 Main St, Peterborough NH 03458

You may photocopy this page if you wish to kaep yvour BYTE intact.
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the electric p

The Electric Pencil I1 is 2 Character Oriented

Word Processing System. This means that text is
entered as a string of continuous characters and
is manipulated as such. This allows the user
enormous freedom and ease in the movement and
handling of text. Since Line endings are never
delineated, any number of characters, words,
lines or paragraphs may be inserted or deleted
anywhere in the text. The entirety of the text
shifts and opens up or closes as needed in full
view of the user. The typing of carriage returns
as well as word hyphenation is not required
since Llines of text are formatted automatically.

encil 11"

€ 1978 Michael Shrayer

As text is typed in and the end of a screen
tine is reached, a partially completed word is
shifted to the beginning of the following Lline.
Whenever text is inserted or deleted, existing
text is pushed down or pulled up in a wrap
around fashion. Everything appears on the video
display screen as it occurs which eliminates any
guesswork. Text may be reviewed at will by
variable speed scrolling both in the forward and
reverse directions. By using the search or the
search and replace function, any string of
characters may be located and/or replaced with
any other string of characters as desired.

When text is printed, The Electric Pencil II automatically inserts carriage returns where they
are needed. Numerous combinations of Line length, page length, Line spacing and page spacing allow
for any form to be handiled. Character spacing, BOLD FACE, multicolumn as well as bidirectional
printing are included in the biablo versions. Right justification gives right-hand margins that are
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and
Logo) was printed by the Diablo version of The Electric Pencil Il in one pass.

Now on CP'M

The Electric Pencil IX
is also compatible with
Imsai's IMDOS. HELIOS
versions SSH and DSH are
now ready. The NEC print
package is now available.
A utility program that M I D E S € R E E N v 1 b E
converts PENCIL to CP/M
to PENCIL files is ready.
"CONVERT" is only $35.00.

HAVE WE GOT A VERSION FOR YOU ?

The Electric Pencil II operates with any 8080/180 based microcomputer that supports a (P/M disk
system and uses a Imsai VIO, Processor Technology ¥bPM-1, Polymorphic VTI, Solid State Music VB-18
or any similar memory mapped video interface. REX versions now available. Specify when using CP/M
that has been modified for Micropolis or North Star disk systems as follows: For North Star add
suffix A to version number, for Micropolis add suffix B8 to version number, e.g. SS-IIA, DV-1IB.

NEW FEATURES: * CP/M, IMDOS and HELIOS Compatible * Supports
four Disk Drives * Dynamic Print Formatting * DIABLO as well as NEC
printer packages * Multicolumn Printing * Print Value Chaining =
Page-at-a-time Scrolling * New Bidirectional Multispeed Scrolling
Controls * New Subsystem with Print Value Scoreboard * Automatic Word
and Record Number Tally * Cassette backup for additional storage * Full
Margin Control * End-of-Page Control * Non-Printing Text Commenting *
Line and Paragraph Indentation * Centering * Underlining * BOLD FACE *

o !

Available to Imsai VIO video users for a huge 80x24 character screen.
These versions put almost twice as many characters on the screen !!!

Vers Video Printer Price

§S-11 SoL TTY or similar $225.

SP-I1  vTL  TTY or similar  $225. m MICHAEL SHRAYER SOFTMARE, INC.

Sv-11 VDM TTY or similar $225. 1253 Vista Superba Drive

SR-11 REX TTY or similar $250. ss Glendale, CA 91205

S1-11 VIO TTY or similar $250. 213) 956-1593

pS-11  SOL  Diablo 1610/20  $275.

DP-II  VTI  Diablo 1610/20  $275.

DV-I1 VDM  Diablo 1610/20  $275.

DR-II REX Diablo 1610/20  $300.

pI-I1 VIO Diablo 1610/20  $300. Electric Pencil I is still available for non CP/M users:

NS-I1I SOL NEC Spinwriter $275.

NP-II  VTL  NEC Spinwriter  $275. vers Video Printer Cassette Disk Drive Price

NV-11 VDM NEC Spinwriter $275.

NR-II  REX  NEC Spinwriter  $300. S S$OL  TTY or similar cuTS -—- $100.

NI-II VIO  NEC Spinwriter  $300. SP ¥TI  TTY or similar  Tarbell --- $100.

SSH SOL  Helios/TTY $250. SV ¥DM  TTY or similar  Tarbell -— $100.

DSH SOL  Helios/Diablo $300. SSN  SOL  TTY or similar cuTS North Star $125.
SPN ¥TI TTY or similar Tarbell North Star $125.

UPGRADING POLICY: Any version of SYN VDM  TTY or similar Tarbell North Star $125.

The Electric Pencil may be upgraded DS §0L Diablo 1610/20 cuTS -—- $150.

at any time by simply returning the DP VTl  Dbiablo 1610/20  Tarbell —-— $150.

original disk or cassette and the oV voM  Diablo 1610/20  Tarbell -—- $150.

price difference between versions DSN  SOL  Diablo 1610/20 CuTs North Star $175.

plus $15.00 to MSS. Accept only DPN  VTI  Dpiablo 1610/20 Tarbell North Star $175.

original media at time of purchase. DVN  v¥DM Diablo 1610/20 Tarbell North Star $175.

Demand a demo from your dealer!
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We received so many responses and
letters to Terry Smith’s article "Solv-
ing the Eigiht Queens Problem’ {Octo-
ber 1978 BYTE, page 122} that we
decided to have a one-time, special
columin.

Following are several solutions and
comments on the eight Queens pro-
blem. They range from adding yrapfrics

Responses to the Queens

to the output to shortening the search
time. All of these programs, except the
Pascal versions, were run on our Apple
and TRS-80 office computers. Several
of the programs gave outptt so quick-
Iy that we barely had time to note the
solutions. We thank all those who
spent time on these programs for their
comments. . . .RGAC

Patching the Eight Queens

I enjoyed Mr Smith’s article on the eight
Quecens problem. | found it amusing that the
problem solved by Mr Smith's program, de-
scribed as . . . a blow to structured pro-
gramming. . ."", is the same problem used by
Dr Dijkstra in his classic illustration of the
development of a structured program (see
Structured Programming, Dahl el al, Aca-
demic Press, New York, 1972, pages 72 thru
82).

Both programs overlook an observation
which would reduce the total solution time
by onc half. This is that the reflection of
any solution about the axis belween the
fourth and fifth ranks of the board is also a
solution. As the Queen on file {1) starls on
rank (1} and moves to higher ranks only
alter all possible solutions with the Queen

Paul J Kosicki
POB 18374
Denver CO 80218

on that rank are generated, al! refiected
solutions with Queen(1) on rank(1) gives
all solutions with Queen{l) on rank(8).
Thercfore, by moving Queen{(1) only 1o
rank(4) and reflecting all of these solutions,
we generate all solutions in half the time.

In Mr Smith’s program, thc following
changes will accomplish this:

362 IF C#1THEN 380
364 IF E=4 THEN 480.

Lines 250 thru 321 are copied in line, with
the first line of the second copy changed to:

322FOR X =1TO 8.

This will print the reflected solutions as they
occur.m

~7E LETYPES®
IMMEDIATE DELIVERY —

MODEL 40 300 LPM PRINTERS

MODEL 43 TERMINALS

* Mechanism or complete assembly INTERFACES
* 80-column friction feed . EIA-RS232

* 80-column tractor feed Simplified ElA-like interface » 4340 BSR (Buffered Send-Receive)
“132. . -
32-column tractor feed + Standard serial interface INTERFACES

Communications * Parallel device interface « TTL Serial
FEDERA Corporation « EIA RS232 or DC20 to 60ma
11126 Shady Trail, Dallas, Texas 75229, (214) 620-0644,

+ 4310 RO (Receive Only)
+ 4320 KSR (Keyboard Send-Receive)

« 103-type built-in modem
\TELEX 732211 TWX 910-860-5529 )
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James C Puckett
2201 Eastlawn Dr Apt 12
Midtand M1 48640

Table 1.

23 or 12 Solutions?

I was intrigued by Terry Smith’s clever
solution to the eight Queens problem. His
statement, ‘“There are 92 solutions of which
23 are discrete,”” aroused my curiosity.

It scemed logical to me that any unique
solution to the problem should have cight
variations: the solution, its mirror image,
and each of these viewed from cach of the
four sides of the board. Therefore, 1o lest
the solutions from Mr Smith's program, |
wrote a program to gencrale the eight
variations for cach solution from the pro-
gram and to test the following solutions

for repetitions. This program used the 8 digit
number to represent each solution as Mr
Smith suggested.

This program found 12 uniguc solutions
from the first 18 solutions generated by Mr
Smith’s program. The remaining 80 solutions
from his program turncd out to be variations
of these 12. Thus it would seem that there
arc 96 solutions, 12 of which are unigue.

| made no effort to determine if there
might be other unique solutions, but perhaps
a mathematician among the readers has
already derived an equation 1o determine the
maximum number.

This exercise points out the nccessity of
checking data generated by programs belore
relying on it too heavily. Sometimes this
checking can be as chailenging as the original
problem. Table 1 is a copy of the solutions
and variations as generated by my program.®

UNIQUE MIRROR UNI+B0" MIR+90°

36428571
35286471
47382516
63728514
63724815
64285713
37286415
52468317
42736815
46827135
11 36824175
57248136

17582463
17468253
61528374
41582736
51842736
31758246
51468273
71386425
51863724
53172864
57142863
63184275

15863724
16837425
24683175
25713864
25741863
26174835
26831475
27368514
27581463
35281746
35841726
36258174

84136275
83162574
75316824
74286135
74258136
73825164
73168524
72631485
72418536
64718253
64158273
63741825

DO BN =

UNI+180° MIR+180° UNI+270° UN(+270°

82417536
82531746
38471625
58417263
48157263
68241753
48531726
28613574
48136275
46827135
42857136
36815724

63571428
64713528
52617483
36271485
36275184
35714286
62713584
47531682
57263184
53172864
63175824
42751863

57263148
47526138
42861357
53168247
63185247
46152837
42586137
58413627
63581427
35281746
37285146
52814736

42736851
52473861
57138642
46831752
36814752
53847162
57413862
41586372
36418572
64718253
62714853
47185263

EXORciser Users: We’ve got your memory.
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memo
® Nota

The RANK 68MX16 features:

@ 16384 bytes of fully static MOS memory in 4K
© arrays.
S 4044 memory chips with 450ns maximum
access time.
@ Plug-in compatible with Motorola's EXORciser*,
Micromodules* and D-2 Kit.
@ Switch selectable write protect for each 4K array.
0 Jumper selectable base memory address for
each 4K array.
® Fully buffere bus interface.
® Single 15V suppl
® Avallable in 8

ply.
version - same board with 8K of

chi s —

=ful -assembled bumed-inand tested.

® Full six mont parts and labor warranty.
. Shipment: Stock to 30 days.

RANK PERIPHERALS OF CANADA LTD.
r5014310287] \sla“c:i;olrla Station, Montreal, P.Q. H3Z-2V8
m 16K m m for your "m ‘oncl“r* *Trademarks of Motorola Inc.

**Single quantity price in US tunds.
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OQOSBORNE & ASSOCIATES, INC.

The World Leaders in Microprocessor Books

Program Books Written in BASIC

FPsyrolf with Cost Accounting
Accounts Payable and

Accounts Receivable
General Ledger

These books festure complete, quality applications
software for small-to-medium sized businesses.
Each book includes fully documented program kst-
ings, sample printed reports, installation instruc-
tions and user's manual. Written in an extended
Weng BASIC {write to ask us about our CP/M
CBASIC version and other conversions), 375 pages

each.

Payroll #09-8 $15.00
AP & AR #13-6 $15.00
G. Ledger #20-9 $15.00

Some Commeon BASIC.Programs

76 short practical pragrams, most of which can be
used an any microcomputer with any version of
BASIC. Complete with program descriptions, list-

ings, remarks and examples. 200 pages.
#06-3 %8.50
Assembly Language Programming
80804 /8085

Assembly Language Programming
8800 Assembly Language Programming
Z80 Assembly Language Programming
6502 Assembly Language Programming

These books describe how to program a
microcomputer using assembly language. They
discuss classical programming techniques, and
contain simplified programming examples relevant
1o 1aday's micrpcomputer applications. 400 pages

each.

Programming for Logic Design

8080 Prograrmming for Logic Design
6800 Programming for Logic Design
280 Programming for Logic Design

These books describe the meeting ground of pro-
grammers and logic designers; written for both,
they provide detailed examples to illustrate effec-
tive usage of microprocessors in traditional digital
applications. 300 pages each.

8080 PFLD #04-7 $8.50
6800 PFLD #05-5 $8.50
280 PFLD #11-X $8.50
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An Introduction to Microcomputers

Volume O - The Beginner's Book

If you're not familiar with computers, but would
like to be, then this is the book for you. Computer
logic and terminclogy are introducead in a tanguage
the beginner can understand. Computer software,
hardware and component parts are described, and
simple explanations given for how they work. Text
1S supplemented with creative illustrations and
numerous photographs. 300 pages. #08-X $7.95

Volume 1 - Basic Concepts

A must for anyone in the computer field, this best
seling text explains hardware and programming
concepts common to all microprocessors, Its
universal appeal is reflected by its having the
greatest yearly sales volume of any computer texi.
350 pages. #02-2 $8.50

Volume 2 - Some Real Microprocessors
Volume 3 - Some Real Support Devices
and update subscriptions

These two books provide complete descriptions of
virtually every microprocessor and most support
devices. There are no other books like these; they
provide detailed part descriptions from an nda-
pendent source.

To cope with lhe rapid evolution af micro-
processor produtts, each velume has its own
senes of six bimonthly updates, allowing you tore-
main current with all parts a5 soon as they are
really available. Update subscriptions sold sepa-
rately,

These two books replace the 1877 edition of
Volume I - Some Real Products. Volume 2, 1400
pages: Volume 3. 700 pages: printed loose leaf.
Binders sold separately.

Volume 2 w/c tinder #15-2 $25.00

BOBOA/BOBS ALP #10-1 $8.50
6800 ALP #12-8  $850 Volume 2 binder  #16-0 § 5.00
80 ALP #21-7. available soon (see Volume 3 w/o bindsr #18-7 $15.00
8502 ALP not yet available below) Volume 3 binder #19.5 § 5.00
5 : Valume 2 update only $25.00/yr.
. - H : Valume 3 update only $25.00/yr.
# you ‘.Nant information Volume 2 and 3 updates $40.00/yr.
On MICTOProcessars,
read the Osborne
— books. —_—_—— - — — ——_—
pr—
BOOK PRICE | QUANTITY | AMOUNT
Oq OSBORNE & ASSOCIATES, INC.
P.O. Box 2036, Berkeley, CA 94702
630 Bancroft Way, Berkeley, CA 94710 Attention:
{415) 548-2805 « TWX 910-366-7277 Dept. 117
NAME
ADDRESS Subtatal
Calforma residents tax
Ty STATE
Fdenas: l [
P PHONE SHIPPING (Shipping for large ordars to be arranged| shipping
Vol 2 and Vol 3 update subscoptions: TOTAL
O AH toresgn orders $4.00 per 6-1ssue subscnptian lor armad AMOUNT ENCLOSED

Plaasa send the lollowang mfarmataon.

Please notfy me when available

0 Becoming sn OFA dealer O 280 A

O Schoal discounts
O usi ol foregn disinbuters
O Mare infarmation on O8A books

be prapad 0 U S dollars drawn on a2 U.S bank

O 6502 Assembly Language Programming

Payment in advance musl be enclosed loar purchases of up o $70.00. Inveicing U.S.
nurchases over $70.00 avakable upon approval of your account. All foreign orders must

e,
Quage Froq 9

Books & Binders:

51000
Circle 292 on inquiry card.

DO No charge in the US.  4th class mail ONLY

0 Al foregn orders $4.00 per book for armanl

O $0.45 per item 4th class {(allow 2-3 weeks in the U.S.)
O $0 75 per dem UPS in the US (allow 10 days!

0 $1.50 per tern special rush stipment by arr in the U.S,

Calif. ressdonts add 6% sales tax.

SF BAAT resients add 6-1/2 % sales 1ax

No tax on update subscrplons
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This Valentine’s Day...

*IMPORTANT ORDERING INFO!
Include 75¢ postage/handling for each
item to be delivered by U.S. Mail
book rate, or $2 for each item to be
shipped via First Class or UPS.

Prices shown are for North American
customers. Master Charge, VISA,
Postal and Bank Money Orders
preferred. Personal checks delay
shipping up to 4 weeks.

Treat yourself & your

favorite computer to
3 NEW BOOKS

CALCULATING WITH BASIC

Here's a variety of programs in BASIC language to help the student, scientist,
engineer, technician or hobbyist apply the language to practical problems. Covers
mathematics, finance and statistics, mechanical engineering and electronics. For
fun between such serious applications. Hangman and Space Capture games are also
provided. A real steal at only $7.95. Order now. Available for shipment in March.
Check No. 1 on coupon.

MICROCOMPUTER POTPOURRI

Data at your fingertips. A pocket-sized reference for the beginner . . . for the tech-
nician . . . for the engineer. Contains a really great glossary that covers all the jar-
gon. Helps the beginner to understand comg)uter magazines, manufacturers lit-
erature and serves as a reference for the pro. Special section reviews all the popular
microprocessor chips in detail. You also get a complete text on understanding
microcomputers in digest form. It’s the handiest microcomputer guide yet. And at
an amazingly low $2.95.* Place your order now. Available for shipment in March.
Check No. 2 on coupon.

PIMS

Personal Information Management System, make no mistake about it, is indeed a
data base management program. It’s carefully customized for the small system
owner. You can define and construct your own data bases. Each record can contain
up to ten fields. You define what goes in each. Then modi{'}'rit whenever you want
through use of just three simple commands: ADD, RUBOUT, CHANGE. You can
search, list and sort. There’s even a command that lets you SUM columns of
numbers. Complete source listing is included. This kind of power would be un-
beatable at ten times the price. Just $9.95.* Check No. 3 on the coupon.

ﬁ})ecial pre-publication offer. Place your order now for Calculating with BASIC +
icrocomputer Potpourri. Buy both and you pay only $9.95*% combined. Offer
expires March 1, 1979. Check No. 4 on coupon.

Interested in ham radio? Ask about SCELBI’s fantastic books for the radio
amateur. Check No. 5 on coupon for free literature.

SCELBI Publications

'D. P. 0. Box 133 PP STN, Milford, CT 06460 203-874-15673

Please send the books indicated below. My payment (including shipping/handling charges)
is enclosed, or better yet, please charge my Master Charge or VISA account.

ONo. 1 ONo, 2 ONo. 3 ONo. 4 ONo. 6

Name (please print)

Card No. Bank No., Exp.
Address

City and State Zip
Signature
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Checking Permutation Generation

100
110
120
130
140
150
160
170
180
180
200
210
220
230
240

REM 8 QUEENS

DIM X(7,7}, 17}

INPUT NAM=1\X(0,00=0

1{M} =0

FOR J=0TO I{M) - 1\ X{J,M) = X{J,M-1} \NEXT §
X{{MILM) =M

FOR J=1{M} +1 TO M\ X{J,M} = X{J-1,M-1) \NEXT J

IFM=NTHEN 180\M =M+ 1\ GO TO 130
FORJ=0TON-1\FORK=J+1TON

IF ABSIX(K,N} = X(J,N)) = K- J THEN 220
NEXT K \NEXT J

FOR J=0 TON\PRINT X{JN}; \NEXT J\PRINT
IF M) = M THEN 230\ 1{M) = I{M} + 1 \ GO TO 140
JFM=1THEN 120\M=M- 1\ GO TO 220

END

Listing 2.

James C Wilcox
2200 Via Alamitos
Patos Verdes Estates CA 90274

[ found "Solving the Eight Quecns Pro-
blem,” by Terry Smith, 10 be an cntertaining
description of an cxample of the actual
problem solving process. However he asked
the wrong “'friends'* about generating the 8!
permutations of the numbers 1 to 8, which
actually is not a “difficult task' at all. In
fact the algorithm seems to be rather well-
known; however, | can’t recall where | first
heard of it. Without implying that a solution
based upon generating these permutations
would be better than the solution presented,
I would like to describe the method of
generating permutations which may be of
general intercst for other applications as
well.

Let us use O thru 7 instead of 1 thru 8.

We start with the permutations of 0, that is:
0. We take 1 and place it before and after
cach digit of each permutation of 0 1o get
the permutations of 0 and 1, that is: 14, 01,
We take 2 and place it before and after each
digit of each permutation of 0 and 1 to get
the permutations of 0, 1, and 2, that is:
210, 120, 102, 201, 021, 012. We continue
in this pattern with 3, 4, 5, 6, and 7. We
arrange the code so that we generate each
permutation of 1, 2, 3, 4, 5,6, 7, and 8
digits only once—and we test cach permu-
tation for the presence of Queens on the
same diagonal (absolute value ol slope of
line connccting Queens equal to 1) immedi-
ately after generating it so that we don1
have to “‘file all those 40,320 8 digit num-
bers.” The BASIC program in listing 2
solves the problem for boards up ta 8 by 8
(N = 7). It took 5050 seconds to find all
92 selutions to the 8 by 8 problem on my
H11. Generating the permutations required
2495 seconds or 62 ms per permutation.
Testing the permutations required 2555
seconds or an average of 63 ms per test. The
time required for each test varies widely,
with a successful permutation taking the
longest. Lines 180 thru 210 are peculiar to
the eight Queens problem and can be re-
placed by code appropriate to other pro-
blems involving permutations. The rest of
the code generates the permutations.®

TRS-80

Hitch up your horse sense, wind up your wits, load the computer, and
get ready 1o play Bulls = Hits™. It means spellbinding, sophisticated,
stimulating fun for the entire family. One, two players, or partners will
be at odds trying to beat each other or the computer. The action is fast
and furious. Completely interactive. ..Enjoy.

ORDERS: SEND CHECK OR MONEY ORDER TO:

the COMPUTER BUS ™ r.0.80x397D GRAND RIVER, OHIO 44045

AlTAN17500J0E
719[013
112]4]S B0O[0 5|142{3
&|7|a|9 §o2 1121314
6|7[8/0 @0O|2 56|7|8
7i8/9i0 @ 1|2 56719
7|9[0j3 g4 5|6)7]0
5[6)81

NEW SOFTWARE

PET

T MIKE[25000MPAT]1600

NEEE BE BHBD BE

IEEE B0 HHAEB OE
10 ARCE BB 0BBAR BE
0j0 NAEE 80 BAERE BE
21 AR B0 HEER BE
2[0 1]2]als [l 4 79lo|a of 1
30 TDENE
3o

If you enjoyed Microchess, you'li love Bulls ® Hits™. A
NEW game of logic and luck developed by Michael
O'Toole for the TRS-80 Level | and Level il, Apple or
Pet. Please specify computer model...Only $14.95,
Programs and cassettes 100% guaranteed. 30 day
money back guarantee if not completely satisfied.
Dealer inquiries invited.

FOR;:

APPLE

ER I NIN30oMNP A M Y 000
5921

1280 B3 B88uUR Mt
1888 [ BRuf A
AEUA BY B8ul At
s1[2lo 1]2o[s[7|o M1 ]2
BAAE B8 BRE0 Af
BOE0 BR 30l AL
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Write bug-free code faster in BASIC,
FORTRAN, or COBOL with our
unique software development system

Enjoy a bonus in better documentation and easier modification, too

Yes, you really can get flawless code faster,
using Ihe Stirling/Bekdorf™system of software de-
velopmenl tools with structured programming con-
cepts. Nol only does the system help prevent errors,
it also helps you trap errors you do make, quickly.

Each tool is human-engineered to do its job
better. Every step in the programming process,
Irom snitial logic design through print-out or display
layout, Hlows more smoathly with the Stirling/Bekdorf
syslem. Designed to make fullest use of structured
programming concepts, our software development
tools are human-engineered to reduce initial errors,
impiove de-bugging speed, and aid concepl commun-
ication

When you use “top-down” structured program-
ming, the first part of our system to help you is
the 78F2 Flowchartrix™ no matter what language
you're using. You use it first lo lay out your original
concept blocks  Then you use it to wnte a finely
detailed llowchart quite smoalhly.

54% more logic cells than other flowchart forms,
50 you get far more of your program on each page.
Fach Flowchartrix has a full 77 logic cells. not just
50. This not only saves paper, but also makes
your linished flowcharts easier to understand. By
seeing up to 27 exira steps of your program on
each page, you comprehend program flow more cl-
early. That's imporiant while writing the flowchart,
more importanl when you wnite actual code. It's
also extremely helpful when you debug, and indis
pensable when you come back months or years
laler {0 modily your original work. 78F2's higher
matrx count makes your flowcharls quicker to de-
bug because there are fewer papes lo search for
errors. Fewer pages also save you money and stor-
ape space.

Unique matrix can show your loops AS loops.
The 7 x 11 malrx gwes you a central column to
use for execulive control logic, plus 3 calumns on
each side to descnbe loops and subroutines., in
facl. lhese 3 columns on each side give plenty of
room to wnte loops taid out visually as loops (sort
ol a squared circle). This makes loogs and sub-
routines easier lo recognize, because their form is
readily apparent at a glance. Since they're easier
to find. and may ewen be completed on a single
page. they're also simpler 1o debug or modily.

Every matrix cell has a specific label to help
you track branch points. Now it's far easier to
follow your program from page to page. point to
poini.  When you write program documentation,
hawing a separate reference point for each cell makes
your program much easier to describe clearly.

With Flowchartrix, you don't need a shape tem-
plate to draw remarkably regular logic symbols.
Guades for the most-used logic symbols are right
in each matris cell. They help you draw most stand-
ard flowchart symbols entirely free-hand. With 78F2,
your pencil can (ly as fasl as you can wirite, with-
out interruplion.  When a flash of insight strikes,
now you can keep your pen on paper, flowing rapidly
from one step to the nex! without breaking to pick
up a template.

78P4 Print-Out Designers are the next step.
When you fimsh lowcharting. you're ready to lay out
the prnted reports your proiram will generate. This
helps you focus your thinking an the end result
lo be produced from all rom effort.  Then when
you begin to lollow the flowchart to wnte actual
tode you'll be ready Lo blaze through the report
generation segments right along with the sorts and
compntations.

Unique 70 x 160 matrix accommodates even
proportional- spacing word processor formats. The
160-column width can handle practically any printer
format. The 78P4 is big, 14'; 1 22 inches, because
we've scaled the cell size to human writing comfort,

Circle 352 on inquiry card.

not machine print. Each 78P4 character cell is 3mm
wide by Smm high, giving nearly twice the character-
writing area of other printout design sheets. Special
markm%s at columns 80, 96, and 132 show you
the relative positton o each printed character.
Scaled page fength arrows reference the last possible
printed line for standard 8'." and 11" paper (for
printers with 6 vertical lines per inch).

Special 5-column area records the program line
number of the code which creates each printed
line. This unique feature makes the control code
much faster to debug and modify. It shows, at
a glance, exactly which line of code creates each
line of your report, saving hours of needless search
lime when you must make a change in the report
format (and don’'t yon always have to, sooner or
later”s

Now you've done your flowcharting and planned
the printed reports, you're ready to write the clean-
est code you've ever created. And Stirling/Bekdorf's
78C1 Combination Coding/CRT Layouts will help
you do it faster. !f you're usin% separate coding
forms and CRT layouts now, you'll really enjoy the
improvements we've designed for you in the com-
bination 78C1.

Every sheet gives you 2 form uses for the price
of one. When display layout and line folding points
aren’t cntical, use 78CL’s full 28 line x 80 column
grid area for regular program steps. Then for inter
active or instructional sections, to plan display lay-
outs srmF?P keep your characters within the appro-
Enate CRT ndicator lines, and you'll automaticall
now where every character will show on your CR
screen. o

Gives you 4 extra coding lines on every sheel
Full 28 line x 80 column coding capacity saves you
14 sheets out of every 100, comparedv to 24~(‘|ne
forms 86 sheets hold more program steps than
100 sheets of any 24-hne form, yet we offer fuil-
size 6mm x 3mm grid blocks to give you comfortable
wniting room and visual space between lines.

Works with your CRT display, no matter what
brand you ewn. Equipped for both 16 line x 64
column and 24 line x 80 column display formats,
78C1 s compatible with your video terminal

Available in three separate versions (one for
BASIC languages, one for FORTRAN, another for
COBOL), the 78C1 is so powerful we include a 7-
page instruction manual with every order, to help
you discover every facet ol itsunmatched capabilifies.

Every tool in the Stirling/Bekdorf system is sur-
face-engineered to take both pen & pencil without
blotching. Our tough, extra-heavy, 22r paper is
pure encugh to use with critical magnetic ink char-
acter readers, although you'll probably never use
it that way. We use it because it gives crisp, sharp
characters whether you write with pencil or plastic-
tip pens.

Every part of our system uses eye-comfortable
soft blue grids. Al grid rulings, tints, and division
rules are reproduced in a special shade of biue
We chose it because it's easy on your eyes, even
aftes hours of continuous programmmng. W you
write software as a professional programmer, you'll
particularly appreciate the improvemenl over the
green lines you've heen writing on.

A 3-ring binder is one more of our secrets for
your success. Every lool in the §/B system s de-
signed to work together in a standard 3-ring binder.
All your notes, logic concepts, flowcharts, code,
CRT layouts, print-out designs. and documentation
can be kept together. in order, in one place. This
saves hime every hme you sit down to wnte. It
also makes debugging and modification immensely
simpler. By ensuring everything you create stays
together, you assure you can find the area you need
to modify when the time comes, whether it's next
week or nexf year. You can readily recapture your
orignal train of thought by scanning your flowcharts,
then go directly to the area of code you need to
alter In fact, when you use our system to its full:
est, even another programmer can quickly compre
hend your oniginal thinking, so he can help you
make changes or extensions.

Order your supply of the world's most advanced
software development tools, right now, before you
hatch even one more bug. Ask your local computar
store for Stirling/Bekdorf 78F2's, 78P4’s, and 78C1's.
or use the coupon below to get your supply.

[ TS S D G - S Sy G S S S S S S S S S S S S S S S S S S S S S S -

Stirling/Bekdorf

4407 Parkwood O San Antonio, TX 78218 0(512) 824-5643

b @ 1978 Stuling/Bekdort D of Blackman Mg, Gp . Inc
h-------—------------------—-----—_--—---

I  YES!Please rush the programming aids indicated below: 1
1 1
1 78F2 Flowchartrix 78C1 Combination Coding/CRT Layouls 1
I 2padsol50 - 3790 + 3285 pkng & shpg All ate the same price. but please check which language
i 10 patts of 50 = $34 35 + $6 4% phop & shpp formal you want ]
1 T ImBASIC T lor FORTRAN T fer COBML 1
| 78P4PuntOut Design Sheets = 2padsol 50~ $635 + 5195 pkng & shog I
1 lpad o950  $7435 - 5315 pkng & shpg ™ 10 pads 0! 50  $26 85 + $3 35 pkag & 1
§  Spadsol80 $3210 - $6 7% phog & shpp pads 0F 0 = 32683 + 33 35 plap & shep i
I Texas tesudents please Mhit 9 5°c sates Wz to base proe We shig l
1 3J-hole punched vinyl pockels for 78P4 Design Sheels UPS 50 PO Bar address must gwe ghoae number  Puces shown ]
1 T osetol & lor 3265 4 $1 35 phng & shpg for packeng & shippng a1 US A only Internatianal stippung rates 1
I 7 osetol121or$500 + §185 phng & shpg aie tughed, wiite for detadls 1
1 |
I 11 Sample of one sheet of each form + Chargeto' ©) Master Charge (3 Visa exp.date_— |
| associated labels & hterature’ $2 50 Card = - !
1 1
I Enclosedismycheckfor$—__ Signature 1
Name I
Address Phone 1

City State Ip___ =

1

|

]

L

|

1

1

i
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Registers

Trial Digit
Solution
Number of digits
Fa

Partial solution
8

Number of solutions

148
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before. With no convention defined for
displaying a “solution,” we are free to
define the “home position” (1 in Di) as
occupying any of the 4 corners of the
chessboard. Also, we are further free to
measure the digit values Di either
horizontally or vertically from the home
position, with the digit paosition i being
measured in the other (vertical or hori-
zontal) direction. Thus, cach solution is
onc of a family of eight identical solutions
(ie: the first solution, 15863724, leads
immediately to the solutions 17582463,
36428571, 42736851, 57263148, 6357-
1428, 82417536, and 84136275). The
“sharp” reader will note that the total
number of solutions, 92, is not divisible by
8. The reason is that one of the solutions—
35281746 in its minimum form—is partially
symmetrical and gencrates itsell as
variation.

2. Mr Smith suggests that his next pro-
blem will be to substitute “Maharajahs’ for
Queens, where a Maharajah combines the

Listing 6.

LOC CODE KEY LOC CODE KEY
00 38 (*cms 25 33
o1 o0 (o) 26 03
02 32 27 34
03 34 (RCL) 8 o (1)
04 oo (o) 20 33
05 35 (Sum 30 o4 (4)
o6 o1 (1) 31 o
o7 92 () 32 35 (Sum
o8 o1 (1) 33 03
os 30 (CPROD 34 34 (RCL
1w o (1) 35 04 (a)
11 34 (RcL 3 37
12 02 37 00 (o)
B os () 38 03
14 08 39 64
15 33 w0 o (1)
w6 o0 (o) a1 00 (0)
17 a4 (=) a2 74 (=)
18 37 43 12
19 09 (9) 44 29 (INT
20 o0 (0) 45 33
21 01 (1) a6 o4 (4)
22 35 (SUm a7 72 (=)
23 02 ag 34 (RCL
24 00 (o) a9 oo (0)

moves of Queen and Knight. Inspection of
the solutions will demonstrate that this
is impossible—any solution of the Mahara-
jahs problem must also be a solution to the
Queens problem, and each of the solutions
to the Queens problem has at least one pair
of pieces that are a Knight's move aparl.

3. A more intcresting variation to the
problem is to gencralize the problem for an
n by n chessboard.

4. In the 1950s, a game manufacturer
had a somewhat popular game consisting
of an 8 by 8 pecgboard together with eight
sets of colored pegs, each set a different
color and consisting of eight pegs. The ab-
ject of the game was to place all 64 pegs into
the board so that there were no two pegs
of the same color in any horizontal, vertical,
or diagonal row. If you try to program
this problem, you’ll find it very dilficult
to debug. (A clue is that the game manu-
facturer offered a $1000 prize to anyonc
who could send in a solution—and he's
still in busincss.)m

LOC CODE KEY LOC CODE KEY
s0 94 (=) 75 34
51 37 76 o1t (1)
52 06 (6 ) 77 64
3 03 (3) 78 01
54 28 (ix) 79 o0 (o)
ss 74 (- so 74 (-
56 34 (RCL gt 29 (INT
57 03 g2 33 (STO
58 94 (=) 83 o0 (0)
s9 12 (INnV ga 94 (=)
60 37 85 33
61 03 gs o0 (1)
62 01 87 22
83 27 g8 08 (6)
64 02 80 03
65 04 (4 ) 90 01
6 01 (1) 91 35
67 12 92 09 (9)
68 35 93 34
69 02 94 o1 (1)
70 34 95 41
71 02 96 22
72 37 97 07
73 09 (9) 98 05 (5 )
74 09 (9) 9 41 (RS

Execution Notes: Load Program, , ‘ read solution. Be Patient!!






Techaicsl Interfacing TTL St e s

H S Hsiao

FU[‘U‘“ to 20 mA Current Loop

+15V +5V
TTL
ouT
-15v
s > =+ (©)
TO TELETYPE TELETYPE
PRINTER PRINTER
GROUND 077
+» <3 <3+ (©®
FROM TELETYPE TELETYPE
KEYBOARD KEYBOARD

Figure 1: [nterface circuit for connecting a TTL compatible circuit with
RS-232.
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In a small computer system with an ASR
33 Teletype-compalibie terminal it would be
convenient to connect a video terminal or a
cassctte interface to work in parallel with
the terminal. Figure 1 shows a simple circuit
with only two integrated circuits and six
resistors which can convert a 20 mA current
loop format to RS-232 format or to stan-
dard transistor-transistor logic {TTL} format.
This circuit uses two 311 comparators, one
in parallel with the wires to the printer and
one in series with the wires from the key-
board. The 317 chips allow this circuit to
be used with a microprocessor voltage range
of #15 V. Consequently, this circuit can
be directly used with most types of 20 mA
current loop interfaces.

The circuit shown is designed to interface
with standard TTL levels. For example,
this can be connected to a cassctte interface
board (S D Sales) to make your cassette look
like a paper tape punch{reader. If you use it
in this way, a switch can be installed, short-
ing A to B in order to eliminate the echo 1o
the microprocessor during record. This
switch is then opened during play. It is
also possible to operate without a Teletype
altogether by installing a switch which places
a 15 ohm resistor across the printer wires
(C and D) and shorting the keyboard wires
(E and F).

in order to convert this circuit to RS$-232,
simply reconnect pin 1 on the 311 {A) from
ground to -5 V. If your system uses 12 V
then put -12 V on pin 1 instead of -5 V
and connect the pull up resistor (1 k located
at pin 7) to +12 V instead of +5 V. If your
microprocessor system only uses a positive
supply to generate and receive the 20 mA
current loop, then it is possible to save Lhe
negative power supply. Just use ground
instead of the 15V supply to pin 4 of both
comparators.m
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First Time Offer for the Micro Market

Go First Class

SCREEN CAPACITY, CHARACTERS
CHARACTERS PER LINE | |

DISPLAY

NUMBER OF LINES
SCREEN |

TUBE SIZEIDIAGONAL) |

VIEWING AREA

CHARACTER SIZE

AREFRESH RATE. . .

SCAN METHOD . e
CHARACTER GENERATION . . . . . ..

CURSOR. . .. .. ......

TYPE

CAPACITY . . .

MEMORY

OPERATOR CONTROLS

POWER ON/OFF SWITCH

BRIGHTNESS CONTROL

POWER REQUIREMENTS

SPECIFICATIONS

. 2000
. 80

25
P4 phosphor {white)

. 12inches (30.4 cml

54 square inches {137.1 cm)

. 020" high x 08" wide (5.08

mm high x 2.03 mm wide}
60 Hz {50 Hz available)

. Raster

5x 7 character in an 8
% 10 dot matrix

Biinking block

. Random Access Memory
. 2000 characters

On rear of unit

. On rear ot urit

Madel 501 — 115 volts, 60 Hz, 100 watts nominal
Madel 502 — 230 volts, 50 Hz, 100 watts nominal

NATIONAL DISTRIBUTOR FOR

DEALER NETWORK IS NOW BEING SET UP — YOUR
INQUIRY IS INVITED

3S SALES, INC.

Circle 364 an inquiry card.

O
VISA®
|

P.O. Box 45944

1EL:
MODEL 501

DATA-SCREEN® TERMINAL

A NEW LOW COST, MICROPROCESSOR
CONTROLLED CRT TERMINAL

QUALITY — APPEARANCE
ECONOMY

ONLY $995.°° (aTv 1)

DELIVERED CONT. USA

90 DAY WARRANTY GUARANTEES YOU
YOUR EQUIPMENT WORKS PROPERLY

1 YEAR EXTENDED WARRANTY
AT SPECIAL RATES

p” Our Specifications Before You Buy

INTERFACE
DATA FORMAT

DATABITS . ... ...... 7 serial, asynchronous

DATABITE, .. .. ... . 1,0 or deleted

PARITY . . ... . ... . Odd, even or delated
with arror displayed as
DLE

STOPBITS .. ... . .. Tor2

DATA TRANSFER RATE .

STANDARD FEATURES

INVERSE VIDEOQ . . .

TRANSMIT MODES .

DATA ENTRY

END OF LINE BELL
CURSOR POSITIONING |
CURSOR ADDRESS . .

DISPLAYABLE CHARACTERS

CURSOR CONTROLS

AUTOMATIC ROLL -UP

AUTO CARRIAGE RETURN
AND LINE FEED

MONITOR MODE .

I master charge

L

918 - 622-1058

S0, 75, 110, 134.5, 150,
300, 600, 1209, 1800,
2000, 2400, 3600, 4800,
7200, 9600 BAUD

- - Operator or software

salectable

Half ot full duplex iswotch
salectable)

Top or bottom hine

.. Switch selectable

X-Y
. Load and read
. 126 lincluding space)

Up. down, lelt, right,
home, return

Switch salectahle

- Swaitch seiectable

. Special “Monitar " Mode
allows display of control codes
{tirst 1wo columns) ol ASCIH
Code Chart).

OLDEST INDEPENDENT

COMMERCIAL CRT TERMINAL

MANUFACTURER

Tulsa, OK 74145
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Circle 382 on inquiry card.

The PERKIN-ELMER BANTAM

4((

$799.00

All the Features of the
Hazeltine 1400 & LS| ADM-3A
Plus

Upper/Lower Case Tab Function
7 % 10 Char Matrix Backspace Key
White or Black Char Shiftlock Key
Transparent Mode Print Key
Integrated Numeric
Pad

$41 61 per month

Lease-Purchase

$1095.00

TELETYPE
MODEL 43
with R$232
KSR 10 or 30 CHAR/SEC
132 COLUMNS
UPPER/LOWER CASE

USR-310
Originate
Acoustic

$149.00 Coupler
0-300 Baud Stand Alone
Crystal Controlled RS232

USR-330

Originate

Auto-Answer
$324.00 Modem

FCC Certified for Direct Connection
o Phone Lines

USR- 320 Auto Answer
Only Modem $299.00

All Units include a 120 day warranty
Optional Maintenance package avaitable

Any Product may be returned
within 10 days for a full refund.

U.S. ROBOTICS, INC.
1035 W. LAKE ST.

Sales (312) 733-0497
General Offices (312) 733-0498
Service (312) 733-0499
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Continued from page 10

have RATFOR for the PDP-11s in the
Engineering Faculty and the main
UNIVAC 1100/10, the {atter which the
author did. The penalty in machine code
length works out te only 5% to 10%
while compilation time is roughly twice
(once through RATFOR and once
through FORTRAN}. This is offset by
the need for less recompilation. In fact,
getting a program to ron first time is no
longer a matter of luck.

I wholeheartedly support Pascal, but
if yvour favorite compulter {or local instal-
lation) does not have it yet, don't de-
spair. As Jan interim solution, get a
copy of Softwaere Toofs and write a
RATFOR preprocessor, You may, as |
did, learn a few things abou! language
translation in the process.

I feel that users of RATIFOR can
make the transition 1o Pascal painlessly.
Perhaps people could be weaned off
FORTRAN in this way? Incidentally,
the rest of Software Tools is very read-
able and gives good code Tor ulilities
such as an editor and a text formatter.

One small grouse: | feel that braces
make better bBlock markers than begin

. .end tokens as they clutter the page
less,

Sue-Ken Yap
4 Pesiaran Syed Putra
Kuala Lumpur 08-06
MALAYSIA

USE OF DESCRIPTIVE VARIABLES

| would like to make one criticism
about the Pascal program, Chess 0.5, by
Peter Frey and Larry Atkin (“Creating
a Chess Plaver, Part 2: Chess 0.5,
November 1978 BYTE, page 162).
Although their program was not written
solely to demonstrate the merits of
Pascal as a programming language, it
remains an important showcase of the
language. In addition, | feel that people
unfamiliar  with the binguage should
realize how a minor change can improve
the program  and  demonstrate more
tully the power ol the Pascal language.

The one change is to use long, de-
scriptive procedure and variable names
throughout the program thus (ollowing
the spirit and letter af the Pascal lan-
suage definition. By doing this, 72K
becomes  MAXSCHDEPTH and  ZW
becomes MOVESTKLIM, The increased
readability is abvious. Rreaders who
feel that the advantage gdined by using
longer names is not worlh the increased
coding and program entry effort will
find that effort more than repaid when
the program has to be correvted or ex-
tended sometime in the distant future,
usually not by tw original programmer,

Incidentally, | have just rceceived
confirmation thar UCSD Pascal is now
upr and running on an Apple 11,

Paul Kelley

The Analysts

4120D Directors Row
Housten TX 77092®

ADVERTISE YOUR
PROGRAMS IN OUR NEW

Computer
Software

Directory

FOR AS LITTLE AS $20- YEAR!
EVEN IF YOU ONLY HAVE ONE
PROGRAM TO SELL, WRITE:
CYBERTRON

P.O. BOX 5056
BETHLEHEM, PA.18015

Circle 88 on inquiry card.

CONTROL ON-OFF DEVICES
: from your computer with the :
2YR LINK®

: 11 Bit Serial on 2 wire link  :
110 baud in excess of 2000 ft.
: Select 110 to 4800 baud.
Control up to 1000 channels
All CMOS but output driver
Verifies status of output
Relay output for 115 VAC

REMOTE STATION CONTROLS
217 Minnetonka Ave.
Wayzata, MN 55391
(612) 473-1225

Circle 361 on inquiry card.

Special Sale!

CRT's $§95

We Buy-Sell-Trade all brands &
models of Data

Processing

Equipment,

e

-

Hazeltine 2000 110 thru 3600
Baud Editing Detached Keyboard
TTY orBatch Modes 74 Col x 24 Lines
Format. Auto-Tab

Nearly a million dollars in inventory
Call tor price quotes

214/357-5725

U.S. BROKERS CO.

A Division of CM Corp.
2636 Walnut Hill Lane
Suite 347

Dallas, Texas 75229

/7772077700 TTHTTNTINNNN\NNNNNNNNNNN

Circle 383 on inquiry card.
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Unlimited Precision Division

Jef Raskin
10696 Flora Vista
Cupertino CA 95014

Feticuary 1879, BY T Publications bnc

The Apple 1l, which | own, is a fine
computer, especially since most programs
that interest me get along quite well with
integer arithmetic. Text cditing, graphics,
and the music programs | experiment
with have little need of decimal notation
or quantities. Besides, if I really need num-
bers like 3.14159 | can always load Apple's
Applesoft BASIC which has floating point
arithmetic.

The problems involved in using inleger
arithmetic show up occasionally when |
need to perform a division, though. |If
you add, subtract or multiply Lwo integers,
you get an integer. But if you divide one
integer by another, you may or may nol get
an integer result. From a mathematical
standpoint, integers dare cfosed under addi-
tion, subtraction, and multiplication, but
not under division.

| started to write a program to do real
division on the Apple Il. | thought it would
be difficult, but it turned out to bec very
easy. Let us say you want to divide X by
Y and print the answer to N decimal places.
Listing 1 does the job, assuming X, Y and N
are defined elsewhere,

Line 1020 determines the integer portion
of the quotient. IT X is 10 and Y is 3, Q is
calculated to be exactly 3. This is, after all,
integer division. Since we have the whole
number part of the answer, line 1030 prints
it. The semicolon means leave no space be-
tween the item just printed and the next
item Lo be printed. The next item is a period
(used as a decimal point). The final semi-

1020 Q=X/Y
1030 PRINT Q;.";

1040 X=(X-Q*YI"10
1050 Q=X/Y
1060 PRINT Q;
1070 N=N-—1
1080 IF N>>0 THEN GOTO 1040
1080 END
Listing 1: The BASIC program for

unfimited integer division is reafly
quite simple. It is explained fully
in the text.

colon makes sure that the rest of the answer
will be printed immediately after the deci-
mal point.

Line 1040 is the heart of the routine. It
does what you do in long division. The orig-
inal value of Q might not be exactly the
right answer. Q is most likely too small (at
best it is exactly right). By how much is it
too small? You can find out by calculating
the quantity QXY, and then subtracting that
from X. In other words, check the division
by multiplication (QXY) and see how much
it missed X by subtraction. The quantity
X—(QXY) is also called X MOD Y or, more
simply, the remainder obtained after divi-
ding X by Y. If your BASIC package has a
modulus (MOD) function (as the Apple [l
BASIC does), you can simplify line 1040
Lo:

1040 X = 10(X MOD Y).

In long division, any remainder is handled
by writing it down, and putting a O after it.
Try performing a division and see. In the
computer, multiplying by 10 puts a O after
a number. Line 1040 imitates what you do
by hand. Then, in line 1050, the remainder
multiplied by 10 is divided by the original
divisor, Y. This gives us the next digit, which
is printed in line 1060, The next two lines
merely count how many digits have been
printed and stop the program after N digits.
It you take lines 1070 and 1080 and replace
them with:

1070 GOTO 1040

then you get truly unlimited precision.
As long as you keep the computer running,
it will turn out digits and they will all be
correct. In the Apple Il this means that no
calculation ever exceeds 32,767. This is
most likely to happen in line 1040, If
you are using the modulus function, this
can happen without getting a message
and an incorrect result can appear. With
the original line 1040, either the answer is
cxactly correct or the program halts.

If you experiment with this program,
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For
opulari
Alﬁl LOWyi’rices.

Three personal computers with three
characteristics you demand most...
Now at special systems prices!

— 32K APPLE DISK SYSTEM

Apple Il 16K $1195.
Additional 16K RAM 300.
Disk It w/controller 595.

SUP'R" MOD 1l 30.
Regular Price $2120.

This special offer ~ $1908.

Standard Apple Il with: I
* Low resolution graphics # High resolution graphics ® Interger ]
Basic in ROM »  Floating Point BASIC on disk ® All documentation I

and manuals * All cables ® Game Paddles

8K PET
DUAL CASSETTE SYSTEM

PET 2001-8 $795.
SECOND CASSETTE DRIVE 99,

Regular Price $894.

This special offer $805.

Standard 8K PET with:

& 8K BASIC in ROM » BK RAM o Built in
Cassette ® Built-in 9” video * Full
graphics » All documentation

[ vam 16K SORCERER
/ ® COMPUTER SYSTEM

Sorcerer 6K $1150.
12" Teco Video Monitor 250.

Regular Price $1400.

rl

This special Offer  $1260.

Standard Sorcerer with:
* 8K Microsoft BASIC ROM PAC™ e Full keyboard with numeric pad e Serial /O Port o
64 defined graphics » 64 use programmable graphics  Upper/lower case ® 16K RAM

Shipping charges. $10 per CPU on larger units; $1 50 per kit $.2 00 nun. pet order

Delivery s stock to Hkdays on most items, Stuproent is unmediate for payiment by <ashier s check, maney otder ur
charge card. Allow 3 weeks for personal checks 1o clear NUY. State residents add approp. sales tan Avadabihity,
pnces and specs may change without notce.

To take advantage of these special prices send check or money order today to:

Monday thru Friday
10AM-5PM
Eastern Time
Closed Sat. & Sun.

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

(315) 637-6208

Tebruary 1979 = BY TE Publications Inc Circle 70 on inquiry card.

Douglas T Ross, Softech Inc, 460 Totten
Pond Rd, Waltham MA 02154, (617)
890-6900.

April 5-6, Computers in Ophthalmelogy,
St Louis MQ, This is a course in appli-
cation of computers to ophthalmic
patient care and clinical reseach. Sessions
dealing with data bases, automaled
patienl testing, artificial intelligence,
and image processing are being planned.
Contact Robert Greenfield, DSc, Bio-
medical Computer Laboratory, Washing-
ton University School of Medicine, 700
S Euclid Av, St Louis MO 63110,

April 6-8, Northeast Personal and Busi-
ness Computer Show, Hynes Audi-
torium, Boston MA. Displays and exhi-
bits will showcase microcomputers and
small computer systems of interest to
businesspeopie, hobbyists, professionals,
eic. Lectures and seminars will be pre-
sented for all categories and levels of
enthusiasts,  including  introductory
classes for novices.

April 9-11, Data Processing Operations
Management, Miami FL. See February
5-7, Los Angeles CA.

April 9-12, Interface '79, McCormick
Pl, Chicago IL. This is the seventh annual
conference and exposition on data
communications and computers. Contact
The Interface Group, 160 Speen Si,
Framingham MA 01701,

April 16-20, Data Communijcation Sys-
tems and Networks, George Washington
University, Washington DC. This course
is designed for systems analysts, engi-
neers, managers, and others who need a
better working knowledge of data com-
munication systems, The course will be
of particular value to those who are cur-
rently planning, designing or imple-
menting a computer that involves data
communications. The objective of the
course is to provide participants with an
understanding of the basic principles
and current technigues involved in com-
puter to computer and terminal to com-
puter communications and networking.
Contact Continuing Engineering Edu-
cation, George Washington University,
Washington DC. 20052.

April 23-26, Middle Eastern Electronic
Communications Show and Conference,
Bahrain Exhibition Ctr, Bahrain. The
exhibition will consist of companies
marketing communication systems, pro-
ducts, and services. Contact Gerry
Dobson, MECOM °'79, Arabian Exhi-
bition Management, 1! Manchester Sq,
London W1M SAB,

April 24.26, Electro/79 Show and Con-
vention, New York Coliscum and Ameri-
can Hotel. Contact William C Weber |r,
general manager, Electronic Conventions
Inc, 999 N Sepulveda Blvd, El Segundo
CA 90245.m
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jumpers installed in the appropriate sockets
on the board. Figure 1 iliustrates the circuit
connections for adding a 2708 to the basic
board once the address lines have been
brought out, Similarly, figure 2 details the
circuit for adding 1 K bytes of program-
mable memory. The suggesied placement of
these components is in the protolype
assembly area provided on the board. Photo
3 demonstrates a viable placement and
photo 4 shows how much wiring will be re-
quired to make these modifications.

Il wired as described, the system memory

'O—D BDI
> ab2
'3—[:> BD3
M—D BD4
LD 8D5
LD BD&
T Bo7

TC
DATA
BUS

will be mapped as in table 2.

Computer Software

As stated in the first article in this series,

Figure 1: Circuit for adding a 2708 erasable read only memory to the SDK-85
computer board. Note that an Intel 2716 (single 5 V supply) can be stibsti-
tuted by removing the —5 V and +12 V power supply connections and tying

pin 19 to BA10.

Figure 2: Circuit for add-

ing 1 K bytes of program-

BWR [ >—
mable memory to the T 2 computer after additional memory is added.
SDK-85 computer.
BIO/M >
1C2¢ 8
cs7 > ]/
BWR [>— °
T|o 8 10 8
WE cs WE cs
5
BA0 [Co>——H 4 2
Bal D—s Ay i
BAZ D—7 Ay ’
Bas [>— Az 4
3
Tgo ¢ Bad [>— Ay 1c3 2 1Ic4
ADDRESS 2 2114 2 2018
BUS {J2) | BAS D—’ A5 |
BAS [>—— a¢
BA7 |:>—'7 Az 17
BAB ID—'6 Ag s
i5
L gag —"1 aqg 15
140 1/0 1/0 170 1/0 170 140 1/0
I 2 3 4 2 3 4
14 13 iz |n s f13 iz o
DEVICE PIN ASSIGNMENT
NUMBER | TYPE | +5v | 6ND | -5v [+12v
tcl vao8] 1a [ 7 | - -
iczg | vas2| 1a | 7 | - -
ic3 |204 [ 18] 9 | - - BDO 801 BD2 BD3 BD4 BDO5 BO6 BDT
1C4 HIEE EEREE - - s 4
1C5 2roe [ 2a [ 12 [ 21 |19 TO DATA BUS (J1)
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7408

Hexadecimal

Memory Location | Description

original on board program-

2000 thru 20FF mable memory

1 K byte programmable

3800 thru 3C00 memory expansion

2 K byte read only memory

0000 thru O7FF monitor

read only memory expansion

3000 thru 3400 area

Table 2: A memory map of the SDK-85







the two major factors involved in developing
the software for the home security system
are simplicity and flexibility. Simplicity will
lead to a straightforward implementation of
the design during the coding process and will
greatly reduce the time required to debug
the code and get on the air.

This approach requires that a consider-
able amount of time be spent before one ling
of code is written. During the conceptual
phase, an overall system logic is developed.
Then the designer begins the task of defining
the tables, files, records and logic require-
ments in detail.

Iterative reflection allows for the develop-
ment of a “simple’ design which is clear and
easy for others to follow. In addition, the
designer will find that upon completion of

DISCRETE
SENSOR
INPUT

this process, the various software modules
will have virtually coded themselves, greatly
reducing the time required to code and
implement a given design.

System Overview

Figure 3 illustrates the flow of informa-
tion in this security system.

The cold start procedure causes the sys-
tem to initialize the sensor state transfer
table, delay timer file and time of day file.
This procedure requires time of day entry
through the keyboard in hours and minutes
(24 hour clock) so that the system will be
able to activate events in the proper se-
quence. Upon completion of this procedure
the cold start initializes the digital input or

REAL TiME
CLOCK
INTERRUPT

SENSOR DIGITAL
STATE X TIMER
TRANSFER MODULE PROCESSOR
TABLE
Cevent | N
| RECORD | ==t
|_ACORESS |
, . ) EVENT
Figure 3: The information RECORD
flow diagram within the PROCESSOR
security system.
[Response | )
| RECORD  |— ==
INDEX
L.
neseonse | | nesponse
PROCESSOR FILE
=" — "
; 81&1;3# | | DELAY | | TIME- )
e ooy TIMER _k A1 oF-0AY | _ .|
| RECORD b=l -1 Rrecoro ! s = 1 RECORD l’ !
INDEX
L'NEX R 'NDEX_
DIGITAL USER DELAY DELAY TIMER TIME -OF - DAY TIME-OF - DAY
QUTPUT APPLICATION INITIATION DEACTIVATION ACTIVATION DEACTIVATION
SUBPROCESSOR MODULES SUBPROCESSOR SUBPROCESSOR SUBPROCESSOR SUBPROCESSOR
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other feature afforded by this design is that
ore or more sensors may use the same event
record since after the digital input process-
ing there is no further need to maintain the
identity of the sensor undergoing the
transition.

Since the processing of all inputs is
sequential, the user should not incorporate
lengthy input or output procedures in a
user supplied application module.

DIGITAL SCAN
MODULE

INPUT CURRENT
STATE OF SENSORS
FROM INPUT PORTS

l

INITIALIZE DIGITAL,
INPUT PROCESSING
(NDEX

OBTAIN LAST STATE
OF SENSOR n FROM
SENSOR HISTORY TABLE

OBTAIN CURRENT

Event Record Processor Module

As stated in the digital scan module
description, the event record processor is
activated when the digital scan module
detects a state transition which requires
processing. This module is also activated
when an active delay timer (see timer inter-
rupt processor module) or time of day event
oceurs.

Byte Description

0-1

Table 3: Sensor

State

transfer vector table for-

mat,

Event Record Address for RESET to SET State Transfer
for Digital Input 1 {High Order Bit=Active Flag)

Record 1

Event Record Address for SET to RESET State Transfer
for Digital Input 1 (High Order Bit=Active Flag)

Event Record Address for RESET to SET Transfer
for Digital Input 2 (High Order Bit=Active Flag)

Record n

Event Record Address for SET to RESET Transfer for
Digita! Input 2 {High Order Bit=Active Flag)

(2n—1)—-2n

Record n
(2n+1)—{2n+2)

STATE OF SENSOR
n FROM CURRENT
SENSOR INPUT DATA

A

UPDATE SENSOR
n STATE IN THE STATE
HISTORY TABLE

NO

c

YES

IS
SENSOR
IN A SET
STATE (=1)

?

OBTAIN EVENT

RECORD ADDRESS FROM
BYTES 2 AND 3 OF
EVENT RECORD n

INCREMENT DIGITAL
INPUT PROCESSING

OBTAIN EVENT

RECORD ADDRESS FROM
BYTES O AND | OF
EVENT RECORD n

INDEX

SAVE DIGITAL
PROCESSING INDEX

ON STACK

|

EVENT RECORD
PROCESSOR

(ADDRESS OF
EVENT RECORD)

RETRIEVE DIGITAL
PROCESSING INDEX
FROM STACK

Figure 5: Digital scan logic design.
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Event Record Address for RESET to SET State Transfer
for Digital Input n {High Order Bit=Active Flag)

Event Record Address for SET to RESET State Transfer
for Digital Input n (High Order Bit=Active Flag)
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Figure 6: Representation

of chained
memory space.

Figure

Table 4: Event record format.

records in

7. Event

records
are accessed through sen-
sor state transter vectors.

-
RECORD 2 POINTER
'
RECORD | .
RECORD | DATA
N .
RECORD 3 POINTER
*
RECORD 2 *
RECORD 2 DATA
N .
RECORD 4 POINTER
.
RECORD 3 "
RECORD 3 DATA
L «

The address of the event record requiring
servicing is given to the cvenl record proc-
essor. The event record (sce table 4) con-
tains the addresses of the response records
to be processed when a digital scan (sensor),
delay timer or time of day cvent occurs. The
records in the table or file of event records
arc of varying length in order to allow one
or morc specific responses to be associated
with any cvent.

SENSOR STATE
TRANSFER YECTORS

SET STATE

EVENT RECGRD

ADDRESS
SENSOR 1

RESET STATE
EVENT RECORD
ADDRESS

Byte | Description
0 Number of response record indices within
the record

1 Relative index of response record |

2 Relative index of response record |

-

.

.

" Relative index of response record z
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This structure of the event record dic-
tates the manner in which the record being
processed must be accessed. Generally all
records within a file are of fixed length and
can be referenced by an index which serves
as a relative pointer into the file to access
the record in question. However, when the
records within a file are of variable length,
an absolute or relative address must be
provided to obtain access to the record in
question, This address may be cbtained via
two different techniques. The first technique
requires that all records in a file be “chained”
together. This means that there is a data
field in the first record which points to the
second record in the file, which in turn
points to the third record, etc (see figure 6).

To access a record in this type of file the
record index is supplied to the access mod-
ule which then sequences the chain down (or
up) until the proper record is located. This
structure is used when a record search is
required to extract data from one or more
records in the file, but in the case of this sys-
tem offers no advantages.

The second technique, and the one
employed in this system, requires a directory
of record addresses (see table 3), so that the
module detecting the requirement for event

DELAY TIMER FILE

ADDRESS OF
EVENT RECORD

} RECORD

EVENT RECORD FILE

EVENT
RECORD )

EVENT
RECORD 2

RECORD 3

TIME OF DAY FILE

ADDRESS QF
EVENT RECORD

} RECORD n
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Upon entry, the module saves the event
record address in a temporary working area
and then extracts from the event record the
number of response records to be proc-
essed {see figure 8). This data will then be
used to initialize the event record processor
counter and the initial response record
address will be calculated:

Response Record Address =
(Response Record Index-1)x3
+ Base address of Response Record File

This response record address is then
passed to the response processor for execu-
tion. When completed, control is returned to
the event record processor. If additional
records require processing, the next effective
response record address is calculated and
control is transferred to the response record
processor. If all records have been processed,
control is returned to the module initiating
the request for service, either the digital scan
module or the timer interrupt module.

Response Record Processor

The function of the response record proc-
essor (figure 9) is to determine from the
response record the type of action required,
and to activate the appropriate response sub-
processor. The activated subprocessor will

effect the final response and then return
control to the event record processor.

There are six basic responses associated
with an event. These responses arc defined
by the response record (table 5} and are:

Activation of a digital output
Execution of an application module
Initiation of a delay timer
Deactivation of a delay timer
Activation of a time of day record
Deactivation of a time of day record

The user should be aware of the function
of each subprocessor and certain idiosyn-
crasies. The processing of a digital output
is the function of the output subprocessor.
This processor will, upon activation, receive
from the response processor the index of
the digital output record (table 6) it is to
process. The digital output record contains
the information necessary to effect the
desired output. The current output state of
each output bit of the port is maintained in
the port’s state word in the output port state
file. Each set (1) bit in the state word rep-
resents an activated output, and each reset
bit represents a deactivated output.

The output port identifier (byte 0) of the
digital output record is used to exiract the
state data from the output port state file.
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LEARN TO PROGRAM WITH THE 6502

TO ORDER

@BY PHONE: call {415)848-8233
Bank Americard/Mastercharge accepred
@SHIPPING: no charge when payment
included
ADD: $1 50/book for fast shipping
eTAX: in Cahfornia, add sales tax
S®OVERSEAS:
SYBEX-EUROPE 313 rue Lecourbe,
75015 PARIS, France Tel (118282502

\

2020 Mllvia St.

Berkeley,

Calif 94704
(Dept B)

r N
® MICROCOMPUTER PROGRAMMING:6502
MICROCOMPUTER By Rodnay Zaks, ref C202 $9.95
PROGRAMM'NG! This text will teach you how to program with the 6502, from ground zero if

necessary: arithmetic, inpul-outpul, including poling and interrupts, addressing
technigues. Completely sell-contained, it can be used by the novice to learn
programming or by anyone who wants to learn about basic techriques,

using the 6502,

{The guthor has taught programming to more than 1000 persons).

® 6502 APPLICATIONS BOOK
(For SYM and KIM), ref D302

home olarm system, raffic conlroller.

o svax [ ® WITH SYM-MICROCOMPUTER BOARD
NN (COMPLETE SELF-STUDY)
\) s, C202 + D302 + SYMBoard + cassette

(shipping add'l)

I NAME - POSITION

| company

| ADORESS _

| oy ____ STATEI2IP .
| 0 €201 DC207 OC200 DC202 [JD302 Other
]

I

|

|

O Paymenl enclosed [JCOD

ADD $1.50/800K FOR FAST SHIPPING
Ocharge my O Visa O Master charge [ American Express
0O Number Exp date
Signature 0 Send catalog

. FREE CATALOG/ ORDER FORM O

$12.95

A series of praciical (hardware and software) applications tor a 6502 boord
(SYM prelerred or KIM) which can be used as experiments, or implemented at
minimal cosl. Examples ore: morse generator, electronic piano, digital clock.

$330

_
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Table 5: Response record format.

Byte | Dascription

Type of response to be performed {value =
0 [o5)

1-2 | Address of module or record index

Figure 9: Response record processor logic diagram.

Response Type | Address (Byte 1-2) Definition RESFONSE RECORD
PROCESSOR
0 Index of Digital Output Record
1 Address of Special Application
Module OBTAIN RESPONSE
TYPE FROM BYTE
Index of Delay Time Record to O OF RESPONSE
2 ; RECORD
Activate
3 Index of Delay Time Record to ]
Deactivate OBTAIN ADDRESS
- OF RESPONSE
4 Index of Time of Day Record to SUBPROCESSOR FROM
i SUBPROCESSOR
Activate ADDRESS TABLE
5 Index of Time of Day Record to |
Deactivate
JUMP TO THE
APPROPRIATE
SUBPROCESSOR
—l~ _____ RESPONSE
e - TYPE |
_______ 4
RESPONSE TYPE O RESPONSE TYPE | RESPONSE TYPE 2 RESPONSE TYPE 3 RESPONSE TYPE 4 RESPONSE TYFE §
0IGITAL APPLICATION DELAY DELAY TIMER TIME - OF - DAY TIME - OF - DAY
QUTPUT MOOULE INITIATION DEACTIVATION ACTIVATION DEACTIVATION
SUBPROCESSOR SUBPROCESSOR SUBPROCESSOR SUBPROCESSOR SUBPROCESSOR SUBPROCESSOR
OBTAIN DIGITAL OBTAIN ADDRESS OBTAIN DELAY OBTAIN DELAY TIMER OBTAIN TIME-OF - OBTAIN TIME-OF-
OUTPUT RECORD OF APPLICATION TIMER INDEX RECORD INDEX FROM DAY RECORD INDEX DAY RECORD INOEX
INDEX FROM MODULE FROM FROM RESPONSE RESPONSE RECORD FROM RESPONSE FROM RESPONSE
RESPONSE RECORD RESPONSE RECORD RECORD I RECORD RECORD
l | l CALCULATE DELAY l ]
CALGULATE ADDRESS APPLICATION MODULE CALCULATE DELAY TIMER RECORD CALCULATE TIME-OF- CALCULATE TIME-OF-
CF OUTPUT RECORD TIMER RECORD ADDRESS USING DAY RECORD DAY RECORD
USING RECORD PERFORM ADDRESS USING RECORD INDEX ADDRESS USING ADDRESS USING
| NDEX APPLICATION RECORD INDEX ] RECORD INDEX RECORD INOEX
. l I SET ACTIVE FLAG l |
CBTAIN OUTPUT (=1) IN BYTE O, RESET ACTIVE SET ACTIVE
( RETURN )
Fﬁog; gwlsasoﬂ (BIT 7) OF DELAY FLAG {=0) IN FLAG {=1} IS
OF QUTPUT TIMER RECORD TIME - OF - DAY TIME - QF - DAY
RECORD RECORD RECORD

RETURN I l
OBTAIN CURRENT RETURN ) C )
STATE OF QUTPUTS ( RETURN

QN THE PORT
[FORT STATUS WORD}

oo ] OBTAIN DELAY
'S DELAY NO i
. : TIMER CURRENTLY |- ? ;,MTEERS V;L':E ;ROOFM
ISOLATE BIT IN ACTIVE = O
BUEETION USING QAcTive o J DELAY TIMER RECORD
THE BIT 1SOLATION YES
MASK (BYTE ()

SET TIMER,
m BYTES O AND |

QF DELAY RECORD

EQUAL TO THE
OUTPUT RESET BIT IN
CONDITION PORT'S STATUS DELAY TIMER VALUE
FLAG=z| WORD
e

RETURN

SET BIT IN
PORT'S STATUS
WORD

QUTPUT PORT
STATUS WORD TO
QUTPUT PORT
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ONLY PROGRAMMERS
SHOULD BE
ALLOWED TO SORT!

Isn’t that ridiculous? They're your files, your infor-
mation and your needs. Take control of them now
with

SORT-80

available separately (for only $95.00) or as part of
FMS-80, the only fully integrated microcomputer
File Management System. From initial file defini-
tion through selective report generation, FMS-80
takes you every step of the way interactively.

Also ask about REMOTE-80 Intelligent Terminal
Software; SCREEN DESIGNER—interactively
create and utilize video forms; and MLU—the
complete Mailing List Utility. All run under any
CP/M-based system (IMDOS, CDOS, etc.).
BASIC interfaces implemented for most through
CALL, and all have unique benefits.

DEALERS: Have we got a deal for you! Liberal
discounts and painless evaluation packages—
we're waiting to hear from you.

COMPUTERS PLUS, INC.
678 S. Pickett St.
Alexandria, VA 22304. (703) 751-5656
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(‘ s

8K STATIC RAM
ASSEMBLED
S-100

DIGITAL/ 11

RELIABILITY 8
QUALITY s
DEPENDABILITY

A D D R IN G TWO INDEPENDENT 4% BLOUKS SELECTED
BY PLUGGABLE JUMPERS AT BOARD FOGE
P R E ON-BOARD SVATCH WRITL FROTECTSAMPROTELTS ALL 6K
O EACH 4K BLOGK CAN BE PROTECTED VIA FRONT PANCL
B FFER'NG ALL 5100 BUS LINES ARE FULLY BUFFERED
ONE LS-TTL LOAD PER LINE
LOW POW E R 21102 RAMS - THE BKAS TYPICALLY REQUIRES | 5 AMPS,
AT 8 VOLTS - 4 ON-BOARD % VOLT REGULATORS
WA”’ S‘[ATES 0, 1,0 2 WAIT STATES MAY BE SELECTED
VIA A PLUGGABLE JUMPER
U A L | 'I'Y THE BOARD IS GLASS EPOXY WITH Si.K SCREEN LLGEND
FULL SOLDER MASKS ON BOTH SIDES. FLOW SOLIERNG GOLD CONTACTS
G UA R A N T EE IF NOT SATISFED RETURN THE UNDAMAGED KBS VitHIN
10 BAYS FOR AU, REFUND - ALSO 80 DAY L MITED VWARRANTY
D E“ V E RY STOGR 10 30 DAYS - CALIL BE TWEEM 8 30 AND 1.0 TQ RESERVE
YOUR BHRS OR FOR MORE INFORIATION

P H A NTO M MEMORY DISABLE 15 1W9% £IATNTED V1A PHAYTOR 9% 67)

TESTING e e or v 0 o s 0
INTRODUCTORY 450 ns 250 n
SPECIAL ez o vesreo §14995  $189%
CALIFQRNIA RESIDENTS AOD 6% TAX
(714) 992 - 5540 ° .

2555 E. CHAPMAN AVE.

SUITE. 604
\_FULLERTON, CA 92631 DIGITAL/ J1 )

8RS )
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Circie 294 on inquiry card.

Byte |Description

0 Output Port for Qutput
1 Bit Isolation Mask
2 | Output Condition Flag

Table 6: Digital output record format,
If the output condition flag is 0, the output
bit is turned off (0). If the output condition
flag is 1, the output bit is turned on (1),

The bit to be operated upon is then isolated
using the bit isolation mask (byte 1), and the
state of the bit is set or resct as dirccted by
the output condition flag (byte 3). The out-
put bit is then merged back into the port's
state word, stored in the output port state
lile, and the port's necw state is oulputted.
This procedure allows the output subproc-
essor to effect a state change on a device
without affecting the state of any other
device connccted to the port in question.

User supplied application modules may
be activated by the response record proc-
essor by setting the response type equal to 1
in the response record and providing the
initial exccution address of the module in
bytes T and 2 (low order in byte 1) of the
response record. This will cause the response
record processor to execute a jump to the
specified execution address. Since all re-
sponse subprocessors must return control to
the event record processor, the user must
exit his module with a return instruction.

The initiation of delay timers {used to
declay a response) is the responsibility of the
delay initiation subprocessor. This module
is, upon activation, given the index of the
delay record (table 7) to be initiated. Upon
initiation the subprocessor determines if the
delay timer record is currently active. In the
event that the time is active, control is re-
turned to the cvent record processor, leaving
the delay timer in its current state. In other
words, an active delay timer is not reacti-
vated, nor is its delay time reset to the
initial value indicated in the rccord. How-
ever, should the subprocessor determine

Table 7: Delay time record format. If the
active flag is 0, the timer is active. If the
active flag is 1, the timer is inactive.

Byte | Description

Active Flag (Bit 7, Byte 0}
0-1 | Delay Time (Seconds)—(Bit 6-0, Byte O,
Bit 7-0, Byte 1)

23 Timer Activation Value {Maximum value =
32,767 seconds)

Address of Event Record assaciated with
4.5
Delay Record







execution. To assure this capability, the
timer processor immediately upon activation
saves the registers of the interrupted pro-
gram on the stack. Using this technique it is
possible upon complction of the timer proc-
essor to restore the registers to the state they
were before the interrupt and to return con-
trol to the interrupted module.

Upon completion of the saving of the
interrupted modules registers, the time of

Figure 10: Timer processor logic diagram.

TIMER
PROCESSOR

SAVE USERS
REGISTERS ON
STACK

INCREMENT
SECONDS

SECONDS
=60

SET SECONDS
=0

INCREMENT
MINUTES

YES

SET SECONDS

INCREMENT
HOURS

YES

SET HOURS
=0
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INITIALIZE DELAY
TIMER RECORD A
PROCESSING
ADDRESS AND
DISPLAY CURRENT
HRS, MIN, 8 SEC

L |
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NC r DELAY TIMER 1
— RECORD n |
L ACTIVE ]
YES
DECREMENT
DELAY VALUE
IN RECORD
(BYTE 0 &1)

OBTAIN EVENT
RECORD ADDRESS
FROM DELAY
TIMER RECORD

SAVE DELAY TIMER
RECORD PROCESSING
ADDRESS ON THE
STACK

EVENT RECORD
PROCESSOR

LEVENT RECORD
ADODRESS)

RETRIEVE DELAY
TIMER PROCESSING
ADDRESS FROM
THE STACK

INCREMENT THE
PROCESSING ADDRESS
TO THE NEXT

DELAY RECORD

1
HAVE ALL |

NO — 4 DELAY TIMER
RECORDS BEEN
PROCESSED |

(NITIALIZE THE
TIME -COF - DAY
PROCESSING ADDRESS

day being maintained by the computer is
updated and displayed. Hours are displayed
in the upper two digits of the address dis-
play, minutes in the lower two digits of the
address display, and seconds in the data
display. To avoid any ambiguity in discern-
ing AM from PM, time is maintained using
a 24 hour clock. In this system, then,
0 hours, 1 minute, 0 seconds corresponds to
12:01 AM; 13 hours, O minutes, 0 secands
corresponds to 1 PM.

Is
NO __: TIME-OF - DAY |
RECORD n
ACTIVE
[

YES

:-|s CURRENT 1|
HRS, MIN, SEC
—< =70 TIME

| SPECIFIED IN |

RECORD
Lo .- d
YES

OBTAIN EVENT
RECORD AODRESS
FROM TIME -~ OF -
DAY RECORD

.

SAVE TIME-OF - DAY
RECORD PROCESSING
ADDRESS ON THE
STACK

EVENT RECORD
PROCESSOR

(EVENT RECORD
ADORESS)

|

RETRIEVE THE
TIME - OF ~DAY
RECORD PROCESSING
ADDRESS FROM THE
STACK

INCREMENT THE
PROCESSING ADDRESS
TO THE NEXT

TIME -OF-DAY RECORD

r—————— ]

| HAVE ALL

— 4 TIME-OF-0AY |
RECORDS BEEN
PROCESSED

YES

EXIT INTERRUPT
STATE









Data Nyhbble Hamming Byte
[+]o}
E1l
72
93
B4
55
Cc6
27

D8
39
AA
48
6C
8D
1E
FF

TMOOEROWO ~O0NbWwN—=O

Table 1: Table for transforming data nybbles
into Hamming code bytes for storage.

trieved byte after which the original nybble
of data is extracted.

Parity bit 4 (P4), the most significant
parity bit, is simply the parity of the entire
8 bit retrieved byte. If the 8 bit data word
has an odd number of 1s, then P4 is set
to 1. Similarly, if the 8 bit data word has an
even number of 1s, P4 s set to 0. To form
parity bit 3 (P3), the 8 bit data word is first
ANDed with hexadecimal 27 and the 8 bit
parity of the result determines P3 just as P4
was calculated. Likewise parity bit 2 (P2) is
formed by ANDing the retrieved data
word with hexadecimal 4B; parity bit 1 (P1),
the least significant parity bit, is formed
from ANDing the retrieved data word with
hexadecimal 8D. Table 2 shows a sample
calculation of the parity bits when hexa-
decimal is retrieved.

Error detection and correction is per-
formed by detecting one of three cases:

® |f all four parity bits are 0, the re-
tricved data word is correct. The
original nybble of data is correctly
formed in the rightmost nybble of the
retrieved data word.

e |f P4 is 0 but one or more of the
parity bits P1, P2, or P3is not 0, then
a double bit error has occurred. The
program should probably inform the
operator and then halt.

® |If P4 is not 0, a single bit error has
occurred, which can be corrected.

To correct single bit errors, a byte chosen
from table 3 is exclusive-ORed with the
retrieved data byte. Parity bits P3, P2, and
P1 (P3 is most significant and P1 is least
significant) determine which byte to select
from table 3. Table 4 demonstrates the cor-
rection and detection process for several
different cases.

Data Word

01100111
01100111
01100111
0110111

AND

00100111
01001011
10001101

Result Parity Bit
01100111 P4 =1
00100111 P3=0
01000011 P2 =1
00000101 P1=0

Table 2: A sample calculation of parity bits for the binary data word
01700111 (hexadecimal 67). Since P4 is not 0, a single bit error has occtirred,
which can be detected (see text).

P3 P2 P1
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Table 3: Single bit error correction table.

Case 1: No errors.

Data AND
E1 —
E1t 27
E1 4B
E1 80

Case 2: Single bit ervor,

Data AND
E3 —
E3 27
E3 4B
E3 8D

Case 3: Single bit error.

Data AND
ci —
C1 27
C1 4B
C1 8D

Case 4: Double bit error.

Data AND
E2 -
E2 27
E2 4B
E2 8D

Error Correction Byte

10
80
40
08
20
04
02
01

Parity
P4 =0
P3 =0
P2=0
P1=0

Parity
P4 =1
P3 =1
P2 =1
P1=0

Parity
P4 =1
P3 =1
P2 =0
P1 =0

Parity
P4 =0
P3=0
P2=0
P1 =1

Comments
All parity bits 0 implies no error.

Comments

P4 not O implies single bit
correctable error.

P3P2P1 =110

Corrector from table 3 = 02

Data E3

Exclusive OR 02

Correct data E1
Comments

P4 not 0 implies single bit
correctable error.

P3P2P1 =100

Corrector from table 3 = 20

Data Cc1

Exclusive OR 20

Correct data E1
Comments

P4 equal to 0 and P3, P2, or P1
not @ implies a double bit error,
Note: data in P3, P2, and P1 for
a double bit error does not
imply any information about
which bits are in error.

Table 4: Examples of uses of the Humming code. For each case the transmitted
information is hexadecimal E1. When a 1 bit error is detected, the parity bits
P3, P2, and P1 are used to look up a correcting factor from table 3.
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Newsletiers

Free TRS-80 Newsletter

The TRS-80 Club of Arlington MA is
offering a free semiannual pewsletter.
For a copy, send a SASE to TRS-80
Newsfetter, 96 Dothan St, Arlington MA
02174.

User Group for TRS-80 Owners
MNerth of San Francisco

A TRS-80 user group has been
formed novih of San Francisco. Called
the Redwood Empire TRS-80 Users
Group, it is handy for owners in Sono-
ma, Marin, Lake, and Mendocine coun-
ties., Anyone is welcome regardiess of

whether or not they own a TRS-80.
Contact John Rewvelle, 7136 Belita Av,
Rohnert Park CA 94928,

New Computer Club Formed in Greene
County MG

A group of small computer users
met in October 1978 for the purpose of
arganizing a computer club within the
greater Greene County MO area. Two
user groups were formed and the deci-
sion was made that separate users groups
would be formed representing computers
which have four or more users. The
cxisting user groups are I1BM 5110/5100
and Radie Shack TRS-80. The dues are

Content-Addressable Memory

for the S-100 bus

Discussed and dreamed about by
computer scientists for years, Con-
tent- Addressable Memory {CAM)
is now here at an affordable price.
CAMs have been so coslly to build
that few have actually been pro-
duced. Now Semionics has devel-
oped a simplified design, lowering
the cost by lwo orders of magnitude.
This new memory is called Recogni-
tion Memory (REM}, since {like the
human brain) it can recognize words,
patterns, etc.

Adding a REM board to am ordinary
microcomputer converts it into a very
powerful machine known as a Con-
tent-Addressable Parallel Processor
(CAPP).

Features:

4K bytes per board

Static— no refresh needed
Can be used as ordinary RAM
oras CAM

RAM access time: 200 ns

CAM access time: 4 us

Multiwrite —writing into multiple
locations with one instruction

Masking— tor individual bit
access

Multiple REM boards accessed
in parallel
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Adds 17 cssociative memaory func-
tions to instruction set of Z-80 or 8080.
Applications:

Pattern Recognition » Information
Retrieval ® Compiling & Interpreting
* Natural Language Processing e
Code Compression & Artificial Intel-
ligence

Price: $325

4K firmware package of REM
routines; $80

1 SEMIONICS

41 Tunnel Road ® Berkeley «CA 94705
{415) 548-2400

Circle 323 on inGuiry card.

$12 a year, which includes a newsletter.
Anyone in the Qzarks area interested in
the club or in one of the user groups
should contact Andrew Griffin, 2145 W
Central Av, Springfield MO 65802, {417)
B606-2447,

The Liberated Calculator Users Club

A number of the readers of the news-
letter Calcufator Lib (see “"Clubs and
Mewsletters,” January 1978 BYTE, page
141} have organized The Liberated Cal-
culator Users Club, an independent
group of calculator users dedicated to
exploring the limits of the state of the
art in calculator mathemaltics. Their
goal is to profit mutually from members’
knowledge of calculators and related
fields and create a forum that allows
club members Lo meet and identify
with each others’ interests. Contact Gene
Hegedus, POB 2151, Oxnard CA 93034,

ACG-N] News

The Amateur Computer Group of
New  Jersey continues to publish the
impressive ACG-N{ News. This 20 page
monthly publicalion is packed full of
informative articles, club news, inter-
esting lidbits about the computer indus-
try, and much more. Membership to
ACG-N) is $15 a year {US and Canada)
and %12 (foreign}. Contact ACG-N],
UCTI, 1776 Raritan Rd, Scotch Plains
N) 07076

Microware Products Users Group

A users group for Microware pro-
ducts, which include the RT68 multi-
tasking monitor and the ABASIC com-
piler, has recently been formed. The
name of the newsletter is Microware
Forum. The first issue contains adapta-
tions of the compiler to video terminals,
printers and the SwTPC calculator card.
A year's subscription is $10. Contact
Microware Forum, POB 3630, Minnea-
polis MN 55403,

New TRS-BO Publication

The 80-Northwest fournal is a new
publication devoted entirely to the TRS-
80 computer. The journal features com-
plete BASIC and machine language pro-
gram listings. It covers the entire spec-
trum of TRS-80 capabillty, including
programs and articles on business, audio-
visual and scientific applications, and
games. Currently it s running a series
on machine language programming for
beginners. Hardware features and pro-
duct reviews are also included. The 80-
MNorthwest  fowrnal s published bi-
monthly by 80-Northwest Publishing,
POB 7112, Tacoma WA 98407. The
subscription price is $16 per year.

Poly-88 Users Group Expands Services

The Poly-88 Uscrs Group has an-
nounced expansion of services to Paly-
Morphic 8813/8810 disk system owners.
Mosl of the current library of programs
for the Poly-88 will be available on a


http:Febru.uy

basis similar to the cassette versions,
Members may contribute a new program

in exchange for a program from the
library or credit for a future choice. SO FTWARE
Members may also request programs for
$2.50 each for handling and shipping
on a furnished disk. Optionally, the
users group will also provide the blank

disk Tor $3. The membership fee is $5

US, Canada and Mexico), $15 foreign , , . )
E]nd includes 12 issues of )[he newsleu%:r Fischer & Porter, an expanding leader in the commercial

which is published every two or four process control industry, has several key positions avail-
months depending on the number of able for talented software professionals ta develop ad-
additions to the library and general news vanced digital systems with the assistance of maodern
of interest to Poly owners. Contact software technology such as:

Poly-88 Users Group, 1477 Barrington
#17, Los Angeles CA 90025,

¢ An Interactive, UNIX* based computer

Atlanta Computer Saciety network
The Atlanta Area Mi . High Level System Implementation
e Atlanta Area Microcomputer
Hobbyist Club has changed its name to Languages PASCAL' C, !:ORTRAN
the Atlanta Computer Society. Mcetings Structured Analy5|s, Design and
are held the last Wednesday of each Prugramming

month at 7:30 PM. The meeting location
is the Community Room of Decatur
Federal Savings and Loan Association,
Dunwoody Branch, 1630 Mount Vernon
Rd, Dunwoody GA. Visitars are wel-
come. For more information, write ACS, Tao qualify you should have a technical degree, preferably
POB 88771, Atlanta GA 30338. advanced, with experience in one of the fallowing areas:

A Virtual Target Machine
Environment—PDP-11, LSI-11, 8080

Attention: New York City TRS-80 . . .
Owners Distributed System Architecture
Portable Operating Systems

We have been notified of the exis- - A
Interactive Graphics

tence of a TRS-80 users group in New

York City. Called the Metro TRS-80 Compiler Design

Users Group, they meet the second Wed- Data Base 5vstem Design

nesday of every month at the Beverly Soft T

East Bridge Club, Beverly Hotel (third oftware Tools

floor), 125 E 50th St, New York NY,

The meeting time is 6 PM and there is a We can aoffer you an excellent salary, a complete benefit
$1 admission fee. package. a highly professional environment and an oppor-

tunity for technical career enrichment.
Newsletter for RCA VIP Owners

T{'f V”;E,S- is Z" i"dzpeg‘g‘c‘gg' Our modern systems center is surrounded by a number of
newsietter dedicated to the Rf 1> attractive communities offering excellent schools, shop-
MAC VIP. The $15 subscription price ina and cult | activiti | he ad £ ; f
includes ten issues of volume 1. The first ping and cultural activities, plus the advantage of nationally

known resort areas such as the Pocono Mtns. and the

three issues contain articles revealing the o . .
machine language code for CHIP-8 (the New Jersey seashore, all within a convenient drive.

VIP’s user language), an annotated listing .\
of the operating system and the firstin a To apply for one of these positions.

series of articles describing a text editor or for further information:
for the VIP. Contact The VIPER, POB
Call Collect

43, Audubon PA 19407.
(215) 674-6022
Any Time Day or Night

Toronto Region Association of
Computer Enthusiasts

TRACE is the monthly newsletter of or send your resume to Mr. Tom Haines, Department (B).

the Torento Region Association of Com-

puter Enthusiasts (TRACE), POB 545, . — ]

Streetsville, Ontario CANADA L5M 2C1. ‘ ||

Membership in the association is open &

and dues are $15 per year, which in- D

cludes the newsletter and admission to ' ' —{ I e q

all meetings. The newsletter is available L

separately for $7 per year. The associ- . .

ation has two meetings each month: one E. County Line Road Warminster, Pa. 18974
at the Ontario Science Ctr, 770 Don Equal Opportunity Employer
Mills Rd, Toronta at 2 PM on the second

Sunday of the month; and the other at *IUNIX is a trademark of Bell Laboratories

Humber College, Rexdale, at 7:30 PM on
the fourth Friday of each month in
room [209.8
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Mark Klein
Sanborn Regional School District
Kingston NH 03848

A computer’s power comes lrom scveral
sources, including its speed, memary, and
the logic capability of its software and hard-
ware. This article is about computer memory
— in particular, it describes Tiles, the organ-
izational structures compulers use to manage
information on secondary memory devices
like disks and casseites. What kinds ol infor-
mation are kept in files, how different
devices store files, how programs use files,
and how operating systems manipulate files
arc subjects that will be covered in this
2 part article,

Files on Parade
Part 1: Types of Files

Since the subjects apply to all computer
systems and arc largely the same from one
computer sysiem Lo another, the material
is presented in general terms. In fact, it
is the generality of the concept ol Tiles and
file techniques that makes them so powerful
and so much fun to wuse. Bul specilic ex-
amples help us learn, so scattered through-
cut the article are descriptions of how the
concepts are implemented on the threc
computers [ usce regularly:

® A microcomputer {TDL Xitan 2, with
audio casseite and dual PerSci floppy
disk drives, at Sanborn Regional High
School.

& A minicomputer {DEC PDP-11/10
with dual digital casscties and 2.5
megabyte hard disk drive, also at
Sanborn Regional),

® A big midicomputer (DECsystem-10
with T megaword of main memory and
all the wimmings, at the University of
New Hampshire).

The microcomputer needs no justification.
The minicomputer is interesting because its
RT-11 operating system  and  Multiuser
BASIC arc the samc systems DEC uscs for

its LSI-11 based PDP-11/V03 with floppy
disks. The LSI-11 of course is the heart
of the Heathkit H11 system. The DEC-10
is included because its big system features
arc appearing on the newer microcomputers.

What's in a Fiie?

Anything can bec Kept in a file, That's
reason number one for the importance of
liles. There arc several ways lo organizc
files, and one of the simplest ways is to
separale lthem into program files and dala
{iles. Program files could include a BASIC
game or business  payroll program, a
FORTRAN compiler, an assembler, a texi
cditor, a debugging tool - in short, anything
from higher level language application pro-
grams Lo system software.

Programs with little data handling often
keep the data right in the program {using,
for example, the READ and DATA state-
ments in BASIC), but the more powerful
and versatile technique is to store the infor-
mation in data files. In that way scveral pro-
grams can access the same data by calling
that data file, or one analysis program can
call in several diffcrent data files. A simple
example of the latter type might be a payroll
program Lhat works on the data file contain-
ing Lthis week’s time clock records Loday, and
next week uses a similar data file containing
employee work records for that week. The
data in these files could be strings or inlegers
or Hoaling point numbcrs,

Sometimes the distinction belween pro-
gram files and data files becomes blurred.
Using a soltware tool such as a text cdilor
we could produce the source listing for an
assembly language program. In the sense
that this listing is an output file from the
text cditor and is destined to be an input
lile for another lool, the assembler, it is
certainly a data Tlile. However, it is most
often called a source program because even-
tually, after we feed it through a few more
programs {called linkers, loaders, and de-
buggers), we do run it as a program. (For a
bricl but clear description of the functions
of these software tools, see “Beyond BASIC”
by Alan B Salisbury in November-December
1976 Creative Computing, page 28.})

ASCII versus Binary Files

A different way to organize information
is by the kind of characters used to encode
the information in the file: ASCII or binary.
The Tull ASCII character set includes the
digits 0 thru 9; upper and lower case letters;
special symbols like parentheses, comma,
and semicolon; and control characters like
carriage return, record separator{RS}, end of



file(EOF}, and start of header{SOH), Binary
encoding means that only logical Is and Os
are used. Executable object programs are
commonly kept in binary files.

When a software supplier wants to keep
the inner workings of one of its products a
secret, that picce of softwarce is supplicd as
an object program, typically in binary. A
listing ol the sources in some higher language
is often available but at additional cost.
Thus our Multiuser BASIC from DEC was
delivered as a binary file. For other binary
files in our systems, we might also have the
source listings in ASCI! files. In this category
arc FORTRAN or assembly language pro-
grams that were fed into assemblers or com-
pilers Lo produce the binary files. Both
programs and data can be encoded in binary
files, as shown in table 1.

Many kinds of programs and data are
stored as ASCII files, including text files
for word processing programs, BASIC
applicalion programs, assembly source files,
and mailing lists. ASCII files often use only
a subset of the characters in the full 128
character set. Common subscts are the 64
character set with only upper case charac-
ters, the Radix 50 set, and the ASCH hex-
adecimal set  (0,1,...9,A,B,..,F), among
others., The floppy disk handler program
on our microcompuler for cxample s
stored in ASCIl  hexadecimal  format.
Listing 1, produced with the TDL Zapple
monitor's S command, shows the part of this
file which was loaded into memory begin-
ning at hexadecimal F900.

Types of File Access

As we have seen, there arc many ways to
characterize files. The most illuminating way,
and for the programmer the most important
way, is in terms of how a file is accessed,
either sequentially or randomly. A typical
file is composed of header or label, data
items, and an end of file mark. These com-
ponents are contained in subdivisions of the
file called records or blocks. (See ""Funda-
mentals of Sequential File Processing,”
October 1977 BYTE, page 114, for a full
description of one kind of sequential file.)

R AT II L CO Y | 2 La  LO L 13 %
YO T oAl by o 200 FY- 3t 04
IR L T OO (R 5 | F7 o4 17 DA QP
G T B OF LR S S Y Y D R i I

[IRCPSd I T I e S M N ¢ B N | vl LA Al
(BT I oL LA sl Yy i 1A
VYA FY DA o an FY U 0y I LD
FYAR /a4 F9- DA 47- 'Y 77 245 048
[ T B O T T UL - T BT N
1Aty gty

Listing 1. ASCIl hexadecimal format file
gyenerated by using the TDL Zapple monitor.

The best way to access a file depends on
whether the whole {ile or just part of it is
necded. When loading a higher level language
application program from disk into memory
the whole file is required in memory in
serial order. But when updating an item in a
data base, one usually wants Lo address one
or two bytes within a record. Between these
two extremes are applications in which a
program calls one or more records from a
file, such as an assembler processing a
source file, reading a statement at a time
from the input file. Each of these applica-
tions has an access lype, sequential or
random, for which is it best suited.

Advantages of Random Access

Before choosing an access type for a file,
one should understand the difference be-
tween them, as summarized in table 2. The
first two rows point out a major difference:

Table 1. Examples of information types used in files.

Character
Type

File ASCIl Binary

Used

As
assembly language the Multiuser
source listing BASIC interpreter

Program
BASIC application object modules
program from assembler

Data mailing list virtual arrays

Table 2: Comparison of sequential versus random access files.

File

Type

File Sequential
Characteristic

Random

file contents
accessible in yves
sequential order

yes

file contents
accessible in no
random order

Yes

speed of access to slower
a particular record

faster

with each update

file size variable — can change

usually fixed at
time of creation

method of under application
creation program control, or
using a text editor

usually under
application pro-
gram control

method of
update

must rewrite the
whole file

individual elements
can be changed

amount of data
transferable as
a unit

byte, record, sector
or file

byte or sector
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to get to an item in a sequential file, the user
must first read all the preceding items (rec-
ords, sectors, blocks, or bytes). In a random
dccess file, individual bytes can be directly
addressed because information within the
file is usually segmented or delimited by a
number of bytes. A sequential file might
use record separators or end of file marks
as delimiters, with a correspondingly larger
lower limit on the size of the smallest
amount of information transferred.

The same applies when a file is updated.
The centire sequential file must be rewritten
to change one byie, while individual items
can be changed in a random access file
without rewriting the whole fite. These
differences account for the faster speed of
access 1o any given byte in a random access
file, since the preceding bytes do not have
to be read first. The last byte in such a
file can be read just as quickly as the first,

These distinctions make clear why ran-
dom access files are chosen for data base
applications. However, when moving a whole
file at once (for example, saving an applica-
tion program that currently is in main mem-
ory on disk), these differences disappear
because the transfer is done sequentially as
a continuous stream of data bytes. This type
of transfer is commonly called stream 10.

Virtual Arrays

The shorter access times of random access
files are utilized on some systems (for ex-
ample, DEC's RT-11 and Multiuser BASIC)
to provide a virtual array facility. Instead of
moving a data structure into primary mem-
ory and then operating on it, the data
structure is stored in a random access file.
Whenever the user’s program wants to oper-
ate on a piece of the data, the system fetches
that piece from the file, letting the user pre-
tend that the picce of data is already in
primary memory. The jargon phrase for
“letting the user pretend” is “making the
data fetch transparent” to the user.

The reason for having virtual array capa-
bility is that application programs can use
virtual arrays to handle data structures too
large to fit into primary memory. Large
arrays can be stored on the disk, with only a
portion of the file in primary memory at
one time. Since virtual arrays (containing
string or numerical data) are usually stored
as unformatted binary data, 10 conversions
can be climinated during storage and re-
trieval. This means no loss of precision, nor
time wasted doing conversions.

The most visible difference between a
real array and a virtual array is the time
needed to access a particular array ¢lement
as a function of where that element is in the

array (its referencing order). For real arrays,
access time is independent of referencing
order; for very large virtual arrays, refer-
encing order could noticeably affect pro-
gram execution time. Knowing the algorithm
used by the virtual array processor to search
the random access files can help optimize
the user’s program, but any execution time
differences are a small price to pay for the
ability to handle the data in the first place.

Sequential Access

All the advantages do not lie with random
access files, The need to update the whole
sequential file at update time carries it with
some built-in flexibility. The size of the file
can expand or contract to match the size of
the file contents. Random access file size is
usually fixed at the time of creation. If the
random access file is used to handle, say, a
data base, a guess must be made at creation
time as to the maximum number of items in
the data base. If the guess is far too big, a
lot of the storage device where the file re-
sides may be tied up unnecessarily, with
large blocks reserved for data that never
appears. If the guess is too small and data
threatens to overflow the fixed file space
allocated to it, a programmer will have to
create a new file, with larger file size param-
eters, and then transfer the data from the
old file to the new one. Foresight and good
system design can avoid both extremes, but
it is easier said than done.

Sequential files can also be more con-
venient to create, since there are often more
ways to do so than for random access files.
For example, data is usually entered into a
random access data base under the control
of an application program. This program
calls for the data at some input port and
transfers it to the file. The flexibility of this
process and the opportunity for error cor-
rection and verification depend on the flex-
ibility of the application program.

This same method is also used for sequen-
tial files, but there are other ways, too.
Several kinds of sequential files, both pro-
gram and data, can be created using the
system’s text editor with its generally power-
ful editing capability. In some cases, for
instance in the DECsystem 10's BASIC,
some sequential files are directly listable
at the user's terminal without having to
write a program that calls the file into main
memory and then prints it out piece by
piece. These directly listable sequential
files can then be edited easily using com-
mands that delete or change lines.

The capability for direct listing is related
to how the information is stored. Binary
characters, wsed for virtual arrays, are usu-






ally transmitted through a parallel 10 port
interface such as might connect a floppy
disk unit to the processor board. However,
most terminals are connected by a serial
interface and handlc ASCI! characters.

Input and Output Modes

Another file characteristic that sorts
according to file access type is the need for
file mode, either input {read) mode or out-
put {write) mode. When a program needs to
access a sequential file, that file must first
be placed in the appropriate mode. Sctting
or resetting the mode moves the data pointer
to the beginning of the file so that the access
can be sequential from the start of the file.

Access Storage and Access
Method Retrieval Delimitar Type
Stream as a continuous next sequential
stream of data bytes file name
Punctuated as a sequence of ASCII sequential
variable length records RS
character
Relative as byte addressable number of random or
random access memary bytes sequential
Direct as specific sectors sector random or
on specific tracks number sequential

Table 3: Various file access methods used by the PerSci floppy disk operating

system.
@ b
FILES 08-09 09 771219
FEXTEROC. Tht 01-01 0023 0022 044 771219 77121%
HIGRUMF . TTH 01-24 0074 0073 033 771219 771219
BAS G, T 04-70 0065 0064 001 771219 771219
FLLT, bl 07-07 0023 0022 001 7/1719 771219
LOUK TVER EEN 0B 04 DLOS, OGO 051 /1019 77121
(b) e
R FIF
X HER/L/C/A
19-DEC-77
TESFIL.MFK 1 19-DEC-77 7321
TALK2 .MFK 7 19-DEC-77 7322
LEVEL2.MPK S 19-DEC-77 7331
FILART.MPK 12 19-DEC-77 7338
4 FILESs 25 BLOCKS
1323 FREE BLOCKS
) ]
{c) DIRECY
DSAC!  [2000,101461
FROOT  STC 10 057>  23-Nav-77
HART  AFL 12 057>  26-Jul-77
SWITCH  INI 1 055+ 13-Nov-77
FFAN T 14 -057>  17-Nav-77
EEN AFL 39 <055»  19-Jul-77
MARILO ADA 49 <255>  27-Jul-77

Total of 125 blocks

in & files orn OSKC! [2000r1014561

Table 4: Three tables showing the displayed file organization on three differ-
ent processors. Table 4a is a TDL Zapple microcompuiter floppy disk direc-
tory. Table 4b shows a disk directory from a PDP-11. Table 4¢ is the user’s

directory from a DECsystem-10.
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Usually random access files do not distin-
guish between input and output mode; a
data pointer is merely set to the point of
access, In practice, the necessity to set the
mode for sequential files is only a minor
inconvenience.

Other differences between sequential and
random access files may exist under particu-
lar languages or operating systems. These
differences can be very important locally
as software producers add extensions to
standard languages to gain a competitive
edge (see table 3 for one manufacturer’s
file management system). The programmer’s
job is still to choose the file access category
that best fits the program being designed.

Devices That Hold Files

A computer system is a collection of
devices, many of them addressable: disks,
magnetic tape drives, cassettes, card or
paper tape readers, paper tape punch,
printers, terminals, etc. Files can be trans-
ferred to and from all of these devices, but
of the devices mentioned, only disks are
random access devices — devices that allow
data to be processed in random order in-
dependent of its physical location on the
device or its location relative to other infor-
mation. These devices are sometimes called
block replaceable devices. The other devices
process information in the same order as the
physical order of the data on the device.
These are called sequential access devices,

File Structured Devices

Disks, tapes, and cassettes are all file
structured devices; ones that allow the stor-
age of data under assigned file names. In
some systems that use audio rather than
digital cassettes, this could be a minimal
storage system. The TDL 8 K BASIC, for
example, lets the user store files with a 1
letter file name on cassette. Reading that
file requires proper manual positioning of
the tape, but since it won't load back into
memory unless the foad command addresses
the file by its correct 1 letter title, it is
probably legitimate to call those cassettes
file structured. Devices which are not file
structured contain a single logical collection
of data, such as a line printer or terminal.

Directory Devices

The file structured devices can be further
classified according to whether or not they
arc directory devices. A directory device is
one that contains a table of contents with
critical information about the files on
that device. Tables 4a, 4b, and 4c¢ are partial












64KB MICROPROCESSOR
MEMORIES

e S-100 - $695.00

e LSI 11 - $890.00

CI-S100 64K x 8
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CI1-8080 64K x 8

e 6800 - $995.00

CI-S100 — 64K x B on a single board.
Plugs directly into the IMSAI, MITS,
TDL, SOL and most other $-100 Bus
computers. No wait states even with
Z80 at 4Mhz. Addressable in 4K in-
crements. Power requirement 6 watts.
Price $695.00.

C1-1103 — 8K words to 32K words in a
single option slot. Plugs directly into
LSI 11, LSI 11/2, H11 & PDP 1103.
Addressable in 2K increments up to
128K. 8K x 16 $390.00. 32K x 16 $890.00
qty. one.

CI-6800 — 16KB to 64KB on a single
board. Plugs directly into Motorola's
EXORcisor and compatible with the
evaluation modules. Addressable in
4K increments up to 64K. 16KB $390.00.
64KB $995.00.

C!-8080 — 16KB to 64KB on single
board. Plugs directly into Intel's MDS
800 and SBC 80/10. Addressable in
4K increments up to 64K. 16KB $390.00.
64KB $890.00.

Tested and burned-in. Full year warranty.

: Chrislin Industries, Inc.

Computer Products Division
31352 Via Colinas ® Westlake Village, CA 91361 » 213-991-2254
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Circle 47 on inquiry card.

Continued from page 7

Raphael’s book The Thinking Machine:
Mind Inside Matter, required a Xerox
XDS-940 computer with 64 K 24 bit words
of memory in its first version circa 1969. In
the second version of Shakey, the robol was
driven by a PDP-10 with roughly 200,000
words ol 36 bit memory (ic: close to a
million bytes of memory.) Shakey is no
doubt one of the best mobile robotic sys-
tems seen to date.

The advances in computer power allow
many more individuals to cxperiment with
such mechanisms. The present crop of
microprocessors have a 23 and 24 bit byte
address space that is complemented by the
extremely large 64 K bit (and in years 1o
come, 256 K bit) dynamic memory parts.
These are the latest examples of how micro-
elecironics creates the kind of computer
power necded to control autonomous mech-
anisms incxpensively and, therefore, practi-
cally. We are now seeing the possibility of
incxpensive (under $1000) computer clec-
tronics equivalent to Shakey's 1971 cra
PDP-10. The processing power nceded to
make a robot perform complicated visual
recognition and manipulation tasks will be
available to the creative individual experi-
menter. Even without the latest state of the
art of integrated circuit design, the typical
personal computer’s 8 Dbit processor with
64 K address space, floppy disks and dis-
plays is more than adcquate for experi-
menting with automated mechanisms in-
cluding arms and mobile robot platforms.

In this issuc we have two articles by
various personal computer experimenters on
designs of robotic arms that can be built
and programmed using readily available
components. In the pursuit of the successiul
robotic system, the arm is one of the most
challenging subsystems to design; we are
mapping a physical space, getting sensor
fecedback about the objects in that physical
space, and manipulating the objects. Of
course, the open loop manipulation of
objects without feedback is possible, and
is a step in the right direction. But real
adaptive interaction with the design eviron-
ment requires some form of feedback. Put
all these details together, and a challenging
project results. It includes elements of soll-
ware design ol the control programs lor the
system, clements ol mechanical design for
the proper fabrication of a balanced and
reliable arm, and elements of clectronic
design Tor the interface between mecha-
nism and logic levels.

The task of designing an arm subsystem
as described in this issue’s articles has been
one of creating it from scratch. But what
about the prospect of taking a shortcut by
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TRS 80-PET-APPLE
SOFTWARE

GALAUTIC BLOTRADE RUNNER - an macihing different ang sophistic ateq

40acE war game wiih infereshing graphic displays Piays beiler than many nt

Ihe Star Trexs pul thare 7124 T2 4F P & 39 95
SCI-Fi GAME SAMPLER —incindes 3 games — Space Monsier Lunar Lander

anp Space Baltte ap with geaphics T1:d4 12 16 P 85 44
SOLARIA -4 s0DMISHcaled fanlasy BCONOMIC SIMLIATON - yauy wOn | heheve
Ine camptexity of this one s autpul 12/16 P $9 9%
i WMICROCHESS play chess wilh your computer Uises graphic (nsplay ann

\

piovnides vanous Ievels ol dithcutly TUd T2:4 P A $19 9%
BAIDGE CHALLENGER —~ why wad 1D get 3 olher people logethei to play ™
Tour compules 9 ieady anylime T2/16 P A 314 95
PILOT — The CAianguage This versian has more fealures than many of those
na dhe matket inclyding abua'tineditor T1/48 1204 14 95
" MICRO-TAX 78 qustin bme to help you prepdre yout reburns Does 1orm 1040

and scheduies A B C SE DA 4797 72116 $12 9%
AENUMBER — a2 machine language program 1ol renumbernng yout BASIC pro

giams ane ot your most usels proqrammeng tools T2 $12 9%
PERSONAL FINANCE PACKAGE —3 programs an ifus nnr Checking AC

count Budgel Planner and Inleresy Catculatee Tyid T2+a £8 94
AIR RAID - amachne tanguage 1e3) 1ime aicade 1ype game Shool down
planes as they liy by T104 T20d $34 9%
RASM.25 - a machmne ANQuage Mondor for the TRS.B0 Many many lealures
InCluding a buil) (0 gisassembier 326 95 Disk version $29 9%
APPLETALKER sgerach syniPesisior your APPLE computer! $15 9%
APPLELISTENER — sprerh recogmiian 401 yut APPLE compuler A nice
COMpPamon pragram 10 the one above Just think of whal you ran do* $19 94
MANY MORE - SFND FOR FAFE CATALOG - GIVE TYPF OF COMPUTER
1 THs R0 Lewel Aoy P Commadore I A Aapple ll

18% OFF IF YOU BUY 3 OR MORE!
HADIWATLTERISOETIVARE
219 WASHINGTON AVE DEPT —

CHELSEA MA 02150 1817884 7291 &ﬂ

Circle 386 on inquiry card.

COMPUTALKER
AND
VOTRAX
OWNERS

Our ANGLOPHONE program for the 8080 converts ordinary
English in real time into phonetic codes to drive your speech
synthesizer. Price includes source and object codes and a
comprehensive manual. The versicn for the Computalker
occupies 7K bytes and requires Computalker's CSR1
sofrware. The version for the VOTRAX occupies 11K bytes.

For Computalker $ 45
For VOTRAX VSK $100
For VOTRAX V5-6 5200

Available on:

CUTS Cassette Order from:
CP/M 8" diskette UPPER CASE
North Star diskette 2011 Silver Ct. E.
Paper tape Urbena, lIl. 61801

INCOME TAX
PROGRAMS
FOR TRS-80~

FOR INDIVIDUALS (LINE PRINTER OR
DISK NOT REQUIRED)

1040A 4K 7.95
1040 (with Schedule A 4K 14.95
& C thru F Routine)

TC&G (Income Averaging) 4K 14.95

* % * STATE LEVELI ORIl % % %

BUSINESS & PROFESSIONAL:
Full systems with line printer
outputstartat............... 189.95

FREE 7-PAGE CATALOG
AND DESCRIPTION

CONTRACT SERVICES ASSOCIATES
1846 W. Broadway Anaheim, CA 92804
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PCE Electronics

PCE/ITHACA AUDIO
IA-1100 64xi6 Video Interface with
white on black or black on white, switch
select blinking cursor, & there's NO
SNOW or WAVE. S-100 kit $li§°°
add $35°° for assembled & tested

PCE 16/4+1 EPROM/RAM
Sockets for up to |16 2708 with
O to 4 wait stotes, addressable in

four 4K blocks, with IK of RAM
that may run within one of the 4K
blocks or ot any IK boundary. S-100
kit $130°° add $5°° for 250ns RAM
add $30°°for assembled & tested

We have much more, coall or write for cur flyer.
PCE Electronics, 4782 Dewey dr., Fair Oaks, Ca. 95628
(916) 966~-2208

Master Charge 5% for shipping

Visa excess refunded

COD requires
50 % deposit

Special packing for internotional orders.

Calif. residents add
6% sales tox
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Articles Policy

BYTE 1 vontinuilly seching yuality
manusLripts writlen by individualy who
are applying pefsonal computer syslems,
designing such systems, o whu hase
knowledpe which will prove usctul to
vur readers. For g mare formal descrip-
fiun ol procedures and teguiremoents,
potentidl authors should send a selt
addressed, stamped emelope to BYTL
Authours” Guide, 70 Man St Peter-
borough NH 03458,

Articles  which  are  accepted  are
purchased with 2 rate of up to $50 per
magasine  page,  based  on  technical
quality  and  suntability tor BYTE'S
readesship Each month, the authors
ol ghe two leading arnicles in the reader
nubl (BYTE's Oogoing Monitor 30y or
UROMB™)  are presented with bonus
checks of $ID0 and $50. Unsolicited
materials should be accompanted by tull
name and address, as well as return
postage. @

purchasing some form ol “‘experimenter's
arm’' kit?

There has been onc attempt at a commer-
cial kit praduct for the robol arm experi-
menter, a product which was advertised in
this magazine starting last spring. | reler to
the Gallaher Research “Grivet' arm, which
is shown in photo 1.

The photograph was taken using the kit
| bought for $400 and pul together one
Sunday morning in September. In a phone
conversation with Mr Gallaher, | have since
been informed that the Grivet will no longer
be available by the time this issue reaches
readers, although he is filling orders already
placed.

Mr Gallaher’s robot arm was a crude start
at best, for all we gol is a rather shaky
mechanism with six DC motors. The pur-
chaser’s inventiveness must  supply  the
details of ¢lectronic interface and control. A
suggestion, in the marketing  literature
supplied with the kit, is that relays be used
to provide control of the & VDC which will
run the motors. This kit provided what you
see in the photograph: a limited mechanical
start on a complete arm which must include
a mounting ol some sort, powcer supplics,
bidirectional motor drive clectronics, and
sensory [cedback. There is not even a
suggestion of how to mount and usc sensors
to provide feedback control of the arm in a
practical object manipulation environment
such as a chessboard with chess pieces as the
objects.

The designer of this arm did his home-
work with respect to balance, Tor it will sit
upright on its counterweight with no parti-
cular urge to topple over. The photograph
was taken with the arm in this pasition. But

if mounted in a horizontal position as
suggested by the sales literature (assembly
drawings, but no instruction manual, come
with this device) several of the parts are
under enough stress to be visibly bent. The
only way | can see to practically mount this
arm is by having it hang down from the
shalt furthest from the hand mechanism
{flipping it 180 degrees around the vertical
axis of photo 1).

The Gallaher arm kit’s parts are apparent-
ly handcrafted. When you think of the time
and energy that went into its creation, it is
obviously a bargain at $400, even if incom-
plete. Some of the first microcomputer Kits
such as the Mark-8, Altair and Spherc were
similarly incomplete, and a whole industry
was formed filling in the gaps to provide a
complete computer system in asscmbled
form. Therefore, we can expect more
complete robotic systems as further pro-
ducts arc offered to the experimenter. Just
s "hardheaded realists” (ie: unimaginative
people) scoffed only four years ago at the
idea of a personal computer, | can almost
hear the equivalent comments about domes-
tic robots being uttered as | pen these words
at the keyboard of my personal computer.

As this text is prepared on November 11
using the editor facilities of the UCSD Pascal
system running on a Northwest Microcom-
puter Systems 85/P, | know of no kit pro-
ducts which are available to the experi-
menter for creation of the integrated mecha-
nical and electronic parts of an arm such as
those described in the articles by Andrew
Filo, Keith Baxter and Timothy Daly
in this issue. In order experiment with arms,
readers will have to use the philosophy of
“do it yourself” to create the mechanical

"IN IGRO
WOIRELS

The Micro Works DS-68 Digisector’,
already the most popular and powerful
video digitizer for the S-50 bus, is now
available to S5-100 owners.

THE INDUSTRY LEADER IN AFFORDABLE
HI-RES VIDEQO ANALYSIS FOR ALL S-100
AND §-50 COMPUTERS

IO
1000

Jii
012

U.P.C. IMAGE PROCESSED BY DS-80 {See pg. 184 in BYTE December 1978)

February 1979 % BY FE Publications Inc

The DS-B0 features full compatibility with the proposed IEEE S5-100 standard and all current $:100 CPUs. New improved circuit
design enhances performance. The DS-80 offers random access video digitization of up to 266 X 256 spatial resolution and 64
levels of grey scale, plus controls for brightness, contrast and width. 1t is versatile enough to handle any video processing
task—from U.P.C. codes (above) and blood cell counting Lo compuler portraiture and character recognition. The DS-80 comes
fully assembled, tested and burned in. Included is portrail software compalible with the Vector Graphic High Resolution Graphics
Display Board.

Please allow lwo weeks for delivery.

DS-80 for the 5-100 bus >
Master Charge and Bank Americard

DS-68 for the S-50 bus

$349.95
169.95

P.O. BOX 1170 DEL MAR, CA. 92014 714-756-2687

DS-65 FOR THE APPLE..
COMING SOON!
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tCP/M™

# | oW-coSsT
MICROCOMPUTER
SOFTWARE

CP/M™ OPERATING SYSTEM:

® |ncludes Editor, Assembler, Debugger and Utilities.
e For 8080, Z80, or Intel MDS.

e For IBM-compatibie floppy discs.

® $100-Diskette and Documentation.

¢ $25-Documentation (Set of 6 manuals) anly.
MAC™ MACRO ASSEMBLER:

® Compatible with new Intel macro standard.

® Complete guide to macro applications.

e $890-Diskette and Manual.

SID™ SYMBOLIC DEBUGGER:
® Symbolic memory reference.

® Built-in assembler/disassembler.
e §75-Diskette and Manual.

TEX™ TEXT FORMATTER:

® Powerful text formatting capabilities.
e Text prepared using CP/M Editor.

® $75 Diskette and Manual.

DIGITAL RESEARCH

P.0.Box 579 @ Pacific Grove, California 93950
(408) 649-3896

Circle 314 on inquiry card.

Improve your game with . . .

>?> FASTGAMMON > > >*

An exciting new backgammon opponent!

You Play

>33 FASTGAMMON > > > X's
ON THF TRS.850 Compu'er
Plays O's

R
Moy

COUTSTANDING FEATURES! — Computer makes good moves
instantaneously. Literal and graphic displays of each move.
Option to replay same rolls. Eight-page instruction manual.

Available on cassette {$20) for:

TRS-80 (level 11)* COMPAL-80*
APPLE i* POLYMORPHICS*
soL*

Available on diskette {$25) for:
TRS-80* COMPAL-80***
APPLE lI**

16K RAM required " 24K RAM required ***Micropolis dual density

SEE IT NOW AT YOUR LOCAL COMPUTER DEALER

,OS Quality Software

10051 Odessa Avenue, Sepulveda, CA 91343

{Cahformia residents add 6% sales tax)

Sawyer Software

Quality Business Software
For PET"'n or TRS-BO"" {level Il 16K)

Payroll computes tax inlarmation
and updates totals for quarterly
and yearly reports. Employees
can be salaried or hourly and pay
periods can be eilher weekly,

AP1is a general ledger package
wilh check journal, income state-
men!, baliance shee! and
checkbook reconciliation routine.
Designed ltor the small business

or homeowner. Up ta 50 entries bi-weekly,  semi-monthly  or
and 40 accounts per period. monthly. Any number of
.................................. $25.00 employees (8 per cassette).

................................ $30.00

AP2 has all the features of AP1,
plus up to 250 entries per period,

B.A. aliows management to have
available to them information lor

Menu, tormaller tor reports and financiat planning  decisions
more. Requires al leasi 16K in utilizing ratio and growth
PET or TRS-80. analysis.

................................ $45.00 e .., $30.00

Call or write for your free brochure
on all our PET"“ & TRS-BO'm programs.

SAWYER SOFTWARE

201 Worltey Rd.. Dexter, Mo. 63841
(314)624-7611
Telephone Orders Weicaome

&=
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ATTENTION SWTPC DISC SYSTEM USERS
All Ed smith's M6800 SOFTWARE TOOLS

® are now Jvllable 10 mm-FLEX formal as welt as Smoke Signal Broadcasting farmat See
® July BYTE los thskette mecha pnices. Disc users specify 558 OR SWTPCO

® MEB00 RELQCATING ASSEMBLER AND LINKING LOADER software for rapvd grogram

@ development and debugging. Some of s lestures are RELOCATABLE CODE-FULL

Y ALPHABETIZED CRQSS REFERENCE LISTING-BOTH GLOBAL ANC LOCAL

" LABELS LISTING OF EXECUTION TIME -RELATIVE BRANCH TAAGET ADDRESS.
ES B CHARACTER LABELS. CORESIDENT EDITOR ENGLISH ERROR MESSAGES-

® 30 COLUMN LISTING USING PRAD erc

L ] MEBAS . . casmarte $50.00

. MEBAS-D . .minifioppy .. .. .. ... . ... $5595

® MERCY AELOCATABLE DISASSEMBLER AND SEGMENTED SOURCE TEXT GEN-
@ ERATOR This sofiware 100l enables you (o modify and adapt those large sized objeci pro-
@ grams and re-assernble them on your system withgul requining enormous memory. Thay

program will produce segmented source text files with oll the external hinkage informetion
° reguired lor re.assembly using the above Relocating Assembler.

MGBRS . .cassotts . . Lo . .. $35.00
L 4 MBGBAS-D . .minifloppy . . . . o .. ...$40.95
® MEAASPK Above two programs on single diskette . . . $85.00

® The sbove 1wo programs are furnmished «n relacatable formatied code with instruction
#® manuzls and commented assembly histings. The loader is also supphied in standard MIKBUG
@ lormay on cassette or as 3 binary file on disc to imitiaily 1oad the linking loader at any de-
@ vred address.

@ The linking loader 1s also available in EPROM on two 2708's far $45.00. Specily desired
@ 2ddress and version, i.e. casselte, FLEX or S58.

.
. 8-M-I-T-H-8-U-8
[ ] FIRMWARE from Ed Smith’s SOFTWARE WORKS

® . 2k Monitar Disassambier-Trece Debugging Tool in EPROM. Use as stand-alons monitor or
® 5 sn edjunct 1o your Smaribug or Swibug. Requires ACIA s control port. Provides al) the
® mamtor caommands 123} you could ever ask for, plus the convenience of 8 mnamanic dis-
@ ossembler and single stepping dissssambler.trace display. Interactive use of singé or dual
@ breskpoint wiih trace pickup 8t breakpoint, plus many new monitar functions and sub
- coutioes, makst this a super tool vou will love to work with. Uses locstion SF800 o
SFFFF Furmshed on two 2708's or one 2716. Includes Manus! and commanted assambly
® usung. Specify ACIA location and present monitor in order to keep $ADD0 RAM com-
& paubility SMITHBUG ON 2708's........ $60.00
L SMITHBUG USER SUPPLY ... .$40.00
*
@ Get uader Ed Smuth’s Soliware RUG (Relocating assembler Users Graupl. All RUG mem-
bers wall have use of a building software support hibrary i relocatable format. Upcoming
items are a Floaung Pownt package and a Trig package

Order cdirect by check Specily system configuration «f ather than SwTPCo. California
residents add 6% sales tax.

tea smins SOFTWARE WORKS

e P.O.Box 339, Redondo Beach, CA 90277, (213) 373-3350
[ EFFEEENENRENENEEENNRENNENNRRN RN NN NN N N J
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GET HARD COPY FROM YOUR
COMMODORE PET USING A
STANDARD RS-232 PRINTER

&7

Y

12008

PET PRINTER ADAPTER

$98.50

Assemnbled and tested

$169.00 Apa 1200¢

With case, power supply
and RS-232 coennector

The CmC ADA 1200 drives an
RS-232 printer from the PET
IEEE-488 bus. Now, the PET
owner can obtain hard copy
listings and can type letters,
manuscripts, mailing labels,
tables of data, pictures, in-
voices, graphs, checks, needle-
point patterns, etc., using 3
standard RS-232 printer or
terminal.

Order direct or contact your local computer store.
Add $3.00 for postage and handling per order.

Bm@

ADA 12008

—
VISA'
| ——

master charge |

CONNECTICUT microCOMPUTER
150 POCONO RD, BROOKFIELD, CT 06804
1203) 775-9659

which to build more detaited software is
often a good strategy. Onc can also use the
“reinvent the wheel” method at a low level,
as | did with my music execution language.

This problem of designing a control dis-
cipline for a complicated eclectronic or
mechanical system is what unifies the cxperi-
mentation with software and hardware that
is robotics. It is impossible to build a rabot
arm which can be the outpult peripheral of a
Chess 4.7 unless one has as good an under-
standing of the sofltware of motion as one
has of the mechanical aspects of motion. It
is impossible to verify a simulation of
motion which cxists in software unless onc
is willing to build the mechanical system as
well. The interaction of the many phases of
the mechanical, elcctronic, and software
systems leads to all kinds of opportunity
far design error and the feedback process
which produces a better design. Just as rea-
ders have takcn it upon themselves to get
into the nitty gritty details of computer sys-
tems and software in order to become edu-
cated about this exciting technology, |
expect to see much more cvidence of this
experimenting in robotics as time goes on.

In summary, the state of robotics for

individuals is a ficld which is only now
beginning. Without the microprocessor inno-
vations that make intelligent machines inex-
pensive the personal computer would be
impossible. And the personal computer,
which provides inexpensive software tools
for experimentation, is what makes the key
part of robots possible: their intelligent
operation. It is still a bascment or garage
activity with respect to engineering of the
mechanical portions of a robotic system,
as further evidenced by this issue’s articles.
But science fiction is full of examples to
tantalize the willing experimenter to take a
chance on creating a real system that works.
For the true experimenter, the fun is in the
challenge of making science fiction real. The
personal computer is an eminently useful
component in this form of fun.®

REFERENCES

Loofbourrow, T, How to Build a Computer-Con-
trolled Robot, Hayden Bock Company Inc,
Rochelle Park NJ, 1978.

Raphael, B, The Thinking Computer, Mind Inside
Matter, W H Freeman and Company, San Fran-

BUSS

The Independent Newsletter
of Heath Go. Gomputers

The independence of &use is a crucial factor in

opinions of a single reviewer.

cisco, 1976.

It shares news of

its significance to users {and prospective users)
of Heath Co. computers. Information on new prod-
ucts is presented to Suss readers as it leaks out
of Benton Harbor, not held back to suit the plans
of the manufacturer. This has been true from its
first issue, which directed attention to the 8080
and LSI-11 months before any advertising appeared
on the H8 and H11. iuss features candid accounts
of owners' experiences with their computers--this
is far more valuable than an article based on the
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compatible hardware & software from other vendors
as well as reviews of books that can help you get
the most out of your computer system.

Every issue of Buss travels by first class mail
(outside North America it goes by air for only $2
extra). Your 12-issue subscription can be on its
way to you within a week. You have the choice of
starting either with the latest issue or with all
available back issues. Send $7.50 to Buss, 325-B
Pennsylvania Ave. SE, Washington, DC 20003.
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SOFTWARE

Structured Programming Macros for the
8080 and Z2-80

Structured Analysis Systems has de-
veloped SP80, a set of structured pro-
gramming macros for the 8080 and Z-80.
Macro libraries are available for the
TDL Z-80 assembler V2,2 and the Intel
macro standard. SP80 s said to provide
all coimmon structured programming
censtructs such as: DO for count itera-
tion, IF-ELSE for 2 path conditions,
SELECT-CASE for multiple path
branching, REPEAT-UNTIL and WHILE
loop constructs as well as a special
LOQP-EXITIF-ENDLOGP which allows
multiple exits from embedded loops. All
constructs allow signed and unsigned re-
tational tests (EQ, NE, LE, LT, GE, GT)
and condition code testing. Available
with the TDL version is the use of con-
junction {AND} and disjunction {OR} in
any censtruct,

A manual containing listings of all
macros in the two libraries; a discussicon
of macro syntax, constraints, memory
and execution time requirements; a de-
tailed example with cerresponding con-
ventional program, and general netes and
suggestions is available for $19. A disk
containing the macro libraries is available
for $19 in CP/M file format, Contact
Structured Analysis Systems, POB 2745,
Reston VA 22091. =

Circle 535 on inquiry card.

COSMAC 1802 Simulator

The COSMAC 1802 simulator pro-
gram enables a 6502 processor to exe-
cute the COSMAC 1802 instruction set.
The stmuiator does this by interpreting
COSMAC instructiens in a normal pro-
gram segquence. All internzl COSMAC
registers are available for examination.
They may be viewed statically in a
single step mode or dynamically in a
trace mode. All COSMAC software fea-
tures are presently supported with the
exception of direct memory access
(DMA),

This simulater is now available in a
KEM-1 version as a development and de-
bugging tool for COSMAC software. [t
will run en a KIM-1 with no additional
hardware or software required. In its
minimum configuration the simulator
leaves two full pages of memory open
for COSMAC programs. It can be re-
lacated in read only memory and can be
readlly adapted to other microcomputers
using the 6502 processors.

The complete package contains a
KEM-1 format cassette tape, user man-
ual and a complete assembly level
source and object listing, It is priced
at $10 plus $1.50 for postage and
handling. For further information write
te Dann McCreary, 4758 Mansfield 5t,
#2B, San Diego CA 92116,

Circle 537 on inguury corg.
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Software for CP{M Systems

Two related software products, Sort
and File Index, which will operate on
any size CP/M system, bhave been an-
nounced by Rothenberg [nformation
Systems Inc, 260 Sheridan Av, Palo
Alto CA 94306.

Sort will sort ASCII files in ascending
or descending order. Short records are
treated as if they contained blanks in
the extended areas. The keys may be as
long or short as desired and the multikey
version permits up to 20 different keys.

File Index reads a series of floppy
disks placed in the B drive and writes a
copy of their directories onto the named
file on drive A. This file may be listed or
directly sorted with the sort program to
produce an alphabetized list of files
across all of the disks. A provision is
made to prefix each directory entry with
a disk name, If the disk has a file which
has a second name of LBL, then Flle
Index will use the first name as the disk
name. If this file does not exist, the pro-
gram will prompt the user for 2 name for
the disk.

The Sort program is available in
a single key version for $95; a multikey
version is available for $145. The File
Index program is available for %45 and
reguires either Sort program to produce
the alphabetized list. Order information
should Tnclude registered CP/M serial
number.
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System Software for the 8080, 8085
and Z-80 Microprocessors

A new system soflware for the 8080,
8085, and Z-80 processors has been an-
nounced by ComputerCo Inc, 5833
Dorchester Rd, Charlesten SC 29405.
Designed around North Star's BASIC
version 6 with 14 digit precision, KFAM
saves the user time In coding the ariginal
application program or modifying an ex-
isting subsystem.

The application programmer utilizes
KFAM subroutines to handle data trans-
mittal, packing and unpacking of data to
maximize storage area, sorting upon In-
pul by keys, opening and closing of liles,
self-verifying of files, and the modular
design of application software. KFAM
contains a keyboard input utility for dis-
playing data on a video screen, accepting
the keyboard input, cursor positioning,
and validatian of data. Utilities to add
records, delete records, and examine or
alter cxisting records arc included.

KFAM eliminates the need for sort-
ing of input data by utilizing keys as new
records are written to the files. The key
allows for random access during batch
processing.

The KFAM systern software is avail-
able complete with documentation for
$550, Documentation only without
source code is $75. It is available on tape
or disk. Application software s also
avajlabrle, m
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Software for 8080 Processor

Micro Business software is designed
to run on an 8080 processor with a
FORTRAN compiler.

The general ledger {G/L) is designed
for accountants and is generalized and
flexible. There are over 20 programs
in the system. It ailows over 200
accounts with nine levels of totals, per-
centages on profit and loss capabilities.
It forces balanced entry of transactions,
verifies validity of accounts, and auto-
matically puts income and expense
totals in balance sheet form.

The payroll program {PfR} prints
checks; calculates taxes; handles multi-
pay periods, salaried and hourly em-
ployees, W2 forms, check register,
department reporting, check numbers
and more.

The G/L and P/R [object code) are
priced at £775 each; A/R, and A/P are
$495 each, or ail four for $2250. The
user's manual is $15 with credit towards
purchase of software. For more infor-
mation contact Engram Associates Inc,
POB 9885, Little Rock AR 72219.m
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Screen Oriented Text Editor

Aox Associates announces MATE, a
screen oriented text editor for 8080 or
Z-80 microcomputers with floppy disks
running under iCOM or TDL FDOS.
MATE expands upon the capabilities of
other text editors by dividing the screen
into text display and command string
sections, TECO-like command strings use
iteration, conditienal branching, and
macros to operatec on ten allocated buf-
fers,

The independent text section af the
screen instantly reflects any changes in
the edit buffer, with text moving up and
down or right and left as commands
modify the buffer. In another mode,
keystrokes are directly entered on the
screen and in the text. MATE can be
used with the VDM-1 or a similar video
display board. Fast screen updates can
also be obtained with a video terminal,
since extensive display driver software
utillzes the addressable cursor to make
only necessary changes,

A wide variety of character, word,
line and paragraph oriented commands
are entered in the separately scrolling
command section of the display. Com-
mand strings can range in complexity
from a single character through full text
editing programs.

MATE is available on an 8 inch
floppy disk for $49.50, including 9 K
bytes of object code for the editor, and
chject and source code for several
screen, keyboard, and printer drivers.
The user and interface manual (which
can be purchased separately far §5, re-
fundable with complete order), gives in-
structions to help adapt these drivers o
other hardware, For further information
contact Aox Associates, POB 558,
Somerville MA 02143, »

LCircle 540 on inguiry card,



ITHACA AUDIO

THE OEM MARKETPLACE

TA Expands
S-100 Line

Video
Display
Board

Featuring a full 128 upper/lower case ASCII
character set stored in a 1K buffer memory.
Ea%v, to read 16line x 64 character format can
be displayed on an inexpensive video monitor
or a modified TV set. Includes a TTY software
driver. Add our powerful K 2 FDOS to create a
versatile operator console.

$25.00

Gontrols up to 4 single or double sided drives.
Data protect features include automatic
disable of write-gate during power-down for
data integrity. Supported by a reliable
software package, K 2 FDOS and complete
diagnostic documentation.

$35.00

K2
Operating
System

Power full disk software in the DEC tradition.
Includes Text Editor (TED), File Package (PIP),
Debugger g-lm’) Assembler (ASMBL

HEXBIN, 1 COPY. System Generator (SYSGEN).
Command syntax follows Digitals 05-8, RT/11
format. First in a tamily of high level sottware.

goon to b.e released, FORTRAN & Pascal
$75.00

Field-proven
reliable engineering

Qver 10,000 boards worldwide prove Ithaca
é\udio %rovides the quality and reliability you
emand.

Ithaca Audio Boards are tully S-100
compatible, featurlng ?old adge connectors
and plated-through holes. All boards (except
the Protoboard) have fully butfered data and
address lines, DIP switch addressing, solder
mask and parts legend.

Z-80 CPU Board Most powerful 8 bit central

processor availabte. Featurin 7puwer-on—
jump, provision for on-board 2708. Accepts
most software. $35.00

BK Static RAM Board High speed static memory
at the lowest cost per bit, Includes memory
protect/unprotect and selectable wait states.

$25.00
2708/2716 EPROM Board Indispensable for stor-

ing dedicated programs and often used soft-
ware. Accepts up to 16K of 2708’s or 32K of

2716's $25_00

Protabosrd Universal wire-wrap board for de-
BfllDoDm c%ustom circuitry. Accepts any size
socket,

$25.00

RAM!
32K for $359.

Ithaca Audio is now stocking the Mostek 4115

© 1978 ITHACA ALDID

Mass Storage at
Incomparable

Prices.

Ithaca Audio
Floppy Disk

® Up to 250K bytes, single sided

* Up to 500K bytes, double sided

e Data protect

» Powerful software operating
system includes 8 utility
programs, text editor.

Add the capacity of full size disk to your S-100
microcomputer. Controlier, Disk Drive, and
Software available separately.

Memorex single sided

550 Flexible Disk Drive  $456.
Memorex double sided

552 Flexible Disk Drive  $630.
Disk Controller Board $35.

K2 FDOS Available on 8"
floppy disk w. manual $75.

Quality Components
ZILOG Z-80 $19.00
ZILOG Z-80A 23.00
INTEL 2708 11.00
FAIRCHILD 2102 LHPC 1.60
FAIRCHILD 2102 LIPC 1.35

IMSAI 8080 Kit with 22 Slot M.B.
$560.00

plus $10.00 shipping.

HOW TO ORDER

Send check or mo_ner order, include $2.00 shipping per order
N.Y.S. Residents include tax.

add-on RAM for 5.D.’s Expandoram. Bug their For technical assistance call or write to:

basic board, 32K of RAM from us and SAVE

S.D. SALES Expandoram board
Ithaca Audio 32 4115's @ $5.00 ea.

160
32K Only $359

s ITHACA
AUDIO

P.O. Box 91
Ithaca, New York 14850
Phone: 607/273-3271

Circle 190 on inquiry card.
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J A DE Computer Products

~
J

% DISK DRIVES %

BG1 - 64" $295.00

by Micro Peripherals, Inc. Opera-
tes in either single density (125K8,
unformatted) or double density
{250KB, unformatted) modes, upto
40 tracks, with a track-to-track
access time of only 5 ms.

SABO1R $495.00

by Shugart. Single-sided 8" floppy
disk drive.

8" DISK DRIVE $395.00

by GS!/Siemans. Direct equivalent
of Shugart 801R.

DM 2700-S $750.00

Includes SAB801R, 10"x10"x16"
cabinet, power supply, data cable,
fan, AC line filter.

® TWO SIEMENS/GSI 8" FLOPPY
DRIVES

& POWER SUPPLY FOR ABOVE

o JADE/TARBELL DISK CONTROL
KIT [5100)

o CP/M OPERATING SYSTEM WITH
BASIC-E

® PACKAGE DF 10 BLANK
8" DISKETTES

Price If purchased separately:

$1192.50
JAOE SPECIAL PACKAGE DEAL:

@ MINISCOPES

© 15 megahertz bandwidih,

© External and internai trigger.

®Time Base — 0.1 microseconds to 0.5
Sec/div — 21 settings.

© Battery or line operation.

® Automatic and line sync modes.

© Power cansumption less than Y5W,

o Verticle Gain — 0.01 to 50 volis/div—

12 settings.
© Weight is only 3 pounds,

MS16 ... ... $318
MS-215 Dual Trace Version . . . . . $415
With Rechargeable
Batteries & Charger Unit
1010 1,10 megprobe . .. ...... $27
Leather carryingcase . ........ $45

LOGIC PROBES 1(1
’%—

WModst LP |
Mang) b of 10Gs ristae riow ales @-LAL GO g af (O Tesell Tas
TTL? BTL. WTL, or £ROS Ingut Impsdance 100,003 uhvim

Mararmym Outictably Pull: 50 11 Wasirum dnour Signet
(Froquercyl 10 MHz. Fuba Dawscrod LEDI e weet Vo
@ ungie eermit Pulie Maiary Putw G ievel sl gn oets Y

ar garest
CEC Wodal LP § Loge Frobe ~Nrt E5in 495

MADEL LP 3

:w logre: c:nouwbo.':m bt B u'“.-hll:) n llu»\o:l
$1050.00 e v e o] S e e
$ V E R BATI MI M. R e U8 T e P ey Lauh 14008
3-LEVEL GOLD
FLOPPY DISKS WIRE WRAP SOCKETS
6% in. Minidiskettes 14 PIN 39¢ each
Soft sector, 10 sector, or 16 sector 16 PIN 43¢ each

$4.40 each or
box of 10 for $40.00
8 in. Standard Floppy Disks
Soft Sector
$4.75 each—10 for $42,50

FLOPPY DISK INTERFACE

JADE FLOPPY DISK (Tarbell
board)
i 175.00

Kit $1
Assembled & Tested $250.00
S.D. Computer Products “Versa
Floppy"'

Kit 59.95

$1
Assembled & Tested $189.95

100 for $30.00

Sockets are end and side stack-
able, closed entry,

PLATED
$-100 EDGE CONNECTORS

$30.00 $3.25 each
’ $4.50 each

Soldertail
10 f

Wi w
"¢ 10 for $40.00

METERS

s

Rechargaabla batterias and cnarger
Measures DC Valts, AC Volts, Ohms and
Current

Automatic polarity, docimal and overload
indication

No zera adjustment and na full-scals

. chms adjun

Battery.operatad — NiCad battaries; also
AC line operation
Large LED display for easy ding

ELECTRONIC
SYSTEMS

“KANSAS CITY STANDARD"
TAPE INTERFACE

Part No. 111
Board $7.60; with parts $27.50

RS-232/TTL INTERFACE
Part No. 232
Converts TTL to RS-232
and RS-232t0 TTL
Board only $4.50;
with parts $7.00

without interpolation
Size: 1.89"H x 2.7"W x 4D
Parts & labor guaranteed 1 year

RS-232/TTY INTERFACE
Part No. 600
Converts RS-232 to 20mA
current loop, and 20mA current
loop to RS-232
Board only $4.50;
with parts $7.00

LIQUID CRYSTAL DIGITAL

Tiltstand optien . . ..., .. .. 350
LeatharCase .. .......... $20.00
LM3IA 3 dig1%0C ....... $134.00
LM3.5A 3% dig 5% DC . .. .. $158.50
LMAgA 4 dig 1% DC ... ... $208.00
LM3A 4 dig.03% DC .. .... $250.00
$-100 MOTHER BOARDS

JADE 6-SLOT

Kit $41.95
Agsembied & Tested $56.95
Bare Board $24.95
9-SLOT “LITTLE MOTHER"
Kit $86.00

Assembled & Tested $99.00

CLOCK-CALENDAR

Bare Board $35.00 | *For Auto, Home, Officz. ——
* Small in size {2x2%x%).
13—5LOT “QUIET MOTHER'® | ®Push button for seconds release for date.
. ® Clocks mount anywhere with either 3M
Kit $95.00 double-sided wpe or VELCRO, included.
Assm, & Tested $110.00 | *2MODELS AVAILABLE.
Bare T LCD-101, portable model runs on sali-
are Board $40.00 contamned batteries for better than a
— " " year.
22-SLOT “STREAKER LCD-102, runs on 12 Volt sysiem and (s
Assm, & Tested $149.00 back lighted.
®LCD-101 or LCD-102
your choice . . ..., . ... $34.95 »a
A IDFE ® Ciear desk stand for 52

VIDEO INTERFACE

S-100 Compatible Serial Inter-
face with Sockets Included.

$117.95
Assembled & Tested $159.95
Bare Board w/manual $ 35.00

8" FLOPPY DISK
SPECIAL
Siemans/GSI 8" Drive

EXPANDOR’S BLACK BOX PRINTER

This 64-character ASCI| impact printer

with 80-column capabllity is portabie
and uses standard 8Y:" paper and reg-
cover
Interface are included.
Assembled and complete with manual

and documentation. only $517.00

{90 day manufacturer’'s warranty)

ular typewriter
and parallel

ribbon. Base,

%

Z80A SPECIAL

4MHz Zilog CPU Chip VA
Sy 1095 % Zilog

Exact replacement for
Shugart 801R

SALE PRICE

$450.00

A TIES

SEE OPPOSITE PAGE
FOR ORDERING
INSTRUCTIONS.

-

PARALLEL/SERIAL
INTERFACE

S5.100 compatible, 2 serial /O

ploty with host sink &  hordware.
5.3 x 10" x 136"

ports, 1 parallel |/
Kit IG-P/S 124.95
TRS-80 Interface Cable for Black Box Printsr ]’U_L P/ $
with mating connectors: $48.00 . Assembled & Tested:
(must be used WIlm exans(I’o)n module, +8v/1 G?é‘l::r'hggiutfo:-v- set into a JG-P/SA $179.85
amp power supply require
: Bare Board w/M | 30.00
Power Supply for TRS—80/Black Box Printer  $49.00 Kit $8.95 /Manual %
llH\ ”ll W’l‘ ;[lL 3
i M M Yotz Plugboards g
i \' H } 8800V
lril },| } ”| e ot e
|>

M! J

L

Hi-Deanty  Duatin.Line Plug.
Gen, Purpose D..P. Bowans boatd  fr Wire  Wiap with
3690-12 with Bus Pauern tor Solder or 8801 .1 P pattern plugboards lor 1Cs Power & Grd. But Epoav
CARD EXTENDER Wire \Weap. Egoxy Glass 116" Some a3 BEOOW oxcopt plamn: lews Epoxy Glass 1/16" 44 pin con. Giass 1/16' 44 pin con. souced
44 pin con. spaced 156, powrr Busws B heat sink spoced 156 166,
Card §5"'mm has 100 cantacta, 50 per side Y 10 E
1 h annny oy . - "
0 e eI pamo0 3677067 x45". ... $10.90 FAGAV 1895 1286 9586 166265 %45 .. ... $755 368296 % 4.5 . ... S10.97
g‘zn':‘;"n 22{4 pin. 168 ctra. $12.00 3677265 x 45", ... 5074 11 1495 1348 _ 1158 3662-296"x 45", .. 1145 3682265 x 45", ..
L1 L= s N L A == " t -

. 59.31)

Circle 195 on inquiry card.
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VANGUALD
16K STATIC DAM

© Designed for IEEE 5100 Bus
Standards.
Fully static and fully buffered.
Configured as four 4K blocks
within a 64K address space.
Each block separately address-
able and write-protectable.
Components and assembly
fully burned-in and tested.
One year guarantee.
Assembled Kit Board
250 nsec chips  $340. $300. $35.
450 nsec chips  $300.  $260
Order direct by check, Visa or

Master Charge. California resi-
dents please add 6%:% tax.

AME

Advanced Memory Technology
480 Mercury Drive, Sunnyvale, CA
(408) 736-3864 94086

Circle 4 on inquiry card.

CANADIANS
Announcing

HAMILTON LOGIC
SYSTEMS

Specializing in logic
devices, microprocessors,
memorys, TTL, Cmos,
etc.
Send for your catalogue
Box 7
STONEY CREEK
ONTARIO L8G 3X7

Circle 157 on inquiry card.

4 WE SHIP FROM STOCK

STELETYPE MODEL 43 .
with RS 232 .

& HAZELTINE 1500 .

®M3S00 MARINCHIP CPU
SKir: $550.00 Assambled:

'PROMJ&AM/SIO

. . $275.00 Assembled:

.Mm SYSTEM °

@ Assembled and Tested including: Tarbell Disk Con-

O woller, PerSci 277 Disk Drive & cabinet, IMS Statc O
RamﬁdK altina TEI S-100 Bus 5.800.00 @

.PER SCI Modol 277

@ Dual Disk Drive, single density .

@ Slimhna Cabinet w/power supply 299.00

®IMS MEMORY BOARDS 16KB,

SFULLY STATIC Tested and burned in. Uses 2114

o /owpowariC's $349.00
@ S:100 MAINFRAME

. tZslot, TEbModel MCS 112 . .. $433.00

® Jo Order. $10 shipping for Teletype, Hazeltine,

® porSe and Mainframe. 53 shipping fat other items. ®

24 hr shipping upon recespt of cerlified check or
@ money order. Parsonal checks: allow 10 days, Credit ¢
s cards: 4% charge. NY ressdents add tax.

We Export
We havwi no reader inquiry number
Pleasa call or write.
JOHN D. OWENS ASSOCIATES INC.
NORWOOD AVENU
ETA'I‘EN ISLAND, NEW YORK 10304

Day, Evering, Weekend, Hokiday Calis Welcome!
*(212) 448-6283 (212) 448-6298

LIJITTIXT ]
200000000000 ..

PASCAL $2995

COMPUTER

Call (714)
979-9920

MONTHLY SPECIALS
®  Floppy K {8100}
SA 801 lloppy {8") & cont.. .. .. .. $599
e Add On Fioppy Dnves
SA 800/1 (8" lloppy . . . . . 5469
SA 400 minilloppy.. . . ... . $285
Perlec FD200..... . . ... ..5285
Perlec FD 514. .. . . . 3479
® Centroncs 779 pnnler . ... . 5999
Centronics P1.., .. . . 5399
Centronics ?OO/W traclor '$1475
e Miscellaneous
Tarbell Conlroter i . o 85
CP/M Operaling SyslernfMunuais 589
8" Verbatim Diskeltes ... .. 8399
5™ Diskatles. Lo .o ... %339
18k RAM chips .. 8975
Pwr Supply cabinel imini lloppy)  $79

COMPLI'ER INIERFACE TECHNOLOGY

v bl Proaucts Divivion
mBOSoumumna Grand Cantro Santa Ana CA 32705

Circle 74 on inquiry card.

NATIONWIDE

PROFESSIONAL
PLACEMENTS

® Hardware Engineers
® Software Engineers
® Technical Writers

® Techniciahs

JUDGE

ELECTRONICS SERVICES, INC.

Two Newton Executive Park
Newton MA 02162

(617) 9685-9700

Circle 202 on inguiry card.

TRS-80 GuaLTY

Field-tested Software

WORD PROCESSQOR Huolps prepare lotters.
manuals, books Use diskette file tor text. Page,
ine contral, sentarng, meargn ushlicaton, eLs

Diskete $35 Levelll 16K vers $25

MAIL  Lets you enter, display, sesrch, update.

delete name & address mlo Labels sorled n

name, state, oily or ap order and prnted or

desplayed

Disketta $35 Levet I 16K $19

DISKETTE DATA BASE Manager 32K requred
$49

INVENTORY  Full nventory controt
Diskette $35 Level 1oe 18K $20

KEY ACCESS Blocknyg and hashing Diskette re
qured $16

SORT & LINKED LIST: Lews 1 $16

Level Lo

Cassette data base managore [BK |
Stack security nfo & analysis
Check balance
Stnck & cherk

MICRD ARCHITECT

96 Dorhan St
Arlington MA 02174

Circle 218 on inquiry card.

WILD & CRAZY
ASSEMBLY
PROGRAMMERS

The number 2 manufacturer of
stand alone POS terminals needs
experienced assembly program-
mers to help introduce 14 new
software based products in 1979.
Challenging assignments cur-
rently exist at all levels including
applications, diagnostics and
systems software development.
Great benefits including yearly
vacation to Europe. Starting
salary 16-30K. Please call or write
Dave Adams, (617) 246-2815.
N.E. Recruiters, 6 Lakeside Office
Park, Wakefield, MA 01880.
Collect calls accepted. Strict confi-
dence assured. All fees, relocation
and interviewing expenses assumed
by company.

16K RAMS & RAM CONTROLLERS

16k x | DYNAMIC RAM uxanig )

® 200 NSEC ACCESS/375 NSEC CYCLE TIMES

® 16 PIN CERAMIC DEVICE/TTL COMPATIBLE

@ AL CHIPS BURMED IN 8 125°C AND FLALY

TESTED, BOTH DYNAMICALLY € STATICALLY
©® PRICEINITH OATA SHEET}:

@ 3 76.00 IN GTY OF B/THAT'S £3.50 EACH
® 3)36.00 IN OTY OF L6/SAVE 516.00

DYNAMIC MEMORY CONTROLLER NCu80L
@ GENERATES RAS/CAS § REFRESH TIMING
FOR 16K TD 64K BYTE MEMORIES
@ PRICE(WITH DATA SHEETI: 513,35 EACH

MEMORY ADDRESS MUX/COUNTER ueanzae
@ MUX ADDRESS [ REFRESH COUNTER FOR
16K TO 64K BYTE MEMORIES
@ PRICE(WITH DATA SHEET)) 312.50 EACH

QUANTITY DISCOUNTS AVAILABLE
ALL OROERS POSTPAID. U.S. FLRDS O INTERNAT IONAL
OWERS, CHECK OR MONEY ORDER. VISA/BA/MC ALSH
ACCEPTED, SEMD ACCT,NO., EXPIRATION OATE, €
INTERDANK NO, WITH SIGNED ORDER. CALIF,RESIDENTS
FLEASE ADD 6X SALES TAX.PHONE ORDERS 716/533-4460

MEASUREMENT SYSTEMS & CONTROLS, 1InC.
HEMORY DEVICES DIVISION
867 NDRTH MAIN ST., ORANGE, Ch 92668

Circle 217 on inquiry card.

T34 sorrmare

announces
our new product line

DAISY On wreen WORD PROCESSING with
& sarisl tarmunal

WPDAISY DAISY with s built in texl formanee.

DATABASE A complsts dsta mansgement tyatem
with on screen updating

TSA/OS QOur operating system.  Includey &
tult library of duk, tarmunal and
device drivers.

A ratocatable linking mecro sisembler
with linking losder and symbolhc
debugger.

Wa provide wall testad products
with the tupport you need on both contr
~ DEALER INQUIRIES INVITED —
398 Wiilllams Orive

Montos, CT 06468
1203) 261-7963

Circle 377 on inquiry card.
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Unclsssified Ads

FOR SALE: 6800 microprocessors. Have more
than | need. AH new parts. $12 each. Mike
Connelly, 7911 Langdon, Houston TX 77036,

FOR SALE: Hesth H9 video terminsl. Up and
running, sll documentstion. $425 end | pay
shipping. Andy Thornburg, AR2, Thompsonville
IL 62890, (618) 827-2166.

FOR SALE: Hsath ETS-3400 microprocessor
course and trainer, mint condition, expertly
assembled, including all study materials and final
examination, $250. 36 K of Mororola MCM6605
4 K®1 dynamic progremmable memory chips,
coramic, removad from new boards, tested and
meet full specs (470 ns). Complete memory
design using thase chips is outlined in tha ME80O
applications manual, $75. MEBOO applications
manusi, MEB0O programming refarsence manual,
both for $20. Al new, L d parts for lete
unregulated power supply. Highly filtered +5 V
(25 A), =5 V (3 A), £12V (3 A), Chassis included,
$60. William Bigir, PSC 1 Box B1042, Davis-
Monthan AFB AZ 85707.

FOR SALE: DEC PDP-Bm, mint, with talatype
interfsce, with 4 K core memary, $1100. With 8 K
core mamory, $1800. 8 K MDS board, $475. Most
peripharals and software availsbls, repsirs snd
custam  intarfecing, systsms cansulting, trades.
PORTACOM, brisfcase, impsct, ASCI 1erminals

p with ok Reconditioned. With
manuals $595. New cost is $1500. New boxed
ASR 33, $1100. Used, $595. K2DCY, POB 632,
W Caldwel NJ 07006, (201) 2269185 svenings.

FOR SALE: Digital Group Z-80 microcomputar,
with 34 X static programmable memory, 4 10,
16 by 64 TVCF, two Phidecks, Phimon, cabla, and
more. Lass than ane yesr old, besutiful, completa
systemn. $2000. P Santl, 73 Tamarack St, Mahto-
madi MN 58115, {612} 373.7873.

FOR SALE: Hsath H11 computer {LSI-11 based)
with 16 K bytes programmasble memory, serial 10
board, paraliel 10 board, H1O paper tape reader/
punch, EIS/FIS sxtended instruction chip, docu-
mentation, software. 100 percent assembled and
testad. $71800 or bast offer. Dave Morrill, 1260 NW
17 Av #4, Rochester MN 55901, (507} 282-0758
svanings.

FOR SALE: Teletype madel KSR-35, heavy duty
ASCIl hardcopy, $450, call about demonstration
and delivery, Two (2) OSt 420 memory boards,
$75 each. 5 P Smith, 106 E Clearview, State
Colisgs PA 16801, (814} 237-3886.

MUST SELL: $-100 Equip , all bled and
tested, with lete docurr ion, Three SSM
8 K memory boards Imodal MB-SA) $100 each.
Thinker Toys Keyed-Up 8080 processor board
$180. ECT BO80 Jump-on-Start processor board
$100. Speakeasy Multiple 10 board with cassette
system $90. ECT 20-Siot mother board with
ground plane and 10 connectors $60. Send check
or money order to: David A Cook, POB 137,
Boone NC 28607, {704) 264-3B68. Please enclose
SASE with all orders or enquiries.

NEW UNCLASSIFIED POLICY

Readers who hsve equipmant, softwars or other items
1o buy, sall or swap should send in a clearly typed notice
1o that sifece To be contithernd for publication, an adver-
Nsgmens st be clearly nancommvnercial, typed double
spaced on pisin white paper, contain 75 words or iess, and
incluge complate name and address information.

Thase notices ars Iree of charge and will be printed ane
me anly on a space avallable basic. Notices can be ac-
owofed from individusls or bons fide computer uiars clubs
only. We can enpege in no carrmspondence o these and
your [ af x in an issue of
BYTE.

Pleaze nore thal (1 May take three or four monthi for an
ad tc appeRr in the maparine.®

February 1979 & BYTE Publications Inc

FOR SALE: 15 MHz portable oscilloscope, MS-
15 by NLS. Virually unused, $300 with 10:1
probe. SASE for details. RL Harding, RD=2
Box 10, Middlebury Ctr PA 16935,

FOR SALE: JOLT processor fully socketed and
assembled, unused JOLT prototype board, full
documentation, and MOS 6502 hardware and pro-
gramming manuals. $140 postpaid. Jack Ball,
At 2, Durham MO 63438, {314) 439-5789.

FOR SALE: Hard copy print out for your TRS-80
programs. For copyrights, documentation, de-
bugging. Level | or Level fl cassettes. Quality
listings by tractor-feed printer on full size 14 7/8
by 11 fan folded paper. $2 up t0 4 K. $4 up to
16 K. $6 up to 36 K. All orders shipped same day
by first class mail. Lydia Urbassik, 13519 Carter
Rd, Painesville OH 44077.

FOR SALE: Digital Group Phi-Deck cassette sys-
tem. Four computer controlled tspe drives in
handsome cabinet, controlier, cable, documen-
tation and software. 2 megabytes on line (C-60
cassettes) with any system. $675 or best offer.
Write John Ciaccia, 5707 Valley Pt, San Antonio
TX 78233, or call evenings {512) 654-0338.

FOR SALE: Digital Group Z-80 system, 34 K,
four digital cassette drives {Phi-decks}, keyboard,
monitar; all  software {MaxiBASIC, Business
BASIC, assembler, chess, startrek, erc). Total
price as kit over $3300. Up and running for $2900
or best offer. John Case, 6703 Timberhill, San
Antonio TX 78238, {512) 681-7504.

FOR SALE: SWTPC CT-64 terminal, with SWTPC
CT-VM green phosphor monitor, $400. In ex-
cellent condition and configured for 16 lines of
64 characters. Serigl interfece is RS5-232 with
switch selectable bps rate. All documsntation
included. Will consider trade for printer with
parallel interface. Ralph Solli, 117 Walklgy Or,
Southington CT 06489, (203) 621-3970.

FOR SALE: Altsir 8800 with 18 siot mother
board and 11 connectors, 25 10 with both parts
(RS-232 and teletypewriter), 16 K static and B K
dynamic memory., ASR 33 Telerype with papar
tape input and punch, both RS-232 and teletype-
writer connectors, cables and stand. BASIC oper-
ating software and documentation., North Star
floppy disk with comroller, DOS and BASIC, all
documentation. Original cost over $3400, you pay
$2250 and shipping costs. Francis Palms, 292
Shswmut Av, Boston MA 02118, (617) 423.3899
or 482-6983.

FOR SALE: SwTPC multiuser board and 4 X
BASIC. Assembled, fully socketed, tested—never
used. $179. Steve Brainerd, 510 E Washington,
Chagrin Fls OH 44022.

WANTED: RCA COSMAC VIP, working or not.
John Jensen, 704 Avocado St, St Cloud FL 32729,
(305} 892-5015 evenings.

FOR SALE: Kennedy model 330 cartridge tape
drive for 3M % inch cartridge with serial read/write
and control electronics and 4 track RAW head;
Kennedy model 339 power supply for above tape
drive {will power two decks); Kennedy ANSI
compatible format control unit for above tape
drive {will controt four decks); rack mountable
with all necessary cables and connectors and
manuals. All equipment has never been used—in
original cartons. Asking $1,200. Alsa have some
video terminal equipment. Ed Paul, 6 Pleasant St,
S Natick MA 01760, (617) 663-5297.

FOR SALE: Heath H11 system. H11, H9, H10,
H11-1, two H11-2s, H11-5, and H116, all as-
sembled and rtested, $2900. Richard Lyman,
730 11th Av, San Francisco CA 94118, {415)
387-1902.

OLD MANUALS: SDS, XDS, IBM, NCR, Honey-
well, UNIVAC, DEC, Burroughs, etc. Send SASE
for list. R Rodgers, 508 Sumneytown Pk, Narth
Wales PA 19454, (215) 6998459,

FOR SALE: Digital Group system; all or part;
four 8 K static boards, ane 32 K boerd, 64 by 16
display board, Phi-deck controller, two Phi-tacks
with cabinet, disk controller, mainframe cabinet,
mather board, Z-80 processor, (O board factory
assembled and running. Will sell for 10 percemt
under kit prices. John G White, 216 E 5th 51,
Port Angeles WA 98362, (206} 457-3917.

FOR SALE: Selling system 1o pay tor house
repairs. . . .wife insists, Six 4 K programmabls
memary boerds {IMSAIl programmable memory
board 4A-4 with software msmary protect} $120
each, all six for $650. One 8K programmable
memory board (Ithaca audio) $180. One 2 port
serial 10 (IMSAl SIO 2-2) $150. One muttiple
port 10 (IMSAI MIO, one serial, twa parallel,
one cassette tape port) $190. One (MSAI| 8080
mainframe [(includes chassis, power supply, front
panel, microprocessor, 22 slot mother beard)
$700. One IMSAI floppy and controller {Calcomp
142M in cabinet, FDC 2-!, FIF and cable, uses
separate 8080 and parforms OMA 1ransfars from
controller to system microprocessor address space!
$1850. One Lear Siagier ADM-3 video dispiay with
upper/lower case, $700. All hardware working
and accompanied by available documentetion.
Buyer peys shipping. Ed Reich, BOS N Cleveland
St, Arlingtan VA 22201, (703) 243-3131 afrer
6 PM EST.

FOR SALE: Altair 8800A, 12 K, Universal 10
board (1 serial 1 Parallel and 3 Cassette ports -
KC standard with motar contrel and monitor in
read only memory), Heathkit H® terminal, As-
sembler and rtext editor, Assembled and tested,
All reasonable offers considered, O Busse, 1510 W
Dempster, Mt Prospact IL, (312) 3640147,

FOR SALE: SwTPC MPSB00/| with 32 K memory,
DMA controller for PerSci madel 277 dual floppy
drive, AC-30 2 MP-S boards, MP-T, erasable read
only memory programmer, CT-1024 with cursor
+control and RS§232, $1500, LA-36 Decwriter excel-
lent condition with ¢oasters and dust cover, $1400.
John Sterne, 3880 Sen Rafael Av, Los Angsles
CA 90065, (213) 225-2471,

FOR SALE: Brand new Altair BEDOB Microcom-
puter, 32 K memory, two serial ports, ACR cas-
serte interface, FAadio Shack rape recorder, pro-
grammable memory board, programmable mem-
ory bootstrap loaders, 3202 dual disk, ADM-3A
terminal, Altair 8 K extended<disk BASIC, DOS,
10 Dysan diskettes, 8ASIC programs, Best offer
over $8,000. B Verner, 114G4 Woedland Dr,
Lutherville MD 21093, (301} 828-8422.

FOR SALE: CONAAC 23 inch black and white
television monitors. BOOQ line resciution. Accepis
composite video input or axternal sync. 75 ohm or
high impedance input. Capable of "loop through"”
operation. Heavy duty cabinet equipped with studs
for suspension mount, $200. R Meushaw, 4188
Brittany Dr, Ellicott City MD 21043, (301) 465
8882,

FORA SALE: ALTAIR 8800B with 20 connectors,
3 to 4 K static memory, BBPMC with BASIC
4.0 boot programmable memory and Polymor-
phic/BASIC programmable memory, BBACR, Poiy-
morphic video, SWTPC keyboard with case, 12
inch black and white video display with video con-
version, portable cassette player, 8 K BASIC 3.2
and 4.0 patched for Palymerphic video. System
runs great but no time 0 enjoy. Sell all for $2500
or sall mainframe only for $300. C E Chase,
16408 Donmetz St, Granada Hills CA 91343.

FOR SALE: RADAR 1200 bps programmable
memory dump and restofe routine for SWTBUG
{and others with minor modifications] and AC30 —
no hardware modifications. Loads 8 K in 94 sec-
ond. Nine times faster than SWTBUG. Extremaly
reliable, with error correction capability. 512 byves.
Object tape, relocator, instructions, $20. G Trol-
lope, 466 Caswallen, W Chester PA 18380,

WANTED: Two items: one used Viatron 21 type-
writer robot, with documantation and one used
parallel-out, ASCIl encoded keyboard, prefer
separata pumeric pad. R J Hartwick, 1158 River
Rd, Trenton NJ 08628,
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Scanner and Bulletin Board Tie for First
Place BOMB

Two articles tied for first place in the
November 1978 BOMB: ''Hobbyist Compu-
terized Bulletin Board,” by Ward Christen-
sen and Randy Suess (page 150), and “|I've
Got You in My Scanner! A Computer Con-
trolled Stepper Motor Light Scanner,” by
Steve Ciarcia (page 76). In second place was
“The Sky’s the Limit" by Joe Kasser (page
48). The first and second prizes are $100
and $50, respectively.

The third place article was ‘A Multiuser
Data Network” by Robert Bruninga {page
120); fourth place was held by “Functional
Approximations” by Fred Ruckdeschel
(page 34).m






DOUBLE DENSITY

DISCUR /20
SOOK BN TS

SOLID SAVINGS!

Now you can put your S-100 system solidly into
a full-size, single/double density, 600K bytes/side
disk memory for just $1149 complete.

DISCUS/2D™ single/double density disk
memory from Thinker Toys™ is fully equipped, fully
assembled, and fully guaranteed to perform perfectly.

DISCUS/2D™ js a second generation disk
memory system that's compatible with the new IBM
System 34 format. The disk drive is a full-size Shugart
800R, the standard of reliability and performance in
disk drives. It's delivered in a handsome cabinet with

built-in power supply.
The S-100 controller utilizes the amazing Western

Digital 1791 dual-density controller chip ... plus
power-on jump circuitry, 1K of RAM, 1K of ROM with
built-in monitor, and a hardware UART to make |/O
interfacing a snap.

The DISCUS/2D™ system is fully integrated with
innovations by designer/inventor George Morrow.
Software includes BASIC-V™ virtual disk BASIC,

DOS, and DISK-ATE™ assembler/editor. Patches for
CPIM* are also included. CP/IM} MicroSoft Disk
BASIC and FORTRAN are also available at extra cost.

DISCUS/2D™ is the really solid single/double
density disk system you've been waiting for. We can
deliver it now for just $1149. And for just $795 apiece,
you can add up to 3 additional Shugart drives to your
system. Both the hardware and software are ready
when you are.

Ask your local computer store to order the
DISCUS/2D™ for you. Or, if unavailable locally, write
Thinker ToysT™ 1201 10th St., Berkeley CA 94710.

Or call (415) 524-2101 weekdays, 10-5 Pacific Time.
(FOB Berkeley. Cal. res. add tax.)

*CPI/M is a trademark of Digital Research.
Circle 255 on inquiry card.
Morrow makes disk memory for

Thlnker Toys
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